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RESPECT 2020 | ​CONFERENCE WELCOME  
Welcome to ​RESPECT 2020​, the fifth convening of the Conference for Research on Equity and               
Sustained Participation in Engineering, Computing, and Technology! ​RESPECT aims to build a            
strong community, theory, and foundation for broadening participation research. ​Our 2020           
conference ​celebrates our fifth-year anniversary and this year’s theme - “Learning from the past.              
Building for the future” - ​reflects on where we’ve come and where we’re headed in the next five                  
years. We are excited to partner with the RPPforCS community for a second year to continue                
expanding our reach into K-12 and evaluation communities to broaden research in these areas. The               
conference convened over 180 attendees from K-12 educators, administrators, and support;           
two/four-year university faculty, graduate students, and postdocs; research & evaluation firms;           
advocacy organizations, and corporations. This year, we continued to expand the reach of the              
conference to faculty at community colleges, teaching universities, and HBCUs. 
 
As the entire world grappled with the onset of COVID-19, the RESPECT Organizing Committee              
faced growing concerns regarding the spread in the United States (especially in the state of Oregon)                
and its impact on conference attendance. It was ultimately determined that it was best to transition                
the conference from in-person in Portland to a virtual and live-stream format, thereby allowing for not                
only full participation of all advanced registrants, but also additional attendance by those who were               
previously limited due to travel funding. This virtual attendance option provided even more equitable              
access to the conference than would’ve been possible with the original onsite implementation. 
 
The Organizing Committee was joined by an additional team of 15 researchers, practitioners, and              
graduate students who helped to quickly transition the full conference program (including all             
sessions and presentations) to Zoom within 48 hours. For those participants who still traveled to               
Portland, an onsite team traveled and managed technology and audiovisual setups for participation             
in the Zoom sessions.  
 
The RESPECT 2020 research track includes research papers, experience reports, posters, and            
lightning talk presentations that (1) examine barriers to equity and inclusion that impact the              
representation of women, people of color, and people with disabilities across the entire CS education               
and workforce pipeline; (2) propose and evaluate interventions to promote inclusive in computer             
science classrooms, including through K-12 teacher preparation; and (3) describe approaches to            
making equity and inclusion a first principle for CS education strategies at the school and state                
levels. 
 
This year’s plenary panel, “The Past, Present, and Future of RESPECT,” features a             
conversation among panelists Gail Chapman, Rafi Santo, and Nicki Washington ​about the            
values of our community and how to put those values into action through research and practice.                
Finally, the program includes a variety of thought-provoking panels, lightning talks, and posters on              
broadening participation - we hope that you’ll be drawn into a lively discussion of new ideas and                 
emerging results.  
 
RESPECT 2020 had a total acceptance rate of 34% for full research papers, 19% for short                
research papers, 41% for experience reports, and 58% for posters. ​Each submission was             
carefully reviewed by at least three members of the Program Committee (PC), and             
recommendations were provided to the Program Chairs. Final acceptance decisions were based on             
reviewer scores and Program Chair recommendations, with careful consideration of novelty,           
relevance, and significance, and diversity of the program. As an inclusive community, we strive to               
give contributors a voice at the conference. 
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Three papers across the full & short research papers and experience reports were recognized 
as RESPECT 2020 Best Papers:  

● Full Research Paper: ​“Building Systemic Capacity to Scale and Sustain Equity in Computer 
Science: A comprehensive model of professional learning for teachers, counselors, and 
administrators” 
Julie Flapan, Jean Ryoo, and Roxana Hadad, University of California, Los Angeles 
 

● Short Research Paper:​ “The iAAMCS Ecosystem: Retaining Blacks/African-Americans in CS 
PhD Programs” 
Jeremy Waisome, Jerlando Jackson, and Juan Gilbert, University of Florida 
 

● Experience Report: ​“Using Black Music as a Bridge to Understanding Introductory 
Programming Concepts” 
David James and Lelia Hampton, Spelman College 
 

 
RESPECT is supported by technical co-sponsorship from the ​IEEE ​Computer Society and IEEE             
Special Technical Community on Broadening Participation (STCBP). As attendees of the           
conference, we invite you to join the IEEE STCBP to continue ​to ​sustain the connections, ideas, and                 
energy you discover at RESPECT! 
 
With many thanks to the IEEE Program Committee for their thoughtful reviews and the RESPECT               
authors and panelists for their contributions to the RESPECT program and full participation in the               
virtual and live stream in Portland. We extend a special thanks to the many volunteers who                
responded to the call to move RESPECT 2020 online in 48 hours. We could not have made this                  
monumental transition online without your initiative, leadership, and genuine concern for the            
RESPECT community. 
 
 

CONFERENCE CHAIRS PROGRAM CHAIRS STEERING COMMITTEE 

Nicki Washington  
Duke University 

 
Christina Gardner-McCune 

University of Florida 

Gloria Washington 
Howard University 
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Temple University 
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NC  State University 
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Abstract—This report explores why data on disability is so 
hard to collect and understand. There is a reluctance to collect 
data by the broadening participation in computing (BPC) 
community even though disability is a recognized demographic in 
broadening participation. As a result, much less is known about 
the participation of people with disabilities in computing 
education and careers than some other groups. The reasons for 
this reluctance are multi-faceted. Data about disability can vary 
significantly depending on how you ask the question, making it 
difficult to understand what the data is actually indicating. 
Questions about functional limitations may overinflate the 
numbers of some populations with disabilities while 
undercounting other groups. This report will help the BPC 
community move towards collecting and reporting data on 
disability. Advice is given on how to ask about disability status and 
resources are provided to find existing data sources about 
disability. 

 
Keywords—disability, data, survey questions 

I. INTRODUCTION 

Those of us who work on broadening participation in 
computing (BPC) are to a great degree data driven. We track 
the percentage of women and underrepresented minorities who 
are enrolled in and graduate from computer science programs, 
and who take high school computer science courses in order to 
see if our interventions are actually working. For disability, 
however, it is a different story. It seems that there is reluctance 
in our community to tracking the participation of students with 
disabilities even though approximately 15% of K-12 students 
and 11% of college students have a disability. 

 
To drive this home, we recently examined the “2019 State of 
Computer Science Education” report, which reviews how states 
are doing in implementing K-12 computer science education 
[1]. Indeed, the report is subtitled “Equity and Diversity” to 
emphasize how the organizations sponsoring the report—the 
Code.org Advocacy Coalition, the Computer Science Teachers 
Association, and Expanding Computing Education Pathways— 
view the importance of BPC. The report is full of relevant data 
about women, underrepresented minorities, and rural students, 
but there is nothing about students with disabilities. The word 
“disability” does not appear in the report. It’s as if people with 
disabilities don’t exist or matter when thinking about BPC. 
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Other organizations that play a central role in BPC are also not 
collecting or reporting data on disability. The well-known 
Computing Research Association (CRA) Taulbee Survey on 
the state of computer science departments does not collect 
disability data, although it does collect data on gender, race, and 
ethnicity [2]. The College Board does not ask Advanced 
Placement exam takers if they have a disability. While they do 
have data about disability-related accommodations requests 
from exam takers, they do not publish that information despite 
the fact that they publish information about the participation of 
girls and underrepresented minorities [3]. 

 
Disability is mostly absent in broadening participation research, 
policy, and practice [4]. Quantitative efforts rarely ask about 
disability and if they do, they don’t analyze the data with 
respect to disability. [4, 5, 6]. Edlyn Vallejo Peña states “When 
scholars, researchers, and editors of top-tier journals do not 
engage in or include scholarship on students with disabilities, 
even if unintentionally, they communicate that understanding 
these needs and interests is less important than other issues in 
higher education” [6, p. 38]. We find this statement particularly 
powerful. When the BPC community does not engage on issues 
related to disability, it is problematic. 

 
One notable exception is the CRA’s Data Buddies [7]. Data 
Buddies collects data from students and faculty members in 
computing departments nationwide and shares customized 
department reports with each institution about their students. 
Among the items on the survey, is a question about disability. 
Departmental reports include information about the number of 
students with disabilities in a department and the types of 
disabilities they have. Departments can also request to have 
their students’ data broken down by disability. 

 
The Americans with Disabilities Act defines disability as “a 
physical or mental impairment that substantially limits one or 
more major life activities, a person who has a history or record 
of such an impairment, or a person who is perceived by others 
as having such an impairment” [8]. The social model of 
disability views disability as the “limit or loss of opportunities 
to take part in community life because of physical and social 
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barriers” [9, pp. 103]. This is a heterogeneous group including 
individuals who are blind or visually impaired, who are deaf or 
hard of hearing, who are autistic or have learning disabilities, 
who have mobility-related disabilities, who have mental health 
disabilities, and more. 

 
The purpose of this paper is to explore reasons why we are not 
collecting high quality data on disability and offer suggestions 
on how the BPC community can begin doing so, either by 
collecting that data directly or by employing various national 
data sources. We believe that all of us who are working in BPC 
do care and consider people with disabilities to be a group that 
is disadvantaged and worthy of receiving interventions to 
increase their participation. And indeed, there is evidence that 
people with disabilities are underrepresented in employment 
and in STEM education. The U.S. Department of Labor reports 
that in 2018 only 30.4% of persons aged 16 to 64 who have a 
disability are employed as compared to 74.0% for those without 
a disability [10]. The 2015-16 Civil Rights Data Collection 
STEM Course Taking Report (in their Figure 10) shows that 
students with disabilities are underrepresented in STEM 
courses taught in high schools around the nation [11]. 

 
We can think about disability data as existing on two levels: (1) 
large, publicly-available existing data collections and (2) data 
collected within a research project, department, or organization. 
Many existing data collections, such as the Survey of Earned 
Doctorates and the Census Bureau’s American Community 
Survey, do collect information about disability. Beyond those 
datasets, those of us working in BPC should be empowered to 
collect information regarding disability within our projects, 
departments, or institutions and consider whether individuals 
with disabilities are successfully participating. For a particular 
project or institution, data can be obtained in a consistent 
manner to track progress at an institution or on a particular 
intervention. 

 
In the following sections we cover reasons why disability status 
data is not collected, problems with existing data collections, 
operationalization of disability, and best practices in collecting 
disability status data. 

II. WHY DISABILITY STATUS DATA IS NOT COLLECTED 

Through our involvement in AccessComputing, one of the 
National Science Foundation’s BPC Alliances, we have asked 
our colleagues in the BPC community why they aren’t 
collecting data on disability. Answers vary, but include the 
following: 

• We focus on increasing the number of women (or 
underrepresented minorities) in computing, so we 
don’t ask for other demographic data. 

• Asking about disability is more sensitive than asking 
about race or gender. 

• Data about disability was not listed in our Institutional 
Review Board (IRB) application. 

• IRB won’t let us ask about disability. 

• We don’t know who to ask for the data: the school, the 
teacher, or the individual. 

• Data on disability is considered to be confidential, so 
we don’t ask. 

• We don’t know what to ask. There seems to be no 
standard definition of disability. 

• Disability data is unreliable because people with a 
disability might not want to disclose due to stigma. 

• Our institution doesn’t systematically collect data 
about disability. 

• Our institutional data isn’t accurate because we know 
people don’t disclose to disability services. 

• The information is difficult to access when obtaining 
data from institutions. 

These are not sufficient reasons to ignore disability altogether 
in our broadening participation efforts. 

 
The technical notes of the National Science Foundation report 
Women, Minorities, and Persons with Disabilities in Science 
and Engineering echoes many of these issues, including an 
inconsistent definition of disability, lack of institutional 
records, difficulties with self-reported data, and issues with 
changing the questions asked on a variety of surveys [12]. 

III. PROBLEMS WITH DATA COLLECTIONS: A CASE STUDY 

The United Nations, governmental agencies, and educational 
institutions at all levels collect and report on disability. In the 
U.S., the Census Bureau, the National Center for Education 
Statistics (NCES), the National Center for Science and 
Engineering Statistics (NCSES), the Civil Rights Data 
Collection (CRDC) and the Bureau of Labor Statistics (BLS) 
all collect data on disability, although not always in the same 
way. In these data collections and elsewhere, the incidence rates 
of disability will vary depending upon how disability is defined 
and how questions related to disability are asked [13]. The 
World Bank has reports on problems with the consistency of 
disability data internationally [14]. 

 
Even though the word “disability” has been accepted 
nomenclature since at least 1990 when the Americans with 
Disabilities Act was passed, there is an international trend to 
not use the word “disability” itself in survey questions, but to 
ask instead about functional limitations. The consequences of 
moving from one nomenclature to another are apparent in the 
data from the Survey of Earned Doctorates (SED) prepared by 
NCSES. This survey has been given to all students graduating 
with a doctorate in the US every year since 1957 and reports are 
released annually. Figure 1 shows 14 years of data, tracking the 
percentage of doctorates in all fields who have a disability. 

 
As you can see, the percentage of doctorates with disabilities 
rose from 1.5% in 2004 to 7.2% in 2017, a remarkable increase 
over such a short period. If you look more closely, there are two 
steps in increase, first in 2010 and again in 2012. Furthermore, 
the percentage was a fairly steady around 1.5% between 2004 
and 2009, jumped in 2010, and rose steadily between 2012 and 
2017. How can this chart be explained? The principal 
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Fig. 1. Percentage of doctorates who have a disability between 2004 
and 2017. 

 
explanation is that the question about disability changed twice, 
first in 2010 and then again in 2012. 

 
Figures 2, 3, and 4 have the questions asked between 2004 and 
2009, in 2010 -2011, and between 2012 and 2017, respectively. 

 
For the years 2012-2017, respondents were designated as 
disabled if the degree of difficulty of completing a task was 
moderate, severe, or unable to do. This question gathers data 
about functional limitations instead of disability identity, which 
is what was asked about in prior years. 

 
A closer look demonstrates the problem further. According to 
NCES (Table 204.30), about 0.1% of children age 3 to 21 
students have a visual impairment [15]. According to the SED, 
in 2011, 0.6% of new doctorates were “blind/visually impaired” 
and in 2017, 3.1% of new doctorates had “visual limitations” 
from moderate to unable to do. How can 0.1% become 3.1%, 
more than a factor of 30, unless they are counting 
fundamentally different people? It should be noted that the SED 
is self-reported data, while NCES data is from schools who 
provide services through the Individuals with Disabilities 
Education Act (IDEA). As the IDEA students have to document 
their disabilities to receive services and it would be unlikely that 
there are people with visual impairments who are not receiving 
accommodations, this number should be fairly accurate. 

 
This problem with using functional limitation questions is 
apparent when looking at people who are unemployed due to 
“chronic illness or permanent disability.” In 2017 National 
Survey of College Graduates (NSCG) data 700,000 scientists 
and engineers who are unemployed due to chronic illness or 
permanent disability, 178,000 (25.4%) are identified as not 
having a disability because of the way they answered questions 
related to functional limitations [16]. The ADA definition of 
disability considers someone to be disabled if they have a 
condition that impacts a major life activity, including working. 

By that definition, 100% of people unemployed due to chronic 
illness or permanent disability have a disability. 

IV. UNDERSTANDING EXISTING SURVEYS ON DISABILITY 

Many other surveys have moved away from the use of the term 
“disability” [17]. The SED and organizations such as the United 
Nations and the US Census Bureau’s American Community 
Survey (ACS) all use questions that measure functional 
limitations rather than those that measure disability identity in 
their surveys. Unfortunately, there is no agreement on the 
functional limitation language. For blindness, the UN and ACS 
use the language “serious difficulty seeing,” while SEC uses the 
range “moderate” to “unable to do.” The situation is so 
confusing that the National Federation of the Blind simply 
reports all the different percentages on blindness on their web 
page addressing data [18]. 

 
We admit that we do not fully understand the movement away 
from “disability” nomenclature. It could be motivated by the 
word “disability” having a stigma attached. Indeed, the 
guidelines recommended by the UN explicitly state not to use 

 

Fig. 2. Survey of Earned Doctorates disability question 2004-09 

 

Fig. 3. Survey of Earned Doctorates disability question 2010-11 
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Fig. 1. Survey of Earned Doctorates disability question 2012-17 

 

the word “‘disability’ or other negative terms and phrases” [19]. 
Many people with disabilities would cringe at the assertion that 
“disability” is a negative term. The person-first language, for 
example using “person with a disability” instead of “disabled 
person,” seems to imply that “disability” is a secondary trait 
that is stigmatized. Organizations of (not for) people with 
disabilities tend not to use person-first language because they 
do not believe that their disability is stigmatizing. Examples of 
such organizations are the National Federation of the Blind, 
National Association of the Deaf, and the Autism Self 
Advocacy Network. Increasingly, disabled people are 
embracing disability-first language, an indicator that 
“disability” is not as stigmatizing as it once was [20, 21, 22]. 

 
For a number of reasons, we do not recommend adopting the 
functional limitations measures. First, there is no agreement on 
how to ask the question. Is “moderate difficulty,” “severe 
difficulty,” or “serious difficulty” the standard for having a 
disability? What set of functional limitations do you focus on? 
Second, the concept of functional limitation is not one that 
people readily understand. It seems to apply nicely to seeing, 
hearing, and walking, but what about other disabilities such as 
learning disabilities, attention deficit, anxiety, and autism. The 
percentage rise from 2012 and 2017 in Figure 1 demonstrates 
the confusion about the question. Clearly, the understanding of 
this question by new doctorates changed during this period. 
Although the meaning of the word “disability” has changed 
over time, it is relatively stable and far less stigmatizing than it 
was in the past. 

 
And yet, arguments for asking about functional limitations 
seems compelling. These disagreements are part of what make 
collecting data on disability difficult. Internationally, surveys 
that ask someone if they identify as disabled have the lowest 
rates of disability [17]. The UN Washington Group on 

Disability Statistics argues that even though it will miss some 
people with disabilities asking about functional limitations will 
identify the majority of them [19]. Furthermore, advocates for 
these questions argue functional limitation questions fit within 
a social model of disability that views disability as an 
interaction between environment and a person whereas a 
question asking about disability fits within a medical model of 
disability that views disability as a problem within the person 
[13]. 

 
Overall, there’s a lack of clarity when examining the definitions 
of disability as used in theoretical models, legal terminology, 

and lay usage [23]. Indeed, sociologist Barbara Altman argues: 
Disability  is   a   complex   social   phenomenon   that 

involves the interaction of individuals with specific 
limitations, possibly due to a physical impairment, 

with their identity, their physical and social 
surroundings, and the societal culture and normative 
systems. Disability, then, is undefinable empirically 
unless one reduces the focus of the definition to a 
specific aspect of experience [23, p. 80]. 

In BPC research, we need to determine what aspects of 
disability we are interested in when constructing questions 
about disability status. 

V. DEFINING DISABILITY 

There is a need to define disability in order to identify who 
should receive services or accommodations. As a result, in 
education and employment settings, conversations about the 
representation of people with disabilities and conversations 
about services or accommodations are necessarily intertwined. 
Generally, students and employees are identified as having a 
disability if they qualify for and receive accommodations like 
documents in alternative formats, extended time on tests, 
flexible work hours, or interpreting services. To qualify, a 
person must have documentation of their disability by a 



recognized professional. Many individuals who have a disability 
that do not register with disability services for a variety of 
reasons. 

A. PreK-12 Education 
In the PreK-12 education setting there is more uniformity with 
regard to what constitutes a disability than in other settings 
because of two laws: the Individuals with Disabilities 
Education Act (IDEA) [24] and Section 504 of the 
Rehabilitation Act of 1973 [25]. Students with a documented 
disability may receive accommodations under either law. Under 
IDEA, the student will have an Individualized Education 
Program (IEP) that includes specifics about the students’ 
education goals and accommodations that a student will 
receive. The education goals and accommodations are designed 
to meet the individual needs of the student. The education goals 
may be different than those of other students in the same school. 
A student with a Section 504 Plan has the same education goals 
as other students, but may need some accommodations to help 
meet those goals. Accommodations may include extra time on 
exams because of a learning disability, screen reader access to 
computers because of blindness, or a sign language interpreter 
because of deafness. The student, their parents, teachers, and 
administrators all know if they are covered under IDEA or 
Section 504. 

 
IDEA requires states to collect data about PreK-12 students 
with disabilities [26]. The number of students covered under 
IDEA and Section 504 has varied over time, but is relatively 
stable. One striking change has been the number of students 
with autism who have been identified over the past 10 years. In 
2008-9 the number was 336,000 nationwide and in 2017-8 the 
number had almost doubled to 710,000 [14]. There is also some 
variation in the application of these laws by state. For example, 
in 2017-8, in Texas only 9.2% of students are covered under 
IDEA, while the percentage in Pennsylvania is 18.6% [14]. 

 
In addition to NCES, the Office for Civil Rights in the 
Department of Education maintains data in its Civil Rights Data 
Collection (CRDC) [27]. Reports are published annually on the 
student demographics, including disability status, of 
participation in STEM courses. Since 2017-2018, data on 
computer science courses has been collected, but has not yet 
been reported on. 

 
As states implement policy related to PreK-12 computer 
science (CS) education, some are enacting laws that require 
data collection about computer science education in their state. 
In Washington State, HB 1577 requires data collection about 
CS education, including demographic data of students enrolled 
in CS courses starting in 2020 [28]. Specifically, the special 
education status of students enrolled in CS courses must be 
reported. We hope to see other states follow suit to collect data 
about all students with disabilities taking PreK-12 CS courses. 

B. Postsecondary Education 
Students with disabilities at the postsecondary level are 
guaranteed access by Section 504, but not under IDEA. The 

educational goals for these students are the same as for the rest 
of the student body. Colleges are required by law to provide 
accommodations for students with disabilities; however, unlike 
in K-12 education, students must request those 
accommodations from an office of disability resources for 
students (DRS). To receive accommodations the disability must 
be documented. Students who are employed as a teaching 
assistant, research assistant, or otherwise on campus and need 
accommodations for their employment may need to request 
those services from an office of disability resources for 
employees. In such situations, disabled students may have to 
deal with two offices. 

 
Unlike PreK-12, there are no regulations requiring colleges to 
report on students with disabilities [26]. Typically, in their 
offices of institutional research, colleges track data about 
disability. There is likely data about whether a student received 
accommodations. Some colleges ask about disability in the 
college application, in which case that data is in a student’s 
record as well. Naturally, an individual student’s data is 
protected by the Family Educational Rights and Privacy Act 
(FERPA). Publishing of aggregate data, however, does not 
violate FERPA. Nonetheless, colleges rarely publish aggregate 
data about students with disabilities whereas they often do 
publish data about gender and minority status. 

 
Regardless, aggregate data about disability may be available by 
request to the office for institutional research. Computing 
departments can track this data as part of the work they are 
doing related to BPC in their own departments. In working with 
partners at institutions across the country, we have found that 
many computing departments struggle to obtain and report on 
institutional data. Some institutions did not agree to provide 
information to faculty, while others blamed updates of 
databases, DRS records that did not include information about 
students’ majors, or paper-based systems within their DRS 
office. Even if you are able to successfully obtain institutional 
data, it will necessarily undercount students with disabilities. 
Some students in postsecondary settings are unable to get 
adequate documentation, which can be costly to procure, in 
order to get accommodations [29]. Other students fail to 
disclose because of concerns around stigma [30, 31]. 

 
In 2016, 88% of students who participated in the Data Buddies 
survey disclosed disability information. 8% indicated that they 
have a disability [32]. The overwhelming majority (68%) had 
cognitive disorders (attention deficits, autism, or mental health 
disabilities). 12% of students had learning disabilities and 12% 
reported sensory disabilities (vision, hearing, or speech-related 
disabilities). In 2017 data from Data Buddies, students with 
disabilities were significantly more likely to report feeling like 
an outsider (32%) than majority men without disabilities (17%) 
[33]. Women with disabilities (46%) and underrepresented 
minorities with disabilities (45%) were the most likely to report 
feeling like an outsider. Findings such as this highlight the 
importance of including disability in conversations about BPC. 



C. Employment 
Section 504 and the ADA protect the rights of people with 
disabilities in employment. Employers must provide reasonable 
accommodations to employees with disabilities. Like in the 
postsecondary setting, to receive accommodations disabled 
people need to disclose their disability to their employer and 
provide documentation. Some people with disabilities may 
decide not to officially disclose to their employer because they 
do not require accommodations in a work setting. 

 
The 2017 Survey of Doctorate Recipients found that among 
doctorate holders employed in universities and 4-year colleges 
working as computer and information scientists, 8.5% have a 
disability [34]. This is comparable to the 9.4% of doctorate 
holders that have a disability across all occupations. The 2017 
NSCG found that 9.1% of employed computer and information 
scientists have a disability compared to 10.3% of all employed 
scientists and engineers [16]. Note that this survey uses 
functional limitation questions to ask about disability status. 

 
Recent years have seen several large tech companies release 
diversity reports about their workforce. Until very recently, 
very few of these reports contained information about 
disability. A 2016 article from TechCrunch interviewed seven 
major companies, none of whom had included information 
about disability in their diversity reports [35]. Many companies 
pointed to inclusion efforts related to disability or their work in 
accessibility but refrained from talking about why they weren’t 
reporting on disability representation in their companies. In the 
time since that article was written, more companies—including 
some interviewed for the TechCrunch article—have released 
disability-related data. 

• Clover has reported that company-wide, 8% of their 
employees have a disability [36]. 

• Google has reported that of the 39% of global 
employees who self-identified, 7.5% have a disability 
[37]. 

• LinkedIn has reported that 1.6% of US employees had 
a disability [38]. 

• Slack has reported that 1.7% of their U.S. workforce 
identified as having a disability but notes that this 
statistic is based on the small number of employees 
who have chosen to disclose [39]. 

The variability between these data points to some of the 
difficulties with collecting this information. Different questions 
or different data sources could lead to wildly different data 
about the prevalence of disability within these companies. 

 
Beyond data available from companies, Stack Overflow issues 
an annual survey of developers [40]. In 2019, they received 
90,000 responses, 18.0% of respondents reported a mood or 
emotional disorder, anxiety disorder, concentration or memory 
disorder, or autism. In terms of physical disabilities, 1.5% blind 
or difficulty seeing, 0.8% deaf or hard of hearing, 0.3% 
difficulty walking or standing, and 0.3% difficulty typing. 
Because of the way this question is asked, it’s not clear whether 
all of these individuals have a disability. For example, not 

everyone with an anxiety or mood disorder necessarily has a 
disability, although there are certainly some of them may have 
a mental health disability. 

VI. BEST PRACTICES FOR COLLECTING DISABILITY DATA 

We encourage computer science education researchers to ask 
about disability when they are collecting demographic data from 
participants. Recent work has explored best practices for asking 
about gender on surveys in the area of human computer 
interaction [41]; similar recommendations with regard to 
disability could move forward conversations about individuals 
with disabilities in computing education and employment. Using 
a variety of measures to inquire about disability status is 
problematic in that different measures will classify individuals 
differently [23, 42]. As a result, it’s important that the BPC 
community adopt consistent measures. 

When working with preK-12 students, researchers can ask 
whether a student has an IEP or 504 Plan or explore the use of 
institutional records to obtain this information. Teachers will 
know whether students in their classes have an IEP or 504 Plan. 
In the context of CS education, we are interested in asking about 
disability status in order to determine how a disability has 
impacted a student’s education. Since most preK-12 students 
whose education is impacted by a disability should have an IEP 
or 504 Plan, asking about that is sufficient in identifying students 
with disabilities in preK-12. 

When working with adults, whether looking at students in 
computing or teachers participating in professional 
development, the situation is a bit more complicated. As 
discussed, for a variety of reasons adults may not use 
accommodations in the context of postsecondary education or 
employment, so a similar measure wouldn’t be sufficient. We 
feel strongly about avoiding functional limitation questions 
because of the potential to overestimate some populations, 
namely those with vision impairments, while also 
underestimating other populations, including autistic 
individuals. 

 
Part of the difficulty of determining who has a disability and 
who does not is that there isn’t a black and white line between 
the groups but rather a fair amount of grey area. Some 
individuals with mental health diagnoses may identify as 
disabled whereas others do not. Individuals who have age- 
related disabilities may hesitate to identify as disabled. 

 
Based on our own experiences and conversations with other 
experts in disability, people with disabilities, and other 
stakeholders, we suggest using the following two questions 
when asking adults about their disability status: 

 
1. Do you identify as having a disability or other chronic 

condition? 
a. Yes 
b. No 
c. Prefer not to disclose 



2. How would you describe your disability or chronic 
condition? 

a. Attention deficit 
b. Autism 
c. Blind or visually impaired 
d. Deaf or hard of hearing 
e. Health-related disability 
f. Learning disability 
g. Mental health condition 
h. Mobility-related disability 
i. Speech-related disability 
j. Other (please specify) 

 
We feel that addressing disability directly in the question is 
important. Asking the second question gives the research richer 
information for analysis. Alternatively, individuals could write- 
in their specific disability. In our experience, however, this 
approach can make it difficult to categorize disabilities that may 
affect individuals in multiple ways. Asking about disability- 
type is also less invasive than asking someone to specify their 
exact diagnosis. 

 
A. Where to Find Data 
National data on disability is scattered in various tables and 
reports some of which were mentioned earlier. Principal data 
sources include the following: 

1. National Center for Education Statistics maintains 
data on PreK-12 education. [43]. NCES periodically 
publishes a report The Condition of Education that 
covers students with disabilities. They also publish a 
report titled the Digest of Education Statistics that has 
data about postsecondary students. 

2. National Center for Science and Engineering Statistics 
maintains data on postsecondary education [44]. They 
administer the Survey of Earned Doctorates [45]. They 
also maintain an interactive tool for creating custom 
tables from their data [46]. Unfortunately, this tool is 
limited and doesn’t allow access to disability data. 

3. The Department of Education Civil Rights Data 
Collection (CRDC) includes information about 
students with disabilities taking various STEM 
courses nationally [27]. Starting in 2017 they are 
collecting data on computer science courses. 

4. NSF Committee on Equal Opportunities in Science 
and Engineering has biennial reports to Congress that 
have data on disability [47]. 

5. Bureau of Labor Statistics has data on employment 
including data about disabilities [48]. 

6. Census Bureau’s American Community Survey has 
general data on disability [49]. 

7. Centers for Disease Control and Prevention has some 
data and advice on how to ask about disability status 
[50]. 

8. Cornell University Disability Statistics reviews 
several resources of U.S. disability statistics [51]. 

9. Disabled World web site reviews disability statistics 
from a number of resources [52]. 

VII. CONCLUSION 

Over the last couple of decades, the BPC and computer science 
education communities have spent a significant amount of time 
collecting data about and researching the involvement of 
women and underrepresented minorities in computing 
education. We’d like to move towards a future where people 
with disabilities are more substantively included in 
conversations about diversity in computing. To do this, we need 
more people to collect data about disability status. We hope this 
paper can start a discussion about ways to get this data and serve 
as a call to action to the community. 
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Abstract— This paper examines K-12 teacher perspectives on 
the promise and challenges of computer science (CS) and 
computational thinking (CT) education for all students across 
three states and three school districts—one rural, one suburban, 
and one urban.  Through a series of teacher survey and focus 
groups, this exploratory research presents the perspectives of K-
12 teachers across three distinct vantage points:   First, to what 
degree do these teachers see a clear value as to why CS and CT 
matter to their students’ learning?  Second (if the pathway is 
deemed valuable) who, in their estimates, are the crucial players 
to help develop a coherent CS/ CT K-12 pathway and what is their 
capacity?  Third, how can such a prospective pathway be 
practically implemented? These elements of why, who, and how 
are essential to wider questions around equity of student access to 
high quality computing, and with this paper, they come from the 
perspectives of teachers—a group too often left out of early 
discussions around K-12 curricular design.  Discussion section 
points to how these preliminary surveys and focus groups with 
teachers offer an early predictor in terms of how each district 
develops its own K-12 computing pathway, with the expectation 
that such focus groups offer a powerful research/ evaluation 
protocol that can be repeated annually among districts to gauge to 
what extent teachers’ hope (and concerns) about comprehensive 
K-12 computing pathways are warranted. 

Keywords—computational thinking; competency-based 
education; educational infrastructure 

I. INTRODUCTION  

Recent studies [8,  12, 13] have emphasized how K-12 
students are meeting neither college nor workplace 
expectations in an ever-growing computational world that relies 
upon the capacity to code and, even more importantly, the 
capacity to “think creatively and computationally” [3].   
 

By implementing introductory computer science (CS) and 
computational thinking (CT) as early as elementary school and  

 
through secondary education, there is a strong argument that not 
only can students be better prepared for academic and career 
success, but also that such early exposure may also encourage 
more diversity and inclusivity in the CS field, which has long 
been troubled by a lack of racial, ethnic, and gender diversity 
[10].  Crucial however to this call for more rigorous and 
equitable K-12 technology education are qualified and 
enthusiastic teachers.  While education policy-makers, pundits, 
and school administrators are seemingly never short on 
vernacular about the importance of CS education, this paper 
examines teacher perspectives on the promise and challenges 
of CS and CT education.   

Working with three distinct school districts in the U.S. 
through a federally-funded research practitioner partnership 
(RPP) [6], this proposal presents K-12teachers’ thoughts on 
whether they have (i) a clear sense as to why CS and CT matters 
to student learning?,  (ii) who are the key players to help 
develop a CS/ CT K-12 pathway in their own schools and 
district?,  and (iii) how such a Pathway can be practically 
implemented in K-12?  The Results section is likewise 
structured around these three research questions. 

 
 

II. BACKGROUND 

Since Jeannette Wing’s [15] influential article on 
computational thinking (CT) as a K-12 educational imperative, 
a total of forty (40) states have enacted—or are in the process 
of enacting—computer science (CS) standards and frameworks 
for their K-12 schools [5, 7].  What was once consider an 
erudite (even arcane) technical skill a decade ago is now 
promoted as a fundamental 21st century literacy for all children, 
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with steep implications in terms of equity of access and quality 
instruction [4].  A recent Google report [2] however points to a 
series of systemic obstacles for future growth. Perhaps most 
prominent of these obstacles—and one directly mentioned by 
all interviewees in the Google report—is scaling effective 
teacher professional development. The national teacher 
shortage [9] has only exacerbated the lack of qualified teachers 
in CS and CT. Remarkably, despite the tremendous economic 
need and states’ growing efforts, still less than two-thirds of K-
12 schools offer any computer science (CS) based curricula [9, 
7]. 

There has been considerable rhetoric around generating a 
national “pipeline” of teachers for K-12 CS and CT education 
(and STEM, in general), but too little in terms of what teachers, 
themselves, see as a reasonable groundwork for such a 
pathway. Returning to the research questions above, this 
proposal represents a modest—yet important—early step to 
include a wider range of voices in  this key conversation. 
 

METHODS 

A. Participants 
 

A total of thirty (30) K-12 instructors and three (3) 
administrators participated in this study as part of the CT 
Pathways Research Practitioner Partnership (RPP, see 
Acknowledgement below). Participating teachers ranged from 
kindergarten through high school and came from range of 
geographies: A small, rural school district in Alabama (approx. 
7,300 students); a mid-sized, urban school district in Iowa 
(approx. 14,000 students); and a large but decidedly suburban 
school district in Illinois (approx. 28,000 students).  Gender, 
grade level,  and geographic breakdown of these participants 
are listed in Table # 1.  

TABLE I.  TEACHER PARTICIPANTS FROM K-12 

PROGRAMS 

Region 
# of 
Participants 

Grade Levels/ Subjects 
Taught 
 

 
Iowa 

 
(urban city; 

14,000 
students) 

 
 

6 male 
instructors 
 
6 female 
instructors 

 
1 male 
administrator 
 

5 elementary school teachers 
 

3 middle school teachers (1 
Science, 1 Math, 2 
STEAM/Project Lead the Way 
[PLTW]) 

 
4 high school teachers (1 Special 
Education, 2 Math, 1 Math/ CS, 
1 CS/ PLTW) 

 
Alabama 

 
(rural; 
7,300 

students) 
 

1 male instructor 
 
9 female 
instructors 
 
1 female 
administrator 

 

4 elementary school teachers 
 

3 middle school teachers (1 Life 
Science, 2 STEAM/Project 
Lead the Way) 

 

3 high school teachers (2 
Science, 1 CS) 

 
Illinois 

 
(suburban; 

28,000 
students) 

 

3 male instructors 
 
5 female 
instructors 

 
1 male 
administrator 

4 elementary school teachers 
 
3 middle school teachers 
(Instructional Tech Support) 
 
 1 high school teacher 
(Business) 

 
 

Each of the three districts (via their technology directors and 
superintendents) expressed a commitment to more equitable 
access to computing coursework for their students.  Each 
district’s commitment is listed here (as detailed at the outset of 
the research): 

 

• Iowa District: “It is our desire to reach the specific 
population of Black and Latinx students in an effort to 
broaden their participation in computing…. These students 
face many barriers. Over 75% of our Black and Latinx 
students quality for Free/Reduced Lunch; and 25% and 
45% of our Black and Latinx students, respectively, are 
English Language Learners. At the secondary level only 
60% of Black students and 68% of Latinx students are 
proficient in math compared to 91% of our White 
students.” 

 

• Alabama District: “Our focus is on two specific 
populations, students from low socio-economic 
households and female students.  

 

o Of the high school students currently enrolled in a 
computer science or engineering course, 16% of our 
more affluent students are enrolled, while only 4% of 
our students in poverty are enrolled.   

 

o Of the high school students currently enrolled in a 
computer science or engineering course, only 30% of 
the students are female.” 

 

• Illinois District: “Providing computational thinking to 
these schools will help mitigate persistent barriers and 
support the students along this pathway. As a district, we’re 
confident we can bridge the opportunity gap by providing 
all students with an effective, sequenced education in 
computational thinking and computer science.” 
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B. Data Colletion & Analysis 
 

In Winter 2018, each school district was asked to complete 
the Strategic CSforALL Resource & Implementation Planning 
Tool (SCRIPT) [14] to be used as a guide for the planning 
and/or expansion of each district’s Computer Science (CS) and 
Computational Thinking (CT) program in their K-12 education 
setting.  In March 2019, the research team conducted four 
teacher focus groups across K-12 grade levels in order to gain 
insight into the perspectives of CS and CT across these grade 
levels.  The discussions were centered on (i) Why CS & CT?; 
(ii) Who are the key players in developing a CS/ CT K-12 
Pathway?; and (iii) How such a Pathway can be practically 
implemented?  

 

While these three components represented the central 
elements of the focus groups, these discussions were loosely-
structured, with the intention to provoke free responses and 
wider discussion from participants.  All four focus groups were 
recorded, and subsequently transcribed and analyzed using 
Dedoose Software.  Utterances were divided into primary, 
secondary, and tertiary codes.  Refer to Table #2 for coding 
schema and Table #3 below for examples. 

FIGURE I. CODING SCHEMA 

 

 

 

 

 

 

 

 

 

 

 

 

While the table above provides the basic schema, below are 
examples of utterances from participating teachers and how 
they were coded under the initial “primary” with a “secondary” 
sub-code offering more specific categorization. 

 

TABLE II.  CODING SCHEMA W/ SAMPLE PARTICPANT UTTERANCES  

 

 

 

 

 

 
 
 
 
 
 

 

 

 

 

 

III. RESULTS 

A. WHY is Teaching CS & CT Considered Important? 
 

Teachers from all three districts provided substantial 
reasons as to “Why?” for CS and CT programs within their 
schools.  The top reasons, outlined in Table 4 below, include:  
(1) Promotes skills needed for future academic and career 
success (including critical thinking, critical writing, problem 
solving, and relatable career connections); (2) Increases 
student productivity, interest, motivation, & engagement; 
and (3) Promotes equity/inclusivity/dissolution of 
stereotypes.   
 

TABLE III. WHY IS INSTRUCTIONAL CT IMPORTANT?:  TOP REASONS GIVEN 
BY PARTICIPANTS 

 % of 
participants 
in 
Alabama 

% of 
participant
s in  
Iowa 

% of 
participants 
in  
Illinois 

% of 
participa
nts in  
Overall 
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Teachers from all 3 school districts spoke to CT as having 
the ability to promote future academic and economic success for 
their students.  This point was illustrated by a middle school 
STE(A)M instructor:   

Because so many jobs of the future are still not even invented 
yet. We need to train her children, teach them how to think 
outside of the walls of the school and think further ahead so 
that they can be the problem solvers and things that they 
haven't even seen yet but they will face in their future.” 
 

Teachers also focused on the soft skills students would be 
able to develop, including productivity, creativity, collaboration, 
and perseverance. The push for earlier exposure to computing 
was reiterated during all four focus groups as well, with one 
middle school instructor noting,  

I think if the ultimate goal was to get them (the students) into 
computer classes in high school, then I think the effort should 
be put into elementary school.  And the PD needs to be 
there...you know, we need to teach kids how to think, teach 
them not just to go through a textbook and do problems 
whether it's science or math. 
 

An elementary teacher emphasized starting early is 
important: 

(S)o kids have just an idea of what could be out there for 
them.  And so, it’s not something you’re  
just thrown into at the end of high school…. 

 
 

The question of equity figured most prominently during  the 
Illinois focus group discussion.  One middle school technology 
teacher, who has used Scratch with her students, particularly 
addressed the equity issue, indicating the earlier children had 
an opportunity to code, the better: 
 

I know this is a really important… I've had as many as 28 
kids in the classroom and one girl and zero African 
Americans. And I'm like, ‘But it's so much fun and it's middle 
school!’ But it's still too late. So, I know it's important that 
we're pushing this down and showing kids even younger 
than middle school that this is cool because we teach it in 
sixth and seventh grade it's required and I've got my girls 
shutting down.” 

 
 

It is worth pointing out here though that, as noted in the 
Methods section, equity was an expressed focal point for all 
three district’s from administrator’s perspectives; Illinois 
teachers’ discussion of issues around equity in computing and 

CS education does not necessarily mean this element of equity 
was less of an issue within the other two districts, but rather less 
a talking point during the loosely-structured focus groups. 
 

B. WHO are the key players to help develop a CS/ CT K-12 
Pathway? 

 
 

The stakeholders whom participants talked about included 
students, parents, teachers, and school administration.  Here, 
conversations revolved around who are the optimal teachers to 
recruit and where there may be pushback from instructors.  The 
top reasons provided by participants for potential stakeholder 
pushback are listed in Table 5 below:  

TABLE IV: TOP REASONS PROVIDED BY PARTICIPANTS FOR   
STAKEHOLDER      STAKEHOLDE  PUSHBACK POTENTIAL 

 % of 
participants 
in 
Alabama 

% of 
participant
s in  
Iowa 

% of 
participants 
in  
Illinois 

% of 
participa
nts in  
Overall 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

In terms of how teachers perceived “buy-in” into a district-
wide pathway, instructors from all 3 districts touched upon the 
same challenge of time (time for instructional PD, time to 
implement, and time to reflect).  The question of time was a 
three-fold concern, with some instructors quickly pointing for 
the time to prepare lessons via professional development as well 
as preparatory time during the day.  But the question of finding 
time during the school day was a deeper concern for many 
instructors, especially on the elementary school levels where 
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teachers are often expected to be offering a wide range of 
subjects (and activities) in a single classroom.  A female 
kindergarten teacher’s concerns were echoed by several teachers 
throughout the districts:    

 
 

It's really hard for me to think about these big (questions) ... 
giving them time to do these big things and to be creative, 
and I want to do that. That's what I want to do, but what my 
day actually consists of doesn't match this. Making this 
adjustment and still giving a reading block the allotted time 
it's supposed to have...I'm already struggling, I have an open 
mind. So that worries me about taking that back to 
kindergarten/first grade teachers. 
 
 
 

This sentiment was seconded by a kindergarten teacher from 
another district, who stated, “We probably have less time for 
science than most other schools, less time for social studies 
because we have to do extra intervention....We have only so 
many hours in a day to accomplish a lot.”   

 

This question of time is compounded by a wider question of 
how to assess, as a high school physical & environmental 
science instructor remarked: “Where's your pushback gonna 
come? Well, aside from (teachers saying) "this is another thing 
that I have to do",  the second one I feel like is going to be "How 
do I know when they've got it?"  

 
 
 

Interestingly, resources were not consider to be a major 
barrier by two of the districts (AL & IL) and only minimally so 
in Iowa, pointing to the long-held adage (and demonstrated 
research [Penuel]) that districts do not necessarily lack tools nor 
curricula but rather the time for teachers to learn about such tools 
and curricula in meaningful professional development and the 
time to enact such PD during an already-crowded school day. 

 

C. HOW can a CT Pathway be implemented in K-12? 
 

The question of how to enact comprehensive K-12 pathways 
was perhaps the most discussed question within teacher focus 
groups across all three districts.  As evident in Table 6 below, it 
was also the question that saw the most consensus across all 
three districts.  

As indicated in Table 6, what participants across districts felt 
is needed in order to successfully implement a comprehensive 
K-12  Pathway included:  (1) Time (planning time for 
implementation, designated planning time while implementing, 
and  time to educate parents/train teachers); (2) CT 
curricular/assessment tools across grade levels (how to 

implement in different subjects, cross curricular opportunities, 
and student performance metrics); (3) Resources (support staff; 
mentors; coaches; tech support; examples; and vocabulary to 
match/reflect grade level understanding, current standards 
(CSTA, NVSS, Alabama state standards, etc.), & most recent 
initiatives (PBL,etc.); and (4) Teacher training (developing 
metrics for teacher/curriculum success, helping teachers 
understand why this is important, showing teachers that they are 
already doing most of this already, observing other classes in 
which this is implemented, coaching, & allowing teachers to 
hands-on train). 

 

TABLE III.  WHAT DO TEACHERS/SCHOOLS/STUDENTS NEED IN ORDER TO 
SUCCESSFULLY IMPLEMENT PATHWAY? 

 % of 
participants 
in 
Alabama 

% of 
participant
s in  
Iowa 

% of 
participants 
in  
Illinois 

% of 
participa
nts in  
Overall 
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As indicated in Table 6, what participants across districts felt 
is needed in order to successfully implement a comprehensive 
K-12  Pathway included:  (1) Time (planning time for 
implementation, designated planning time while implementing, 
and  time to educate parents/train teachers); (2) CT 
curricular/assessment tools across grade levels (how to 
implement in different subjects, cross curricular opportunities, 
and student performance metrics); (3) Resources (support staff; 
mentors; coaches; tech support; examples; and vocabulary to 
match/reflect grade level understanding, current standards 
(CSTA, NVSS, Alabama state standards, etc.), & most recent 
initiatives (PBL,etc.); and (4) Teacher training (developing 
metrics for teacher/curriculum success, helping teachers 
understand why this is important, showing teachers that they are 
already doing most of this already, observing other classes in 
which this is implemented, coaching, & allowing teachers to 
hands-on train). 

 

Across all four focus groups, 14 teachers (47%) and all 3 
administrators indicated they are already applying aspects of this 
pathway in their classrooms in the form of computer/tech 
classes, music, robotics, design tasks, engineering design, data 
collection, data analysis, coding, creating, communicating 
digitally, and/or Scratch.  This stated, teachers in IOWA 
definitely saw the need to integrate CS and CT across not only 
multiple grade levels but also across multiple subjects. “To me,” 
remarked one middle school teacher, “the more it can be 
integrated in multiple disciplines-the more sustainability you 
have in this district...and giving people time to see the 
connections across the curriculum.  That's how this initiative 
will be sustained.”   

 

Still, this aspect of implementation is seemingly downright 
scary for several teachers from all districts as they struggle with 
the vocabulary and deciding how it will fit into the curriculum:  
“I just immediately get a little overwhelmed with all the vocab 
and my brain just goes like "computer science" and I forget 
about how I'm applying it to my subject.”  One teacher on the 
elementary level also pointed out the need for a common 
vocabulary as being essential to the question of “How?” to get 
more teachers and students on board with the initiative:  “If 
we're gonna start down here,” she remarked about offering 
introductory  CS and CT on the lower grade levels, “and we 
wanna get kids up here, we need to identify common themes and 
a vocabulary that follows them through the grade levels.”   

 

IV. DISCUSSION 
 

By looking at teachers’ perspectives, we are able to discover 
some of the  challenges and opportunities that present 
themselves when trying to implement computational thinking 
into K-12 curriculum.  This may also reveal the practices and 
strategies teachers feel confident about utilizing within their 
classrooms.  This data indicated challenges that were both 
extrinsic (resources, time, training, workload, etc.)  and intrinsic 
(fear, uncertainty, anxiety felt by high performing students, etc.), 
while also revealing that these teachers would like to promote 
strategies that are multidisciplinary, cross curricular, and 
contextual-all of which supports earlier research on best 
strategies for implementing CT within the school system [3]  

 

Of course, these initial focus group with instructors represent 
an early stage within this three-year research program.  
Currently (Fall 2019) we are entering the classroom “Pilot” 
stage of the research, in which a select group of instructors begin 
to  offer preliminary computing coursework within their 
classroom over the 2019-20 academic year.  On the elementary 
level, this coursework is largely to be integrated into existing 
coursework (largely math and science units); on the high school 
level, coursework across all three districts is strictly “stand-
alone” and makes use of existing curricula (i.e., Exploring 
Computer Science and Computer Science Principles).  On the 
middle school level, the three districts are taking different 
approaches, with Iowa and Illinois offering stand-alone 
coursework via existing programs such as Project Lead the Way 
(PLTW) and Code.org, while Alabama intends to integrate into 
science coursework via computational modeling and Next 
Generation Science Standards (NGSS).  The intention is to 
repeat these teacher focus groups over the Winter of 2019-20 to 
investigate to what degree participating instructors’ own hope s 
and concerns were warranted and to what degree  there may be 
other considerations not initially considered from their 
perspectives. Here, we expect to collect more empirical data 
from teachers in terms of the Why?, Who? and How? of K-12 
CS and CT education.  These three questions, of course, are 
certainly not static in nature, but may very well represent a series 
of shifting points among educators based on effective 
professional development or the lack thereof. 
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Abstract—Computer science for all initiatives have 

broadened the participation of students enrolled in elective 
computer science (CS) courses and introduced compulsory 
CS instruction in many areas of the United States. However, 
there is a shortage of K–12 teachers with the background, 
preparation, and experience necessary to teach CS. To 
build capacity to deliver this instruction, districts must 
provide teacher preparation that includes not only CS 
content, but also high-quality pedagogical approaches that 
will meet the needs of all students enrolled in a wide variety 
of school settings. In this paper, we explore teacher 
outcomes across multiple CS professional development 
opportunities, in one large urban district. The teacher 
outcomes were measured via a survey administered 
between eight months and two years after teachers received 
training to implement CS. 

Though our findings are from a single district, we 
believe these findings are relevant to other settings and 
provide useful information about the outcomes of teacher 
professional development for CS education, as well as 
supports and barriers to implementing CS, in a large, urban 
school system. The results offer insight into professional 
development quality, teacher confidence, the ability of 
teachers to implement CS in their classrooms, and supports 
and barriers to offering CS instruction (even in a district 
where CS education is a priority). They also shed light on 
how supports and barriers differ in schools serving students 
with high economic needs and lower academic performance 
compared with schools serving students with lower 
economic needs and higher academic performance. These 
differences underscore the importance of considering 
economic need and academic performance (in addition to 
race and gender) when developing and executing CS for all 
initiatives.  

Keywords—CS4All, K–12 classroom implementation, 
Teacher survey, Evaluation, Assessment, Computational 
Thinking, Gender and Diversity, Teacher Development,  
K–12 Curriculum, K–12 Instruction, Non-traditional 
Students, Professional Practice 
  

I. LITERATURE REVIEW 

A. CS Education Landscape 
The last ten years have been marked by an explosion of 

computing across almost every industry, as well as a dramatic 
increase in jobs that require computational skills, especially in 
Science, Technology, Engineering and Mathematics (STEM) 
fields. Over the next decade, the computer science industry is 
projected to grow by 13 percent—adding over half a million 
jobs—according to the U.S. Bureau of Labor Statistics [1]. That 
rate exceeds the average for all occupations. Furthermore, it is 
widely agreed that the use of computational concepts and 
methods—problem solving, designing systems, refining the 
steps in a process, and tinkering toward creative solutions—are 
relevant in nearly every discipline, profession, and industry [2]. 
Thus, there is a growing call, at district, state, and national 
levels, for all students to have opportunities to become proficient 
computational thinkers and be exposed to hands-on computer 
science (CS) curriculum and courses throughout their 
educational careers. 

However, while most students, parents, and educators 
support and see the value in CS education, nationally only 60 
percent of schools offer any CS courses to students, and even 
fewer schools (40%) offer classes that teach programming and 
coding [3]. In fact, just 15 states require secondary schools to 
offer CS, only 19 provide funding for teacher training in CS, and 
only 22 have established K–12 CS standards [4]. 

Compounding these challenges, some groups are 
systematically underrepresented in CS and CS education [5]. For 
example, Black, Latinx, and low-income students are much less 
likely than their White and more affluent counterparts to have 
access to CS learning opportunities in school or access to 
computers at home. Female students face additional social 
barriers: compared with male students, they report less interest 
in and awareness of CS opportunities, and they are less likely to 
report having ever learned CS in grades 7–12 [6, 7].  

An increasing number of policymakers, business leaders, 
and educators see it as a both practical and moral imperative to 
confront these disparities. They seek to empower underserved 
students and communities to participate as creators—and not 
just consumers—in a digital world. Broadening participation in 
STEM and computer science can strengthen the workforce and 
arm students with skills to help solve important problems in 
society. 

Funding for this study is provided by the NYC CS4All Founders 
Committee and the Fund for Public Schools. 



Answering the call for computer science expansion and 
equity, the New York City Department of Education 
(NYCDOE) launched its CS4All initiative in 2015, with the goal 
of providing meaningful, high-quality computer science 
education to all public school students in each grade band (i.e., 
K–2, 3–5, 6–8, 9–12) by 2025. New York City’s CS4All is 
currently the largest districtwide effort in the country attempting 
to implement CS education at this scale, though there are similar 
efforts occurring in other districts, such as Broward County, FL, 
Chicago, Dallas, San Francisco, and San Diego, as well as 
statewide initiatives in Georgia, Alabama, Utah, Maryland, and 
elsewhere.  

In New York City, CS4All is explicitly designed to increase 
access to CS education among historically underrepresented 
groups—in particular, girls and Black and Latinx students. The 
initiative aims to positively influence a range of outcomes, 
including CS knowledge and skills, computational thinking, 
problem solving, academic engagement, and eventually 
students’ pursuit of CS-related college majors and careers. 

B. Preparing Teachers to Teach CS 
Nationally, the lack of teachers with the capacity to teach CS 

is widely cited as a barrier to offering CS instruction to more 
students [8, 9]. Most states do not offer teaching licenses specific 
to CS, although in 2018, New York State approved the creation 
of a CS certificate for teachers. Further, most educators and 
administrators believe teachers need extensive training or 
coursework in CS to successfully teach the subject [10, 11, 12]. 
Yet, on a national scale, the state of CS teacher preparation has 
been described as “deeply flawed” and inadequate to address 
growing demand [10]. While great strides have been made in 
preparing teachers to implement quality CS instruction, efforts 
to expand CS education will require much greater teacher 
capacity than currently exists [13]. Equally problematic, the 
training that is available is generally provided by institutions of 
higher education with little or no involvement from schools or 
districts. This disconnect between professional development 
(PD) opportunities and local context limits the extent to which 
training is aligned with and relevant to the needs of the district 
and its schools [14]. 

To address these barriers, the NYC CS4All initiative is 
providing PD to nearly 5,000 teachers over the course of ten 
years. To date, the initiative has offered a diverse selection of 
year-long programs to teachers in foundational and advanced CS 
curricula. These PD experiences last a minimum of 48 hours for 
foundational curriculum and 100 hours for advanced 
curriculum. The trainings are designed to prepare teachers to 
lead multi-year CS sequences of semester and year-long CS 
courses (ranging from introductory to advanced AP CS courses) 
and the integration of CS units into other courses.  

These professional development options are guided by a set 
of principles described in the NYC CS4All Blueprint, an 
academic and implementation guide for teaching computer 
science in New York City public schools. The Blueprint 
articulates five key CS concepts (abstraction, algorithms, 
programming, data, networks) and a set of CS practices 
(analyzing, prototyping, communicating) around which the 
CS4All PD options are organized. 

Sequences: The multi-year sequence PD options include the 
Software Engineering Program (SEP) and SEP Jr. 

Software Engineering Program. The SEP program is a 
multi-grade comprehensive CS education sequence for grades 
6–12. The PD for teachers includes a two-week summer 
institute, five Saturday follow-ups during the school year, and 
participation in “hackathons.” 

SEP Jr. The Software Engineering Program Junior is a CS 
program for kindergarten through 5th grade students that 
includes teacher-directed lessons and creative computing 
activities such as Scratch, robotics, and maker education. PD 
includes a five-day summer institute, as well as four optional and 
five mandatory Saturday follow-ups during the school year. 

Courses: These PD options focus on half-year and full-year 
courses that range from introductory to advanced AP CS 
offerings. 

During the 2019–20 school year, introductory CS courses 
include Computer Science Discoveries, Exploring Computer 
Science, Introduction to Physical Computing, Introduction to 
Computational Media, and TEALS Introduction to Computer 
Science. Teacher PD includes a two-week summer workshop 
and five Saturday follow-ups during the school year. 

Advanced CS courses include Advanced Placement 
Computer Science Principles using either the Beauty and Joy of 
Computing, UTeach, or code.org Computer Science Principles 
curricula. PD for teachers includes a two-week summer institute, 
and five Saturday PD sessions during the school year. 

Units: These PD options focus on meaningful CS units for 
grades K–8. These units include 10–15 hours of CS instruction 
for grades K–2 and 15–25 hours for grades 3–8, designed to be 
integrated into existing instruction or used as stand-alone units. 
These units introduce foundational computer science and 
computational thinking ideas to students using a creative 
computing approach. Units curricula include Computational 
Media and Creative Computing, among others. PD for teachers 
includes a five-day summer institute, and follow-up PD sessions 
during the school year. Teachers implementing units are also 
supported by CS education managers—locally placed district 
staff who provide on-site coaching and additional PD as needed. 

The initiative targets teachers who have not previously 
received CS PD and schools that do not already have CS 
teachers or courses. PD experiences were designed to include 
key features of effective CS PD suggested by past research, 
including: engaging in active, inquiry-based learning, fostering 
teacher professional learning community; providing 
pedagogical and content knowledge in CS instruction; and 
developing teacher capacity to implement culturally-responsive 
CS through an inquiry- and equity-oriented approach [9, 12, 15]. 
In addition, the initiative is guided by research that shows that 
creating opportunities for teachers to collaborate in planning CS 
instruction and integrating opportunities for reflection are both 
important [15, 16, 17], as well as growing recognition of the role 
that in-classroom support and coaching can play in improving 
and scaling CS instruction [18, 19].  

This paper presents findings from multiple years of a survey 
of teachers who participated in the district’s year-long CS PD 



programming. There is very little prior research on efforts to 
increase capacity to teach CS on a wide scale, as required by the 
NYC CS4All efforts. This research contributes important 
information about implementation challenges and successes, as 
well as the early outcomes of a large-scale district-wide effort to 
develop teacher capacity and implement CS for all students. 

II. METHODS 

A. Research Questions 
The teacher survey was administered online in the spring of 

2017, and again in spring of 2018. All teachers received the 
same survey regardless of the professional development they 
attended. The primary research questions guiding the survey 
include: 

• How do teachers rate the quality of the CS PD they 
received? 

• How confident do teachers feel about their knowledge of 
and ability to provide instruction in CS? 

• To what extent and how are teachers implementing the 
CS training they received? 

• What challenges do teachers report as barriers to 
implementation? What supports for implementation do 
teachers find helpful? 

• What variations in implementation are there for teachers 
with different CS backgrounds, who attended different 
PD types (e.g., for units, courses, or sequences)?  

• What variations in implementation are there for teachers 
in schools that serve students with different economic 
status and prior achievement? 

B. Study Sample and Response Rates  
In 2017, we surveyed 225 teachers (representing a 50% 

response rate) from 159 schools; these teachers had attended 
CS4All PD programs in 2015–16 or 2016–17. In 2018, we 
surveyed 536 teachers (representing a 66% response rate) from 
446 schools; these teachers had attended CS4All PD programs 
in 2015–16, 2016–17, or 2017–18. Teachers could have taken 
surveys in both 2017 and 2018. The surveys were administered 
online between April and July of each year. 

C. Data Measures 
The survey asked teachers about their experience with the 

PD, as well as subsequent implementation of CS in their school. 
Through primarily closed-ended questions, the survey addressed 
issues related to the quality of the PD teachers had received and 
teachers’ attitudes and beliefs regarding CS instruction. The 
survey also asked teachers about supports and barriers to 
implementing CS in schools and in the classroom. Most items 
were asked in both years of the survey, though some new items 
were added in 2018 (e.g., about the extent to which teachers 
reported covering specific CS concepts and practices in their 
instruction), and a few of the 2017 items were dropped in an 
effort to shorten the survey or because they had become less of 
a priority for the initiative. 

D. Data Analysis 
We conducted descriptive analyses of the closed- and open-

ended survey questions. For closed-ended items, we ran 
frequencies and cross-tabulations by key subgroups of interest, 
including grade band taught (elementary, middle, high), whether 
or not the teacher had implemented CS in their classroom, and 
school characteristics, such as students’ economic need and 
academic performance. To analyze differences in responses 
across teacher groups, we ran regression analyses controlling for 
teacher characteristics (gender, teaching experience, CS 
expertise), school level, and PD program attended. 

The surveys contained a few open-ended items, mostly to 
allow teachers to specify and describe an ‘other’ option. For 
open-ended items, we conducted a content analysis using an 
iterative coding process. First, the team inductively developed a 
set of codes for each open-ended question using the initiative’s 
theory of action and other documents to anticipate possible 
answers. Then, the team refined and added codes based on 
respondents’ actual answers. Finally, team members discussed 
the coding scheme and its application to ensure consistent and 
accurate coding, revising the codes as necessary. Themes that 
emerged from the open-ended questions were reviewed in 
conjunction with the close-ended results, providing additional 
context and detail. 

III. FINDINGS 
Below we present core findings from the 2018 survey, noting 

key differences and similarities in relation to findings from the 
2017 survey. 

A. How Did Teachers Rate the CS4All PD? 
The CS4All PD offerings are aimed at helping teachers learn 

new programs and pedagogies in CS education, as well as 
methods for integrating CS into existing courses. CS4All then 
expects teachers (with support from school administrators) to 
put this training to use—helping students learn CS concepts, 
practices, and perspectives, and helping students connect their 
CS learning across subject areas and grade bands, as well as to 
their personal interests in and out of school. For that learning 
and connection-making to occur, teachers must be adequately 
prepared and supported to integrate CS knowledge with their 
existing areas of content expertise, and to help students build CS 
experiences into academic and career pathways over time. 
Ensuring the quality and depth of the PD that teachers 
experience will be crucial to the success of the CS4All initiative. 

Our surveys were designed to gather information about 
teachers’ perspectives on the quality and utility of the PD they 
received.  Well over half of teachers (60%) surveyed in 2018 
reported that they did not have a CS-related degree or 
certification or prior experience in the CS profession, 
confirming that many teachers participating in CS4All PD have 
limited CS knowledge. Given this, and because the initiative’s 
PD offerings require a year-long commitment, it is critical that 
teacher engagement and commitment are high. If teachers’ 
experiences are positive, they will be more likely to be engaged 
in the PD and committed to implementing what they learned 
when they return to the classroom. 



Overall, teachers rated the CS4All PD highly, with a 
majority agreeing or strongly agreeing that it increased their CS 
knowledge (90%), that facilitators helped them understand how 
to implement their learning in the classroom (88%), and that the 
PD was tailored to meet their needs as a learner (86%). 
Agreement with statements about the PD quality were high 
regardless of the type of PD teachers attended (i.e., units, 
courses, or sequences). 

B. How Confident Are Teachers in Their Ability to Teach CS? 
Because CS is a new content area for many teachers, we 

sought to assess their level of confidence in teaching CS, 
following their participation in the CS4All PD. Beyond learning 
essential content knowledge and relevant pedagogical 
approaches, the CS4All PD offerings aim to increase teachers’ 
confidence in their ability to engage their students in CS 
concepts and practices. Teachers who are confident in their 
capacity to teach computer science are better positioned to 
implement what they have learned in PD—and to help their 
students see computer science as an interesting and exciting field 
[4, 5]. Furthermore, to meet CS4All’s goals, teachers must feel 
confident in their abilities to teach CS well to a wide range of 
students, especially students who historically had limited access 
to CS (e.g., girls, Black and Latinx students, students with 
disabilities, and others). 

The majority of teachers responding to our survey reported 
feeling somewhat confident in their abilities to teach computer 
science. Teachers were asked the extent to which they agreed 
with statements like, “I know how to teach important computer 
science concepts effectively,” and “I know how to facilitate 
students’ interest in computer science.” Teachers were asked to 
report their agreement with each statement on a 5-point scale: 
1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly 
agree. 

Overall, teachers’ confidence in their ability to deliver CS 
instruction following PD fell between the “neutral” and “agree” 
categories (3.45 out of a 5-point scale). There were very few 
differences by grade level. Teachers receiving PD for the first 
time in 2017–18 had slightly lower scores on the teacher 
confidence scale than teachers receiving PD in 2016–17 (3.48 
vs. 3.84), perhaps suggesting that teachers gain confidence with 
experience. Teachers implementing CS and trained to deliver 
stand-alone sequences and courses had slightly higher average 
scores (3.51 and 3.58 respectively) than teachers who were 
implementing CS and trained to deliver CS units integrated into 
other classes (3.46). This may be an indication that integrating 
CS units into other subjects is more difficult for teachers and 
requires a larger pedagogical shift from their typical practice. 

Despite the moderate levels of confidence reported, 48 
percent of respondents agreed or strongly agreed that they 
wished they had a better understanding of the CS concepts they 
teach. High school (48%) and especially middle school teachers 
(54%) were more likely to strongly agree with this statement 
(see Figure 1 below). This suggests that even after substantive 
PD experiences lasting 50 hours or more, many teachers may 

 
 

need more and different training and support to effectively 
implement CS instruction. 

Fig. 1. Teachers’ agreement with statement: “I wish I had a better 
understanding of CS,” by school level,  2017–2018 school year 
 

C. Are Teachers Who Received CS PD Implementing It in the 
Classroom? 
Three fourths of the teachers surveyed (75%) in 2018 

reported teaching CS in the 2017–18 school year,1 either as a 
stand-alone course or integrated into other subject areas. This is 
slightly higher than the percentage reporting implementing CS 
in the prior year (70%). Teachers with prior CS experience were 
somewhat more likely to report implementing CS than teachers 
with no prior CS experience (80% versus 71%). 

Elementary teachers reported implementing CS at higher 
rates (81%) than middle school (72%) or high school (63%) 
teachers. However, teachers who attended PD focused on 
teaching CS courses (e.g., AP CS) and CS sequences (e.g., SEP 
and SEP Jr.) were more likely to report implementing CS (86% 
and 81% respectively) than teachers who attended PD focused 
on CS units (70%). This suggests that stand-alone courses are 
more likely to be implemented in schools than units that require 
integration with existing courses, and may be related to the fact 
that teachers implementing stand-alone courses had higher 
confidence in their ability to do so than teachers integrating CS 
into other subjects. 

Among the teachers who were not implementing CS, we 
heard several prominent themes in their responses to an open-
ended question about why they were not doing so. These 
included a lack of ability to teach or integrate CS, competing 
academic priorities, lack of support to implement CS, and that 
they were not the designated CS teacher in the school. 

1  Teachers who did not respond to this question on the survey were counted as not 
implementing CS. If we take non-responders out of the denominator, the percent 
implementing CS in 2018 increases to 84 percent. 



D. What Factors Support or Hinder Teachers’ Efforts to 
Implement CS? 
Our teacher survey examined factors that support or hinder 

high-quality CS implementation in schools and classrooms. 
Teachers were asked about the extent to which a list of 
individuals or resources supported their ability to implement CS 
in their classrooms. They were also asked about the extent to 
which they faced a number of specific challenges to 
implementation. Their responses to these questions may suggest 
strategies that districts can use to provide additional and more 
effective support to teachers, thereby increasing the initiative’s 
odds of success. 

Supports: In implementing CS in their classrooms, teachers 
reported drawing support from a variety of sources. The most 
commonly identified supports were professional development 
providers, administrators at their own school, and other teachers 
in the school. A total of 68 percent of survey respondents 
indicated that PD providers were a support to a “moderate” or 
“large” extent, while 57% said school administrators were 
supportive, and 41% said other teachers in their schools were. 
There were no notable differences in findings by grade band. 

Challenges: The challenges to implementing CS cited by 
surveyed teachers were similar to those found in other studies 
(see for example [6]). In our study, the most frequently reported 
classroom-level challenges were lack of preparation time and 
lack of instructional time. The most frequently reported school-
level challenges were competing priorities, the need to prepare 
students for high-stakes tests, and lack of time in student 
schedules (see Figure 2). For example, teachers’ comments 
included. 

“With focus on reading, writing and math, CS is viewed as a 
third-class citizen.” 

“Other academic classes are given priority, and CS classes 
are seen as less important.” 

It is interesting that—in a district that has articulated CS for 
all as clear priority—a substantial portion of teachers 
nonetheless reported challenges related to competing priorities 
(44% said it was a challenge to a large or moderate degree). 

While there were few large differences by grade band, 
elementary and middle school teachers were more likely to 
report being challenged by a lack of instructional time and a lack 
of time in student schedules, compared with their high school 
counterparts. This may be related to the fact that high school 
students have more choice in their schedules, whereas 
elementary and middle school students often have set schedules. 
It also may be related to the additional challenge of finding time 
to integrate CS into existing courses and instruction, which is 
more prevalent in the elementary and middle grades. Teachers 
who participated in PD designed to implement CS units reported 
fewer supports and greater challenges than teachers who 

 
2 Economic need is based on the NYC DOE’s economic need index, a measure of 
students who are in poverty based on indicators such as homelessness, having a home 
language other than English and entered the NYC DOE for the first time within the last 
four years, and the percentage of families (with school-age children) in the student’s 
census tract whose income is below the poverty level. Schools at or above the median 
economic need index for this sample were grouped into the “high economic need group” 
(N=86) and those below the median were grouped into the “low economic need group” 
(N=86). 

attended PD designed to implement multi-year CS sequences 
and year- or semester-long courses. Not unexpectedly, teachers 
who were trained in CS for the first time in 2017–18 reported 
more challenges and less confidence in their teaching than 
teachers who were trained in prior years and had more years of 
implementation. 
 

Fig. 2. Teacher-reported challenges to implementing CS,  
2017–2018 school year  
 

E. How Do Supports and Challenges Differ for Schools with 
High Economic Need and Low Academic Performance? 
Because CS4All is committed to increasing access to CS 

instruction for historically underrepresented groups, we 
explored whether there were differences in the levels of support 
and challenges that teachers reported in the 2017 survey, 
depending on the economic need2 and academic performance of 
their schools (as measured by standardized test scores and 
graduation rates). For each variable, we divided the schools of 
responding teachers into two groups: 1) high-economic-need 
and low-economic-need schools, and 2) high-performance and 
low-performance schools. About three quarters of high-
economic-need schools are also low-performance schools. 3 
Broadly, teachers from high-need and low-performance schools 
reported less support and more challenges in implementing CS 
instruction. Five out of the seven supports we asked about fit this 
pattern, as did 11 out of the 13 challenges. Figure 3 shows the 
supports and challenges that were statistically significantly 
different by school economic need. Compared to teachers from 
schools with low economic needs, teachers from schools with 
high economic needs were less likely to report receiving support 
from their administrators, school or network technology 
specialists, or other teachers in their schools. In a similar vein, 
teachers from schools with high economic needs were more 
likely to report challenges to implementing CS, including a lack 

 
3 Schools were grouped into the “high performing schools” category if they were at or 
above the sample median proportion of students proficient in elementary and middle 
school math and ELA or at or above the sample median high school graduation rate 
(N=74). Schools were grouped into the “low performing schools” category if they were 
below the sample median on these indicators (N= 84). 



of parental support, a lack of administrative support, and a lack 
of student interest in CS. 

Fig. 3. Selected supports and challenges by school economic need,  
2016-2017 school year. High-economic-need group N=86, low-economic-
need group N=86. Differences were statistically significant at the 0.05 level. 
 

As with schools with high economic needs, teachers from 
low-performance schools reported less support and more 
challenges, though in a few different areas (see Figure 4). In 
particular, teachers from low-performance schools were less 
likely to say that teachers from outside their school were 
supportive. They were also more likely to report a number of 
challenges, including a lack of expertise in CS education 
pedagogy and instructional strategies, a lack of expertise in CS 
content, a lack of parent/guardian support, and a lack of student 
interest in CS. 

Fig. 4. Selected supports and challenges by school performance, 2016–2017 
school year. High-performing schools N=74, low-performing schools N= 84. 
Differences were statistically significant at the 0.05 level. 

IV. SUMMARY AND IMPLICATIONS 
The survey findings presented here demonstrate that NYC’s 

CS4All initiative has provided large numbers of teachers with 
CS professional development opportunities that they highly 
value. Most of them reported implementing CS in their 
classroom in the following school year. They also reported 
moderately high levels of confidence in their ability to deliver 
CS instruction, although many (especially in middle and high 
school) wish they had a better understanding of the CS concepts 
they teach. This suggests that in addition to intensive PD, 

 
 

teachers may need other enrichment opportunities and supports 
to extend their understanding of critical CS concepts and 
pedagogies. They may also benefit from PD opportunities and 
supports that are differentiated by grade level, specific content, 
and teachers’ prior CS knowledge and experiences. 

Another resource for extending learning about CS is the 
larger community of CS4All teachers. Among the supports 
teachers reported accessing were other teachers at their school. 
The initiative may want to expand its focus on mechanisms (e.g., 
interest- or need-based meetups, local affinity groups, etc.) to 
increase opportunities for teachers to connect with other 
teachers for further learning and support. Local colleges and 
universities may also be sources of opportunities for 
certification, continuing education credit, and badges. Our 
survey revealed that teachers in schools serving lower-
performing and higher-economic-need students are less likely to 
find support for implementation from their peers—possibly 
because there are no other CS education colleagues in the 
building. In light of this finding, increasing opportunities for CS 
teachers to connect with other CS educators could be an 
important strategy for increasing equity. 

The surveys explored both classroom- and school-level 
challenges to implementing CS. Teachers most frequently 
reported lack of preparation time and lack of instructional time 
as classroom-level challenges. For school-level challenges, they 
most frequently reported competing priorities, the need to 
prepare students for high-stakes tests, and a lack of time in 
student schedules. These time and priority challenges are not 
ones that teachers can necessarily manage themselves. They 
often require reconsidering priorities, schedule changes, and 
other structural changes that need the input, direction, and often 
approval of school administrators. 

Because it is clear that administrators are a critical support 
and can potentially remove barriers to CS instruction, CS4All’s 
efforts to engage school leaders are particularly important—and 
may be a way to address the school-based challenges teachers 
identified. Strengthening engagement with and professional 
development for school leaders will likely enhance CS 
implementation and help sustain CS4All over time. Further, 
given that teachers from more advantaged schools (serving 
students with higher performance and lower economic need) 
reported more support from their administrators, this is another 
strategy that can promote equity in CS. 

Along similar lines, expanding efforts to coordinate with 
district superintendents4 who supervise school principals may 
help ensure that the importance of CS is being effectively 
communicated throughout the district. Superintendents may be 
able to help school leaders balance competing priorities (e.g., by 
including CS-related initiatives in each school’s educational 
plan). It is possible that priorities are somewhat different at 
schools with low versus high levels of economic need and 
performance. At high-economic-need schools, for instance, staff 
may be focused on meeting students’ basic needs; at low-
performance schools, staff may prioritize traditional academic 
subjects—particularly those with accountability stakes for 

4 New York City has 46 superintendents, including 32 who oversee the 32 geographic 
school districts, nine who oversee high schools, and five who oversee special 
populations, such as students with disabilities. 



students, teachers, and the school as a whole—over computer 
science. Teacher reports on the survey that implementation of 
CS is challenged by competing priorities suggests this may be 
the case. Providing administrator training and support and 
working with superintendents could help increase understanding 
of how CS education can support school improvement efforts, 
rather than detract from them. For example, CS instruction may 
increase students’ engagement in school. Sharing this 
perspective, along with concrete strategies to balance competing 
priorities, could result in greater buy-in and prioritization of CS 
in schools.    

In sum, the significant differences that emerged in teacher-
reported barriers and supports, based on students’ economic 
need and achievement, create a picture of how school 
demographics and context influence CS implementation and the 
support that teachers need. Most commonly, CS for all efforts 
focus on equity in terms of race/ethnicity and gender. Findings 
from this study highlight the importance of considering 
economic need and academic performance in addition to 
race/ethnicity and gender as key equity factors to attend to in a 
CS for all initiative. 

Finally, we note that as NYC’s CS4All initiative moves 
forward, it will be important to consider how needed supports 
and challenges may differ for schools that adopt CS later on (and 
who perhaps are less likely to have a ‘champion’ or strong staff 
and parent buy-in for the efforts), or that serve students with 
higher needs and fewer resources (e.g., lower-performance, 
higher-poverty schools).  

While these findings are from a single district, we believe 
they point to challenges and supports that are similar to those 
found in other districts attempting to implement CS for all 
students. The lessons learned and implications for policy and 
practice are therefore relevant to other settings. 

V. LIMITATIONS 
As noted earlier, we obtained a 50 percent response rate to 

the 2017 survey and a 66 percent response rate to the 2018 
survey. Conclusions drawn from these surveys are limited by the 
fact that we do not know if the teachers who responded to the 
survey are representative of teachers overall. It is possible that 
teachers who did not respond were systematically different from 
those who did. Perhaps non-respondents were less likely to have 
implemented CS in their classroom, or faced additional or 
different types of challenges. In addition, as with all surveys and 
self-reported measures, teachers’ answers may have been 
influenced by social desirability—the tendency to give answers 
that respondents believe are more desirable. Given that other 
data collected for our larger study of the NYC CS4All initiative, 
such as interviews with teachers and PD providers, largely 
corroborate these findings, we do not believe social desirability 
biased the findings to a significant degree. 
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Abstract—The CSforALL movement has made great strides 
preparing teachers in computer science (CS) with professional 
development (PD) toward broadening participation in computing. 
These opportunities develop teachers’ understanding of CS 
content, alongside culturally-relevant practices and equitable 
access.  However, while a focus on teachers is necessary, it is not 
sufficient for systemic, scalable, and equitable implementation. 
Comprehensive PD programs need to include teachers, school 
counselors, and administrators. This paper uncovers a statewide 
research-practice partnership’s approach to a replicable multi-
stakeholder PD model that addresses the following research 
question: How can a comprehensive CSforALL model effectively 
engage teachers, counselors, and administrators to work in unison 
to ensure equity sits at the heart of scaling and sustaining CS 
education for all students? A university-district research-practice 
partnership developed a week-long professional learning 
experience for teachers, counselors, and administrators that 
linked equity at the classroom, school/district, and policy levels. 
With the intentions of iteratively improving on the PD and 
learning about attendees’ CS education interests and experiences, 
the RPP collected and analyzed observations, interviews, and 
surveys. Findings reveal (1) a multi-stakeholder comprehensive 
PD model has positive impacts for the capacity-building of CS 
education leaders; and (2) a focus on equity across all strands of 
the PD program develops a better understanding of why equity 
needs to be at the center of CS implementation, allowing different 
stakeholders to work together to recognize collaboration is needed 
to respond to the challenges faced at each level of implementation. 

Keywords—equity, computer science education, professional 
development, teachers, counselors, administrators, research-
practice partnership 

I. INTRODUCTION

A. Computer Science Education

Computer science is power. As computing and digital media
touch every aspect of our lives—from what we eat to what we 
buy to who we vote for—it is crucial that all youth gain an 
understanding of computer science (CS) and the possibilities it 
presents regardless of race/ethnicity, gender, sexual orientation, 
socioeconomic status, or disability. The CSforALL movement 
has focused its efforts on building capacity of teachers to expand 
learning opportunities for students. While teachers are key for 
scaling CS, more actors in the education system need to be part 
of this broader effort: specifically, school counselors and school 

leaders/administrators. A focus on classroom instruction and 
curricula alone will not be enough to ensure long-term 
sustainable change as educators can only do so much with low 
funding, school-day scheduling conflicts, and limited pathways 
for underrepresented students. The support of counselors and 
administrators is key to making CSforALL a reality, and the CS 
education community needs to intentionally include them in a 
collective effort to ensure equitable outcomes for CS in schools. 

This is especially true in California. The state has one of the 
largest economies in the world and one of the most diverse 
populations in the country—a “majority-minority” state of 6.2 
million students who are over 60% Latinx, African American, 
and Native American [1]—yet students of color, low-income 
students, females, and English Learners are extremely 
underrepresented in computing due to disparities in learning 
opportunities falling along race, gender, and socioeconomic 
lines [2]. Only 0.5% of the state’s 1.9 million high school 
students took Advanced Placement Computer Science in 2016, 
and while 53% of these students are Latinx, 50% female, and 
about 5% African American, only 15% of AP CS A test-takers 
were Latinx, 27% female, and 1% African American [3]. 

B. Goals of this Paper and Research Question

This paper uncovers a statewide research-practice
partnership’s approach to addressing equity and access to 
computer science education by seeking to answer the following 
research question: How can CSforALL efforts at the classroom, 
counselor, and district/county levels work in unison toward 
ensuring equity sits at the heart of scaling and sustaining CS 
education for all students?  
 What follows is a description of a summer five-day 
professional development (PD) model titled “Summer of CS” 
developed by a research-practice partnership to scale teacher 
PD, build education leaders’ capacity for local implementation, 
and contribute to the research base to expand access to equity-
minded CS teaching and learning opportunities across the state. 
The goal of this project was to create an evidence-based model 
that both builds capacity and can be replicated, thereby serving 
as an effective, cost-efficient approach to meet the diverse needs 
of this geographically expansive state. Without data-informed 
equity-minded implementation, efforts to expand CS may not 
only be short-lived, but they could have the unintended 
consequence of simply increasing opportunities for students 
who already have access to this knowledge. This paper will 
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describe the value of a multi-stakeholder approach to PD as 
indicated by teachers, counselors, and administrators, as well as 
why it is crucial to center equity at such PD events.   

II. LITERATURE REVIEW 

This work is informed by research that examines equitable 
implementation, various stakeholders’ impact on instructional 
improvement, as well as work that has explored what models are 
effective in CS PD and PD in general.   

Scott, Martin, McAlear, and Madkins [4] describe the 
various “complex” and “interconnected” barriers to maintaining 
inequity in CS as 1) structural (disparities in access to rigorous, 
engaging, and relevant curriculum; lack of diverse role models 
and peer networks; implicit bias affecting recruitment and 
placement), and 2) social/psychological (misconceptions about 
what is CS; perceptions of CS as lacking cultural relevance; 
stereotype threat; stereotypical cues in classroom environments) 
[4]. In order to avoid reinscribing the inequities that have been 
denying large numbers of students of color, low-income 
students, English Learners, students with disabilities, and 
females access to quality CS education [2, 5], there needs to be 
intentional and strategic development of resources and supports 
that target the individual barriers, while being effective in the 
overall educational system in which they work [6].   

Teachers are the focus of a majority of the studies examining 
CS PD because their ability to implement and encourage 
effectively has had significant impact on students’ attitudes 
towards computing [7, 8]. Teachers are on the front lines of 
broadening participation in computing and their advocacy is 
imperative in diversifying CS. With effective PD that establishes 
CS in a way that is culturally relevant and generates a broader 
understanding of what constitutes CS, teachers can act as change 
agents to ensure historically underrepresented students are fully 
included [9].   
 However, teachers do not work in isolation and cannot do 
this work alone. Counselors also play a role in serving as 
gatekeepers to computing courses, encouraging or discouraging 
students based on implicit biases, rather than students’ abilities 
and interests [2, 10, 11]. As such, counselors must also 
understand ways to make CS a more equitable field [12].  
 Administrators are also essential in CSforALL efforts by 
providing instructional support and leadership. Teachers and 
counselors rely on principals, superintendents, and curricular 
leads to develop strong learning environments where teachers 
feel supported. Education leaders are responsible for carving out 
time for teachers to collaborate and create a school culture where 
continuous improvement is prioritized. These leaders need to 
make data-informed decisions about how to structure school 
schedules toward expanding equal opportunities for learning by 
well-prepared teachers [13, 14]. Ongoing collaboration and 
communication with school leadership and district 
administration are critical for the effectiveness and long-term 
sustainability of PD programs. Even PD programs with all other 
core features sometimes do not have long-term effects on 
teaching practices and student learning when there is no support 
from school leadership [e.g. 15]. Administrators need to work 
closely with teachers and counselors to get effective training that 
is of sustained duration, focused on CS content, and supports an 
ongoing professional learning community [13, 16], while 

promoting the appropriate pedagogical and social-emotional 
practices that create a healthy learning environment for all [6].  
 PD can only affect student learning if it involves the entire 
school community [17]. Because teacher pedagogy is heavily 
influenced by the school and district contexts in which they 
work [18], success cannot be measured only by how effective 
individual teachers and counselors are in promoting CS, but by 
how all of the factors that play a part in the implementation of 
equitable CS instruction interact with one another [17]. Research 
on teaching and learning often analyzes teacher practice outside 
of district policies [18], but for CS to truly be for all, it is 
imperative to examine how the system that involves the 
classroom, the counselor’s office, and the county work together. 

III. METHODS: RESEARCH-PRACTICE PARTNERSHIP AS A 

NETWORKED IMPROVEMENT COMMUNITY 

 Research-practice partnerships (RPPs) are long-term 
collaborations that foster an equitable partnership with a focus 
on problems of practice that produce unique analyses [19] 
toward the improved use of research in decision making [20], 
and educational outcomes [21]. As such, our RPP builds on 
several existing collaborations between local education agencies 
and university researchers who have been engaged in CS 
expansion efforts for several years; the RPP includes district 
administrators, county office of education leaders, teachers, and 
education researchers representing diverse geographic regions 
across this state.  
 This RPP chose to form a Networked Improvement 
Community (NIC) that meets regularly to identify issues 
impacting CS teachers and district leaders in real time, while 
discussing how data across regions can help address those issues 
in different regional settings toward advancing understandings 
about what works where, when, and under what conditions [19, 
22, 23, 24]. The partnership was guided by the following six core 
principles of NIC improvement science methods focused on 
implementing research findings in everyday settings [22]: 1) 
making the effort problem-specific and user-centered; 2) 
focusing on variation in performance toward advancing efficacy 
reliably at scale; 3) looking at how local conditions shape 
practice toward making clearer hypotheses for change; 4) 
measuring outcomes and processes, including those that are 
unintended; 5) engaging in rapid cycles of research, feedback, 
and iteration; and 6) quickening improvement by working across 
the networked community [25].  
 The initiating members of the RPP began by identifying the 
following problems of practice with the objective of 
broadening participation in computing on across the state: 

• How can the preparation of CS teachers for broadening 
participation of computing and capacity building best be 
scaled, supported, and sustained? 

• How can education leaders from districts and county 
offices of education guide and support the 
implementation of CS education to ensure that it is 
equitable, scalable, and sustainable? 

To address these problems of practice, the RPP identified a 
complex web of factors that must be disentangled and responded 
to with PD and policies to support teachers’, counselors’, and 
administrators’ efforts to broaden participation in computing.  



Our partners felt that isolated teacher PD’s are often seen as one-
offs, with limited follow-up and lacking connection to larger 
structural inequalities.  In order to address these factors, the 
partnership has focused on the following goals:  

• Build the capacity and preparation of the state’s high 
school CS teachers through equity-focused PD;  

• Build education leaders’ (school principals, 
administrators, counselors, school board members) 
leadership capacity to keep an equity focus on all CS 
initiatives; 

In an effort to address the goals listed above, the partnership 
organized a “Summer of CS” CSPdWeek during the summer of 
2019—modeled after other successful evidence-based 
CSPdWeeks in Colorado and Indiana [26] that brought together 
teachers and counselors. What lacked in these other PD models, 
was a focus on school administrators and leaders responsible for 
making key decisions that affect the entire school community.  
These positions include school principals, CS coordinators, and 
county and district-wide CS or technology administrative 
leaders.  One of the concerns expressed by the RPP founding 
partners was the sustainability of such a large and expensive PD. 
They had participated in other regional approaches to PD, but 
were unable to replicate these models at scale. Therefore, the 
RPP intentionally designed this CSPdWeek to serve as a model 
and inspire districts to take what they learned and custom design 
and implement similar PDs at scale on a local or regional level.  
The Networked Improvement Community aspect of our RPP 
allowed the partners to design features of Summer of CS that 
could be replicated in regions across the state.  

This specific 2019 Summer of CS included the following PD 
programs: CS Fundamentals, CS First, CS Discoveries, CS 
Principles, Exploring CS, Counselors for Computing, as well as 
a newly developed Administrator Workshop. The Administrator 
Workshop and accompanying CS Equity Implementation Guide 
for Administrators were created by our RPP. All of these PD 
programs are actively involved in the broader national 
CSforALL movement, and share a commitment to broadening 
participation in computing. The classroom-based curricula for 
teachers are also standards-aligned with Common Core, NGSS, 
and/or CS standards.  Attendees were encouraged to register as 
3-person teams representing their specific local education 
agency (including at least 1 teacher, 1 counselor, 1 district 
administrator). Additionally, a high-profile lunch panel with an 
elected official was organized to highlight the perspectives and 
experiences of educators, counselors, administrators, students, 
researchers, and policy makers, while collectively wrestling 
with what is needed across their different areas of expertise for 
broadening participation in computing. 
 Data sources from the Summer of CS included quantitative 
data generated from a Qualtrics survey administered to teachers 
and counselors, as well as a separate Google Forms survey 
completed by administrator workshop attendees. Reports and 
visualizations generated from Qualtrics and Google Forms 
assisted in the analysis of the data.  
 Qualitative data from interviews and open-ended survey 
items were also collected and analyzed. Interviews were 
recorded with the permission of participants and then 
transcribed. Researchers noted the prevalence of different 
responses, group differences in responses, and any outliers from 

the majority of respondents. Key findings were summarized, and 
example responses are provided to support quantitative findings.  

IV. FINDINGS 

A. The Importance of Multi-Stakeholder PD 

The driving research question—How can CSforALL efforts 
at the classroom, counselor, and district/county levels work in 
unison toward ensuring equity sits at the heart of scaling and 
sustaining CS education for all students?—helped shine a light 
on whether or not a multi-stakeholder approach would be 
effective in promoting equitable CS education practices that 
were scalable and sustainable. Given their many different 
commitments and responsibilities, would teachers, counselors, 
and administrators, as well as invited policymakers, students, 
and researchers, find the time spent at Summer of CS valuable? 

The top-line findings from the surveys were shared with the 
RPP partners during a video meeting and in a draft report.  
Together, we made sense of that data and reached the following 
conclusions. The findings across surveys and interviews reveal 
that people highly valued this multi-stakeholder approach to CS 
PD. Analyses of post-surveys completed by 206 attendees of 
Summer of CS revealed that 15% (n = 31) came to the event 
specifically to connect with other teachers, counselors, and 
administrators interested in implementing CS in their schools. 
This finding suggests that people across the state are seeking out 
opportunities to connect with other teachers, counselors, and 
administrators in the CSforALL movement. The post-survey 
included this agreement/disagreement rating on the likert-scale 
statement “I found it beneficial to come to a professional 
development opportunity at the same time and place as 
professional developments for other educational stakeholders 
(i.e., teachers, administrators, counselors),” the majority of 
respondents either agreed (48.57%) or strongly agreed 
(48.57%). This suggests that while not all came to the gathering 
with the goal of meeting other educational stakeholders, the 
majority found it useful to do so, realizing the value of meeting 
other stakeholders by the end of the week. Furthermore, 40 of 
the 43 people who reported attending social events designed to 
create community-building opportunities across stakeholders 
(e.g., bowling, baseball game, etc.), agreed that they valued 
these specific contexts for spending time with others in the CS 
education landscape. All of these data support the fact that CS 
educational stakeholders find value and desire opportunities to 
engage with others in CS education. 

On this same post-survey, when asked to specifically 
articulate what people learned from others in this multi-
stakeholder learning community (and, therefore, the value of 
bringing multiple stakeholders together during the same event), 
people shared how having a multi-stakeholder event helped: 1) 
clarify the range of roles people must take on in the larger 
CSforALL movement, as well as 2) counter the feeling of 
isolation people felt when trying to implement CS.  
 The ways that people gained new understandings of the 
range of roles different stakeholders must assume were shared 
in statements such as:  

• “I got to hear first-hand experiences with CS, student 
perspectives and also to see student created artifacts. I 
learned about a struggle around CS that I never knew 
existed and how people are fighting to ensure that CS 
exists for all.” 



• “I learned about how counselors can impact which 
students are in classes by advocating for them. I learned 
about the legislation going around about CS and how 
much this is needed in our schools and how we need to 
advocate for these learning opportunities for all of our 
students.” 

• “I learned a great deal about the perspective of a 
Computer Sci support person's isolation yet sense of 
being overwhelmingly needed.” 

Statements such as these illustrate how important it was for 
various stakeholders to learn about each other’s struggles and 
achievements, which could inform their own responsibilities and 
roles while implementing CS.   
 The importance of challenging one’s isolation by connecting 
with other stakeholders in the CSforALL community was visible 
in comments such as: 

• “CS teachers tend to be alone (I certainly am). This 
collaboration with other teachers is invaluable. In 
addition, working with other stakeholders at other levels 
during informal times has made for an interesting 
experience and makes the whole greater than the sum 
of the parts.” 

• “I learned that I am not an island onto myself. The 
challenges are mostly the same (big or small schools, 
types of population served, etc.)” 

• “We are all in this together.” 

Statements such as these reflect the larger sentiment from post-
survey takers about how important it was to bring multiple 
stakeholders together for CS PD.  

PD facilitators echoed these ideas in interview as well. All 
six facilitators who were interviewed agreed that bringing 
together multiple stakeholders at the Summer of CS was 
incredibly important. For example, one PD facilitator noted:  
 

I think it is very important for all educators to interact with 
each other in regards to CS education and equity in the 
workforce. Too often we work in a bubble, on our own. 
There are numerous ways that teachers, counselors, 
administrators, and support staff can help in getting 
more access to CS education. These include; access to 
funds for training and computers, making room the school’s 
schedule to offer these courses, making the course material 
engaging and inclusive, recruiting a diverse group of 
students to take courses, encouraging after school clubs, field 
trips, and competitions. 

Similarly, another facilitator explained: 

I do think it’s important for teachers to interact with 
other stakeholders, largely because of the equity issues 
that are present in CS. Teachers are essentially the face to 
the community for CS. It’s important for them, as the first 
contact in CS, to be in contact with various stakeholders: 
students, teachers, maybe industry leaders, other school 
admin, community college CS program coordinators, and so 
forth, so that they can help not just communicate an equitable 
message to all subgroups of the population, but also to help 

develop an equitable strategy for recruitment to help 
balance out the inequities that we see. 

Interestingly, these PD facilitators were very explicit about how 
multi-stakeholder PD was crucial to keeping equity at the center 
of CSforALL. More specifically, facilitators saw value in the 
ways people could learn about new perspectives across roles in 
the CSforALL movement, as well as create opportunities for 
collaboration toward equitable implementation. For example, a 
different facilitator explained, “The more people involved, the 
more people they have to work with, to fall back on, to plan 
with, to run ideas by” and that people need to “work together” 
toward equity in CS. Yet another facilitator shared, “The most 
beneficial is usually when they can collaborate with each other 
and form an informal Professional Learning Network with 
each other to support each other as they go forward.” This is 
best facilitated by gaining access to diverse perspectives among 
CS education stakeholders. As articulated by the fifth facilitator, 
bringing together multiple stakeholders: 

gives teachers new perspectives, provides resources, and 
helps in networking...We often don't know problems/issues 
districts, counselors, and other stakeholders face in hiring CS 
educators or offering CS courses. On the other hand these 
stakeholders often don't understand what CS is about and 
problems CS teachers face in the classrooms. Bringing them 
together gives both sides opportunities to get a different 
perspective and talk about issues. I also feel we learn a lot 
about the political issues involved in K-12 CS education - 
role of [universities] and the state government...These PDs 
have helped me learn about what is happening at the state 
level in CS education. 

As stated by a sixth facilitator interviewee, just as “diversity 
matters in computer science,” so too should there be diversity 
of stakeholders present at professional development gatherings: 
“teachers should interact with administrators, counselors, 
parents, among many others.” This, in turn, can ensure that 
“[CS education] implementation can be informed by counselors, 
admin, [and] parents’ needs and wants.” Only by bringing 
together multiple stakeholders can the conversation begin 
around how to sustain equity across varying needs and wants, 
roles and responsibilities in the CSforALL movement.  
 Beyond discussing issues of equity across multiple 
stakeholders and creating opportunities for collaboration, one 
facilitator appreciated how bringing together multiple 
stakeholders helped her feel part of a larger movement across 
the state. She explained, “I saw that California cares deeply 
about diversifying their courses and opportunities from the 
discussions I had in my session as well as discussions over 
lunch. My dream conference includes time where 
stakeholders are mixed together in smaller groups to talk to 
each other more about how they can work together.” As 
another facilitator explained, when educators were able to have 
contact with other stakeholders in the CS education movement, 
“They were able to hear and work with each other and learn 
those different ways. All of that helped change their perspective 
about ‘hey, this isn’t just teaching another course at my 
school … it’s much more than that.’” This was echoed by yet 
another facilitator who described how coming together across 
responsibilities and roles helped gel “the idea that we’re all in 
this together, we all have a common goal to bring CS to our 



kids. And there’s not these people up here and these people 
down here, but we’re all a cohesive group with the same goal.” 
 Data collected following the administrator portion of the 
workshop revealed how administrators also appreciated the 
multi-stakeholder approach to Summer of CS. Of 24 
administrator survey-takers, 11 administrators explained that 
they came to the workshop in order to connect with other 
teachers, counselors, and administrators. Across the survey-
takers, 62.5% strongly agreed and 37.5% agreed with the 
statement “I found it beneficial to come to a professional 
development at the same time and place as professional 
developments for other educational stakeholders (i.e., teachers, 
administrators, counselors).” Furthermore, 61% strongly agreed 
and 39% agreed with the statement, “I found information from 
other Summer of CS attendees valuable for my work.” 
Administrators appreciated PD networking opportunities, 
stating: “It was good to sit in a room with other professionals 
that were talking about the same subject, talking about the 
importance of it, and learning about where they were in that 
process and what pitfalls that they had experienced….I think the 
networking part was really, really good.” 

In these ways, a multi-stakeholder context for PD proved 
invaluable to the experience of teachers, counselors, 
administrators, and facilitators alike, who all recognized their 
participation and commitment to the larger effort to bring CS 
education to the entire state. 

B. The Importance of Focusing on Equity Across All Strands 
of Professional Learning 

One of the guiding philosophies of the RPP is a commitment 
to the equitable design and implementation of CS education 
programs. This commitment was mirrored by the interests of 
the attendees for Summer of CS. In the post-workshop survey 
administered to the teachers and counselors who attended the 
Summer of CS, the most commonly selected answer out of nine 
options for “What are your top three reasons for attending 
Summer of CS?” was “I want to find ways to implement more 
equitable CS programs in my district or school” (n=35). All 
administrator workshop survey respondents agreed that they 
understand what equity means in the context of CS education 
(65% strongly agreed) and why equitable access to CS 
instruction should be a priority (83% strongly agreed).  

In response to the question: “During Summer of CS, what 
new perspectives or experiences did you learn about from other 
education stakeholders present during the week who play 
different roles in California schools than you do?” attendees 
described learning about equitable implementation from other 
stakeholders. This ranged from understanding the differences 
in vocabulary and mindset (“equality vs equity”), to learning 
about barriers to equitable CS implementation for special 
populations, including access to calculus and CS existing only 
in Advanced Placement tracks. Several teachers reported 
getting ideas for how to bring equitable practices into the 
classroom (e.g., “I learned computer science concepts and 
strategies to make the curriculum equitable and accessible 
for all students,” and “I hope to use this class as a way to 
understand what my [special education] students are doing 
out of my class and how to help them better.”) 

Beyond the classroom, attendees reported on getting a 
better understanding of the need for an organized CSforALL 
movement from other stakeholders. They learned about 
legislation aimed at making CS equitable throughout the state, 
as well as the need for their role to include advocating for 
equitable CS education. As one administrator explained, “I 
developed a greater sense of urgency to promote equity in 
CS.”   

Some of the attendees learned about the inequity that 
existed in the state by learning about the challenges other 
stakeholders faced in comparison to their own situation. This 
led to feelings of gratitude for what they did have (e.g., “My 
district has a stronger commitment to equitable CTE and CS 
education and has progressed farther into implementation than 
many other districts and regions”) and surprise at what others 
had to deal with (“e.g.  I learned that other schools have CS 
as an elective with different availabilities due to other classes 
being offered at the same time or other reasons.”) 

Conversations in the administrator workshop revealed that 
education leaders are particularly concerned about equity in 
relation to economic opportunity. Leaders from districts that 
were large and small, rural and urban, wanted to make sure that 
their students had promising job prospects and careers once 
they graduated. As one administrator said: 

 
I think there is a changing landscape in K-12 ed … [we are] 
asking K-12 to be more mindful of opportunities after HS. 
Before was just “get kids to graduate and you were doing 
your job,” but now “have discussions about career-tech ed, 
what does industry need, the labor-tech demand.” We’re 
here because we don’t have enough people who code or 
go into CS in our state; that awareness, and maybe 
responsibility if you see it that way, has filtered down into 
K-12, not just post-secondary. As admin, we have a 
different role to play than just one year ago. 
 

They saw CS as a force for equity, as a way for students to get 
out of poverty, and they were concerned that the schools were 
not providing them with this opportunity. One administrator 
said, “We’re graduating our kids, but we’re preparing them to 
work at Walmart—70% of them—but if they could learn CS 
they could be anywhere and do anything.” It was therefore 
frustrating to them that their students’ current financial situation 
was preventing them from ever accessing the economic 
potential CS provided, due to lack of access to transportation, 
hardware, or even WiFi. 

To many administrators, equity was not just about reach or 
access, but also about quality and rigor. One administrator 
lamented that the technology class her students took focused on 
word processing, slide presentations, and spreadsheets, and that 
students did not have access to “engaging or rigorous 
curriculum” related to computing. Another administrator was 
uncomfortable with the disconnect between what the teachers 
taught in CS and what was needed in the workforce (“If you 
have no industry experience, what do you really know? 
Don’t you think the kids deserve that?”). 



The need to collect and use data to inform equity-centered 
CS implementation was also a common theme in the 
administrator workshop. Administrators spoke of collecting 
data from local employers to understand where their needs are 
and from their own districts to determine where gaps exist. 
More often, however, administrators in the workshop 
mentioned the power of data as a tool for advocacy. They saw 
data as a way to underline the importance of the need to disrupt 
the status quo in order to provide more opportunities to more 
students. For them, data serve as a way to educate and 
communicate more effectively with teachers, the school board, 
or funding agencies regarding “how the labor market is 
connected and how we can have an impact on how we’re 
feeding the labor market with what we’re doing in high school 
programs and PreK-8” or “students who take one CS class are 
more likely to graduate.” 

Administrators commented that the session made them 
realize they had to be “proactive and intentional about 
recruitment efforts,” and discussed using peer mentoring 
models where existing underrepresented CS students could 
mentor and attract others, or using marketing material with 
logos on buttons or t-shirts to create buzz in a school.  

Notably, the attendees of the administrator workshop left 
the session wanting more guidance. Only 36% of respondents 
strongly agreed that they understood barriers that stand in the 
way of an equitable CS education program. Similarly, only 43% 
of respondents strongly agreed and 13% of respondents 
disagreed that they had ideas and resources for overcoming 
barriers to equitable CS education. In response to a question 
about how to improve the workshop, one participant called for 
“more actionable steps around breaking down equity barriers, 
beyond just identifying them.”  While this workshop opened up 
many opportunities for education leaders to explore ways they 
can support equity in computer science, there is still more 
guidance needed to develop concrete action plans to take their 
learning back to their local contexts. 

V. DISCUSSION & CONCLUSION 

A. The Importance of Multiple Stakeholders Participating in 
High Quality PD at CSPD Week 

The findings above highlight the fact that teachers, 
counselors, and administrators alike highly valued the 
opportunity to meet other CS education stakeholders, learn 
about the varying roles people play and efforts they were 
engaged in, and feel a sense of community within the larger CS 
movement to ensure all students gain access to quality and 
rigorous CS education. Across the board, people attending the 
Summer of CS found significant value in the time they spent 
with other stakeholders, learning about their perspectives and 
priorities from different professional roles and activities that 
they did not realize before the PD. By seeing themselves as part 
of a larger community with a shared goal of equity in computer 
science, participants did not feel as isolated as they once did.  
Participating in a comprehensive professional learning 
experience like Summer of CS, the diverse stakeholders began 
to understand the different challenges each role faces in scaling 
and sustaining equitable computer science. These findings 

reflect the value of bringing leadership together with teachers 
and counselors during PD opportunities. Furthermore, this 
research confirms that professional learning for teachers cannot 
occur in a vacuum. To increase effectiveness, PD must include 
conditions for learning both within schools and across the 
system level. 

The Summer of CS is a prime example of a PD model that 
aims to incorporate the individual indicators of high quality 
professional learning along with supports for systemic 
implementation more broadly. By incorporating professional 
learning opportunities for teachers, counselors, and school 
leaders, models like Summer of CS help build capacity with 
numerous stakeholders at the school level while building 
broader capacity at a systems level, thereby resulting in 
widespread scalable and sustainable equity-minded CS learning 
in its relevant context. 

Such findings suggest that, in order to continue supporting 
the CSforALL movement across contexts, it will be important 
to continue designing PD opportunities that support multiple 
stakeholders to learn together, as was organized during the 
Summer of CS. However, simply bringing people together to 
the same place is not enough. Close attention must be paid to 
ensuring that multiple stakeholders engage in authentic and 
meaningful interactions with one another. In the case of 
Summer of CS, a policy panel discussion and luncheon was 
organized for people to meet and hear from varying 
perspectives across the CS education landscape. To build 
community and collaboration across roles, social events during 
the evenings where various stakeholders could interact with one 
another in a relaxed environment. Social events can help foster  
a sense of community with time set aside for productive 
networking and interaction, both during the time assigned for 
professional development working hours, as well as after-work 
hours. This way those who work across varying levels of effort 
are aware of each other’s roles toward building equitable and 
sustainable CS education. 

Relatedly, the effort to bring multiple stakeholders together 
cannot end after the PD is over. As found in prior research [e.g., 
16], educators in the world of CS highly value contact with 
others in the field because they often feel isolated as the only 
CS teachers on their school campuses. Building opportunities 
for educators to interact with counselors and administrators 
during a CSPdWeek can help counter that feeling of isolation 
within school campuses, allowing for educators to find other 
CS champions from their school communities. Building these 
opportunities for multi-stakeholder interaction allows for bonds 
to be built across different regions in the state, so that people 
can learn from each other’s varying approaches to 
implementing CS education. As expressed in open-ended 
survey responses and interviews described above, multiple 
stakeholders coming together allow for new bridges to be 
constructed between varying roles in the CS education 
landscape.  

As Darling-Hammond, Hyler, and Gardner, [13] 
emphasize, professional learning is most effective when it is of 
sustained duration and provides ongoing support and continued 
coaching. Unfortunately, it is often in the hands of individual 



motivated teachers, counselors, and administrators to make the 
most of those connections and plan continued learning 
opportunities. In addition to each of the PD providers offering 
important and ongoing learning opportunities to connect, 
Summer of CS helps connect educators to national networking 
and capacity building communities such as the Computer 
Science Teachers Association and CSforALL Teachers.  More 
intentional follow-up can be done to sustain newly formed 
relationships across stakeholders. An important area for further 
research involves figuring out ways to allow continued 
networking and interaction to occur among multiple CS 
education stakeholders beyond a comprehensive CSPdWeek. 
How can conversations continue beyond the intensive time 
spent together during the summer? While individuals may 
exchange contact information and reach out to one another for 
advice or support, more is needed to institutionalize such 
interactions and better ensure the networks continue after the 
initial CSPdWeek. 

B. Keeping Equity at the Center of CS PD Efforts 

The findings above emphasize how various stakeholders 
attending the Summer of CS shared a commitment toward 
equity in CS. There was a collective belief that equity should sit 
at the center of PD experiences. Educators, administrators, and 
counselors alike recognized that youth are receiving differential 
access to computing education based on race/ethnicity, class, 
gender, home language, immigration status, and more. These 
same educators, administrators, and counselors want to support 
CS education that counters such inequity, ensuring that all 
students have access to rigorous and meaningful computing 
learning experiences and they want to learn actionable steps for 
how to make that happen. 

As such, efforts must be made in CSPdWeeks to prioritize 
communities that do not have resources or access to quality CS 
education. As emphasized by administrators, examining 
localized data is an important way to inform an equitable 
approach to implementation. A critical component of Summer 
of CS is the commitment of administrators to gather CS 
education related data (number of courses in their schools, 
number of students, demographics of their students, pass rates 
etc.) from their own districts. These data help ground educators 
in the reality of their schools and districts and the inequities that 
may exist, as well as provide evidence for why they need 
financial and institutional support in expanding their CS efforts. 
The intention of Summer of CS was to foreground the 
workshops  through reflection on the data and what it suggests 
in terms of equity in CS education in their schools and how 
teachers, counselors, and administrators can expand access to 
students who currently don’t have these opportunities. 

In selecting PD providers to replicate Summer of CS, it is 
recommended that equity guides the direction of CS PD 
experiences for all stakeholders; PD providers must be chosen 
who focus on equity explicitly. PD providers and resources 
should not be companies seeking to sell their latest gadgets or 
technological tools, but instead be providers who are 
authentically driven by the shared equity values in CSforALL.  
In addition to explicitly shared values of equity and expanding 
access to underrepresented students in CS, providers must move 
beyond access and diversity, and attend to inclusion and 
engagement of students in high quality CS [27]. This includes 

culturally responsive teaching practice to engage students of 
color, girls, students with special needs and others who are 
underrepresented in CS [4]. How are they considering ways to 
address the funds of knowledge [28, 29] that youth are bringing 
into learning spaces, and ways to connect computing to the 
interests, needs, and desires youth have toward positively 
impacting their communities [30, 31]?  

Furthermore, are the PD providers chosen during the 
CSPdWeek paying attention to rigor and quality of educational 
content? Are the PD providers aligning their curricula with state 
CS, ICT, and NGSS standards? PD providers need to be explicit 
about their approach to computer science; including 
computational thinking, problem solving, and creativity in their 
curricula and instruction in ways that support more equitable but 
also rigorous CS learning experiences for students. Relatedly, 
data indicators should be inclusive of access and also indicators 
of learning CS. For example, it is not enough to look at the 
increase of numbers of AP test takers, but take into account the 
disaggregated data on pass rates to ensure equal opportunities 
and outcomes for both teaching and learning rigorous CS. 

For equity to truly be at the heart of CSPdWeek efforts for 
teachers, counselors, and administrators, PD conversations 
should be informed by current and accurate data. Real-time data 
are needed to ensure that multiple stakeholders in the CS 
education landscape are clear about where their efforts are 
missing the mark, as well as where their efforts are meeting 
success at closing equity gaps. 

Because of the systemic and complicated nature of issues 
that have an effect on equitable implementation of CS, teachers, 
counselors, and administrators can feel overwhelmed by the task 
at hand. PD participants need to be provided with tools to 
address the equity gaps found in the data. Educators need further 
support to develop actionable steps that all stakeholders can take 
when they return to their schools and districts. 

The Summer of CS model effectively incentivizes small 
teams from districts, schools, or counties to attend the PD so that 
upon return, teachers, counselors and administrators will have a 
team to further develop their vision for CSforALL. Building 
capacity for teachers, counselors, and administrators is a 
systemic approach to ensure that multiple levels in the education 
system are attending to issues of equity and addressing 
opportunity gaps from various vantage points. More research is 
needed to compare the outcomes of teacher-only approaches to 
multi-stakeholder approaches to PD, in order to affirm the value 
of  counselors and administrators in discussions around equity, 
access, and inclusion in computer science. 

CS cannot be viewed in isolation of the complex demands 
and ever-changing constraints and unequal structures of the 
broader school system. Local education agencies face herculean 
challenges of managing school budgets, staffing, and competing 
demands of the broader K12 system. Adding to the mix is 
figuring out where CS belongs in the curriculum, how to prepare 
teachers to teach it, and how to incentivize students to take it.  
The Summer of CS comprehensive PD program brings together 
stakeholders to collectively respond to these challenges and 
share a commitment to an equitable approach to ensure access 
and inclusion for all students at all schools in the system.   

The systemic approach offered by Summer of CS to build 
capacity among teachers, counselors, and administrators helps 



build an ongoing community of practice to respond to these 
challenges while advancing a collective vision for CSforALL. 

Educators and policymakers alike share a concern for scaling 
and sustaining equitable CS. The Summer of CS is intended to 
serve as a replicable model to inspire districts, counties, and 
other statewide systems of support to customize similar PD 
programs at the local level. As a proof-of-concept, it is a goal 
that state budgets will support this model with funding so that 
local education agencies will work together to replicate this 
model with a sustainable cost-sharing structure to provide 
equitable, scalable, and sustainable computer science teaching 
and learning opportunities at all schools in California. 
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Abstract—Efforts to broaden participation in computing have
revealed the need for a deeper theoretical and empirical under-
standing of how girls of color form computing identities. In this
paper, we use the concept of identities-in-practice as an analytical
frame to examine how girls of color engage in computational
thinking practices. Our research investigates how the identities
of girls of color can be leveraged as funds of knowledge in
learning spaces and asks the following research question: How
does centering the identities of girls of color impact their
engagement with computational thinking practices? We provide
a program overview of CompuGirls, describe our curricular
design approach, and share results from pilot implementations
of the program offered at public libraries in Michigan, Arizona,
and California. Results from our pilot year demonstrate that
integrating identity exploration into a computational thinking
curriculum results in a mutually reinforcing relationship where
girls of color experience reflective identity development while
simultaneously increasing their understanding of computational
thinking. We present our approach as a promising avenue for
connecting computing knowledge and skills to girls’ identities and
lived experiences. By focusing on the girls’ identities, the program
re-imagines computational experiences by fostering interactions
with computational thinking from a personal perspective. Ulti-
mately, we argue that centering girls’ identities should be viewed
as an integral part of the learning process and not tangential.

Keywords—computing education, computational thinking, gen-
der

I. INTRODUCTION

Despite numerous efforts to broaden participation in com-
puting, disparities in participation among underrepresented
minorities continue to persist across all educational levels.
While we acknowledge that the barriers to diversifying partic-
ipation in computing are varied and complex, we argue for the
urgent need to deeply examine the social and cultural barriers
that result in differential learner participation and stratification
along racialized, gendered, and classed lines [1]. For girls of
color in particular, scholars [2] have explicitly advocated for
a greater theoretical and empirical understanding of how the
social and cultural aspects of learning environments impact the
formation of computing identities [3] and how the intersections
of gender and race shape their educational experiences [4].

This project is funded by IMLS award LG-80-16-0116-16

Motivated by research that has demonstrated the pedagogi-
cal utility of centering girls’ identities in curriculum materials
[5], this study draws from sociocultural theories of identity
to examine girls’ experiences reflecting on their identities
throughout the course of engaging in computational thinking
practices. We define the concept of “identity” as a form of self-
understanding that is complex and negotiated across contexts
and in relationship with others [6] [7]. As such, our study
addresses the following research question: How can identity
exploration can be leveraged to promote computational think-
ing (CT) practices among girls of color, ages 13-16?

This paper presents preliminary findings from an infor-
mal STEM program designed in collaboration with library
partners. The program includes the development of a 20-
hour computational thinking curriculum implemented across
three geographically-dispersed public libraries in Michigan,
Arizona, and California. Results from our pilot year suggest
that integrating identity exploration into a computational think-
ing curriculum results in a mutually reinforcing relationship
where girls of color experience reflective identity develop-
ment while simultaneously increasing their understanding of
computational thinking practices. By focusing on the girls’
identities, the program re-imagines computational experiences
by fostering interactions with computational thinking from a
personal perspective. We present our approach as a promising
avenue for connecting computing knowledge and skills to
girls’ identities and lived experiences. Ultimately, we argue
that centering girls’ identities should be viewed as an integral
part of the learning process and not tangential.

II. BACKGROUND

A. Social and Cultural Barriers in Computer Science Educa-
tion

Participation in computer science education continues to
be unevenly distributed, resulting in educational inequalities
that further contribute to diversity gaps, particularly among
underrepresented minorities such as women and students of
color. For female students of color specifically, some of the
most embedded and harmful contributors to diversity gaps in
computer science are social and cultural factors that result in
unwelcoming learning environments. These social and cultural
factors include racialized and gendered stereotypes of their978-1-7281-7172-2/20$31.00 ©2020 IEEE



STEM abilities and interests [8] and positioning of female
students of color as lacking motivation, unable to master
challenging STEM course content, and missing the social
supports necessary to fully participate in an academic culture
[9].

Thus, in order to persist in learning environments like com-
puter science courses, female students of color are faced with
navigating a learning environment and institutional culture that
often does not honor or legitimize their identities, interests,
and abilities. The result of learning environments that privilege
dominant language and literacies are pedagogical approaches
and course content that are mistakenly perceived as “neutral”
[10]. Within this paradigm, computational thinking is often
taught using presumably “neutral” approaches that emphasize
the mastery of task-based skills such as correctly applying the
syntactic and semantic rules of programming languages.

B. Computational Thinking Practices

The concept of “computational thinking” continues to un-
dergo definitional and conceptual debate [11] [12] [13]. Com-
puter science education researchers have proposed and studied
a variety of thought processes including abstraction, pattern
generalization, systematic processing of information, algorith-
mic thinking, decomposition, parallel thinking, conditional
logic, among others [12]. In our own work, the focus on
computational thinking practices aligns with efforts to create
an actionable definition of computational thinking that can be
studied qualitatively and quantitatively [14]. Rather than focus
on abstract thought processes or mental syntheses that are dif-
ficult to identify due to their conscious or unconscious nature,
this research focuses on computational thinking practices, or
what learners “do” as they engage in computational problem
solving within the larger context of STEM learning [15] [16].

Within K-12 contexts, research has largely focused on
teaching computational thinking via programming [17] [18].
Researchers have focused on developing tools that make
programming more accessible to K-12 students; for instance,
several studies have examined the effectiveness of using vi-
sual programming tools such as Scratch [19] [20] [21] and
MIT App Inventor [22] to teach computational thinking and
programming skills. While these approaches have yielded
successful results, there remains a knowledge gap on how the
practices of computational thinking are connected to students’
cultural and social experiences and their future career goals
and interests.

III. CONCEPTUAL FRAMEWORK

Research in STEM education has broadly demonstrated how
grounding learning in students lived experiences and identities
promotes academic achievement [23] [24]. We utilize the con-
cept of identities-in-practice [25] to examine how girls engage
in computational thinking practices through identity work and
in relationship with peers and facilitators. The concept of
“identities-in-practice” examines identity development in situ
as learners participate and learn the practices of a community
[26]. In designing the curriculum, we focused on providing

girls opportunities to enact disciplinary literacies related to
computing via computational thinking practices. Moje [27]
defines disciplinary literacies as “the different knowledge
and ways of knowing, doing, believing, and communicating
that are privileged” in particular domains. By focusing on
computational thinking practices, we provided opportunities
for the girls to participate in the “doing” and “communicating”
that are privileged within computing contexts.

IV. RESEARCH DESIGN

A. Context

The data used for this study was drawn from a pilot imple-
mentation of CompuGirls, a computational thinking program
offered in public libraries in Michigan, Arizona, and California
from June 2017 to June 2018. Research has demonstrated
that informal learning environments are a promising forefront
for engaging students in STEM [28] [29]. We partnered with
libraries because they have a long history of providing youth
services, are embedded in communities, often work directly
with families and community partners, and represent safe
settings that provide public access to resources [30].

We recruited three library partners by considering the fol-
lowing factors: demographic makeup of library patrons and
communities, geographic location of branches (e.g. rural and
urban), and institutional availability of resources, such as
staff and funds devoted to young adult programming. These
selection criteria allowed us to recruit a racially, ethnic, so-
cioeconomically, geographically, and institutionally diverse set
of partner sites. The three partnering sites are library systems
located in an urban city in Southeastern Michigan, a rural town
in Southern California, and an urban city in Central Arizona.
In total, we collaborated with eight library professionals,
which included youth services librarians, paraprofessionals,
and branch managers.

B. Curriculum

The pilot program utilized a curriculum that combined com-
putational thinking and identity-based activities. The curricu-
lum includes ten modules that covered computational thinking
practices drawn from the AP Computer Science Principles
Curriculum Framework [31] (see Table I for examples of
practices). The curriculum was co-developed by the research
team and the eight participating librarians through a series
of in-person and remote meetings. The librarians provided
feedback on the content and pacing of the activities, as well as
suggestions for ensuring that the curriculum could be feasibly
implemented across a range of library systems.

TABLE I. COMPUTATIONAL THINKING PRACTICES

Practice Definition
Analyzing problems
and artifacts

Analyzing complex problems by
breaking them down into smaller units

Creating computational
artifacts

Designing a solution for a problem
by developing a process or set
of rules

Using abstraction and
models

Removing extraneous details to
identify general principles or models



Each module consisted of 2-hours of computational thinking
activities (20 hours total) that utilized low-cost materials such
as batteries, LEDs, paper, and colored markers. The majority
of the activities (sixteen hours) were ”unplugged” activities
that did not require a computer and two modules (four
hours) were Arduino activities that were completed at a local
makerspace. ”Unplugged” efforts aim to teach computational
thinking skills and practices using methodologies that do not
require access to computers [32] [33] [34]. The research team
and participating librarians made a joint decision to create a
predominately unplugged curriculum in order to accommodate
future library partners with limited computer and internet
access. In addition to focusing on computational thinking
practices, each module offered identity-based activities that
were intentionally designed to center student identity and
experience within the learning process. While each of the
modules follows the breakdown described below in Table II,
we will discuss two illustrative lessons in this paper.

TABLE II. INDIVIDUAL MODULE BREAKDOWN

Lesson Section Description

Supporting Identity
Exploration

Girls engage in individual or group
activities that facilitate an exploration
of personal or collective identity

Anchoring Computational
Thinking

Facilitator introduces CT skill by
making an explicit
connection to the identity-based activity

Promoting Knowledge
Transfer

Facilitator guides girls in transferring
their identity-based understanding
of CT to a STEM context
such as circuitry

Facilitating Reflection

Facilitator prompts girls to
reflect on their understanding of
CT from an identity-based
and STEM-based perspective

C. Participants

Due to the personal nature of the identity exploration and the
availability of resources, the program enrollment was capped at
ten girls per implementation. Recruitment efforts targeted girls
from diverse racial, ethnic, and socioeconomic backgrounds
between the ages of 13-16. Given the focus on serving girls of
color, participants from diverse ethnic and racial backgrounds
were given priority enrollment. The enrollment percentages
broken down by race (Table III) did resemble the overall de-
mographics of the community. The recruitment was conducted
by the librarians who hosted “open houses” where girls were
invited to learn about the program and engage in hands-on
activities similar to those they would experience if enrolled
in the program, such as constructing simple circuits using
copper tape, LEDs, and coin cell batteries. Additionally, the
librarians presented at junior high schools, contacted local
organizations such as chapters of Women in Science and
Engineering (WISE), and advertised the program on library
and city government websites. In total, 64 girls were recruited
to participate in the program (Table 2).

TABLE III. PARTICIPANT DEMOGRAPHICS

Site Start Date No. Racial/Ethnic
AZ 06/17 3 67% Latina

33% Asian
10/17 9 33% White

33% Multiracial
11% Latina
11%African American
11% Native American

03/18 10 60% White
30% Multiracial
10% Asian

06/18 9 56% White
44% Multiracial

CA 7/17 4 100% Latina
4/18 4 100% Latina

MI 06/17 9 77% African American
22% White

03/18 7 71% African American
29% White

06/18 9 78% African American
22% White height

D. Data Collection

The pilot program was offered over summer, fall, and
spring breaks and held in “teen zones” or other youth-oriented
spaces within the three libraries. The data for this study was
collected during nine pilot implementations of the CompuGirls
program offered from June 2017 to July 2018. Given the
complex nature of learning, we implemented a protocol that
allowed for the collection of varied data types that captured
participants’ behaviors, actions, and artifact creation related
to identity expression and demonstration of computational
thinking practices.

Two researchers attended each program session and col-
lected participant observation data. One researcher focused
on taking field notes and the second researcher on collecting
audiovisual recordings and student-created artifacts. Partici-
pant observation activities included co-facilitating icebreaker
activities that focused on personal and group identity, helping
participants troubleshoot during STEM activities, engaging in
whole group reflection activities, and debriefing with librarian
facilitators after daily sessions. In total, the observational data
collection approach yielded systematic field notes, audiovisual
recordings of program activities, and photographs of student-
created artifacts such as journal entries, group projects, and
expressive artwork.

E. Data Analysis

We used an inductive and emergent process to develop
codes by directly examining the data in relationship to three
broad interest areas [35]. The broad interest areas included
girls’ behaviors and actions related to: 1) participation in a
community of practice such as engaging in a collaborative
learning process; 2) development of “identities-in-practice”
through engaging in activities and tasks related to computa-
tional thinking; and 3) negotiations of “identities-in-practice”
in relationship to peers, facilitators, and self-positioning. Based
on these broad interest areas, three members of the research



team analyzed a subset of the data and created codes through
the process of verbal consensus-building. The codes were
applied to the entire data set by two members of the research
team. The two members coded blindly (meaning they could
not see each other’s code applications) in the qualitative data
analysis software Dedoose. After all data was coded the
research team members ran a code application comparison
and created analytic memos for disagreements. Each analytic
memo included a rationale for the code(s) application in order
to facilitate a larger group discussion with all seven members
of the research team. The entire research team engaged in
the process of verbal consensus-building to resolve instances
of disagreement; however, in order to honor the interpretive
process, we did not aim to reach complete agreement and
allowed for variance in interpretation.

The analysis process included cross-checking interpretative
claims using data and investigator triangulation. Data trian-
gulation occurred by converging information gathered across
the textual, audio, and visual forms of data. Investigator
triangulation occurred through the use of multiple researchers
in the process of data collection and analysis to “balance
out the subjective influences of individuals” [36]. Thematic
analysis of the coded raw data occurred through a collaborative
process where there was a “joint focus and dialogue” among
the three researchers “regarding a shared body of data, to pro-
duce an agreed interpretation” [37]. The agreed interpretations
were used to create themes and interpretive claims that were
representative of all three sites. While we did note variance
across the three sites, we did not conduct a comparative
analysis and instead report on themes that surfaced across sites.

V. FINDINGS

Given the paper’s focus on exploring how identity explo-
ration can be leveraged in the learning process, the findings
from this paper will focus on how identity exploration was
used as an entry point to computational thinking. Thus, rather
than focus on quantitative measures of computational thinking
gains, we present a detailed analysis of a particular activity that
highlights how girls were able to transfer their understanding
of decomposition (e.g. analyzing complex problems by break-
ing down them into smaller units) as grounded in their personal
identities to a STEM-related context.

A. Anchoring activities in girls’ identities offered a personal
entry point to computational thinking practices.

The girls in the program participated in an “I Am” activity
that was designed to bridge computational thinking practices
with self-knowledge through an exploration of one’s complex
identity using the practice of breaking down complex concepts
into smaller units, also known as decomposition. The librarians
facilitated a discussion of social identity groups that prompted
the girls to reflect on the complexity of their identity and multi-
group membership. In order to encourage reciprocal sharing,
the librarians used a list of identity categories provided in girls’
journals (Figure 1) to share examples of their own complex
identity.

FIG. 1. SAMPLE JOURNAL PAGE LISTING IDENTITY GROUPS.

For example, Kendra, a teen services librarian, shared,
“I am an adult woman who identifies as white and middle
class.” The librarians encouraged girls to use the practice of
decomposition to gain a deeper understanding of their complex
identities by asking them to “break down who they are” into
discrete social identity groups and further reflect on their
position as a member of multiple social identity groups.

For instance, Jasmine (all names are psuedonyms) used
the social categories listed in the journal activity to reflect
on her personal identity. While she had many social identity
categories to choose from, she chose those that described her
age, race, gender, class, religion, and language. When asked
why she chose these personal identifiers, she paused, giggled,
and then responded, “I guess these are the one’s that most
people probably notice about me.” Her response revealed her
process of breaking down her complex identity into smaller
units included reflecting on how others saw her. Her response
demonstrated that she was able recognize how her identity is
complex and often negotiated in relationship to others.

B. Anchoring activities in girls’ identities offered a personal
grounding to return to when applying computational thinking
in other contexts.

Since we were interested in capturing data on their
“identities-in-practice,” we followed up identity-based activ-



FIG. 2. BREAKING DOWN COMPLEX IDENTITY INTO SOCIAL
IDENTITY GROUPS.

ities with STEM activities that incorporated computational
thinking and provided girls opportunities to participate in the
ways of “doing” and “communicating” that are privileged
within computing contexts. For example, after decomposing
their identity, the girls were asked to apply the same skill to
the creation of circuit. Most of the girls were creating circuits
for the first time which resulted in nervousness. However,
the librarians facilitating the activity reminded the girls that
they could decompose the circuit in the same way they
had decomposed their identity in order to understand how it
worked. The girls worked together to decompose the circuit
they were creating by first listing all the components and then
describing the relationship between them (Figure 3).

FIG. 3. DECOMPOSING A COMPLEX CIRCUIT ON THE
BOARD.

As a knowledge checkpoint, girls were asked to reflect
on how they used decomposition throughout the identity and
circuitry activities. As demonstrated in Figures 3, reflecting
on identity and decomposition led girls to make connections
between their self-knowledge and the practice of disentangling
complex concepts such as personal identity. Sarah shared how

decomposition helped her both identify three personally salient
identity categories, as well connect the act of breaking down
her identity to the creation of a circuit.

FIG. 4. CONNECTING BREAKING DOWN COMPLEX IDENTITY
TO BREAKING DOWN PARTS OF A COMPLETE CIRCUIT.

The remainder of the activity continued to increase in
complexity and introduced controlling physical outputs by
combining their circuitry knowledge with Arduino code, such
as creating the circuits and sketches to make buzzers, speakers,
and lights turn on. With the introduction of programming via
Arduino sketches, the librarians were able to once again build
on the girls’ previous knowledge of decomposition that was
grounded in the identity-based activity to explain how to break
down complex code into small chunks that could be tested.

FIG. 5. COMBINING CIRCUITRY KNOWLEDGE AND CODE.

Ultimately, our analysis found that the girls were able to
begin practicing decomposition within a context that they
know intimately – the self. By grounding initial decomposition
practices in their personal identity, the curriculum afforded



librarians an anchor point to return to when the introduction
of new and more complex skills began to feel overwhelming.

For our next steps, we plan to iterate on the design of
the curriculum and conduct further implementations across
all three sites. While this iteration predominately focused
on racialized and gendered experiences, we are specifically
interested in further incorporating experiences from a broader
spectrum of identity categories, such ability, sexual orientation,
and the intersection of these categories.

VI. DISCUSSION

The act of learning science and engineering practices has
been described as a cultural process that requires students
to “cross borders” [38]. As girls of color are learning com-
putational thinking practices, they are often interacting with
discourses that may align or differ from their own. Research in
science education has pushed for science educators to imagine
a space where students’ learning and identities can come
together to form a learning experience that does not force them
to leave behind their cultural knowledges and lived experiences
for the sake of learning science [39] [40]. Results from pilot
implementations of CompuGirls demonstrate that centering
girls’ identities in process of learning computational thinking
practices is a promising avenue for connecting computing
knowledge and practices to girls’ lived experiences.

Interestingly, while the focus on identity was originally
proposed as an entry point to computational thinking practices,
our study found that an emerging theme of identity explo-
ration serving as more just an entry point; instead, integrating
identity exploration into a computational thinking curriculum
resulted in a mutually reinforcing relationship where girls ex-
perience reflective identity development while simultaneously
increasing their understanding of computational thinking. As
shown in the “I Am” activity, identity exploration helped girls
understand computational thinking practices, and through the
practice of computational thinking they began to understand
their own identities at a deeper level and in more complex
ways.

We analyzed identity development as a negotiated process
that includes community membership and participation in
shared practices. Thus, we found that fostering a sense of
community was integral to creating an environment where girls
could feel safe to explore their identities. In order to foster a
sense of community, the research team and librarian facilitators
encouraged the girls to develop a set of shared practices. In
the first group activity, girls are invited to participate in norm-
setting by creating guidelines for their learning environment
through a “Safe Space” activity. For this activity, girls are
asked, “What do you need to feel safe here?” First, girls
reflected on these questions individually and identified their
own individual needs on sticky notes. We urge researchers
and practitioners to ensure that they have created a safe
and affirming learning environment before asking girls of
color to share personal information that may make them feel
vulnerable.

VII. LIMITATIONS

In line with other forms of interpretivist work, the goal of
this study is to highlight the experiences of this particular
set of girls to illustrate the potential of merging identity ex-
ploration and computational thinking practices. Additionally,
since identity exploration and reflection is an intimate and
personal experience, the sharing of girls’ experiences may
raise ethical concerns regarding privacy and disclosure in
research processes and reporting. Thus, as a research team,
we mindfully reflected on how to safely represent aspects
of the girls’ personal experiences. We mitigated privacy and
disclosure risks by anonymizing the data presented and care-
fully selecting data that did not disclose potentially identifiable
experiences.

VIII. CONCLUSION

Research [41] has emphasized the need for curriculum
materials and classroom pedagogy to take into consideration
girls’ interest, experiences, and ideas. In our study, we aimed
to address the need to discuss racialized, gendered, and classed
experiences more explicitly in learning environments [9]. By
honoring girls’ complex identities in the process of learning
computational thinking practices we sought to make space for
their multiple subjectivities in the process of science learning
and allowed for diverse entry points to computing knowledge
and practices. From our work, we found that identity explo-
ration provides multiple entry points to learning computational
thinking practices through personal self-reflection. We do not
view learning computational thinking practices through iden-
tity exploration as a replacement for other effective strategies
such as visual programming; rather, we present our approach
as a complementary and alternative avenue for connecting
computing knowledge and skills to girls’ lived experiences.
By focusing on the girls’ identities, the curriculum re-imagines
computational experiences by fostering interactions with com-
putational thinking from a personal perspective. Ultimately, we
argue that centering girls’ identities should be viewed as an
integral part of the learning process and not tangential.
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Abstract— Central to the theory of learning are inquiry-based 
approaches to education. Whereas there is a plethora of research 
on inquiry learning in the domain of science [19, 20], few studies 
have analyzed how inquiry-based learning can be applied to 
computer science education, and how different approaches to 
inquiry may benefit diverse learners. This is one of the first studies 
to analyze teacher enactment of inquiry-based learning during the 
implementation of an upper elementary, computational thinking 
curriculum, and to explore how teacher approaches to inquiry 
appear to support or constrain multilingual students’ 
development of computational thinking and computer science 
identities. Design-based research was used to iteratively develop, 
test, and refine the inquiry-based curriculum, which aligns with 
computer science and literacy standards, provides linguistic 
scaffolding, and integrates culturally responsive materials. We 
adopt a cross-case mixed-methods design to collect data from five 
teachers and 149 students including detailed field notes, teacher 
interviews, student computational artifacts, and student identity 
surveys. Through analyses of teacher moves, we find that teachers 
adopt different approaches to inquiry that can be indexed along a 
continuum ranging from open to closed. Patterns in student data 
revealed that those who received more structured inquiry lessons 
developed more sophisticated computational artifacts and showed 
greater identification with the field of computer science. Findings 
from this study are being used to add more structured inquiry 
approaches to the next iteration of our curriculum, including 
integrating USE/MODIFY/CREATE models into lessons and 
applying metacognitive strategies from reading research to 
students’ programming activities. 

Keywords—inquiry-based learning, computer science, 
computational thinking, multilingual, English learners 

I. INTRODUCTION  

Considerable effort has been dedicated to integrating 
computer science into K-12 education for students who are 
traditionally underrepresented in STEM (e.g., women, students 
of color, students with disabilities). For example, the White 
House’s 2016 Computer Science for All (CSforAll) initiative 
seeks to equip all K-12 students with the computing and 
computational thinking skills necessary to become creators, and 
not just consumers, of technology [1]. To help realize this goal, 
the National Science Foundation developed the CSforAll 

program which focuses on developing research-practice 
partnerships (RPPs) that foster the types of theory and practice 
needed to bring computer science and computational thinking 
to all students in K-12 schools. With a focus on CSforAll, 
educational policy makers and stakeholders have shifted their 
attention to developing computer science pedagogy and 
materials that meet the needs of diverse learners. 

While efforts to combat underrepresentation in computer 
science education have been numerous and laudable [2, 3], little 
attention has been paid to broadening participation for 
multilingual students [4, 5], or those who speak a language 
other than English at home. This is especially important for the 
large and growing Latinx population--which grew from 9 
million (6% of U.S. population) in 1970 to 59 million (18% of 
population) in 2017, and is projected to reach 132 million (30% 
of population) by 2050, but is seriously underrepresented in CS 
education and achievement. For example, in California, the site 
of this study, Latinx students constitute 54% of the K-12 
population, but only 22% of advanced placement CS test takers 
[6]. A number of important obstacles hinder CS study for 
Latinx students, including reduced access to home computers 
or family members who are knowledgeable about CS [7], lack 
of Latinx role models in CS whether through direct experience 
or through media representations [8], fewer course offerings in 
CS in Latinx-neighborhood schools [6], and decontextualized 
and individualized methods of CS instruction that are not a 
good match for the cultural values of Latinx students and 
families.  

Inquiry-based learning has shown particular promise for 
engaging culturally and linguistically diverse students in STEM 
education [9].  Given the efficacy of inquiry-based learning for 
raising science achievement for multilingual students [9], 
inquiry-based approaches may also be effective for engaging 
the nation’s growing Latinx student population in computer 
science education. Despite the promise of inquiry learning 
approaches, it remains unclear as to whether more structured or 
open inquiry approaches are more effective for engaging these 
student in computer science. Proponents of open inquiry argue 
that the freedom to construct and conduct investigations 
develops students’ higher order thinking skills, disciplinary 
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knowledge, and inductive methods of inquiry [10]. Those who 
prefer structured approaches claim that providing students 
systematic methods for conducting investigations supports the 
development of content knowledge, scientific skills, and a 
nuanced understanding of the discipline [11]. Structured 
approaches are further thought to prevent lost opportunities that 
arise from students getting stuck due to minimal guidance [12]. 

The purpose of this study is to analyze teacher enactment of 
inquiry-based learning during the implementation of an upper 
elementary, computational thinking curriculum, and to explore 
how teacher approaches to inquiry appear to support or 
constrain multilingual students’ development of computational 
thinking. Whereas there is a plethora of research on inquiry 
learning in the domain of science [13,14], few studies have 
analyzed how inquiry-based learning can be applied to 
computer science education. The curriculum has been adapted 
from a grade 3-5 sequence developed by Computer Science in 
San Francisco, a path breaking initiative that seeks to normalize 
K-12 computer science instruction in schools across the San 
Francisco Unified School District. It has been adapted to 
integrate inquiry-based approaches to learning, align with 
computer science, English language development, and literacy 
standards, provide linguistic scaffolding, and integrate 
culturally responsive materials. We adopt a cross-case mixed-
methods design to collect data from five teachers and 149 
students including detailed field notes, teacher interviews, 
student identity surveys, and student computational artifacts. 
Through analyses teacher moves, we find that teachers adopt 
different approaches to inquiry that can be indexed along a 
continuum ranging from open to structured. Patterns in student 
data revealed that those who received more structured inquiry 
lessons developed more proficient computational artifacts and 
showed greater identification with the field of computer 
science. Findings from this study are being used to add more 
structured inquiry approaches to the next iteration of our 
curriculum including integrating USE/MODIFY/CREATE 
models into lessons and applying metacognitive strategies from 
reading research to students’ programming activities. 

We address the following research questions: (1) In what 
ways, if any, did teachers endeavor to teach computer science 
as inquiry to multilingual students in their classrooms? (2) How 
do differences in teachers’ approaches to inquiry appear to 
support or constrain students’ development of computational 
thinking skills and computer science identities?  

II. THEORETICAL FRAMEWORK 

A. Inquiry-based Learning and Computational Thinking 

Inquiry-based learning involves engaging students in 
authentic scientific practices and methods for the purpose of 
constructing knowledge [15]. Through student engagement in 
exploration, experimentation, and hands-on activities, inquiry-
based learning provides a powerful mechanism for providing 
authentic contexts for language use [16]. During open inquiry-
based learning, students develop questions and participate 
actively in open ended interrogations to discover and construct 
new knowledge [17]. During structured inquiry, teachers model 

methods and procedures for conducting investigations [14]. 
Inquiry-based learning emphasizes problem solving and 
students apply multiple problem solving approaches, practices, 
and skills as they conduct their investigations [18]. Since the 
mid-1990s, teachers have been encouraged to better meet the 
needs of language learners by integrating inquiry-based 
approaches to make instruction more engaging, concrete, and 
meaningful [19]. 

Pedaste et al. [20] conducted a systematic literature review 
identifying key features of inquiry-based learning and 
synthesized a framework incorporating all elements of inquiry 
that persisted across models. This general framing of the phases 
of inquiry relates inquiry to the scientific method, requiring a 
measure of reconsideration in its application to the field of 
computer science. Notably, scientific inquiry focuses on 
identifying and evaluating hypotheses to understand a set of 
principles governing the physical world. This objective 
contrasts with inquiry in computer science, which focuses on 
constructing and testing logical processes to address an abstract 
computational problem. Instruction in computer science then 
seeks to develop a set of skills, practices, and dispositions 
collectively referred to as computational thinking, representing 
an ability to formulate thoughts and questions for interpretation 
by a computer to achieve desired results [21]. Constructing a 
theoretical framework for applying inquiry-based learning to 
the field of computer science is beyond the scope of this paper. 

In its implementation, inquiry-based learning can be 
structured or unstructured based on the teaching and learning 
goals of a lesson or unit of instruction. Windschitl [14] 
conducted a multiple case study investigating how teachers 
perceived and enacted inquiry in their science classrooms and 
developed a continuum of inquiry demarcated by the degree of 
freedom students have in developing and conducting 
investigations. At the structured end of the continuum lies 
confirmatory experiences, in which students are provided a 
systematic method for authenticating scientific principles.  Next 
to confirmatory experiences lies structured inquiry, in which the 
teacher presents a scientific concept, question, or hypothesis and 
students are prescribed a procedure for exploring it. The next 
level is guided inquiry, where the teacher provides a problem to 
be solved but leaves the method of investigation up to the 
students. The most independent form of inquiry is open inquiry, 
in which students identify their own concepts or questions and 
devise their own methods of investigation. We use this 
continuum to characterize participants’ approaches to teaching 
computer science lessons to multilingual students. 

B. Review of the Literature 

Research on engaging students in Science, Technology, 
Engineering, and Mathematics (STEM) through inquiry-based 
learning has been well established. A recent meta-analysis 
conducted by Estrella at al. [22] examined the effectiveness of 
inquiry instruction in increasing STEM achievement for 
elementary language learners. An analysis of 26 articles 
indicated that inquiry-based instruction produced significantly 
greater results on measures of science achievement than 
traditional instruction. Furthermore, elementary students who 
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participated in a blended program that integrated linguistic 
scaffolding with science inquiry-based unit plans showed 
statistically significant increases on California English 
Language Development Test (CELDT) and California 
Standards Test for English Language Arts scores compared to 
students in a traditional program [23].  

A growing body of research on using inquiry to teach 
computational thinking demonstrates benefits for students [24, 
25], however little research specifically focuses on the types of 
inquiry approaches and levels of support that develop 
computational thinking and identity development for diverse 
learners. Reiser [26] acknowledges the potential of inquiry to 
provide authentic learning contexts for students, but also 
articulates the challenges inherent to inquiry learning. For 
example, students need to acquire sufficient foundational 
discipline specific knowledge to conduct investigations, and 
often focus on finding the right answer to a problem as opposed 
to identifying the principles underlying answers. To ameliorate 
these issues, he proposes presenting more structured problem 
solving activities and problematizing subject matter to promote 
deeper understanding of content. 
 

C. Overview of the computational thinking curriculum 

Researchers worked collaboratively with teachers to adapt 
an existing grade three through five curriculum created by 
Computer Science in San Francisco. The curriculum was 
adapted to meet the needs of the district’s culturally and 
linguistically diverse students. This was achieved by 1) 
integrating inquiry-based approaches, 2) aligning the 
curriculum with computer science and literacy standards, 3) 
providing linguistic scaffolding, and 4) including culturally 
responsive pedagogy and materials. 

First, researchers and teachers aligned materials with the 
Common Core State Standards for English Language Arts 
(ELA), and the California Department of Education English 
Language Development (ELD) Standards. Linguistic scaffolds 
were developed to promote and leverage academic language 
proficiency for language learners.  Researchers and teachers 
developed linguistic frames to scaffold both the academic 
language related to computer science concepts as well as the 
functions of social interaction. To integrate inquiry-based 
approaches, we utilized the “5 E” model of inquiry to guide unit 
development. Bybee [27] drew from constructivist approaches 
to learning to construct the "5E's” model, which includes five 
indicators of inquiry-based instruction: Engage, Explore, 
Explain, Elaborate, and Evaluate. 1  While we integrated the 
phases of inquiry into the curriculum, we encouraged teachers 
to use their own judgement when determining the level of 
structure necessary to meet students’ needs. Finally, the 
partnership paid special attention to integrating literacy into the 
computational thinking curriculum. Culturally responsive 
stories depicting diverse characters who pioneered the 

                                                           
1 Engage involves stimulating interest on a topic. Explore refers to conducting 
hands-on activities in which students grapple with a problem or phenomenon. 
Explain means to leverage the language and conceptual understanding used by 

computer science and engineering fields were selected to make 
the content relatable to students.  

III. METHOD 

A. Study Context and Participants 

This study took place in five upper elementary (grades 3-5) 
classrooms across a large urban school district. The district in 
which the study is situated has among the highest percentages 
low-income students (91%), Latinx students (96%), and 
English learners (63% in elementary grades) in the nation. Due 
to attrition, five out of the seven original teachers were selected 
for this study. All the students in their classes (total N=149) 
participated in the project and thus were part of the study. 
Student demographics at the classroom level broadly mirror 
those at the district level. 

B. Data Sources & Analysis 

The participating teachers piloted the year long, five-unit 
computational thinking curriculum in their classrooms once a 
week for a lesson duration of fifty minutes. The researchers 
conducted weekly classroom observations and took detailed 
field notes on the types of instructional strategies used. The 
McGill Inquiry Teacher Short Interview (MITSI) protocol was 
used to interview the five participating teachers in their 
classrooms. A rubric for scoring Scratch projects developed by 
SRI International was utilized to assess students’ 1) overall 
proficiency in programming, 2) user experience, and 3) the use 
of coding and computational thinking constructs [28]. The 
researchers conducted interrater reliability checks on the rubric 
data. After each scorer completed ten projects, interrater-
reliability ranged from 75% to 80. Finally, this study adapted 
the “Is Science Me?” [29] survey to computer science to 
measure student attitudes towards and identification with the 
field of computer science. 

The generation of codes and categories for classroom 
observations and teacher interviews is situated within a 
procedural, deductive, frame of analysis [30]. This process 
consisted of reading the data multiple times to categorize 
inquiry learning phases and subcategories within each phase. 
Codes and categories were then compared within and across 
each case to determine the types of inquiry being enacted in 
each classroom. 

To assess students’ Scratch projects, a sum score for each 
category (e.g., overall proficiency, design mechanics, user 
experience) was calculated and z-score transformed. A one-way 
ANCOVA with post-hoc Tukey HSD test was conducted to 
examine whether there was a statistically significant difference 
among the teachers on the computational thinking criteria for the 
end-of-unit projects, controlling for student background 
information (i.e., computer access and parental education).  
Assumptions of normal distribution and homoscedasticity were 
met. When the ANOVA tests indicated that the scores across 

students to develop explanations. Elaborate involves providing opportunities 
for students to apply what they have learned. Finally, evaluate means engaging 
students in reflecting on their own understanding. 
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classes were significantly different, this study performed 
pairwise t-tests with Bonferroni and Holm adjustments to 
examine which class was substantially different from the other 
classes. 

Finally, the Is Science Me? survey mostly included three-
point Likert scale items. This study calculated internal 
consistency using McDonald’s omega instead of Cronbach’s 
alpha, as Cronbach’s alpha may be less accurate when data come 
from ordinal items with few response options [31]. A 
confirmatory factor analysis using polychoric correlations 
matrix was conducted based on the theorized constructs on the 
pretest and posttest datasets. Both datasets showed good model 
fit according to the guideline in [32]: CFI and TLI higher than 
or equal to .90, RMSEA smaller than .05, SRMR smaller 
than .08. Because the survey items were ordinal and did not 
approximate a normal distribution, this study performed the 
Wilcoxon matched-pairs signed-rank test to measure the 
changes from pre to posttest for each survey item for each 
teacher. 

IV. FINDINGS 

Based on classroom observations and detailed field notes, it 
became apparent that teachers enacted the curriculum 
differently across the five classrooms. The first four teachers 
used inquiry in different points along the continuum mentioned 
in the theoretical framework of this paper, with Ellen using 
open inquiry, Juanita using guided inquiry, Jenny using a 
combination of guided and structured inquiry, and Helen using 
confirmatory experiences. The fifth teacher, Sue, did not use 
inquiry-based instruction and instead adopted a direct, explicit 
approach to teaching computer science content to her students. 
What follows are descriptions of teaching episodes for each 
classroom that are representative of how teachers conducted 
inquiry in their classrooms. 

A. Open Approaches to Inquiry 

Two of the teachers, Ellen and Juanita, exemplified open 
inquiry approaches in mentoring their students through various 
aspects of computer science research. On a typical day, both 
teachers would orient students to computational thinking 
concepts through activities structured around focal phenomena, 
and facilitate collaborative sense-making of key computational 
thinking concepts and practices.  During investigation, Ellen 
often promoted independent learning in her classroom, acting 
as a facilitator of the research process by equipping students 
with the resources and strategies necessary for conducting 
open-ended investigations. 

Ellen openly expresses her views of computer science 
learning as a research process in which students seek out the 
resources necessary to solve complex problems.  

Ellen: When you get stuck, we have resources. I am not the 
greatest resource because I am learning with you too. I can 
guide you to resources. Your peers are a resource…When 
you get stuck, we have resources...Am I your only resource?  
Students: No 

Ellen: You know, many of you have learned that I am not 
the greatest resource. I'm not wanting to be. Why, because 
I'm learning this with you too. Okay. So I can kind of guide 
you in how to be resourceful. I'm finding more and more 
places that I can get help when I need it and that's what you 
need to do as scholars. 
Ellen describes herself as a being a guide for her students, 

using herself as a model to illustrate the types of habits (i.e., 
being resourceful, help-seeking) her students can engage in as 
scholars. To this end, she disrupts her traditional role as teacher 
to create a more horizontal, symmetrical space in which 
students and the teacher co-navigate computer science research. 
She provides the learning environment and resources necessary 
for students to ask and answer complex problems, and steps 
aside to facilitate scholarly activity. 

Juanita similarly promotes independence during the 
investigation phases of inquiry, but unlike Ellen, models 
methods of problem formulation. She also disrupts the direct 
instruction model by encouraging students to negotiate their 
own learning among peers before coming to her for answers. 
For example, in the excerpt below Juanita modeled the first 
steps in a shape drawing activity designed to teach algorithms. 
Students were presented with written steps for drawing shapes 
and a picture with the desired visual outcome (i.e. a picture of 
a house). However, the steps did not match the shape, that is, 
there were errors embedded in the steps and students were 
tasked with debugging the algorithm so that the steps matched 
the desired outcome. 

Juanita: Who can read step two? 
Anita: Draw an orange equilateral triangle with one edge 
lined up with the of the square  
Juanita: Do you guys see that?  
Class: No 
Juanita: Okay, again let's look at this, who could tell me 
where my equilateral triangle is 
Roxanne: On top of the blue square 
Juanita: Remember, equilateral means it's what on all sides.  
Class: Equal.  
Juanita: Equal. Very cool. Okay, so check that it's lined up 
with the top of the blue square. Ok, so do you guys see it 
now?  
Class: Yes 
Juanita: Now talk to your table, your elbow partner. And I 
want you to go through...I want you to figure out with your 
partner the rest of the steps and let me know what you think 
the bug is. Once you’ve figured out what the bug is, I don't 
want to hear any ah ah ah's or ooh ooh ooh's. Figure out 
what it is before you raise your hand.  
In this teaching episode, Juanita defined the scope of the 

problem for students and modeled the first few steps for solving 
it, then encouraged students to rely on their peer networks to 
finish debugging the algorithm. To this end, she established a 
peer learning community in which students discuss debugging 
techniques with their classmates before they ask the teacher. As 
students were provided with a problem, but not explicitly given 
a procedure for solving the problem, the above example 
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supports the guided inquiry model. After students worked to 
debug the sample algorithm, students were assigned to 
individually create their own algorithm and drawing using only 
their peer networks for support, further supporting the guided 
inquiry hypothesis. 

B. Structured Approaches to Inquiry 

Two of the teachers, Jenny and Helen, tended to teach 
inquiry learning in a structured manner by 1) providing 
methods for formulating and solving problems, or 2) 
demonstrating and confirming key computational principles. 
Jenny utilized a combination of guided and structured inquiry 
to teach computer science to her students. She typically opened 
with a guided inquiry lesson and then moved to more structured 
approaches when students had difficulty accessing abstract 
concepts. In the example below, Jenny initially used the guided 
inquiry approach to develop students’ understanding of 
sequence and repetition. Students were provided with multiple 
steps of a dance and tasked with working in teams to 
conceptually map the dance, using loops so as to not articulate 
each single step. While Jenny identified the scope of the 
problem for students, she did not provide with them methods 
for solving the problem. 

Jenny: In your team, I want you to identify the actions in 
this dance…write a computer code, if you were to tell 
someone how to do this dance, what would you do, are there 
repeated actions, how many times do they repeat. What 
would an algorithm, a code for this, look like? 
In this example, students were given more freedom to 

develop and conduct their own investigations and the teacher 
focused primarily on facilitating the learning process and 
detecting student issues as they arose. As Jenny focused in on 
students’ needs, she moved from guided to structured inquiry 
to create more efficient learning environments. For example, 
students had difficulty characterizing the dance on their first 
attempt, likely because they had not committed the sequence of 
moves to memory. In response, Jenny used a variety of 
techniques to respond to this need including replaying the 
dance, refocusing students’ attention to counting and naming 
the moves, using dialogic questioning to facilitate students’ 
recall of the dance, and physically enacting the dance before the 
class. Each of these instructional moves points toward a more 
structured inquiry approach, that is, Jenny modeled alternative 
methods for students to investigate the key computational 
concepts. 

Helen provided structure for her students through 
confirmation experiences designed to teach computing 
concepts. Helen’s typical investigation was highly structured 
and relied primarily on teacher modeling and scaffolding 
techniques to facilitate knowledge acquisition. To illustrate a 
simple example, Helen drew two sprites, or characters in the 
Scratch interface, on the whiteboard, prepping the class to 
discuss what parallelism means. 

Helen: What do I do if I want the sprites to do the same thing 
at the same time?  

Next, Helen drew two columns, one for sprite 1 and one for 
sprite 2 and added blocks to each column. Then, she 
manipulated blocks in a variety of ways and asks students to 
make predictions. 

Helen: What’s going to happen?  
To test the concept, Helen hit a mock flag button to start a “test 
run” of parallel commands. When sprites 1 and 2 correctly 
executed their commands, students verified their understanding 
of how to use commands in Scratch to make two sprites take 
actions simultaneously.  

Helen: It worked! 
Upon checking student understanding, Helen added 

additional layers of complexity to teach more advanced 
computational concepts. For example, she modeled more 
complicated multi-step commands for each sprite to execute 
simultaneously, except in this case the sprites are doing two 
different things at the same time (i.e., sprite 1 walks forward, 
sprite 2 jumps up and down). Furthermore, she purposefully 
included errors in her mock code to engage students in 
debugging during concept development.  

In the above scenario, students were presented with a 
variety of scenarios in which parallelism could occur, and then 
these scenarios were verified by ‘test runs.’ Although she 
increased the complexity of her examples, students were not 
provided the opportunity to generate or conduct investigations 
on their own. Instead, they engaged in confirmatory 
experiences of key computational principles. 

C. Direct Approaches to Teaching 

Sue did not take an inquiry-based approach to teaching 
computer science to her students. Instead, she focused on 
rhythm and periodicity within her classroom, ensuring that 
students had access to stable routines and durable infrastructure 
to support knowledge acquisition. This allowed her to manage 
interaction and bring about predictability of sequential 
classroom activities and students’ behaviors.  

Sue predominantly used the mirroring technique to teach 
computer science concepts to her students. In the example 
below, she taught the concepts of sequence and order, initiating 
the mirroring activity, in which she would say “mirrors on”, and 
the students would imitate her words and actions 

Sue: Okay. I liked what you said about the events, but when 
we're talking about sequence of events, what does that 
mean? Is it, are we talking about groups or am I talking 
about order?  
Class: Order  
Sue: Right? Mirrors on! Sequence (Sue waives hand     
motions, class repeats) is order (Sue waives hand motions, 
class repeats) or sequence is the order of events. 
In this excerpt, Sue took a direct, explicit approach to 

teaching, enforcing targeted stimuli (i.e., teacher models 
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specific motions) and response (students mimic teacher’s 
motions) behaviors, coupled with repetition to teach key 
concepts. She also reinforced correct verbal and motor 
associations with a clip up classroom management technique, 
using positive reinforcement as an example for the class of what 
types of behaviors are preferred. 

D. Student Outcomes 

First, we combined students’ scores on items using the 
selected SRI rubric scale. When examining teachers’ overall 
combined average rubric scores for complexity, design 
mechanics, user experience, and use of computer science 
constructs, we saw that Helen and Jenny’s students performed 
better overall (See Figure 1). Results of the ANCOVA showed 
that overall, Helen’s and Jenny’s class performed substantially 
better in several criteria (See Figure 2). There were significant 
differences among the classes in overall complexity, F(4, 107) 
= 17.33, p < .01; user experience, F(4, 107) = 5.27, p < .001; 
CS constructs, F(4, 107) = 9.11, p < .001; and counts of 
different types of Scratch blocks, F(4, 107) = 4.58, p < .01, after 
accounting for home computer access, mother’s education, and 
father’s education. Tukey HSD test revealed that there was a 
significant difference in the overall scores for Ellen and Sue (p 
< .001), and Jenny and Sue (p < .01). For user experience, there 
was a significant difference between Helen and Ellen (p = .03), 
Juanita and Sue (p < .01) and Helen and Sue (p < .001). For CS 
constructs, there was a significant difference between Helen 
and Ellen (p < .001), Helen and Juanita (p < .001), Ellen and 
Sue (p < .001), Sue and Juanita (p = .01), and Helen and Jenny 
(p = .02). For block use, there was a significant difference for 
Juanita and Helen (p = .01), and Juanita and Jenny (p < .01). 

There appeared to be positive changes from pre to posttest 
in three classes (Helen, Jenny, and Sue) in terms of students’ 
ability beliefs, perceptions of support for computer science 
interests from family and friends, and perceptions of the 
usefulness and importance of computer science (See Figure 3). 
The effect size ranged from medium to large, Cohen’s d = (.46, 
1.07).  

V. DISCUSSION 

The idea of teaching science as inquiry has been well 
supported by research [33, 34] and has been found particularly 
effective for engaging English learners in STEM [22]. 
Recently, researchers have called inquiry learning into question 
[35, 36], finding that explicit instructional approaches better 
support learning and transfer [37]. This is one of the first studies 
to investigate how different approaches to inquiry support or 
constrain multilingual students’ development of computational 
thinking skills. Preliminary findings indicated that more 
structured forms of inquiry appear to better support multilingual 
students in engaging in and identifying with computer science. 

A. Overview of Findings 

A primary aim of this study was to explore the question: “In 
what ways, if any, did teachers endeavor to teach computer 
science as inquiry in their classrooms?” One of the ways to gain 

insight into how teachers used inquiry approaches was to 
analyze how teachers enacted computer science lessons in their 
classrooms. By exploring the phases of inquiry that emerged 
from the lessons, we were able to piece together the ways in 
which teachers approached inquiry and index these approaches 
as being more open or closed along an established continuum. 
While the phases [20, 27] and types [14] of inquiry in science 
education have been well established, our study provides 
considerable insight into how the types of inquiry pertain to the 
discipline of computer science. These results extend our 
knowledge of the ways in which computer science can be taught 

 
 

Fig. 1. Combined ratings of student Scratch projects by teacher 

 

Fig. 2. Mean differences in Scratch project scores by category 

 
Fig. 3. Mean differences in student identity survey scores by category 
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as inquiry, and how different approaches can be used to meet 
the needs of diverse students.   

An additional aim of this study was to explore how teachers’ 
differing approaches to inquiry appeared to support or constrain 
multilingual students’ development of computational thinking 
skills.  Patterns in the data revealed three clusters of teachers, 
those whose teaching sequences revealed more open 
approaches, those whose sequences revealed more structured 
approaches, and those whose patterns displayed direct 
instructional approaches. For teachers who were indexed as 
being more structured along the inquiry-based learning 
continuum (Helen and Jenny), students tended to develop more 
sophisticated Scratch projects. We present several conjectures 
for this relationship. In these classrooms, teachers used 
modeling techniques to illustrate methodologies for solving 
problems, such as simulating algorithmic processes, physically 
enacting computational concepts, and incrementally increasing 
levels of complexity. The upshot of these moves is that they 
facilitate schema building, in which students draw from a 
conceptual foundation when addressing increasingly abstract 
problems, thereby building knowledge from prior 
understandings [38].  

The current literature on inquiry learning portrays students 
as scientists who develop hypothesis and conduct investigation, 
linking these practices to the development of discipline specific 
skills such as computational thinking [13, 14]. In this model, 
confirmatory experiences are frowned upon as encompassing 
the rote presentation of scientific facts, with little contribution 
to students’ development of scientific practices. Yet these 
teachers provided worked examples to characterize conceptual 
and investigative principles, using strategies such as repetition, 
refocusing students’ attention, and open ended questioning 
techniques to address student confusion. Studies have indicated 
that providing worked examples reduces the tax on working 
memory and opens up the resources necessary for learning [39]. 
It is plausible that working through examples of algorithmic 
processes, as observed in Helen’s class, provided the 
scaffolding necessary for successful problem solving. 

In this study, we also see that more structured and direct 
approaches produced better outcomes for diverse learners’ 
identification with the field of CS. Although inquiry-based 
instruction engages students in authentic scientific practices, 
delivering unstructured inquiry without sufficient schema 
building and preparation can lead to disappointment and lost 
opportunities [40]. All four teachers who implemented inquiry-
based approaches reported students getting lost, getting stuck, 
and jumping in without seeing the big picture. If we want to 
broaden participation in computing, it is important to not only 
give students experiences, but to give them successful 
experiences. We were especially impressed the work from 
Estelle, herself a Latina who had substantial experience with 
the community she served and taught large number of 
multilingual students and students with disabilities. Further 
exploration into the methodological and incremental approach 
she used could uncover valuable strategies that meet the 
cognitive and affective needs of multilingual students. 

B. Limitations and Future Research 

There are several limitations to this study. First, as this was an 
exploratory study that is part of a larger project aimed at 
revising, testing, and scaling instructional materials and 
pedagogies that meet the needs of diverse learners, we do not 
make causal claims about our findings. Each of the classes we 
observed had different compositions and grade levels and these 
factors could provide confounds to our claims. Furthermore, the 
data instruments we used to measure students’ computational 
thinking skills may not be sensitive to the types of learning that 
took place in the open inquiry classes. In open inquiry 
classrooms, different types of learning and growth may take 
place, such as problem formulation, goal setting, planning 
strategies, and persistence. Future studies should design 
measures for capturing the types of learning and growth taking 
place in these classrooms.  

Despite these limitations, this paper poses several 
questions to the understudied area of teaching computational 
thinking to multilinguals students through inquiry-based 
learning. As this project represents the exploratory phase of a 
larger project, we are currently using these findings to integrate 
more structured approaches in the next iteration of our 
curriculum. This includes integrating the Use-Modify-Create 
model into our lessons and applying metacognitive strategies 
from reading research to students’ development of 
computational thinking. To integrate more structure, the next 
phase of this project will modify the curriculum to integrate a 
CS instructional approach known as Use-Modify-Create [41] in 
which students will first use existing programs, then work 
together to modify them, and finally create their own. 
Furthermore, during the use stage, we will incorporate an 
additional layer of scaffolding with a learning strategy 
borrowed from reading research known as “TIPP&SEE,” 
developed by the Computing for ANyONe (CANON) lab at the 
University of Chicago and faculty at Texas State University. 
TIPP&SEE is derived from the reading strategy THIEVES 
[42], and focuses students on using context clues to better grasp 
intended material. Students first read the title of the program 
and make predictions based on the title. Then they analyze the 
instructions to better understand the tasks they are asked to 
engage in. Next, students think about the purpose of the 
program to consider the learning goals of the activity. Finally, 
they play with the program to examine its characteristics and 
practice documenting their observations.  Students are then 
tasked with looking inside the program to examine the sprites 
and the events controlling the sprites, and then they explore the 
code. During the explore phase, students are instructed to 
change features of the code, test the changes, and document the 
results, preparing them for the MODIFY stage of the 
USE/MODIFY/CREATE model. This new curriculum will be 
scaled to three school districts and tested using randomized 
control trial to formally examine the impact of structured 
approaches to inquiry on multilingual students’ development of 
computational thinking skills. 
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Abstract—This paper examines teachers’ use of Flipgrid, a
student-facing video platform, as a reflection tool to promote
computer science language in upper elementary classrooms. We
take a case-study approach with three fourth grade teachers:
one had a high number of students with special needs, one
had substantially more gifted and talented students, and one
taught a dual immersion English-Spanish class. Data sources
include teacher interviews, design meetings between researchers
and teachers, and classroom observations. We find that teach-
ers with different pedagogical visions adopted the tools for
reinforcement, student engagement, and formative assessment.
We document teachers’ iterative improvement strategies and
shifts in teacher noticing, particularly the objects (i.e., computer
science vocabulary and concepts), level (i.e., whole-class versus
individual students), and depth of how they noticed students
learning through video reflections. This study contributes to
the ongoing work that examines instructional approaches to
promoting computing education in diverse K-12 classrooms,
especially among teachers with no formal training in computer
science education.

Keywords—computer science education, educational technology,
student reflection

I. INTRODUCTION

Researchers have called for the introduction of CS in earlier
grades to recruit interests and address the underrepresentation
of women and minority students [5], [28]. An understanding
of teachers’ existing knowledge, experiences, and instructional
contexts, as well as how these components influence teachers’
adoption of CS tools and curriculum, is critical to promoting
systematic integration of CS into formal education settings
[31]. However, there is limited research on the instructional
and learning processes that take place in the classrooms,
especially in elementary grades [13], [14], [16]. We contribute
to this growing research area by documenting how teachers
in different instructional contexts adopted a video reflection
tool to notice students’ CS learning. The tool was introduced
in a one-year CS curriculum implemented by teachers and
university researchers in a large, urban school district.

We draw from the extant research around instructional
strategies in CS education [14], [16] and teacher noticing of
instruction for improvement [8], [22], [24], [26]. We employ
a cross-case analysis to examine the potential affordances of
the video reflection tool in three elementary classes taught
by teachers with no formal training in CS. The teachers
faced different classroom dynamics: one had a higher number
of students with special needs, one had substantially more
gifted and talented students, and one taught a dual immersion
English-Spanish class. We explore the instructional strategies
and beliefs that characterize the teacher adopters of the tool.
We also examine ways in which teachers use the tool to make
sense of students’ development of CS-specific language.

This study has two main contributions. First, we explore
how teachers in varied contexts experimented with a video re-
flection tool to reinforce CS discourse. A practical implication
is that tools’ alignment with teachers’ knowledge, beliefs, and
practices can be positively perceived by teachers who are new
to CS education. Second, we examine the utility of student
reflections in fostering teacher noticing of computational lan-
guage and understanding. This is one of the first studies to
apply teacher noticing frameworks to CS education. We find
that teachers mostly focused on students’ vocabulary instead
of conceptual understanding, and teacher noticing was mostly
descriptive and not yet focused. We discuss implications for
designing professional development opportunities that employ
student artifacts to guide teacher instructional improvements.

II. RELATED WORK

A. Examining Instructional Strategies in CS through the Uni-
versal Design Learning Framework

The literature on teachers’ perceptions when implement-
ing CS curricula has been scarce. Studies have focused on
teachers’ perceived challenges and instructional moves that are
effective in fostering students’ computational thinking [14],
[16], [21]. Multiple implementation models of CS curricula
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may emerge depending on intrinsic factors, such as teachers’
perceptions of their professional efficacy, and extrinsic factors,
namely time constraints and classroom contexts [14], [21]. A
case study analysis [13] using observations and interviews with
teachers and administrators across instructional contexts (e.g.,
library, art, general education classrooms) found that teachers
employed different instructional strategies based on task open-
endedness and classroom organization when teaching CS. For
example, some teachers tend to employ more whole-class
and explicit instruction, while others take a more open-ended
approach [14]. These pedagogical choices were correlated
with the amount of administrative support, teacher values, and
teachers’ perceived expertise [14], [15].

Studies have also employed the Universal Design Learning
(UDL) framework to explore teachers’ perceptions and im-
plementation of CS curricula [14], [16]. The UDL framework
encourages teachers to consider not only direct versus open-
ended pedagogical approaches, but also ways in which instruc-
tion may broaden students’ means of representation, action
and expression, and engagement [20]. Applying the UDL
framework to examining teachers’ practices explores ways
in which curricular planning and delivery can purposefully
reduce barriers and increase meaningful entries for all students,
including special education students and English learners (Els).
The dimensions of the UDL framework can be summarized as
follows:

• Representation: Provide multiple ways (e.g., texts, multi-
media visuals, audio, discussion) for students to interact
with content, communicate in disciplinary language, and
generate understanding.

• Action and Expression: Provide ways for students to
demonstrate comprehension in multiple modes (e.g.,
physical action, writing, speaking) and monitor their own
progress (e.g., goal-setting, managing learning resources).

• Engagement: Recruit and sustain students’ interests and
collaboration.

B. Universal Learning Design in Student Reflections

UDL principles to promote student action and expression is
the underlying theory for prompting students’ self-reflection
on content knowledge. Discussion and argumentative activities
to clarify, reflect, and build on one’s own and others’ ideas
have been promoted in mathematical, science, and English
Language Arts (ELA) classrooms [1], [9], [17], [29]. Students
may use multiple types of discourse–both everyday and sci-
entific vocabulary–to present their understanding of scientific
concepts based on situational demands [11]. Strategies in
English Language Arts posit that multiple exposures and
reinforcements are required before students begin to correctly
use and understand new terms [1].

In the field of CS, students engage in discipline-specific
language as they develop and test logical processes to ad-
dress abstract computational problems. Students articulate the
exploratory, explanatory, and elaborative steps involved in
problem solving to construct understanding of key compu-
tational concepts and associated vocabulary knowledge [11].

Attending to student voices in reflection develops students’
discursive identities and promotes identification with the field
[6]. Research has shown that developing STEM identities at
the elementary level promotes later interest in CS careers [30].

Teachers can utilize several UDL strategies to scaffold the
reflection activities. Compared to simply stating the vocabu-
lary’s definition, combining instruction of language and con-
tent knowledge more effectively builds students’ knowledge
base for productive reflection [9]. Scaffolding with explicit
prompts can be effective for supporting student argumenta-
tion and general reflection in the discipline [9]. Encouraging
students to use multiple methods of action and expression
to explain how they design their codes can also increase
access and involvement in computing education, particularly
for learners with special needs [7], [16].

C. Teacher Noticing of Student Discourse

Few studies have examined the tools and learning moments
that teachers use to notice students’ computational thinking
in K-12 classrooms [14]. We thus draw on related work
on teacher noticing of instructional moments and student
discourse in mathematics and science [8], [22], [24], [25].
Several aspects are salient in teacher noticing framework [27]:

• Object of noticing: Strengths and weaknesses in student
thinking, classroom interactions, lesson content, ...

• Focus: Specific concept versus general theme.
• Perspective: Description, interpretation, evaluation.
• Level: Whole-class versus individual student.
To hone into teacher noticing, classroom artifacts such as

student work and video segments of student interactions have
been employed as locally grounded representations of teaching
practice to help teachers reflect on instruction and student
thinking more intentionally [1]. The current study frames
teacher noticing of CS knowledge in terms of the contexts and
artifacts that helped teachers assess task appropriateness and
student understanding. An example of task appropriateness is
teacher’s assessment of whether the instruction on program-
ming loops was effective. An illustration of student under-
standing is whether students can use the acquired vocabulary
and everyday language to explain the concepts.

III. RESEARCH QUESTIONS

1) What instructional strategies and beliefs characterize the
adopters of the reflection tool within a CS curriculum?
To what extent do these strategies and beliefs influence
how teachers adopted the tool?

2) How do teachers use reflection videos to make sense of
students’ development of CS-specific language?

IV. METHOD

A. Study Setting & Participants

This study follows teachers from three fourth and fifth grade
(ages 9-11) classes in one of the largest, most linguistically and
culturally diverse school districts in the U.S. (92.9% Hispanic
or Latino, 80.4% on Free and Reduced lunch, 38.7% ELs).
Each class had 25 students on average.



The teachers differed in classroom demographics and in-
structional routines. Ellen and Helen (pseudonyms) taught all
subjects in fourth grade in the same school and co-planned
the CS lessons. Meanwhile, Juanita (pseudonym) worked with
groups of special education students in Math at a dual-
immersion charter school. The one hour per week teaching CS
was the only time Juanita had with a whole class. The teachers
reported no prior experience teaching formal CS curricula.

The teachers also faced different constraints and affordances
from their classes. Ellen had a class with mainly Gifted and
Talented students. About 10% of students in Helen’s class
received various Individualized Education Programs (IEP).
Juanita had a group of five special education students that she
consistently worked with throughout the year. The students in
this study had no prior computing courses, although students
in Ellen and Helen’s classes had participated in Hour of Code
activities in the previous academic year.

B. Curriculum

Teachers were part of a district-wide initiative to integrate
CS into elementary schools. The project team, consisting of
teachers and researchers, developed a curriculum that built
on UDL framework to target computational concepts and
vocabulary appropriate for students aged 9-11 and meet the
needs of the district’s linguistically diverse student popula-
tions. The curriculum includes language frames intended to de-
velop student’s use of computational language and interweaves
stories to promote identity towards the CS field. The linguistic
scaffolds leverage both academic language and interaction
functions (e.g., discussion, reflection).

The researchers and teachers met monthly to reflect on
curriculum progress and devise instructional strategies to ac-
commodate the needs of each classroom. During those in-
person design meetings, supplementary pedagogical tools were
introduced to further facilitate students’ acquisition of CS
disciplinary language. In particular, researchers did a demo
of Flipgrid, a platform where students could videotape them-
selves presenting their codes and share with their peers. . The
reflection activities align with the UDL frameworks to foster
multiple student expressions and engagement. Ellen, Helen,
and Juanita decided to pilot the tool.

The reflection activities occurred at the end of Unit 1 and
2 of the curriculum and took about 45 minutes each. Most
student responses were brief, lasting 1.15 minutes on average.

For Unit 1, students pair-programmed in Scratch with only
ten designated code blocks. At the end of the unit (lesson 5),
students were asked to reflect in pair about their ”10 Blocks
Challenge” in response to the Flipgrid prompt: ”Walk us through
your project. What blocks did you use? What was difficult? What did
you find?” Because the activity occurred quite early in the year,
students had only been introduced to a few CS vocabulary
(e.g., code) and concepts (e.g., algorithm).

At the end of Unit 2 (lesson 10), students reflected individ-
ually on a digital collage they created about themselves. The
activity occurred about three months into the curriculum, when

students had been introduced to more CS vocabulary and con-
cepts, namely event, sequence, initialization, and parallelism.
Example of the Flipgrid reflection prompt: ”BRIEFLY state some
details about you that are in the program. Then, pick ONE SPRITE,
open the code, and explain what you did. Be sure to use vocabulary
words like ”algorithm,” ”code,” ”program,” ”parallel program” or
”initialization”.

All teachers reported reviewing their student Flipgrid videos
right after the reflection lessons. The design meetings (De-
cember 2018 and March 2019) gathered additional teacher
insights about students’ language. During the meetings, all
the teachers piloting the curriculum watched a selected set of
students’ Flipgrid video responses explaining their codes from
all the teachers’ classes. Teachers were then asked to reflect
in the whole-group setting on student videos based on two
questions: (1) “What do you notice about student language and CS
understanding?, and (2) “What insights for instruction do you gather
from the student Flipgrid responses?”.

C. Data Sources

Data sources include teacher interviews, two design meet-
ings (detailed above), and classroom observations. These
data sources are selected to produce a more comprehensive
view of teachers’ beliefs and practices through their own
and researchers’ perceptions across settings (e.g., individual
interviews, teacher-researcher, teacher-student interactions).
Interviews and classroom observations were used to answer re-
search question 1 about the characteristics of teacher adopters.
Teacher reflections during the design meetings were used to
answer research question 2 about teacher noticing.

The research team visited classrooms almost every week
and took structured notes of instructional strategies using
the UDL framework [22]. A subset of two of the same
lessons from each teacher (lesson 4 and 6; conducted between
November 2018 and January 2019) was selected for analyses
because they were part of the units students were reflecting
on. Semi-structured interviews lasting about 30 minutes were
conducted at the end of the school year to understand each
teacher’s experiences with the CS curriculum more generally.
The interviews included questions such as ”How would you
describe your CS instructional approaches?”

D. Cross-case Analysis

We conduct a cross-case analysis to examine teachers’
instructional practices as they unfolded in time [3]. Cross-case
analysis is chosen as a means to explore complex social units
of interconnected variables to understand a focal phenomenon
[19]. The units of analysis are the three teachers teaching
the same lessons and adapting the same pedagogical tool.
We identify the salient themes in each teacher’s approach to
teaching CS before examining common themes across cases.

Observation notes, interviews, and transcripts from the
design meetings were analyzed using an initial set of codes for
pedagogical visions, instructional goals, and teacher noticing
of student thinking. Prior frameworks, namely UDL [19] and
teacher noticing [7, 26] inform these codes. The final coding



TABLE I
CODING SCHEME FOR TEACHER INSTRUCTIONAL STRATEGIES AND SENSE-MAKING OF STUDENTS’ CS REFLECTION. THE ARROW INDICATES

INCREASING LEVELS OF SOPHISTICATION IN TEACHER NOTICING

scheme pertains to instructional strategies and noticing pat-
terns that appear in the data (Table 1). Data from each teacher
were coded separately, and then compared for similarities and
differences to generate themes.

E. Validity

Instrumentation and researchers’ biases may result in inter-
pretations of teachers’ instructional strategies and noticing in
ways that significantly differ from their intentions. We trian-
gulated observation notes with audio recording and teacher
interviews and conducted member checking as a validity
procedure. The interview and design meetings prompts include
open-ended questions to avoid biasing teachers’ responses.

F. Hypothesis

We hypothesized that classroom contexts and pedagogical
visions about the curriculum, instruction, and student ability
would inform teachers’ adoption of Flipgrid and implemen-
tation of the reflection activities. For example, teachers with
more structured instructional approaches may use the tool for
reinforcement and employ more directive prompts [13].

V. FINDINGS

A. Characteristics of Teacher Adopters

1) Beliefs – Teacher as Learner: Teachers’ belief in teach-
ing CS emerged in all interviews. Teachers posited themselves
as learners who were getting used to the curriculum alongside
their students. They indicated an willingness to experiment
with ideas and teaching methods to see what worked best.
For instance, Ellen gave examples of going back and forth

with the tools (e.g., notebook, language frames, Flipgrid). She
reflected that she became more confident with teaching the
curriculum as she practiced beforehand what the students did.
She admitted having no experience in computer programming
and feeling confused in the beginning, and emphasized the
importance of positioning herself as ”learning with the stu-
dents”. The teachers further reflected that adopting a new tool
is always challenging, but it is a “learning curve and students
would get something out of it in the end” (Juanita, interview).

2) Tool Purposes – Reinforcement, Engagement, & Forma-
tive Assessment: The three teachers possessed different views
about students’ ability to thrive in the CS curriculum in terms
of computing knowledge, language and academic needs, and
persistence. These views seemed to intertwine with their goals
for adopting Flipgrid. First, teachers viewed the reflection tool
as an opportunity to engage all students. For example, Helen
frequently described her class in terms of varying student skills
and needs in her interview. She framed her students in different
groups—those who may be more comfortable exploring and
those who may need additional encouragement and support.
The teachers reportedly adopted Flipgrid to invite all students
to share about their programming progress.

Second, teachers adopted the tool as a reinforcement mech-
anism. The teachers expressed the belief that students learned
more effectively if teachers could slow down on certain
parts of the lessons and gave students time to reflect and
practice. This theme particularly stands out in Helen’s and
Juanita’s classes, which have a high number of ELs and special
education students. Both teachers referred to going at the pace



that accommodates students with particular needs.
Third, teachers used the tool as a formative assessment to

understand potential changes in student learning. Mapping stu-
dent reflections to their programming projects provided teach-
ers an opportunity to quickly evaluate the learning progress
of the whole class, and adjust their instruction accordingly.
Juanita alluded to differentiating instruction:

You have a span - Special Ed students who need
more time to process and students who run and are
ready to go. What I’m finding is that I can’t get to
them all, and now that I know what they can do, I
can push these kids to go higher and deeper.

Traditionally Juanita was used to working in small groups
with special education students. Her reflection following the
first use of Flipgrid reflected her hope to use the tool to assess
students’ CS understanding and language use simultaneously
at the whole class level. She further noted in her interview
that reflective tools such as Flipgrid could be a means to de-
rive personalized instruction to accommodate different needs.
Helen shared this vision, claiming that the reflection could
show her ”a side of students I have not seen before”.

3) Instructional Strategies – Reinforcement & Multiple Rep-
resentations: Analyses of classroom observation notes helped
clarify how teachers’ pedagogical strategies overlapped and
diverged to adapt to specific classroom needs. All teachers em-
ployed explicit instruction, including reviewing prior knowl-
edge and modeling tasks, before moving toward student-driven
practices. The instructional routine was largely similar across
the three classrooms across lessons. The teachers started the
lessons by explaining the CS concepts, vocabulary, and tasks
of the day. A common strategy to review content knowledge
is to bridge students’ background knowledge in other subjects
with the new CS content. For example, teachers connected the
concept of an “algorithm” to step-by-step algorithms in Math,
or computer “events” to “events” in stories. Next, teachers pro-
vided step-by-step instruction before letting students explore
coding individually or in pair for more than half of the lessons.

However, teachers employed different focus on language
and representation. The teachers who identified special educa-
tion and ELs as a focal point of instruction during interviews
tended to clarify new vocabulary and symbols and repeat these
vocabulary words and concepts more frequently. For Helen, it
was connecting the visual representations with the CS concepts
in printouts for students to refer to throughout the lessons.
For Juanita, it was a routine of introducing the vocabulary
with visual illustrations and definitions in the beginning of the
lesson. The visual demonstrations of the vocabulary were put
up in the Technology corner, accumulating into a display of
new vocabulary and concepts over time. Juanita also pointed
to these images to spot-check with students about the newly
acquired vocabulary throughout the lessons.

Additionally, teachers differentiated task expectations to
accommodate students’ varied abilities. One example is the
extent to which teachers encouraged students to use the lan-
guage frames from the curriculum to explain CS concepts. All
three teachers printed out the language frames and reminded

Fig. 1. Teacher Noticing. Colored boxes indicate occurrences of codes. 1 &
2 denote teacher noticing at the first and second design meeting.

students to use them during whole-class, group, and pair
discussions. However, their expectations for students’ usage
of the frames differed, with teachers in classes with special
education and ELs providing more explicit scaffolds and
reinforcements of how students could practice the language.
Helen and Juanita particularly designated the specific levels
of language that they would like students to use, and gave
example student responses based on this designated baseline.

In sum, although employing quite similar representation and
representation strategies, teachers adjusted these strategies to
classroom needs. The two teachers who focused on learners
with special needs and ELs particularly emphasized using the
reflection tool to reinforce CS concepts and vocabulary, as well
as assess students.

B. Teacher Noticing & Instructional Revision

The variation in pedagogical goals and approaches may also
influence how teachers employed Flipgrid to improve CS in-
struction. We document teachers’ reactions to students’ video
reflections at the two design meetings, particularly the object,
level, and depth of their noticing. We highlight how their
noticing of students’ CS vocabulary and concepts shifted over
time and informed insights for instructional improvements.
Fig. 1 provides an overview of teachers’ varied noticing.

1) First iteration: Focus on Vocabulary. Teachers mostly fo-
cused on students’ vocabulary use, rather than CS concept (i.e.,
algorithm, abstraction) in the first design meeting. Juanita, for
example, was baffled when pointing out that she did not see
any of the vocabulary they were teaching in student reflections.
Teachers commented that students were using a range of
everyday language to describe their projects, but were not yet
using the target vocabulary.

Whole-class versus Individuals. In addition, pedagogical vi-
sions influenced the level (whole-class versus individual stu-
dents) that teachers identified with student data. The level
of noticing in the interviews revealed important insights into
how teachers anchored their goals and problems of practice.
Consider teachers’ reactions to student videos:

Ellen: You could see some of them using the vocab-
ulary but they got carried away with the acting.
Juanita: You know, even though we get around, we
don’t get around to every single one. I am looking at
Natalie. I had to go see her stuff because she looked



a little lost. Very quiet. Very compliant. It doesn’t
mean that she doesn’t need help on it.

Whereas Ellen made global comments about her students’
presentation and vocabulary as a class, Helen and Juanita an-
chored their answers in specific students who they considered
as needing the most attention and showing the most critical
changes. For example, Juanita wanted to see how her more
”quiet, compliant” students interacted with the codes. These
insights overlapped with the teachers’ anchoring in individual
cases when reflecting on lesson planning and tool adoption.

Descriptive, not yet Focused Elaboration. The depth of teachers’
noticing pertains to the extent to which teachers provide inter-
pretive comments of students’ learning patterns, and propose
alternative strategies. After commenting on students’ vocab-
ulary, two of the teachers immediately brainstormed ways to
increase the use of the target vocabulary. Juanita pointed out
that students’ limited usage of CS vocabulary in the first set of
videos may result from the open-ended nature of the task and
not the lesson or teaching style. Upon this realization, Ellen
and Helen co-planned and proposed instructional changes.
For assessment, they incorporated the vocabulary into their
assignment, reminding students to use words like “algorithm”,
“parallel”, or “initialization”. For instruction, following the
first design meeting, teachers explicitly taught the vocabulary
and reinforced it regularly. Helen, for example, created her
own vocabulary printouts, with visual illustrations and defi-
nitions, and handed these out to her students so they could
follow throughout the lessons.

2) Second Iteration: Shift towards CS Concepts & Student
Everyday Sensemaking. There appears to be a shift in teacher
noticing of CS vocabulary and concepts. In the first design
meeting, teachers focused more on seeing whether students
employed the target vocabulary. In the second meeting, teach-
ers still attended to students’ vocabulary use, but with an
increasing focus on precision. Consider the following reactions
in the second design meeting after teachers watched a Flipgrid
response, where a student was describing his project while
explaining the programming concept “parallelism”. Part of the
student’s video stated:

What I learned from my classmates’ about me is
that I could have multiple backgrounds, multiple
sprites, and multiple parallelism in each step. So for
example, let’s say I have a parallelism for when I
press M and it will move to x 25 y -15 and the
background will change as well when I click M.

In response, Juanita noticed that “He called them back-
grounds and not stages, sometimes kids say ‘it won’t move’
and they are referring to the sprites, not the stages”, and
Ellen commented on the specificity of his description and
the use of the target concept, “parallelism”. In this instance,
Juanita and Ellen were attending to the specific vocabulary
(“stage”, “background”, “parallel”) in student talk. However,
their comments also suggested evaluation of how correctly
the student was using the vocabulary and the extent to which
vocabulary usage was related to conceptual understanding.

In addition, there appeared to be a shift in vocabulary
goals. When seeing that the number of CS vocabulary did not
increase substantially from the first to the second unit, Juanita
reasoned that it was ”natural for kids this age to use their
everyday language”, and that despite the limited vocabulary,
she saw the values in students’ talking about code in relation
to their personal experiences. The teacher had moved from
noticing specific vocabulary to student everyday language and
how they used this language to talk about their codes.

Anchored Noticing Levels. The teachers continued to anchor
their responses on their instructional focus on student engage-
ment. Helen, for example, directed her attention to a special
education student she had been following closely. The student
demonstrated emerging use of CS vocabulary and concepts
(e.g., sprite, set size) when explaining his Scratch project. Part
of his response states ”This is the fish. You click on sprite.
Right there. And fish 5 escape by 25% size for one second”.
After watching the video, Helen did not emphasize the content
of the talk as much as the fact that the student was engaging.

There’s a personality thing. I have a student who
struggles a lot with panic attacks. He has many la-
belled needs. We’re at a pace when we’re going a lot
more than he could handle. And he has meltdowns.
And in this Flipgrid just about himself he’s like the
happiest kid. And he is just talking and talking.

Deeper Elaboration toward Instructional Practices. Although
primarily descriptive (such as Helen’s response above), the
elaboration in some teachers’ comments has moved from
general (e.g., ”Students did great”) to specific instances of
student display of CS vocabulary and concepts. The depth
of elaboration has developed from basic—forming general
impressions without grounding observations in evidence, to
mixed—providing interpretative statements of student learn-
ing. For example, Helen and Juanita stated that they wanted
to embed the reflection activities early in the next iteration of
the curriculum, based on how deeply engaged students were
with the reflections. The teachers indicated that the reflections
would provide an early assessment of students’ CS understand-
ing, as well as an opportunity to invite students to practice
disciplinary language both individually and collaboratively.
Although their suggestions imply pedagogical strategies, their
proposals did not directly draw from specific evidence of
student learning, and thus are not yet at the focused level.

VI. DISCUSSION

A. Pedagogical Visions & Knowledge Influence What and
How Teacher Notice

The design meetings and interviews provided teachers the
opportunity to make sense of students’ demonstration of CS
vocabulary and conceptual understanding through reflections.
In general, teachers were able to notice students’ use of
vocabulary and CS concepts, although they tended to attend
to students’ vocabulary in greater details than conceptual
understanding. Within noticing of vocabulary, there was a shift
in focus from the target CS vocabulary to everyday language.



A possible explanation is because teachers did not receive
formal training in CS education, they more comfortably drew
on a familiar domain (i.e., vocabulary and strategies for
language development). As teachers gained more experiences
with the CS curriculum, they began to notice the curricu-
lum’s conceptual focus and the multiple types of discourse–
both everyday sensemaking and CS vocabulary—-that students
employ to present their understanding. Attention to students’
use of both everyday and disciplinary language to express
students’ sensemaking has been called for in science, math,
and increasingly in CS [11], [13], [22], [26]. More structure for
professional development should be implemented to support
teachers in learning to notice the details of student computa-
tional thinking—-to learn to identify how they are reasoning
and connecting concepts, rather than just vocabulary.

Analyses also revealed the nuances in teachers’ levels of
noticing. Even though Ellen and Helen taught at the same
school with the same materials, Helen, who consistently
related her classroom experiences and pedagogical strategies
to specific student populations, appeared to anchor noticing
in individual student cases. Having a stronger impression
of individual and student pairs engaging in CS discussion,
Helen wanted to foster these activities in her next iteration
of the curriculum. This is an encouraging sign that student
reflection provided a basis for teachers to gather evidence of
their learning and derive strategies [3].

B. Align Tools with Teachers Beliefs to Promote Use

We seek to understand the characteristics of teachers who
voluntary adopted reflective pedagogical tools to assess stu-
dents’ CS vocabulary and understanding of concepts. An over-
arching finding was the teachers’ internalization as learners
alongside their students. This aligned with prior frameworks
on teachers’ technology learning and adoption trajectory [23].
This framework posits that teachers move from being “learn-
ers” who acquire the knowledge and skills to perform tasks to
“adopters” that experiment with the tasks in their classrooms.
After gaining an understanding of task management, teachers
become “co-learners” with more focus on the relationship
between the curriculum and technology. While teachers in
this study have consistently positioned themselves as learners
of the curriculum, in testing out tools such as Flipgrid in
their classrooms and developing instructional strategies for
improvement, they shifted to “adopters” and “reaffirmers”,
increasingly gaining agency over the tool and curriculum.

Tool adoption was also associated with specific pedagogical
goals. The tool appears to match with the three teachers’
tendency to employ reinforcement and multiple representa-
tions. The reflection on pedagogical goals and strategies from
Juanita, Helen, and Ellen reveals their perceptions of learning
and teaching in terms of students’ own experiences and
knowledge base, and their willingness to adopt technology-
mediated experiences to help students learn CS in their own
terms. Prior research states that technology whose affordances
align with a teacher’s pedagogical styles is more likely to be
positively received and employed [19].

C. Implications & Future Work

Findings from this study have implications for developing
reflection tools in CS curriculum and supporting teachers’ use
of those tools. First, we found that teachers with different
classroom contexts chose to adapt the reflection activity for an
array of purposes. The tool fosters values (i.e., multiple forms
of student engagement and formative assessment) that teachers
identified with. A practical implication for broader uptake of
CS curricular initiatives is to frame them in terms of shared
values with teachers–such as promoting student reflective
voice. Our experience shows that aligned pedagogical visions
can promote positive reception from teachers who are not yet
familiar with CS discipline and instructional tools.

Second, pedagogical stances and content knowledge influ-
enced teachers’ interpretation of student reflections. In par-
ticular, teachers tended to attend more to student vocabulary
than conceptual understanding. A direction for future work
is to create opportunities for teachers to develop more fo-
cused noticing of students’ CS practices, beyond counts of
vocabulary. Emerging models for teacher learning in CS edu-
cation include instructional coaching [15], credential programs
[10], and sustained professional learning communities [12]. A
recent evaluation of CS coaching models indicates that co-
planning and co-teaching are critical to providing support to
teachers [15]. We are exploring the systematic integration of
student reflection and programming artifact in design cycles
with teachers to better understand how to guide teachers
towards instructional decisions based on their insights. Co-
planning models such as the case of Ellen and Helen may
also encourage teachers to converse about student learning
and propose instructional changes. Our future work will also
examine the potential differences in teachers’ noticing when
they are reflecting in group (this study) or individually.

Third, teachers used insights from student responses to
propose instructional modifications, particularly to employ
more scaffolds, diversify grouping strategies, and embed the
tool as a formative assessment early in the school year. Future
work can leverage teachers’ insights to adapt tool use to
classroom contexts and track the impact of instructional ad-
justments on student learning and teacher noticing. Following
larger samples of teachers with different experience may yield
valuable information about a broader range of pedagogical
stances, strategies, and noticing in computing education.

D. Limitations

Findings from this study should be interpreted in light of
several limitations. First, the small sample size limits the
findings’ generalizability. Second, because the teachers were
experiencing other aspects of the CS curriculum between
the first iteration of the tool and the second design meet-
ings/teacher interviews, other factors may have influenced how
teachers came to analyze instruction and develop pedagogical
strategies. Third, the individual interviews and design meetings
prompted teachers to reflect in retrospect, and thus may not
have fully captured their in-the-moment noticing of students’
learning as they were watching the video reflections.



VII. CONCLUSION

This cross-case analysis reveals the characteristics of teacher
adopters of a reflective pedagogical tool to reinforce CS vocab-
ulary and concepts in elementary grades. Findings from this
study reveal the affordances of using student video reflection
on their programming projects as a form of authentic assess-
ment, reinforcement, engagement, and facilitator of teacher
noticing for instructional improvements. These insights are
crucial in light of expanding computing education initiatives
in K-12 education [13], [15], [16], accompanied by the need
for professional development to prepare teachers who may not
have been formally exposed to computing education.
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Abstract—Because African American women represent a 

vastly underrepresented population in the field of computing 

(i.e., 1% of bachelor’s degrees awarded to African American 

women in 2018), multiple approaches have been utilized to 

increase the representation of African American women in the 

computing pipeline. However, strategies to recruit and retain 

African American women in computing emphasize mentorship 

in educational settings, ignoring the significance of familial 

influences in African American women’s decision to pursue a 

degree in computing or how this impacts their ability to 

successfully navigate the computing pipeline. Furthermore, 

familial influences represent one form of social capital that can 

be leveraged to gain access to opportunities in computing. In this 

exploratory study, we investigate the role of family members 

and the family values that influence African American women’s 

decision to pursue computing as a preferred field of study and a 

viable career option. Leveraging Black Feminist Thought as a 

critical framework, we interview 34 African American women 

in various stages of the computing pipeline to explore their lived 

experiences. Qualitative analysis reveals that families play a 

pivotal role in African American women’s persistence in 

computing in six crucial ways:  1) early exposure and access to 

computing; 2) support for African American women’s self-

efficacy; 3) education as a family value; 4) career guidance and 

advice; 5) emotional support; and 6) family members as role 

models. We provide recommendations to leverage African 

American women’s strong ties with family members. 
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I. INTRODUCTION  

With the increasing job growth in the technological 
sector, recent statistics show a shortage of employees with the 
necessary education or job training to fill positions in the field 
of computing (e.g., Computer Science, Information 
Technology, Computer Engineering, etc.) [1], [2]. Having a 
more diverse group of skilled personnel regardless of race 
and gender increase likelihood of success in the global 
market[3]. The 2019 Taulbee Survey [4] reveals that only 1% 
of the 28,884 bachelor’s degrees in computing were awarded 
to African American women, a vastly underrepresented 
population in the field of computing. Recruiting more African 
American women to pursue computing as a career choice not 
only helps to address the shortage of competent employees, 
but also contributes towards a more inclusive culture in the 
field of computing.  

Current efforts to recruit and retain African American 
women in computing emphasize mentoring in educational 
settings. Examples of mentorship models include faculty 
members of the same race and/or same gender who serve as 
role models in computing departments, students of color 
campus organizations that provide safe havens from the 
oftentimes toxic, White male-dominated computing culture 
perpetuated on so many predominantly White institutions 
(PWIs) or cohorts of African American students who serve as 
an immediate network of emotional, cultural, and academic 

support at both PWIs and Historically Black Colleges & 
Universities (HBCUs) [2], [5]–[8]. However, none of these 
approaches explore the sociological factor of familial 
influences that impact African American women’s pursuit of 
and persistence in computing education. 

Persistence, one’s determination to complete required 
course work/curriculum to attain a degree [9], becomes a 
crucial predictor in women’s choice of majors and careers 
[10]. Prior research shows African American women in 
computing often struggle with persistence, resulting in 
decreased retention in computing [11]–[13]. Although 
multiple factors such as hostile computing departments and 
workplaces, gendered racism, lack of exposure, and access to 
computing education contribute to the underrepresentation of 
African-American women, persistence is crucial to their 
retention in the computing pipeline[5], [13]–[15]. Although 
the aforementioned mentorship models have served as 
strategies for increasing the recruitment and retention of 
African American women in computing, less is known about 
how relationships with family members and family values 
can provide another level of professional and emotional 
support that contributes to African American women’s 
persistence in computing. Given this dilemma, additional 
research is needed to develop an in-depth understanding of 
the lived experiences or personal journeys of African 
American women in computing, especially how they 
leverage their social capital to persist in computing.  

One’s ability to leverage social capital largely influences 
the level of success one can achieve [16]. In this paper, we 
examine African American women’s familial relationships— 
an example of bonding social capital—as a first step towards 
understanding how African American women in computing 
leverage their social capital to gain greater access to career 
opportunities in computing, including educational 
preparation and professional development. Bonding social 
capital indicates strong social ties with African American 
parents, siblings, spouse, and/or extended family members 
(aunts, uncles, grandparents, etc.), is based on trust, and 
negates the lack of visibility and the feelings of 
discouragement and isolation experienced by some African 
American women in the field of computing [13], [17], [18].  

Black Feminist Thought (BFT), a critical framework 
based upon the unique, intersectional experiences of women 
of African descent, positions African American women as 
experts of their lived experiences [19]. BFT encompasses all 
women of African descent (e.g., West Indian women, Afro 
Brazilian women, etc.) as being Black women intellectuals 
with a collective standpoint [19]. Consequently, in this paper, 
we leverage BFT as a methodology for invoking the personal 
experiences of 34 African American women in various stages 
of the computing pipeline (e.g., first-year graduate students, 
Ph.D. candidates, early career professionals, seasoned career 
professionals, assistant professor). Content analysis of the 34 



interviews reveal that African American families do indeed 
play a crucial role in African American women’s persistence 
in computing, especially when they encounter obstacles that 
would deter them from reaching their educational and/or 
career goals. Results from the data analysis reveal six 
effective strategies that African American family members 
employ to help their daughters, sisters and granddaughters 
prevail against the odds, thus leveraging the bonding social 
capital inherent in African American women’s social 
networks. 

The paper is structured as follows: First, we provide a 
cursory overview of BFT and the significance of social 
capital as a gateway to opportunities in the field of 
computing. Next, we provide a detailed outline of the 
methodology for conducting 34 semi-structured interviews, 
including the details for how we recruited African American 
women to participate in the interviews. Data analysis reveals 
patterns of emergent themes that surfaced in the content 
analysis, demonstrating a counter-narrative that shows that 
African American families do appreciate the wealth of 
opportunities available in the field of computing. Finally, we 
conclude with a short list of key takeaways for leveraging the 
bonding social capital inherent in the African American 
women’s social networks, takeaways that can significantly 
contribute to their persistence in computing. 

II. REVIEW OF RELATED WORK  

A. Black Feminist Epistemologies (BFEs) 

Within the field of education research, a range of 
epistemological frameworks, theories, methodologies, and 
methods have emerged to understand STEM+Computing 
learning, but much of that work has not centered Black girls 
[20]. Black Feminist Epistemologies (BFEs) are which 
concerned with writing Black women into existence, through 
their lived experiences with both oppression and resilience in 
all aspects of society, including education systems [19].  
Because Black women live at the intersection of, at a 
minimum, race and gender, Black women face intersectional 
subordination, not only in their everyday lives, but also in 
STEM+C contexts [21], BFEs help interpret Black girls’ and 
women’s lived experiences in computing contexts because 
these contexts illuminate the White supremacy, White logics, 
and patriarchy upon which these spaces were built 
historically and remain contemporarily [13].  For this work, 
we’ll explore two such epistemologies: Intersectionality and 
Black Feminist Thought. 

1) Intersectionality 

  Collins and Bilge [20] describe Intersectionality as “a 
way of understanding and analyzing the complexity in the 
world, in people, and in human experiences.” Informed by 
Critical Race Theory [22], Intersectionality posits that social 
inequality in societies rarely emerges from one social 
division, but rather at the intersection of people’s identities 
and the ways those identities simultaneously interact with 
systems of oppression [22]. Intersectionality can be leveraged 
as an analytic tool when the research aim is to problematize 
extant de-contextualized narratives related to discrimination 
that people experience. As a result, issues that are specific to 
Black women often remain unaddressed or “subordinated 
within racial- or gender-focused movements. 
Intersectionality examines how power relations are 
intertwined and mutually constructing”[2]. Although the term 
Intersectionality was coined by Kimberle Crenshaw [21],[22] 

and her work focused on the discrimination of Black women 
in the legal system, intersectional work towards social justice 
for women of color dates back to the 19th century [25]. 
Collins and Bilge point out that the organization of power in 
our society can be examined through four distinctive lenses, 
including interpersonal, disciplinary, cultural, and structural 
[20]. Overall, intersectional analyses provide ways to 
illuminate the structure of social inequality as an interlocking 
system of oppression for Black and other women of color. 
(ibid), suggesting single-axes analyses (i.e., race or gender) 
as insufficient.  

2) Black Feminist Thought (BFT) 

Black Feminist Thought (BFT) argues that women of 
African descent from all walks of life (the ordinary, the 
educated, the illiterate, the young, the old, etc.) must define 
their own self-worth, espouse their relationships to other 
Black women and speak their truth [13]. It also argues that 
the experience of being a Black woman cannot be understood 
independently in terms of being Black and of being female, 
since Black women experience race and gender 
simultaneously (ibid). BFT encompasses all women of 
African descent (African American women, West Indian 
women, Afro Brazilian women, Black Puerto Rican women, 
Haitian women, etc.) as being Black women intellectuals with 
a collective, distinctive, and unique standpoint that comes 
from living as Black women (ibid).  

B. Non-Technological Influences on Black Girls and 
Women In computing 

The parent-child dyad is significant because it is one of 
the most influential, relevant, and meaningful relationships in 
an individual’s life [26]. Vygotsky introduced the idea of 
social interaction with parents helping kids gain knowledge 
and cultural practices [27]. Previous research has illustrated 
how families play a significant role in keeping Black girls and 
women’s interest in STEM+C pathways [13], [28].  
Additionally, previous research has illustrated the importance 
of faith, family, and mentorship from mentors both inside as 
well as outside of the field of computing in helping Black 
women to persist personally, academically, and 
professionally [13], [29].  However, more research is needed 
to understand these influences and their impact on Black girls 
and women in computing.  This is particularly true if colleges, 
universities, and other organizations who say they are 
committed to diversity and inclusion in computing really 
want to better support Black girls and women to not just 
persist, but to thrive and succeed within their organizations. 

C. Bonding Social Capital 

Social capital becomes useful for gaining access to 
education/training and exploring job opportunities, thus 
contributing to economic growth and career development 
[30]–[32]. Lack of social connections can limit one’s ability 
to attain resources to overcome obstacles or resolve problems 
[30], [33]. Within the field of computing, social capital 
represents just one of the factors that has serious implications 
for upward career mobility. Thus, one can expect social 
capital to play a pivotal role in Black women’s ability to 
persist in computing. 

Social interactions (e.g., talking on the phone, sending 
text messages, eating lunch with friends) occur on multiple 
levels and can be characterized based on frequency, quality 
and mode of communication. Social capital refers to how 
these social interactions support the sharing of information 



with others, engender a sense of trust (or lack thereof), and 
afford opportunities to help others whenever possible 
(reciprocity) [16],[18],[32]. Additionally, social capital relies 
on the value of connections between an individual and others 
(people, institutions, professional organizations, etc.). As 
such, evaluation of one’s social network reveals both strong 
ties (bonding social capital attributed to close connections 
with family and friends) and weak ties (bridging social capital 
that connects people across lines of race, age, class, and 
ethnicity).  

Because strong ties are typically established with close 
family and friends, these social connections offer emotional 
support and are more likely to be within a homogenous group 
(i.e., same race, similar age range, same class) [16],[30], [32]. 
In contrast, weak ties are more likely to be established with 
distant friends, acquaintances, or strangers [30]. Weak ties 
provide exposure to new people, new information, new ideas 
and new opportunities [17],[18],[32],[34],[35]. Cultivating 
both bonding and bridging ties demonstrates high social 
capital whereas the lack of bonding or bridging ties can 
contribute to low social capital [18], [34]. Though both strong 
and weak ties are equally important, we focus on strong ties 
with family members or bonding social capital. 

 
The culture of computing has proven to be a hostile 

environment for women, and even more so for women of 
color [2], [12],[13],[36]–[38]. As such, women of color seek 
counterspaces or safe social spaces from the White male-
dominated culture associated with computing, one that 
devalues African American women and renders them 
invisible[6],[12]. For example, one African American woman 
enrolled in a computing course revealed that she experienced 
fear whenever the teacher instructed students to pick a partner 
because her male peers were reluctant to work with her and 
sometimes outright rejected her [12]. African American 
women often described themselves as “being the only one,” 
thus experiencing feelings of isolation [13]. These examples 
indicate low social capital or weak bridging ties. However, 
strong bonding social capital can alleviate symptoms of weak 
bridging ties, reaffirming African American women’s sense 
of self-worth and determination to succeed in the field of 
computing. As evidence of bonding social capital, Black 
women credited strong relationships with their fathers as 
influential in increasing their self-efficacy and self-esteem, 
inoculating them from microaggressions they experienced 
from computing faculty and peers [13]. These testimonies 
have only begun to scratch the surface as it pertains to 
understanding the characteristics of the social networks of 
Black women in computing and the social factors that inhibit 
their ability navigate the computing pipeline. As such, we 
seek African American women in various stages of the 
computing pipeline, imploring them to share personal 
information about social networks, specifically their familial 
experiences in the context of navigating the “leaky” 
computing pipeline [6]. 

III. METHOD 

A. Participants & Setting 

We employed the snowball sampling method [25] to gain 

access to African American women in computing who were 

willing to share their lived experiences. Initially, four African 

Americna women agreed to participate in an interview. After 

completing the interview, each participant recommended we 

contact one or two African American women they knew to 

participate in the interviews. This helped us to recruit a total 

of 34 African American women in various stages of the 

computing pipeline. Participants’ status is as follows: a) 6% 

(2 out of 34) assistant professors; b) 23% (8 out of 34) 

graduate students; and c) 71% (24 out of 34) career 

professionals. One co-author conducted each interview. All 

34 interviewers were conducted over a period of 10 weeks. 

B. Procedure 

Once a participant agreed to do the interview and signed 
the IRB consent form, the interview was scheduled at a time 
convenient for the participant. Each semi-structured 
interview was conducted via Google Hangout for a duration 
of approximately 45 minutes to 1 hour. The interviewer asked 
a series of questions about self-identity, educational 
background, social support, experiences at work or during the 
study as African American women, the process took them 
reaching the current status, their motivations, and future 
career aspirations. Participation in this study was strictly 
voluntary and participants could cease participating in the 
interview at any time. Upon completion of the interview, each 
participant was asked to recommend 1-2 African American 
women in computing that she knew and only provide their 
contact information after she received their permission to be 
contacted by the researcher to schedule an interview. 
Participants received compensation for completing the 
interview.  

C. Data collection and analysis 

Each semi-structured interview was audio-recorded and 
transcribed for data analysis purposes. Two researchers 
identify themselves as African American women in 
computing and leverage their positions within society to 
conduct the qualitative analysis [39]. In the first phase of data 
analysis, all 34 transcripts were imported into NVivo-12. 
Two researchers coded a small subset of the interviews to 
identify an initial set of 50 unique emergent themes (i.e., a 
family member suggests student change major to computer 
science, dad encourages participant to major in computing, 
etc.)  related to familial influences. Similar emergent themes 
were collapsed into categories and all duplicates removed to 
reflect 10 categories of emergent themes. These initial 10 
categories served as the basis of the codebook. Then, the 
researchers met repeatedly to compare and discuss the 
identification of categories of emergent themes before 
resolving differences to achieve an interrater-reliability of 
85%. In the third phase, the two researchers individually 
coded the remaining interviews. Finally, two researchers met 
to discuss differences and collapse similar emergent themes 
into six distinctive categories: 1) exposure and access to 
computing; 2) support for self-efficacy; 3) education as a 
family value; 4) resource for career guidance & advice; 5) 
emotional support; and 6) family members as role models. 

IV. FINDINGS  

It is critical that individuals have access to a system of 
support when seeking help [40]. Support for the case of 
women in computing comes in many different forms, 
including encouragement to pursue educational 
opportunities, assistance with employment opportunities, 
financial support and parental support [41]. In this study, 59% 
of participants (20 women) talk about their familial 
influences that positively influenced their ability to persist in 
computing. These influences include: 1) exposure and access 
to computing, 2) support for self-efficacy, 3) education as a 



family value, 4) resource for Career Guidance & Advice, 5) 
emotional support, 6) family members as role models. 

A. Exposure and access to computing 

Lack of exposure to a major—through course taking and 
preparation before college—is one of the reasons women are 
underrepresented in STEM courses [42]. Therefore, it is 
important to facilitate ways that female students learn about 
computing before college. P31 says: 

“I got interested in computing in – really like in high 

school. When I was younger, my parents were always 

putting me in engineering camps and stuff, and my dad 

worked in IT stuff.”  

P31 highlights the important role of African American 
parents in exposing their children to computing education and 
providing access to pre-college opportunities such as after-
school classes, extracurricular activities, and summer camps.  

Further exposure can be facilitated by encouraging 
African American girls to “look under the hood” to learn how 
technological devices work or to repair them [41].  
Brickhouse and Potter discuss how they found a relation 
between being successful in computing and being exposed to 
masculine culture of computing by a father of African 
American girl that they studied [43]. P 30 says:  

“I – it started when I was like six, seven. My dad gave me 
my first laptop. (laughs) It had no internet, so I had to find 
other things to make it interesting... I started learning how 
to replace the screens, and then it was said and done from 
then on.”  

Her father’s decision for giving her a laptop led her to 

explore the hardware and learn how to repair the laptop 

screen. These hands-on experiences made her pursuing a 

degree and ultimately a career in computing. Although early 

exposure can make students to learn more about the 

computing and join the formal education, we learned “never 

is too late” to join computing. P27 was an architect which 

joined computing after she was exposed to computing with 

her brother’s work. She says:  

“My brother is actually in computer science…I was 
uninformed about what computer science was. So he was 
doing a lot of side projects on nights and weekends, and 
he was like, hey, I don't know how to build web 
applications, could you help me out, you know, you could 
use some of the design skills that you've picked up from 
just your years in architecture and doing a lot of graphic 
presentation, and I was like, sure, you know, I'll sit down 
and figure it out.” 

B. Support for self-efficacy 

Self-efficacy is defined as an individual’s belief that s/he 
can successfully execute a task or behavior for producing a 
specific outcome [44]. Although self-efficacy is addressed as 
an intrinsic motivation for success and persistence in study 
and work [9], [44] close ties with family members and friends 
can increase one’s self-efficacy. In the study of career 
development of African American women, Pearson and 
Bieschke found verbal persuasion, receiving encouragement 
and support from family increased African American 
women’s self-efficacy [45]. Participant 29 confirms this 
behavior:  

“I have my family, whose response is just like, you can do 

it, you can do it. I'm just like, yeah, you all say that but 

you all are…I can't really do; it's not as simple as it 

sounds. Like, I hear you all, but no, it's not that simple. 

(laughs) But I have a good – I do have a good support 

system.”  

Though the participant was doubtful about her ability to 
persevere, her family expressed confidence in her ability to 
do the work and bolstering her self-efficacy. Consequently, 
she graduated with a graduate degree in CS and was hired as 
a computing professional in one of the government agencies.  

In another example, P14 talked about how her family 
encouraged her to overcome the challenges she faced as a 
graduate student at a PWI. 

“I also think, you know, having family support, so your 
family, just being able to encourage you even when, you 
know, you feel like you’re not doing good, and their support 
was really helpful...Having a good – a family that is there for 
you and very supportive.”  

Graduate school is not an easy endeavor for most 
students, regardless of race or gender. Going through this 
process is what caused these African American women to 
question their ability to succeed. However, both women apply 
family affirmations as a strategy for enhancement of their 
self-efficacy and to overcome the challenges associated with 
graduate school. 

C. Education as a family value 

Family expectations can influence on African American 
women education. Parents’ focus on the importance of 
education from the early ages, drives students to perform 
better and persist in the college [46]. African American 
families who are interested to send their children to college 
and need their children to be persistent need to establish some 
expectations of obtaining postsecondary education from the 
early ages [46]. We also see the same pattern in case of our 
participants. Like P2 says: 

“When I was younger, my dad always encouraged us to 

concentrate on our education, everything else is a 

distraction, that kind of thing, and me and all my siblings 

have kind of attributed our life to that, essentially...my 

dad kind of imprinted that on us when – from the time we 

were kids until we were adults.” 

In a study of career development of African American 
women, the authors found: the most salient value that family 
emphasized was education within the familial unit [45] which 
in our investigation also stand out. P33 states: 

“My sister has her master’s, and like my mom just pushes 

education a lot…education is really important to our 

family.”  

Additionally, P26 says: 

“Well, education is, like, really important in my family, so it 

was kind of an unsaid thing that everyone kind of goes to grad 

school.” 

These testimonies exemplify how parents and siblings 
espouse a higher education, thus encouraging African 
American women to progress further down the computing 
pipeline. For some African American families, there is the 



expectation that their daughters or sisters will attain an 
advanced degree in their respected fields.   

D. Resource for Career Guidance & Advice 

Family members play a significant role in helping 
students to choose the right major for their undergraduate 
degree [47]. African American adolescents choose careers 
that are more inclined with their parents’ desires and are more 
engaged with collective career decision making [48]. In this 
study, some participants involve their parents in the process 
of choosing a major. For example, P30 says: 

“I was talking to my dad and he was like, well, you always 

liked taking apart computers. Why don’t you try that, and 

I was like, okay, you know, and as soon as I started I 

realized how much I loved it, and how I could pursue my 

kind of creative problem-solving skills to change and alter 

technology and create programs and stuff” 

In the case of P17, she says: 

“My dad... comes to me and he tells me – it’s like my 

senior year in high school and he’s like, yeah, you know, 

this is the number one paying job in the US right now. So 

he gives me this newspaper article and it’s this – it’s a 

white woman who is a system programmer, and she – they 

did this article on her and how she was in like the top job 

in the country at the time. And they said that she majored 

in computer science (laughs)”. 

This particular woman seeks guidance from her father, 
whom she trusts to provide good advice. Her father suggests 
computer science as a major because he is intimately 
acquainted with his daughter’s interests. Consequently, she 
selects computer science as her major, and the rest is her 
story. 

In some cases, individuals may initially choose one major 
before realizing that they do not like that major. In this 
instance, familial relationships serve as a reliable resource to 
guide African American women through the process of 
finding the best fit between self-interests and choice of major. 
P1 shares her mother’s influence in changing her major:  

“When I was younger. I always wanted to be a doctor. 
And then I took a biology class and I was like, yeah, this 
is not really for me. And so my mom suggested I try out 
computer science because she could tell just based off of 
like my analytical skills and just like how I liked being on 
the computer and stuff that I would like doing that more. 
And so when I went to Spelman, I tried it out and I really 
liked the classes then so I just stuck with it. So (laughs) I 
ended up doing it.”  

Family can be a source for important information about 
work [45], especially when African American women are 
working as professionals in the tech industry. For example, 
P7 admits that she seeks her mother’s advice about work 
issues:  

“…my mom didn't have a person in a similar situation to 
get advice from or to get feedback from and she moved on 
in her professional career, so it's a major benefit to me to 
have somebody that has been in my shoes before and 
navigated around in a male-dominated society and been 
able to excel. So it's nice to have somebody that's in a 
similar place that I can bounce ideas off of and just 
communicate with on a regular basis.”  

For this participant, her mother represents as a successful 
African American woman in the tech industry who has 
firsthand experience dealing with and overcoming the 
challenges that African-American women face in male-
dominated occupations. She is comfortable going to her 
mother for career advice which helps her to excel as a 
computing professional. 

In terms of recruitment efforts, African American women 
may not enter the computing pipeline using traditional 
pathways (e.g., bachelor’s degree in Information 
Technology), but are contemplating a much-desired career 
change. Sibling relationships can motivate African American 
women to consider computing as a viable career option. P27 
talks about how her brother encouraged her to make a career 
switch: 

“My brother is also in computer science… and he was 
like, hey, I don't know how to build web applications, 
could you help me out, , you could use some of the design 
skills that you've picked up from just your years in 
architecture and doing a lot of graphic presentation, and 
I was like, sure…, I'll figure it out. So, what I realized very 
quickly was that I – you know, my skills are mostly for 
print and the web is a totally different game. So, I had to 
start looking around to figure out how do I learn how to 
translate those skills from print to web.” 

Though P27 did not possess a bachelor's degree in 
computing, she transferred her architectural skills to the 
context of web design before eventually completing a 
computing boot camp and securing a position in industry. 

E. Emotional support 

Emotional support is an important factor which positively 
impact on students’ success in college[46]. Family members 
serve as the primary source of emotional support in the lives 
of African American college students, specifically mothers 
who provide encouragement and reassurance [46], [49]. P3 
shares that her parents offered her emotional support when 
she started college: 

“They were huge in terms of emotional support because I 
mean I felt like I was ready but it was still some emotional 
things that were going on. (laughs) It was a big culture 
shock and everything else.” 

P12 talked about her spouse’s emotional support.  

 “My husband … you know, the people that were in my 
outside academic space were also very important 
emotionally. And so you need to have that … space where you 
can go and kind of, you know…let you push real hard and 
help you get over the bumps and the bruises and stuff and so 
I think without that, a lot of people will struggle.” 

For this particular interviewee, her husband was 
instrument in her ability to attain her doctoral degree. This 
suggests that, for married African American women in 
computing, spouses can play an important role in their ability 
to persist in the computing pipeline. This is in agreement with 
Mc Gee et al.’s finding about the important role of significant 
others for motivating African American PhD students to 
complete their engineering doctoral degrees [50]. 

F. Family members as role models  

1) Role models external to the field of computing 



Families can be count as a source of inspiration and instill 
values that are critical for success in people's life. Therefore, 
mothers and other family members can be seen as role models 
and the source of inspiration in Black women's life. Basow 
and Howe [36] define role model as someone who influence 
student's life in their career choice. Role models may play 
more important role in women's life who are from the 
minority groups comparing to their male counterparts 
because this influence their self-efficacy indirectly[51].  

P4 talks about how her mother was an inspiration for her 
in terms of being a hard worker. she states:  

“From my mother, I’ve always learned to be a hard 
worker. My mother is also Afro-Latina. She grew up there 
in a tiny village like seven hours away from like the 
nearest town or city. And her story of how she got to 
America, how she got her bachelor's degree, how she 
became one of the most successful employee of... for the 
state of Texas, like her story makes me cry every time I 
tell it. And she’s just my biggest inspiration in the world.” 

The narrative P4’s mother of being strong and successful 
through difficulties in life pictured her as a source of 
inspiration and helped her to be persistent in her life.  

“But from her, I’ve learned how to work hard and what 
preparation means, and taking the opportunities that 
come to me. I’m so grateful to both of my parents for the 
lessons that they taught me. I’ve had so many 
opportunities because of them. But you can have all the 
opportunities in the world and still miss, still not be 
successful if you don’t work hard. And so the lessons that 
my mother instilled in me and the inspiration and the 
example that she set has always encouraged me to work 
hard and build upon everything that she’s created. So 
when I think about any success, I have to thank my mom.” 

2) Family members who are computing professionals 

One of the participants sees herself as an inspiration for 
her younger sister, as she joined CS recently.  

“I have a little sister who really, really looks up to me. 

She’s starting computer science at XXX this year, so this 

is her first year of undergrad. She’s starting computer 

science there, and I know like she really mitigates me. I 

know that there are so many people who depend on me 

and I just don’t want to let anybody down, and I know that 

like I’m not just doing this for me. Like I’m doing this for 

me. I’m doing this for my family.” 

V. DISCUSSION – RECOMMENDATIONS FOR THE FIELD 

These African American women’s lived experiences 
provide a counter-narrative to the misperceptions that African 
American families are totally oblivious to the career 
opportunities available in the field of computing. It is in 
contrast with the idea that African American families do not 
value computing as a viable career option, nor do they 
encourage their children to acquire 21st-century computing 
skills. This exploratory study demonstrates that the African 
American community has become more astute about the 
economic benefits attributed to computing professionals and 
seek educational opportunities that give their children early 
exposure and access to computing resources (i.e., attending 
summer camps where children learn how to code) [52], 
[53],[54]. Similar to Ellison et al.’s criticism of scholarly 
research that depicts African Americans as being apathetic 

about technology in this growing global economy, we caution 
those whose goal is to broaden participation in computing to 
seek authenticity in their research methodology [55]. Rather 
than relying solely on numerical data, researchers need to 
empower the voices of marginalized populations to capture 
the nuances of socio-cultural norms that are often 
misinterpreted by the dominant culture [20],[22]. These 
interviews reveal a different perspective of African American 
families, one that shows that their hopes and dreams for their 
children are the same as most parents – for their daughters or 
sisters to be successful and happy human beings. This is 
counter-narrative to prior work which portrays African 
American culture as being non-supportive of computing[56]. 
As such, the African American women in this study have 
strong bonding capital with parents and siblings who value 
computing. Consequently, they successfully navigate the 
computing ecosystem, turning to family members during 
challenging times or to get a second opinion about a 
professional dilemma.  

While prior efforts [57] have been utilized to recruit and 
retain African American women in computing, such efforts, 
more or less, have emphasized the development of students’ 
computational skills. We are not critical of these efforts as 
they have proven to be beneficial. However, a more holistic 
approach is required if the field of computing is to be more 
inclusive. Our recommendation is to apply a community-
based approach to recruiting efforts for grades K-12 since this 
approach would engage African American parents and 
children. For example, a tech-based company (or research 
lab) could partner with teachers and parents of a local high 
school, collecting survey responses about the kinds of games 
the parents played when they were younger and the kinds of 
games their children currently play. Then, the tech-based 
company could sponsor a game night at a local high school, 
invite parents and students, and hold a competition for the 
best parent-child gaming team after playing a series of “old 
school” and current games. Later during the school year, the 
organization could moderate a panel about opportunities in 
gaming and so forth. The point is that such an approach 
demonstrates an appreciation for the active role that African 
American parents play in their children’s education, 
including helping them to figure out which college to attend, 
which major to choose, and what career opportunities are 
available to them. In addition, it also creates an opportunity 
for African Americans to build and strengthen their bridging 
ties, those social connections that cut across race, gender, 
class, and age. It is the combination of strong and bridging 
bonding capital that will make a noticeable difference in 
increasing the recruitment and retention of African American 
women in the field of computing.   

Of course, given the small sample size of African 
American women who participated in these interviews, we 
dare not infer that what is true for this specific population of 
African American women holds true for all African American 
women. Just a BFT espouses a collective standpoint, it also 
supports divergent experiences [19]. This brings us to the 
second recommendation for the field—to conduct more 
authentic research of African American women (and other 
women of color) in computing, research that chronicles their 
successes and failures, the sociological factors that impact 
their ability to remain in the field, or in some cases, contribute 
to them deciding to leave the field. Without studying why 
some African American have left the field, we miss the 
opportunity to fix what is broken. This is why this particular 



paper only represents a first step towards understanding the 
significance of familial influences in the lives of African 
American women in computing. As an evolving discipline, 
the field of computing still has a long way to go to achieve 
diversity, inclusion and equity. 

VI. CONCLUSION 

Results from this study reveal that family members play a 
pivotal role in the persistence of African American women in 
computing. Parents become mentors who offer career advice 
to help their daughters succeed in male-dominated 
workplaces. They function as role-models and a source of 
inspiration for getting through tough times. Siblings who are 
computing professionals encourage their sisters to 
contemplate a career change, pushing them to take the risk of 
starting over the field of computing. African American family 
members stress the value of education from early ages and 
expect their children to go to college and even graduate 
school, providing both emotional and social support. The 
combination of these familial influences serves as positive 
mechanisms for countering factors that negatively impact 
African American women’s ability to persist in computing. 
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Abstract—The CS for All Movement is making great strides 
toward increasing access to quality computer science (CS) 
education, particularly for minoritized youth from communities 
historically underrepresented in computing fields. However, it can 
be both mentally and emotionally challenging to enter fields of 
expertise where people do not look like you, and where your 
culture and experiences are seen as foreign or "different." If we 
want to see students engaging with computing in their varying 
academic/career pathways, they must feel a sense of belonging and 
"rightful presence" in computing classrooms [1]. In an effort to 
prioritize students' voices and ideas about what matters most for 
their sense of belonging in CS, this study administered end-of-year 
surveys to 860 students across Advanced Placement Computer 
Science Principles classrooms in a large west coast urban school 
district serving majority low-income students of color. This study 
describes students' levels of engagement with CS, whether or not 
they identify as "computer science people," and the factors 
impacting their sense of belonging with the field. These findings 
will be important to consider when shaping both curricula and 
professional development opportunities geared at broadening 
participation in computing, by informing ways to support 
students' sense of belonging and engagement with computing.  

Keywords—Equity, K-12 education, Advanced Placement 
Computer Science Principles, Identity, Student Engagement 

I. INTRODUCTION 

The Computer Science for All Movement seeks to ensure 
that all students have access to high-quality, rigorous, and 
engaging computer science (CS) education. A focus on equity 
guides this effort, as parents, educators, researchers, 
administrators, and policymakers challenge the ways youth have 
had differential access to computing education based on 
race/ethnicity, gender, and socioeconomic status [2]. There is 
also a desire to diversify our highly segregated CS workforce: in 
2018, only 26% of the U.S.’s computing workforce was female, 
and of those women only 6% were Asian American, 3% African 
American, and 2% Latina [3]. Projecting forward in the U.S., 
there will be more computing jobs available than there will be 
Americans qualified to fill those positions [4]. And as the U.S. 
demographically moves toward becoming a majority-minority 
country, it would be problematic if the CS workforce creating 
the technological innovations impacting all our lives continues 
to represent only White and certain Asian males. As others have 
argued, diversity in the CS workforce is needed to not only 
ensure that innovations have equal positive impact across our 

 

 

diverse communities, but also so that a greater variety of 
solutions are shared to solve the future problems we cannot 
currently foresee [for example, 5, 6]. 

Of course, this CS for All Movement is fueled by more than 
a desire to prepare minoritized youth, who have been historically 
underrepresented in computing, for participating in the CS 
workforce. CS is valuable for all students to learn because of its 
potential to shape the futures of all fields. For many, there is a 
hope that youth can be instilled with an appreciation for 
computing and its problem-solving practices because it can 
inform the thinking and work students do across all areas of 
interest. Equity at the heart of the CS for All movement does not 
mean simply creating future computer scientists, but supporting 
all youth to be our communities’ future innovators and problem-
solvers in any personal pathway. 

Yet if we want to see students either pursuing CS or 
engaging computing in their own academic/career pathways, 
great shifts must happen in students’ sense of belonging and 
identity with computing beyond simply having access to 
learning CS. It can be mentally and emotionally challenging to 
enter a world where people do not look like you or where you 
do not feel like you “fit in.” This is especially true in STEM and 
CS classrooms where, historically, minoritized youth’s expertise 
and knowledge have been positioned as “different” and 
unwelcome while Eurocentric views of the world have been 
upheld as “correct” [7]. In such contexts, youth are often denied 
“rightful presence,” or “legitimate and legitimized membership 
in a classroom community because of who one is (not who one 
should be), where practices of that community support re-
structuring power dynamics towards more just ends through 
making both injustice and social change visible” [1, p. 5-8].  

In an effort to learn directly from youth about what it takes 
to feel a sense of “rightful presence” toward engaging and 
identifying with computing, this paper will explore how high 
school students—enrolled in Advanced Placement Computer 
Science Principles (AP CSP) across a large west coast district—
articulate what it means to be “computer science people.” 
Through the perspectives and words of high school students 
coming from communities historically underrepresented in CS, 
this paper shares what impacts their interest with computing, and 
how they do or do not identify with the field. 

We believe it is particularly important to hear from AP CSP 
contexts, because the number of historically underrepresented 
students enrolling in AP CSP (i.e., students of color, young 
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women, etc.) have been steadily increasing since the launch of 
the course in 2016-17. More specifically, in the state of 
California in 2018, for example, the percentage of girls enrolled 
in AP CSP was higher than in either introductory CS courses or 
AP CSA [8]. And while Latinx students are still under-
represented in AP CSP compared to their enrollment in public 
schools, they are participating in AP CSP at higher percentages 
than AP CSA [8]. There are no differences in passing rates 
between male and female students on the AP CSP exam, 
however more than 75% of White and Asian students pass the 
exam, compared to only 40% Latinx and 39% Black students 
[8]. While increasing enrollment of students of color is 
promising for AP CSP contexts, we still have much to learn from 
the students’ perspectives about their own sense of engagement 
and identity with computing when deciding to take and persist 
through the course. As such, this paper seeks to answer the 
following research questions: 

1) To what degree do minoritized youth feel engaged with 
computing in AP CSP classrooms, and how does this compare 
to their sense of belonging in the field of CS? 

a) Do minoritized youth coming from communities 
historically underrepresented in CS feel that they are, or can be 
“computer science people”? 

b) What characteristics/features of “computer science 
people” do minoritized youth believe they can or cannot 
identify with? 
 

Our exploration of student engagement and belonging is 
informed by research revealing how high school students often 
have misconceptions about what CS involves, and therefore 
choose not to pursue computing [9], but that after taking 
introductory CS courses such as Exploring Computer Science, 
they would recommend CS to friends because of its value to 
their futures and ability to achieve personal college/career goals 
[10]. Also, students’ motivation to pursue computing is 
particularly influenced by the encouragement they receive, 
especially for women and people of color [11]. Such research 
serves as a diving board into our exploration of how youth in 
this study described their own relationship to the field of CS. 

II. METHODS 

A. Student Surveys and School District Context 

Student surveys were administered online to 861 AP CSP 
students after completion of the AP CSP exam during the 2018-
19 school year in a large urban school district on US’s west 
coast. This district is 73.5% Latinx, 10.5% White, 8.2% Black, 
4.2% Asian, and ~80% of students receive free/reduced lunch. 

Surveys built upon validated questions created by the 
Outlier’s project surveying high school CS students [12], Haynie 
and Packman’s surveys for AP CSP students [13], and the 
BRAID initiative’s surveys for college CS students [14]. CS 
teachers and students from the district tested and provided 
feedback on the questions prior to administration. The survey 
covered background information (grade level, prior CS 
experience, etc.), self-rated knowledge level of AP CSP 
curricular topics, degree of CS interest, CS identification and 
belonging, beliefs about whether CS ability is innate or learned, 

CS alignment with educational and career goals, ideas for using 
CS in the world, and demographic information. We sought to 
understand students’ end-of-year perceptions of CS, while also 
trying to surface their voices about what matters most for their 
engagement, identity, and agency with computing. Likert-scale 
questions were rated on a 0-10 scale, where 0 corresponded with 
“strongly disagree,” 5 corresponded with “neither agree nor 
disagree,” and 10 corresponded with “strongly agree.”  

We analyzed all likert-scale questions using SPSS. Answers 
were separated by respondent’s race/ethnicity and gender. 
Racial/ethnic groups were all-inclusive, meaning if students 
were mixed-race, we counted those students in all the groups 
that they identified as. For example, an Asian-Latinx student’s 
answers counted in both the Asian and Latinx group analyses. 
We believe this was important to ensure that students were 
represented as they chose to be identified, rather than making 
assumptions about their primary race/ethnicity. In likert-scale 
analyses, responses of groups whose total numbers were less 
than 30 people were not included to prevent potentially skewing 
statistical analyses (specifically: non-binary/non-conforming, 
Indian/South Asian, Middle Eastern, and American Indian 
students). Students who did not mark a race/ethnicity or gender 
identity were also excluded from likert-scale analyses.  

Within each ethnic/racial group, we conducted independent 
two-sample t-tests to determine the statistical significance 
between male vs. female responses. We also explored the degree 
to which males vs. females varied around mean responses (by 
calculating the coefficient of variation), to ensure that p-values 
were not impacted by variance around the mean; there was little 
to no difference in the variation from the mean for males vs. 
females in the different groups for each question. Finally, we 
conducted an analysis of variance (ANOVA) to compare 
differences in responses between racial/ethnic groups. 

For open-ended questions, we used MaxQDA to analyze 
students’ explanations for why or why not they considered 
themselves “computer science people.” This was conducted 
through two rounds of coding. The first round of coding surfaced 
specific codes that fell into larger themes. For example, codes 
such as “likes computer science,” “likes programming,” and 
“likes technology” fell under the larger theme of “likes 
CS/technology.” This first round of coding helped identify 
potential “outliers” among students’ responses that did not fall 
under clear categories. In the second round of coding, we looked 
more closely within categories to identify shared meaning across 
answers, as well as which responses carried nuance that required 
further investigation. In particular, close attention was paid to 
responses in which students used words such as “but” or 
“however” that signified ways youth wanted to express their 
engagement with CS despite not identifying as CS people. 

III. FINDINGS 

A. Engagement with Computing – Overall Positive Ratings  

By the end of the 2019-20 school year, students from all 
racial/ethnic and gender groups had positive views of CS 
according to mean likert scores across statements such as “I like 
computer science” or “I think computer science is interesting.” 
ANOVA analyses of responses related to engagement/interest 
with computing showed no statistically significant differences 



based on race/ethnicity. However, there were statistically 
significant differences between females/males within 
racial/ethnic groups regarding degree of engagement.  

For example, while all student groups agreed with the 
statement “I like computer science,” Asian males agreed most 
(8.16 out of 10), with a statistically significant difference from 
Asian females (6.97; p-value = 0.001). Latino males also rated 
this statistically significantly higher than Latina females (7.82 
vs. 6.36, p-value < 0.001). There was no statistically significant 
difference in rating between males and females in other 
racial/ethnic groups (Blacks: 7.14 vs. 7.38; Whites: 7.69 vs. 
6.79, males vs. females respectively). It is important to 
understand that while there were differences along gender lines, 
average ratings were “agree” to “strongly agree” for all groups 
to the statement “I like computer science.” See Table I below. 

TABLE I.  STUDENTS AGREE THAT THEY LIKE COMPUTER SCIENCE 

Race / 
Ethnicity 

“I like computer science.” 

Gender Identity Mean Likert Score P-Value 

Latinx  
Male (n = 199) 

Female (n = 176) 
7.82 
6.64 

< 0.001 

Asian 
Male (n = 63) 

Female (n = 39) 
8.16 
6.97 

0.001 

White 
Male (n = 71) 

Female (n = 34) 
7.69 
6.79 

0.066 

Black 
Male (n = 28) 

Female (n = 21) 
7.14 
7.38 

0.719 

  

 For the statement, “I think computer science is interesting,” 
again, all students, on average, agreed. However, Asian males 
rated this statistically significantly higher than Asian females 
(8.43 vs. 7.15, p-value = 0.001), Latino males rated this 
statistically significantly higher than Latina females (8.15 vs. 
6.14, p-value < 0.000), and White males rated this statistically 
significantly higher than White females (8.11 vs 6.15, p-value = 
0.007). Latino and White males rated this question similarly to 
one another, challenging the notion that Latinx students are not 
as interested in CS as White students. There was no statistically 
significant difference between Black male and female students 
(males: 7.18 vs. females: 8.05), although Black females agreed 
more to this statement than Black males. See Table II below. 

TABLE II.  STUDENTS FIND COMPUTER SCIENCE INTERESTING 

Race / 
Ethnicity 

“I think computer science is interesting.” 

Gender Identity Mean Likert Score P-Value 

Latinx  
Male (n = 199) 

Female (n = 175) 
8.15 
6.86 

< 0.001 

Asian 
Male (n = 63) 

Female (n = 39) 
8.43 
7.15 

0.001 

White 
Male (n = 71) 

Female (n = 34) 
8.11 
6.85 

0.007 

Black 
Male (n = 28) 

Female (n = 21) 
7.18 
8.05 

0.220 

 

For another engagement statement, “I am interested in 
learning more computer science either on my own or in school,” 
similar trends persisted: Asian, Latino, and White males all rated 
this statistically significantly higher than their female 
counterparts (males vs. females respectively: Asian: 7.70 vs 
6.10, p-value = 0.001; Latinx: 7.16 vs 5.22; p-value < 0.000; 

White: 6.68 vs. 5.29, p-value = 0.030). Importantly, Latina and 
White females rated this more neutral than agree. Latino males 
agreed more with this statement than White males, although 
there was no statistical significance in difference. There was no 
statistical significance in difference between Black male and 
female responses (5.79 vs. 6.48), but females did rate this higher 
than males. See Table III below. 

TABLE III.  STUDENT DESIRE TO LEARN MORE COMPUTER SCIENCE 

Race / 
Ethnicity 

“I am interested in learning more computer science 
either on my own or in school.” 

Gender Identity Mean Likert Score P-Value 

Latinx  
Male (n = 199) 

Female (n = 174) 
7.16 
5.22 

< 0.001 

Asian 
Male (n = 63) 

Female (n = 39) 
7.75 
6.10 

0.001 

White 
Male (n = 71) 

Female (n = 34) 
6.54 
5.62 

0.123 

Black 
Male (n = 28) 

Female (n = 21) 
6.37 
6.76 

0.650 

B. Belonging in the Field of CS –Males vs. Females  

Students also rated agreement/disagreement to a series of 
statements related to sense of belonging in the field. Students 
were asked to consider whether they felt that people with their 
same racial/ethnic background or gender did CS, whether they 
felt they could become computer scientists, and whether they 
thought they would be accepted in the field if they chose to 
pursue it. There were statistically significant differences in 
opinion between males and females across all racial/ethnic 
groups, but ANOVA analyses revealed statistically significant 
differences for only one statement (between Latinx and Whites). 

 All student groups agreed that people of their race/ethnicity 
did CS. However, Asian females rated this statistically 
significantly lower than Asian males (females 6.76 vs. males 
7.70, p-value = 0.045). This statement resulted in the only 
statistically significant difference between racial/ethnic groups 
using ANOVA analyses, with Latinx students agreeing with this 
statement slightly less than White students (p-value = 0.006). 
See Table IV below. 

TABLE IV.  PERCEPTIONS OF RACE/ETHNICITY IN COMPUTER SCIENCE 

Race / 
Ethnicity 

People with my same racial/ethnic background do 
computer science. 

Gender Identity Mean Likert Score P-Value 

Latinx  
Male (n = 190) 

Female (n = 166) 
6.52 
6.24 

0.383 

Asian 
Male (n = 61) 

Female (n = 37) 
7.70 
6.76 

0.045 

White 
Male (n = 71) 

Female (n = 32) 
7.66 
7.16 

0.398 

Black 
Male (n = 26) 

Female (n = 20) 
6.31 
6.50 

0.834 

 

 Answers were more varied to the statement that people of 
one’s own gender do CS (Table V below). Both male and female 
Latinx students agreed with this statement, and had no 
statistically significant difference in response (males 7.16 vs. 
females 6.67). However, for White, Black, and Asian students, 
male vs. female agreement varied significantly. White males 
agreed that men do CS (8.15) whereas White females rated near 



neutral (5.94, p-value < 0.001). Similarly, Black males agreed 
that men do CS (8.46), but Black females agreed much less that 
women do CS (6.90, p-value = 0.033). Asian males agreed that 
men do CS (8.29), but Asian females barely agreed that women 
do CS (5.84, p-value < 0.001).  

TABLE V.  PERCEPTIONS OF GENDER IN COMPUTER SCIENCE 

Race / 
Ethnicity 

People with my same sex or gender do computer 
science. 

Gender Identity Mean Likert Score P-Value 

Latinx  
Male (n = 190) 

Female (n = 164) 
7.16 
6.67 

0.117 

Asian 
Male (n = 62) 

Female (n = 37) 
8.29 
5.84 

< 0.001 

White 
Male (n = 72) 

Female (n = 32) 
8.15 
5.94 

< 0.001 

Black 
Male (n = 26) 

Female (n = 20) 
8.46 
6.90 

0.033 

 

Interestingly, all students believed they could pursue CS if they 
wanted to, reflecting a sense of confidence in ability with CS 
(Table VI below). However, there were statistically significant 
differences between male vs. female agreement (with males 
agreeing more) among Latinx, White, and Asian students. Black 
males agreed almost the same amount as Black females. 

TABLE VI.  CONFIDENCE WITH COMPUTER SCIENCE 

Race / 
Ethnicity 

I have what it takes to become a computer scientist 
one day if I want to 

Gender Identity Mean Likert Score P-Value 

Latinx  
Male (n = 191) 

Female (n = 163) 
7.39 
6.58 

0.004 

Asian 
Male (n = 63) 

Female (n = 37) 
8.37 
6.30 

0.001 

White 
Male (n = 72) 

Female (n = 32) 
8.22 
6.38 

0.943 

Black 
Male (n = 26) 

Female (n = 20) 
7.46 
7.40 

< 0.001 

 

 Regarding sense of belonging in the field of CS if one were 
to pursue it, Asian and White females felt neutral to this 
statement (5.00 and 5.19 respectively). Latina females and Black 
males barely agreed with the statement (5.93 and 5.92 
respectively). Asian, White, and Latino males agreed with this 
statement with statistically significant differences within 
racial/ethnic groups between genders: Asian males (7.36, p-
value < 0.001); White males (7.92; p-value < 0.001); and Latino 
males (7.03; p-value < 0.001). Interestingly, Black females 
believed they would be accepted more readily in the field of CS 
if they pursue it when compared to Black males (7.26 vs. 6.92), 
but with no statistical significance (See Table VII below). After 
comparing all questions with one another, this question had the 
most positive correlation with students’ responses to 1) students’ 
beliefs that they could be a computer scientist if they want to, 2) 
commitment to working through challenging problems even 
without teacher/peer support, and 3) belief that anyone is 
capable of improving one’s CS abilities. This emphasizes how 
identity in CS may be correlated with students’ commitment to 
persisting with CS and beliefs that all people are capable of 
excelling in CS, regardless of external pressures or stereotypes. 

TABLE VII.  SENSE OF BELONGING IN THE FIELD 

Race / 
Ethnicity 

If I wanted to pursue a career in computer science, I 
would be readily accepted by people in the field. 

Gender Identity Mean Likert Score P-Value 

Latinx  
Male (n = 190) 

Female (n = 163) 
7.03 
5.93 

< 0.001 

Asian 
Male (n = 63) 

Female (n = 36) 
7.35 
5.00 

< 0.001 

White 
Male (n = 72) 

Female (n = 31) 
7.92 
5.19 

< 0.001 

Black 
Male (n = 26) 

Female (n = 19) 
5.92 
7.26 

0.676 

C. Identifying or Not Identifying as a “CS Person” 

In addition to the above likert-scale questions, students were 
asked open-ended questions seeking to surface their views on 
identity and CS. More specifically, one question asked if 
students identified as “a computer science person” and to 
explain why or why not. “Computer science person” was left 
undefined so that youth had the space to express the 
characteristics/features that made up CS people, and how they 
aligned or did not align with such characteristics/features. 

 Initial analyses of whether or not students did or did not 
identify as CS people reveal that a little more than half (n = 439) 
identified as “CS people,” whereas a little less than half (n = 
422) did not. A table showing the breakdown of students who 
said yes or no by race/ethnicity and gender is shown below. 

TABLE VIII.  STUDENT IDENTIFICATION AS “CS PEOPLE” 

Race / 
Ethnicity 

Do you consider yourself a computer science person? 

Gender Identity Yes (%) No (%) 

Latinx  
Male (n = 199) 

Female (n = 176) 
132 (66%) 
63 (36%) 

67 (34%) 
113 (79%) 

Asian 
Male (n = 142) 
Female (n = 70) 

86 (61%) 
29 (41%) 

56 (39%) 
41 (59%) 

White 
Male (n = 72) 

Female (n = 34) 
41 (57%) 
12  (35%) 

31 (43%) 
22 (65%) 

Black 
Male (n = 28) 

Female (n = 21) 
10 (36%) 
11 (52%) 

18 (64%) 
10 (48%) 

 

Over half of all Latino, Asian, and White males considered 
themselves CS people, but less than half of Black males 
identified as such. The majority of Latina, Asian, and White 
females did not identify as CS people, whereas nearly half of the 
Black females did (52%).  

But why did students identify as CS people? As one might 
expect, the majority (305 of 439 students; 70%) explained that 
they loved the subject, enjoyed programming, found CS to 
be fun, and/or really liked technology and computers. They 
stated things such as, “I consider myself a ‘computer science’ 
person because I like working with computers and would love 
to learn more about how they work” and “I have a passion for 
coding” and “Because I like Comp Sci and I also really like to 
code, I also really love critical thinking.” 

Additionally, 70 students described that they felt they were 
CS people because they had the knowledge and experience 
backing this identity. For some students, this involved having 
the ability to not only code, but also teach others to program: “I 
consider myself a computer science person because I can code 
and I know how to use a computer and I can teach others on how 



to use one or code.” Others wrote how they were able to learn 
and this made them CS people: “I consider myself a computer 
science person because I can do things now that I couldn't do 
before.” Or yet others described how the knowledge they had 
was beyond what most people understood: “I know more about 
computer science than the average person.” Interestingly, when 
breaking down this group by race/ethnicity and gender, there 
were almost equal numbers of Latino males and Latina females 
citing knowledge/experience as the reason why they identified 
as CS people (23 males; 20 females). Among Asians, 7 males 
described having knowledge/experience, but no Asian females 
cited this as a reason. Only 1 White male and 2 White females 
fell into this category. No Black males or females cited their 
knowledge/experience as reasons for identifying as CS people. 
[Note: While these numbers are small, we believe it important 
for these students’ voices to be heard].  

However, 5 Black students (4 male, 1 female) did cite that 
their skills and abilities with computing were reasons why they 
identified as CS people. 8 Asian males and 3 Asian females also 
cited their skills/ability as reasons for identifying as CS people. 
Among Latinx students, 20 Latino males cited skills/ability, but 
only about half that number (9 Latina females) identified as CS 
people because of their skills/ability. 5 White males and 3 White 
females described their skills/abilities. Overall, 67 students 
described their skills and ability with computing as reasons to be 
considered CS people, stating things such as: “I consider myself 
a computer science person because I can find solutions to 
problems and I can create algorithms for a program” or “[I] can 
understand new commands fairly quick” or “I have the strategic 
skills in which to be able to figure out hard and unique codes.” 

Twenty-seven students who identified as CS people 
explained that they had plans to pursue computing in either 
college or their future careers. Of those students, 10 were 
Latino males, 5 Latina females, 5 Asian males, 2 Asian females, 
1 Black male, 1 Black female, 2 White males, 2 White females. 

Interestingly, another category that emerged for why 
students identified as CS people was because they felt that they 
could help others with computing or contribute to the larger 
world with their skills. While only 12 students fell under this 
category, their statements around this idea were notable, 
including: “I actually get to contribute to the digital world by 
providing programs of my own” or “my classmates were asking 
me for help and most of the time I was able to help them” or “in 
my household, I am usually the one everyone goes to when they 
are seeking help with a program.” 

D. Reasons for Not Identifying as “CS people” 

Interestingly, reasons why students did not identify as “CS 
people” despite enrolling in an AP CS course were not as simple 
as merely disliking the subject. Almost a third (124 of the 422) 
of “non-CS people” cited a dislike of CS or technology (this 
included 16 Black, 14 Asian, 72 Latinx, and 13 White students), 
writing things such as: “Throughout the whole year, computer 
science did not excite me very much and my passion for it never 
grew” or “I understand everything because it is simple but I do 
not like doing computer science.” Additionally, 21% (n = 90) 
explicitly described feeling more excited about different 
subject areas (without necessarily saying they disliked CS), and 

almost 10% (n = 35) of non-CS people actually noted that 
they really enjoyed or are interested in CS.  

Beyond these categories, 63 students (15%) cited that they 
found CS too stressful or frustrating and struggled too much 
to be considered CS people. Students wrote things such as, “It is 
something that I struggle with and have a difficult time learning 
and understanding,” or “I feel like I would get frustrated easily 
when a program doesn't work,” or “I feel like I would stress too 
much when I don't get the right code.” More females than males 
cited this as a reason why they didn’t identify as CS people (37 
females vs. 21 males). Latina females (n = 27) described 
frustration/difficulty with CS more than Latino males (n = 13). 
No White, Black, or Asian males cited this as a reason for not 
identifying as CS people, but 2 White females, 2 Black females, 
and 4 Asian females did.  

The next largest category of non-CS people were students 
who felt they still had more to learn before calling themselves 
CS people (n = 54). This category of responses suggested that 
there was a possibility of becoming a CS person in the future, 
and that identity was not set in stone. A typical response in this 
category included: “I don't fully consider myself a ‘computer 
science’ person because I have a lot more to learn about 
computer science. I may have learned about the basics, but I feel 
that I would have to study more about computer science and 
understand the deeper meaning it has on society as a whole, in 
order to consider myself a ‘computer science’ person.” 
Interestingly, males outnumbered females in this category (33 
males vs. 21 females), with Latino males (n = 21) being nearly 
twice in number compared to Latina females (n = 12). Among 
other racial/ethnic categories: 1 White male, 4 Asian males, 2 
Black males, 1 White female, 3 Asian females, and 0 Black 
females cited this reason for not identifying as CS people. The 
difference between males and females, and Latino males vs. 
Latina females, suggests that males felt more confidence and 
room for growth to eventually become CS people with increased 
experience, knowledge, or skills. 

The next largest category included students who were not CS 
people because they did not plan on pursuing careers or 
studies in computing (n = 37). Of these students, females 
outnumbered the males (28 females described pursuing non-CS 
futures, compared to only 9 males). No Asian males shared this 
as a reason for not being CS people, but 5 Asian females 
described wanting to pursue non-computing fields/majors. 
Similarly, Latina females (n = 19) stated this as a reason for not 
being CS people more than Latino males (n = 7). 1 White male 
and 1 White female, as well as 1 Black male and 2 Black females 
cited this as reasons for not being CS people. 

Of course, some students also believed that they couldn’t be 
CS people because they didn’t think they were “good at” 
computer science (n = 28). These students wrote things such as 
“cause I can’t code” or “I am not skilled in that particular 
subject.” Interestingly, no Black students chose this as a reason 
for not being CS people, and nearly equal numbers of Latinx 
males and females chose this as a reason for not being CS people 
(7 females vs. 5 males). Again, while only 6 Asians fell into this 
category, it is notable that 5 Asian females believed they were 
not good enough at CS, compared to only 1 Asian male. No 
White males cited lack of ability, but 2 White females did. 



Relatedly, 9 people described that since they weren’t “the 
best” at CS, they couldn’t consider themselves CS people. For 
this small group of students, there was a sense of comparing 
oneself to others, where one had to be at the top of the class to 
be considered a CS person. Respondents in this group included 
2 Asian females, 2 Latina females, 1 Black female, 1 White 
female, 1 Asian male, and 1 Latino male.  

While stereotypes may have informed the ways that youth 
identified themselves as being or not being CS people, only 4 
students explicitly referenced stereotypes about what CS 
people are. More specifically these students wrote that they are 
not “the type of person to do this,” “don’t fit the stereotype of 
one. I’m a girl in a mostly male class and I feel very out of place 
here,” “Not really a tech guy,” and “not much of a computer 
science guy.” Almost no students explicitly referenced the 
stereotype of CS identity requiring one to be “smart” or “nerdy.”  

E. “I’m not a CS person but…” – CS Identity as Possibility 

 While the above themes offer a window into students’ beliefs 
about what characteristics, skills, and features make up CS 
people, another trend appeared among students’ explanations for 
why they were not CS people that is also illuminating. Ninety-
one students (22%) used words such as “but,” “however,” or 
“although” in ways that suggested there was either room for 
growth to become CS people, or that denying such an identity 
did not necessarily mean they disliked CS. These “but 
statements” were written in conjunction with many of the 
categories described above, including: liking CS but wanting to 
pursue other interests, liking CS but feeling like they had more 
to learn, and recognizing that CS was relevant to their future and 
the world. “But statement” examples reflect how teenagers saw 
possibilities for CS identification: “I don't consider myself a 
computer science person YET…there are several things I have 
to and want to learn before I can consider myself an exemplary 
computer science person,” and “Although computer science is 
an interesting topic for me, I find myself lacking in this field…If 
I continue to study and engage in this field, I will definitely learn 
a lot more and someday consider myself a computer science 
person.” Interestingly, more females than males fell into the “but 
statement” category (54 females vs. 35 males). Asian females 
used “but statements” twice as much as Asian males (14 vs. 7), 
and Black females outnumbered Black males (6 vs. 2). Latinx 
females and males were close to equal (24 vs. 19) as were White 
males and females (5 vs. 4). 

IV. DISCUSSION 

A. Complexifying Perceptions About CS Engagement for 
Students of Color and Females 

The findings in this paper help complexify stereotypical 
beliefs that students of color and young women are disinterested 
in CS. Of course, the overall positive engagement with CS 
across all student groups in this study might be expected because 
students presumably chose to enroll in AP CSP, which is not 
required for graduation. However, it is compelling to see that 
there were no statistically significant differences in 
engagement between racial/ethnic groups, with general 
agreement across all students to statements such as “I like 
computer science” and “I think computer science is interesting.” 
The fact that all racial/ethnic groups enjoy CS, yet are not 

equally represented in the field of CS, both challenge racist 
beliefs about who wants to engage with CS, while highlighting 
the fact that something is happening to motivated CS students 
after high school, resulting in differential representation in CS.  

Still, while Latina, Asian, and White females all stated that 
they like CS and find it interesting, they did not do so to the same 
degree as their male peers. Furthermore, Latina and White 
females felt closer to neutral about whether or not they would 
pursue further CS coursework, despite their interest and 
engagement with the subject. Importantly, these differences did 
not exist between Black male and female students whose 
agreement with statements about engagement and future CS 
learning were nearly equal to one another and yielded no 
statistically significant differences in responses. 

This raises new questions: Why would students who enjoy a 
subject feel unsure about taking more courses in that subject? 
Why are young Latina, Asian, and White women (with Asian 
and White females more highly represented in CS careers than 
Black females) rating lower engagement than their male peers, 
yet Black males and females are rating engagement so similarly?   

We believe that the similarities in answers between Black 
males and females, that were all quite positive about CS 
engagement in general, is something worth recognizing as a 
potential counterpoint to the belief that young women like CS 
less than young men. Regarding differences between genders in 
the other racial/ethnic groups, we believe that these findings are 
not simply reinforcing stereotypical notions that young women 
are disinterested in CS. On the contrary, female responses to 
questions about belonging help reveal that there is something 
else influencing how they rate their sense of interest and future 
engagement with computing. This is explored further below. 

B. Relationship between CS Engagement and Belonging  

When examining engagement scores in relation to students’ 
sense of confidence in being able to excel in CS or feel welcome 
in the field, correlation values reveal that lower engagement 
with CS for Latina, Asian, and White females is related to 
the fact that these same groups of young women did not feel 
as strongly that their race/ethnicity + gender do CS, or that 
they would be accepted in the field if they chose to pursue 
CS (rating near neutral among all groups). Latina, Asian, and 
White females were also less likely to consider themselves CS 
people than their male peers. Meanwhile, their male peers who 
rated a higher agreement to feeling like their race/ethnicity + 
gender do CS and that they would be welcomed into the field if 
they pursued it, had higher levels of engagement with CS.  

It seems to make sense that students, who feel they are 
unwelcome in a field, would report lower engagement with that 
field, simply because there must be recognition of the hurdles 
one must overcome in order to pursue and be accepted by that 
specific field. And with this same logic, if one does not 
anticipate rejection by a field of study, then one might feel 
greater desire to engage with that field. Of course, additional 
research is needed to address assumptions about causality: it is 
unclear whether or not lower engagement is what made these 
groups feel less welcome in the field of CS, or if feeling like one 
couldn’t fully belong resulted in lower engagement with CS. 



However, looking at differences between Black male and 
female experiences may offer a window into this very issue. 
While there was no statistically significant difference between 
Black male and female responses to statements about CS 
belonging, we wonder why Black males, on average, agreed less 
than Black females about being welcomed in the field of CS 
(rating the statement just above neutral, similar to Latina, Asian, 
and White females). Also, why were Black males less likely to 
consider themselves CS people than Black females?  

For this, we believe it is important to explore research 
literature regarding the experiences of Black males in school. 
More specifically, Black males face institutional racism that 
disproportionately impacts their educational, psychological, and 
emotional well-being compared to other racial/ethnic + gender 
groups [15, 16]. Black males are disciplined more in school than 
all other groups [17] and face more negative teacher attitudes, 
expectations, and behavior [18, 19] despite valuing academic 
success and school [20]. And while all students generally begin 
their school experiences identifying with academics, Black 
males’ academic identification drops significantly lower than 
other racial/ethnic + gender groups from 8th to 12th grade [21], 
and lower than Black females or White males/females in college 
[22]. This research suggests that Black females may have a more 
positive academic identity by high school compared to their 
male peers, as Black males experience higher rates of school 
dropout [23] while also being tracked into a school-to-prison 
pipeline at higher rates [for example, 24, 25]. Thus, while we 
may want to celebrate that both Black females and males show 
engagement with computing at similar rates (in contrast to the 
gender-based differences in other racial/ethnic groups), there is 
a complexity here regarding engagement in relation to feelings 
of belonging in CS that must be explored. Further research is 
needed regarding the racism that Black males experience at the 
intersection of race/ethnicity and gender in CS and school. 

C. Emphasizing the Potential for Change and Growth 

While not all students considered themselves CS people, the 
category of students who saw potential to be CS people one day 
was a particularly important group to explore more closely (22% 
of non-CS people). More females than males were represented 
in this category. These students did not actually dislike CS, but 
saw their identity as either reflecting more than their 
appreciation of CS, or they saw a positive potential to become 
computer science people in the future. These students’ 
perspectives offer an important reminder about how identity is 
not a fixed feature, and how teenagers, in particular, see the 
potential in themselves to change and grow with experience and 
time. But how can curricula and instruction provide the positive 
supports necessary for youth to feel like they can be CS people 
when they are on the verge of becoming one? A closer look at 
students’ perspectives regarding qualities that make a CS person 
can inform our answers to this question. 

D. Qualities of Computer Science People 

Of course, it is not surprising that students who considered 
themselves computer science people cited their love of 
computing and technology. However, it is notable that only 29% 
of students who did not identify as CS people described disliking 
the topic or technology, and that 10% of non-CS people actually 
described liking CS. Also, it is important to recognize that many 

of the non-CS people described liking another subject more, not 
disliking CS. This suggests that, again, there is room for growth 
or change in perception of CS as students continue to learn and 
experience the world around them. The students who had other 
interests or actually like CS may have wiggle room to change 
their minds about computing and or find themselves identifying 
as CS people one day, with appropriate supports to feel that they 
have the ability and the right to excel with the subject.  

But even more importantly, we should take into 
consideration those students who explained that they did not 
identify as CS people because the subject was too stressful, 
challenging, or frustrating. These students—that included 
mostly females—most likely experienced struggles that felt 
insurmountable. These students may also have felt pressure to 
get good grades in either the course or on their AP exams, and 
that added stress may have colored their feelings about 
computing at a particularly influential time when they are first 
exploring CS in high school.   

Another fairly large group of students emphasized that they 
could not be CS people because they had more to learn. These 
students sit in interesting contrast to the students who identified 
as CS people because of their skills/abilities (e.g., ability to 
code) because many of these non-CS students who said they had 
more to learn may have known as much about CS as their peers 
who considered themselves CS people. While there are always 
varying abilities in every course, the perspective of having more 
to learn as a barrier to being a CS person vs. not seeing that as a 
barrier is interesting to take into consideration for the ways that 
we encourage youth in subjects that are new to them, like CS. 

Finally, for students who said that they are not CS people 
because they are not pursuing careers in CS, we must question 
why they do not see how their future careers are impacted by 
and relate to computing. All fields are impacted by CS—from 
the arts to agriculture to medicine to sports—and for youth to 
feel that their career trajectories do not relate to CS suggests that 
we still have a ways to go in showing youth why computing is 
relevant to their lives, no matter their career pathways. 

V. CONCLUSION 

This paper emphasizes the importance of learning directly 
from youth—and especially minoritized youth coming from 
communities historically underrepresented in computing—
about their sense of engagement, feelings of belonging, and 
identification with CS. Their ideas about what makes up a CS 
person can powerfully inform what the CS for All movement 
needs to focus on to better support all youth in feeling like they 
can pursue CS if they want to, or that they can engage CS in 
whatever career pathways they follow. More specifically, we 
believe that curriculum developers and professional 
development providers must consider the following to ensure 
that minoritized youth feel they can have a rightful presence and 
meaningful learning experience in computing: 

1) CS classrooms should openly discuss issues of 
discrimination in the field of computing, and ways that youth 
can disrupt learning and career contexts that do not welcome 
their intersecting identities of race/ethnicity, gender, etc. We  
must ensure that youth, who do not feel like they would be 
welcomed into CS fields, find ways to counter discrimination 



and build new communities. We must find ways to discuss 
difficult issues without discouraging students, while providing 
supports/resources/encouragement for youth who like CS but 
don’t feel they are welcome in the field. 

2) CS classrooms should openly address the feeling of 
stress and frustration that youth face when solving challenging 
computing problems. We must encourage youth to persist and 
accept that they don’t have to know the answers immediately 
all of the time. How can computer science be demystified so that 
youth can see that even expert computer scientists struggle too? 

3) We must encourage youth to see connections between CS 
learning and their personal passions and visions for the future. 
For youth who do not feel like there are connections between 
what they learn in AP CSP and their academic or career 
pathways, we must make learning more relevant so they can 
feel empowered to be computer science people. 

4) We must build better supports for youth who are on the 
boundaries of computing—students who enjoy CS but do not 
think they can yet be considered CS people. 

 
 Building on these ideas, we believe that curricular and 
pedagogical shifts can be made to ensure that youth feel they 
have a rightful presence in CS classrooms and fields, and that 
their contributions can help shape a better future for all. And 
while this study has limitations—more specifically, we cannot 
draw definitive claims about Black students’ experiences 
because the total number of Black survey-takers was small, and 
came from a select number of segregated schools in the 
district—we believe important insight can still be learned from 
all the youth perspectives shared in the survey responses. Yet 
further research is needed to dig deeper into the nuances of CS 
identity and engagement. We believe qualitative data sources 
from interviews with students can help fill the gaps in our 
knowledge about what students want and need in order to feel 
they have the right to pursue CS and belong in the field. We are 
pursuing such ethnographic efforts today, but invite others to 
join us in this exploration. We need to hear more from students’ 
voices directly about what could have the greatest positive 
impact on their CS learning experiences to ensure that all youth 
have access to rigorous and meaningful CS education. 
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Abstract—This article examines the major and minor degree 
intentions of undergraduates enrolled in introductory computing 
courses. Focusing on three primary groups (computing majors, 
non-computing majors, and undecided majors) we examine 
specific major choices, double major combinations, and minors. 
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I. INTRODUCTION

The enrollment boom in undergraduate computing has 
received significant attention in recent years, with reports from 
prominent organizations—including the Computing Research 
Association (CRA) [1] and the National Academies of 
Sciences, Engineering and Medicine (NAS) [2]—addressing 
the urgency of understanding and responding to growing 
demand for computing courses. In fact, computing departments 
in the United States have experienced record growth in the last 
decade; the 2017-2018 academic year alone witnessed a 13.3% 
increase in undergraduate computer science majors from the 
prior year [3]. Recent research reveals that this enrollment 
boom has had a particularly significant impact on the size and 
composition of introductory (or intro) computing courses [1]. 

In light of the surging interest and enrollments in 
computing, reasonable concerns remain about the 
representation of women and underrepresented racially 
minoritized1 (URM) students pursuing computing courses and 
majors. This is in part because previous surges in computing 
enrollments have typically resulted in decreases in the 
representation of women (even when their overall numbers 

1 We use the term “underrepresented racially minoritized students” as opposed to 
the more common “under-represented minority students” to acknowledge 
minoritization as a socially constructed process in keeping with Benitez’s usage 

have risen) [5]. Yet, in this current enrollment surge, the 
percentage of both women and URM students has increased 
modestly [3, 5]. However, introductory computing courses 
have been diversifying much more quickly than the computing 
major. For example, from 2010 to 2015, the median percentages 
of Black, Latinx, and Native students who were non-computing 
majors in intro computing courses increased 43% relative to 
only a 9% increase in the median percentage of Black, Latinx, 
and Native students enrolled as computing majors [1]. Despite 
their increased participation in computing courses, both women 
and URM students remain underrepresented in computing 
degree attainment. In 2016, women earned 57.2% of all 
bachelor’s degrees, but only 18.7% of bachelor’s degrees in 
computing, while students from Black, Latinx, and Native 
groups collectively earned 23.1% of all bachelor’s degrees in 
2016 but were just 19.7% of computing bachelor’s degree 
recipients [5]. 

Given changes in the composition of intro course 
enrollments, particularly among non-computing majors whose 
representation in intro courses has increased 177% between 
2005-2010 [1], growing attention has been given to the nature 
and function of these courses. For example, scholars have 
recently focused on the interdisciplinary nature of computing 
itself and some suggest that making interdisciplinary 
applications more explicit may serve to attract more women and 
URM students to computing [6, 7, 8]. More broadly, being 
mindful of the needs of women and URM students in intro 
courses is particularly important given the possibility that 
efforts to manage surging enrollments (e.g., capping 
enrollments in popular courses or raising minimum 
requirements) run the risk of undermining the goal of 
diversifying computing [1]. 

While recent reports have provided insight into the 
changing composition of intro computing students, little is 

[4]. Underrepresented racially minoritized students include those from Black, 
Latinx, and/or Native groups.  



known about the specific degree plans of students who 
contribute to booming enrollments or how these plans might 
vary by gender and race/ethnicity. As departments grapple with 
the well-documented trend of attrition after intro computing 
courses among women and URM students, a more nuanced 
understanding of students’ academic orientations may inform 
initiatives and efforts to successfully recruit and retain women 
and URM students [9, 10].  

This study uses data from a fifteen-campus study of 
diversity efforts in computing to address this gap in the 
literature, focusing on the degree plans of the three primary 
groups of students in intro computing courses: computing 
majors, non-computing majors, and undecided majors. 
Accordingly, the following questions frame this inquiry: 

1. What proportion of introductory computing students 
are computing majors, non-computing majors, and 
undecided majors? How does this vary by gender and 
race/ethnicity? 

2. Of the computing majors enrolled in an introductory 
computing course, what are their specific degree 
plans, and how does this vary by gender and 
race/ethnicity? 

3. Among introductory students not majoring in 
computing, what are their degree plans, and how does 
this vary by gender and race/ethnicity? 

4. Among students who enter introductory computing 
undecided on a major, what majors are they 
considering, and how does this vary by gender and 
race/ethnicity? 

II. METHOD 

A. Data Collection and Measures  

This study relies on survey data received from n = 3,656 
intro computing students across fifteen doctoral-granting 
research universities. The survey—developed in collaboration 
with Center for Evaluating the Research Pipeline at the 
Computing Research Association—was administered to nearly 
12,000 students during the 2015-2016 academic year and had a 
response rate of 31%. Notably, participating institutions are all 
members of the BRAID initiative to broaden participation in 
computing. Despite the unique characteristics of the 
institutional sample, trends in the representation of women and 
URM student respondents at BRAID institutions parallel 
national trends in computing [11].  

Students indicated their gender as female, male, or non-
binary. Analyses by gender do not include non-binary students 
due to small sample sizes. Our analyses by race/ethnicity are 
based on student reports of their race/ethnicity which were 
aggregated into underrepresented racially minoritized (URM) 
and majority groups in computing, in keeping with recent 
definitions [12, 13]. Specifically, URM students include the 
following: African American/Black; American Indian or 

                                                           
2 Adapting Zweben and Bizot’s definition [14] to accommodate the major/minor 
offerings at BRAID institutions, we define computing broadly to include the 
following: Computer Science; Computer Information Systems/Informatics; 

Alaska Native; Arab/Middle Eastern/Persian; Latinx; Native 
Hawaiian or Pacific Islander. Majority students include those 
who indicated only a white and/or Asian race/ethnicity. Women 
and URM students account for 33% and 27% of respondents, 
respectively. 

Students were also asked to indicate up to two majors and 
two minors on the survey. For the purpose of this study, 
students were grouped into three mutually exclusive categories: 
computing majors 2 , non-computing majors, and undecided 
majors. All non-computing majors and minors were aggregated 
into the following categories: Engineering (not including 
computer/software engineering); Humanities; Biological 
Sciences; Business; Education; Physical Sciences; Math and 
Statistics; Health; Social Sciences; or Other. Students who 
indicated that their major was undecided were asked to indicate 
their most probable major; those responses were aggregated 
into the categories listed above. 

B. Analytical Procedures 

This study relies on frequency distributions and z-tests to 
examine differences in degree constellations by gender and 
URM status. When possible, we also consider gender and URM 
status together as intersecting identities (i.e., we compare URM 
women, majority women, URM men, and majority men).   

III. FINDINGS 

A. Who Takes Intro Computing (RQ1) 

Over half (52.8%) of the intro course students in our sample 
were computing majors, another 41.5% represent non-
computing majors, and 5.7% were undecided on their major. 
Notably, among the 41.5% of non-computing majors in the 
intro course, one-third had a computing minor.  

Compared to women, men much more frequently reported 
a computing major (61.0% vs. 37.7%; z = -12.64, p < .000), 
while women more frequently reported a non-computing (z =    
-10.83, p < .000) or undecided (z = 4.09, p < .000) major. At the 
same time, 61.8% of URM students were computing majors, 
compared to 50.0% of their counterparts from majority 
racial/ethnic groups (z = 5.98, p < .000); majority students also 
more frequently reported having either a non-computing (z =     
-4.78, p < .000) or undecided (z = -2.81, p = .005) major, 
compared to their counterparts from minoritized groups.  

Disaggregating further to account for intersecting identities 
(see Table I), the greatest representation of computing majors 
was among URM men (69%), followed by majority men (58%), 
URM women (48%), and majority women (34%). 

B.  A Closer Look at Computing Majors (RQ2) 

As illustrated in Table II, we found that nearly three-
quarters of the computing majors in intro computing had a 
single major with no minor. At the same time, 17.7% of 
computing majors reported having a single major with at least 
one minor, 6.7% reported having a double major with no minor, 

Bioinformatics; Computing and Business; Information Technology; Data Science; 
Game Design; Computer/Software Engineering; and Other Computing. 
 



and 2.3% reported having a double major and at least one 
minor. These findings differed by gender, with women more 
frequently reporting a double major, compared to men. While 
there were no significant differences by URM status, additional 
analyses revealed that majority women were more frequently 
double majors compared to their male counterparts from both 
minoritized (z = 3.37, p = .001) and majority (z = 2.92, p = .004) 
groups; no other differences emerged. 

TABLE I. COMPUTING, NON-COMPUTING, AND UNDECIDED MAJORS BY 

GENDER AND URM STATUS 
 Percent Among 
 Majority 

Men 
Majority 
Women 

Minoritized  
Men 

Minoritized 
Women 

 (a) (b) (c) (d) 
  n=1,573 n=794 n=573 n=293 
Computing 58.0 bcd 33.8 acd 69.3 ab 48.1abc 

Non- 
Computing 

36.7 bcd 57.4 acd 28.3 ab 
45.7abc 

Undecided 5.2 bc 8.8 ac 2.4 abd 6.1c 

Note. Subscripts indicate significant differences from corresponding groups after 
accounting for the Bonferroni correction. For example, 69% of minoritized men were 
computing majors, which is significantly different from the rate at which majority 
men and majority women major in computing.  

 Next, we examined the specific majors represented among 
intro students majoring in computing. As shown in Table III, 
the majority (63.5%) of computing majors reported a major in 
computer science, with computer engineering as the next most 
popular major (18.4%). Compared to men, women more 
frequently reported a major in bioinformatics or “other 
computing”. Men more frequently reported a major in computer 
engineering. There were no significant differences between 
URM and majority students. Beyond the results shown in Table 
III, we also ran analyses comparing minoritized women, 

majority women, minoritized men, and majority men, revealing 
that women from majority racial/ethnic groups more frequently 
pursued bioinformatics compared to men from majority groups 
(z = 3.14, p = .002) and less frequently pursued computer 
engineering compared to both minoritized men (z = -2.76, p = 
.006) and majority men (z = -3.20, p = .001). No other 
differences emerged between intersecting groups.   

 Next, Table IV summarizes the double major combinations 
among those with a computing major, revealing that the most 
popular double major combinations were computing + business 
(18.2%) followed by computing + math/statistics (17.5%). Due 
to small sample sizes, we did not run significance testing on 
double majors by gender, race, or intersecting identity groups.  

 Finally, Table V summarizes the different minors reported 
among computing majors. We found that, in addition to being 
the most common double major among this group, 
math/statistics was also one of the most common minors 
(19.3%). While no significant differences emerged by gender 
or race alone, we found that majority women were more 
frequently biology minors relative to their male counterparts 
from majority groups (1.9% vs. .3%; z = 2.70, p = .007). 

C. Non-Computing Majors (RQ3) 
 Focusing on the 41.5% of intro students in our sample who 
were non-computing majors, we see that about half reported 
having a single major and no minor, 36.6% reported having a 
single major and at least one minor, 8.5% had a double major, 
and the remaining 5.0% had a double major and at least one 
minor (see Table VI). While no differences emerged by URM 
status, men more frequently had a single major compared to 
women. No differences emerged between intersecting groups. 

 

TABLE II. MAJORS/MINORS AMONG INTRO STUDENTS MAJORING IN COMPUTING, BY GENDER AND RACE 

 Percent Among
 All students By Gender  By Race 
 All 

(n=1917) 
Women 
(n=415) 

Men 
(n=1319) 

Z Minoritized 
(n=536) 

Majority 
(n=1186) 

Z 

Single major 73.2 68.0 75.3 -2.94* 75.6 72.3 1.43 
Single major + one or more minors 17.7 19.0 17.1 0.89 17.0 18.0 -0.50
Double major 6.7 9.9 5.5 3.16* 5.2 7.3 -1.62
Double major + one or more minors 2.3 3.1 2.1 1.18 2.2 2.4 -0.25

Note. *p<0.0125. The significance level has been adjusted using the Bonferroni correction. 
 

TABLE III. DISTRIBUTION OF MAJORS AMONG INTRO STUDENTS WITH A COMPUTING MAJOR, BY GENDER AND RACE 

  Percent Among  

  All Students  By Gender     By Race   

  All 
(n=1931) 

Women   
(n=416)  

Men   
(n=1330)  

Z Minoritized 
 (n=541)  

Majority  
(n=1193)  

Z 

Computer Science  63.5 62.7 64.3 -0.59 66.2 63.1 1.25
Computer Engineering  18.4 13.7 19.8 -2.81* 19.0 18.4 0.30
Information Technology  8.0 7.7 8.3 -0.39 5.5 9.1 -2.56
Computer Information or Systems Informatics  4.9 6.5 4.4 1.73 4.6 4.8 -0.18
Bioinformatics  1.6 3.6 1.0 3.67* 1.5 1.6 -0.16
Other Computing  1.8 3.6 1.1 3.45* 1.3 1.9 -0.89
Information Science Studies  1.5 1.9 1.0 1.46 1.7 1.0 1.23
Computing and Business  1.3 1.7 1.2 0.78 1.3 1.3 0.00

Note. *p<0.0063. The significance level has been adjusted using the Bonferroni correction. Percentages add to more than 100 because some students indicated more than 
one major.  

 



 
TABLE IV. COMBINATIONS OF COMPUTING DOUBLE MAJORS ENROLLED IN INTRO COURSES, BY GENDER AND RACE 

 Percent Among 

  All students By Gender By Race 

  All   
(n=143)  

Women   
(n=45)  

Men   
(n=85)  

Minoritized 
(n=34)  

Majority  
(n=97)  

Computing + Business  18.2 20.0 18.8 8.8 22.7
Computing + Math/Statistics  17.5 22.2 16.5 17.6 18.6
Computing + Another Computing Major  16.1 13.3 18.8 23.5 14.4
Computing + Engineering  15.4 8.9 18.8 8.8 17.5
Computing + Arts and Humanities   13.3 20.0 5.9 11.8 10.3
Computing + Biological Sciences  8.4 2.2 12.9 14.7 7.2
Computing + Other  7.7 13.3 4.7 14.7 5.2
Computing + Physical Sciences  3.5 0.0 3.5 0.0 4.1
Note. This table includes no significance testing due to small sample sizes among groups. 

 
TABLE V. DISTRIBUTION OF MINORS AMONG COMPUTING MAJORS ENROLLED IN INTRODUCTORY COURSES, BY GENDER AND RACE  

   Percent Among   
  All Students  By Gender   By Race   
  All 

(n=384) 
Women 
(n=92) 

Men 
(n=254) Z Minoritized 

(n=108) 
Majority 
(n=248) Z 

Computing (minor) 19.3 12.5 20.5 -1.70 23.3 16.1 1.62 
Math/Statistics  19.3 16.3 21.3 -1.37 22.3 19.0 0.72 
Arts and Humanities 18.2 26.1 16.5 2.01 17.5 20.2 -0.59 
Business  17.4 18.5 17.3 0.26 13.6 19.4 -1.32 
Other  12.8 10.9 13.8 -0.70 14.6 12.0 0.68 
Social Sciences  7.3 8.7 6.7 0.63 7.8 7.0 0.27 
Engineering  3.6 3.3 3.9 -0.26 2.9 4.1 -0.55 
Biological Sciences  2.9 7.6 1.6 2.80 1.9 3.3 -0.73 
Physical Sciences  2.6 1.1 2.8 -0.92 1.9 2.5 -0.66 
Education  0.3 0.0 0.4 -0.61 0.0 0.4 -0.66 
Health  0.3 0.0 0.4 -0.61 0.0 0.4 -0.66 
Note. We tested for significant differences by gender/URM status, using the Bonferroni adjusted significance level, p<0.0045. No significant differences emerged. 
Percentages add to more than 100 as some students had more than one minor. 

 
TABLE VI. MAJORS AND MINORS AMONG NON-COMPUTING MAJORS IN INTRODUCTORY COURSES, BY GENDER AND RACE 

   Percent Among  
 All Students By Gender   By Race  

 All 
(n=1510) 

Women 
(n=596) 

Men 
(n=751) Z  Minoritized 

(n=299) 
Majority 
(n=1036) Z 

Single major 49.8 46.0 55.3 -3.39* 56.9 49.6 2.22 
Single major + one or more minors 36.6 37.8 33.4 1.68  33.4 36.1 -0.86 
Double major 8.5 10.7 7.1 2.33  6.0 9.4 -1.84 
Double major + one or more minors 5.0 5.5 4.3 1.02  3.7 4.9 -0.87 
Note. *p<0.0125. The significance level has been adjusted using the Bonferroni correction. 

 
 Next, Table VII displays the specific major fields reported 
among this group. Engineering majors represented nearly a 
third of non-computing majors in the intro course, followed by 
math/statistics, social sciences, and biological sciences. Some 
gender differences emerged, revealing that, compared to 
women, men twice as frequently reported an engineering major, 
while women more frequently majored in the social or 
biological sciences. Notably, while 20% of female non-
computing majors in intro courses were engineering majors, 
this figure was 30% among URM women (z = -3.10, p = .002). 

D. Undecided Majors (RQ4) 

More than half of all undecided majors in intro computing 
courses reported that if they had to choose a major today, it 
would most likely be computing. However, gender differences 
reveal that men were significantly more likely than women to 
anticipate choosing computing as a major (72.6% vs. 48.9%; z 
= -3.29, p = .001). No other significant differences emerged for 

women and URM students. Due to small sample sizes, we did 
not run analyses by intersecting groups. 

IV. DISCUSSION 

This paper provides an overview of the majors and minors 
pursued by intro computing students, focusing on differences 
by gender and URM status. At a time of booming enrollments 
and increasing interest in broadening participation in 
computing, it is useful to understand the disciplinary pursuits of 
students taking computing courses. In addition to offering 
insight into how instructors can tailor their course to provide 
relevant content and responsive pedagogy, understanding 
students’ degree plans may also help in identifying students 
who may be open to being recruited to a computing major. 
These considerations are especially important in the context of 
intro computing courses that attract students from a variety of 
majors and are often pivotal in determining whether students 
will pursue computing as a major or career [15].  

 



TABLE VII. DISTRIBUTION OF MAJOR FIELDS AMONG INTRODUCTORY STUDENTS NOT MAJORING IN COMPUTING, BY GENDER AND RACE 

   Percent Among  

  All Students  By Gender   By Race    
  All 

(n=1510) 
Women 
(n=597) 

Men 
(n=753) Z Minoritized 

(n=300) 
Majority 
(n=1038) Z  

Engineering 31.9 20.3 41.7 -8.36* 36.7 31.1 1.83
Math/Statistics 17.8 19.3 16.1 1.54 15.7 17.8 -0.85
Social Science 13.0 19.8 8.2 6.23* 10.0 14.2 -1.89
Biological Sciences 11.9 16.4 9.4 3.86* 11.3 12.9 -0.70
Business 11.0 9.9 11.6 -1.00 7.7 11.7 -1.97
Arts and Humanities 7.0 7.5 6.4 0.79 5.3 7.4 -1.26
Physical Sciences 5.5 5.5 6.1 -0.47 5.3 5.9 -0.39
Other 5.2 6.7 3.9 2.31 8.3 4.1 2.93* 
Education 1.3 2.0 0.8 1.91 1.7 1.3 0.52
Health 1.1 2.0 0.5 2.55 0.7 1.3 -0.85
Note. *p<0.005. The significance level has been adjusted using the Bonferroni correction. 

 
It is noteworthy that nearly half of students enrolled in intro 

computing courses are not themselves computing majors. 
While a small portion of non-computing majors are undecided 
(and may ultimately choose to major in computing), over 40% 
are majoring in other fields of study, the majority of which do 
not have a computing minor. Still, by enrolling in the intro 
course, students in all of these groups have an expressed interest 
in computing. Therefore, one way to broaden participation in 
computing may be to encourage students majoring in other 
fields to adopt a double major in computing. Doing so may have 
other implications for equity later in careers, as pursuing 
computing as part of a double major is associated with 
increased salaries after college [16, 17].  

Instructors ought to be aware of the disciplinary diversity in 
their intro computing courses and consider pedagogical 
approaches that would appeal to their students. The possibilities 
for making interdisciplinary connections are vast, as evident by 
computing departments from a variety of institutions that have 
restructured their intro courses to highlight how computing 
skills can be applicable to art and design, biology, music 
composition, robotics, and digital media production [18, 19, 20, 
21, 22, 23]. Bringing in content, examples, and projects that 
have multi-disciplinary ties can enhance learning and interest 
from non-computing majors as well as computing majors who 
may have a broader range of interests. In fact, there is evidence 
that students who take CS1 courses with interdisciplinary 
applications may earn higher course grades, be more likely to 
persist in the major, and have higher confidence in their 
computing skills relative to students in a more traditional CS1 
course [24, 25, 26]. Indeed, the ACM Retention Committee 
recommends interdisciplinarity as a best practice for CS1 
instructors and the National Center for Women in Information 
Technology has created EngageCSEdu, a clearinghouse of 
course materials and supporting research to assist instructors in 
infusing their courses with interdisciplinary content [27, 28, 
29].  

A second set of key findings relates to gender. Among the 
women enrolled in intro computing, only 38% were majoring 
in a computing field, relative to 61% among men. Further, 
among computing majors, women were significantly more 
likely to be double majors compared to men (9.9% vs. 5.5%), 
which is notable given that college men and women generally 

tend to double major at the same rates [30]. Also, among the 
women who were still undecided about their major (and could 
theoretically pursue computing), fewer than half indicated 
interest in selecting a computing major, compared to nearly 
three-quarters of undecided men. Women from all of these 
groups—those already pursuing a computing major, those 
pursuing a different major, and those who have not yet 
decided—represent an opportunity for instructors to cultivate 
the computing interests that led them to the intro course. 

Turning our attention to URM students in intro courses, our 
findings suggest that, contrary to prior literature [e.g., 1], URM 
students in the intro course were actually more frequently 
majoring in computing than their counterparts from majority 
racial/ethnic groups. At a time when there is a nationwide push 
to diversify the computing field, the presence of a sizeable 
number of URM students in intro computing courses who plan 
to earn a computing degree is noteworthy—though URM 
students are still the minority of students in these courses, 
accounting for only about a quarter of all intro course students. 
While this presents a significant opportunity, it is important to 
remember that aspirations are not synonymous with degree 
attainment; across STEM fields, retention rates for URM 
students are significantly lower than for their white and Asian 
peers [31]. In light of this, future research should continue to 
examine the intro course experiences that predict retention in 
computer science for all students and URM students in 
particular. For now, this study expands upon existing literature 
on broadening participation in computing by providing a more 
detailed picture of the types of degrees students are pursuing as 
they enter the intro computing course.  

V. LIMITATIONS AND FUTURE DIRECTIONS 

While this paper contributes to our understanding of the 
disciplinary pursuits of intro computing students, it is important 
to consider several limitations. Given our survey response rate 
of 31%, some results may have been affected by non-response 
bias. Specifically, computing majors may have a greater 
propensity to respond to a survey about computing experiences. 
Thus, our findings may underestimate the participation of non-
computing majors in intro computing. 

Additionally, data for this study were drawn from fifteen 
institutions, all of which represent doctoral-granting research 
universities. Thus, we do not know the extent to which our 



findings are applicable to students at different institution types 
(e.g., liberal arts colleges, community colleges, etc.). Similarly, 
some of the findings may be related to the degree offerings at 
the specific participating institutions, which may look different 
than those offered at other institutions. Further, the institutions 
included in this research represent a self-selected sample where 
the computing department chair volunteered to be part of the 
BRAID project (though as noted earlier, diversity trends in 
computing at BRAID institutions closely mirror national 
trends). Still, student experiences at the BRAID schools may 
not be generalizable to other institutional contexts. Future 
research should examine this topic among students who attend 
varying institution types and in more controlled settings. 

While this paper compared students on the basis of gender 
and URM status, we did not have a sufficient sample to 
disaggregate racial/ethnic groups. Sample size limitations also 
prevented us from fully exploring intersecting identities of 
gender and race. In particular, the findings for all women or all 
URM students may not hold true for URM women who are 
marginalized in computing due to both their gender and 
racial/ethnic identities. We mitigated this limitation as much as 
possible by running additional analyses comparing intersecting 
groups, though small sample sizes limit our ability to detect 
significant differences. While these data only allowed for a 
cursory examination of such differences, the results do point to 
variation in major/minor plans between URM women and other 
intersecting groups. Future research should utilize larger and 
more diverse samples to examine this topic with consideration 
of intersecting identities.  

Finally, our findings descriptively point to both gender and 
racial/ethnic differences in the specific degree constellations 
that students pursue when they enter intro computing courses. 
Future research should examine these patterns longitudinally, 
considering implications for career outcomes and social 
stratification over time.  

VI. CONCLUSION 

Students enrolled in introductory computing courses hail 
from a wide range of disciplines, with some of these students 
still exploring their interests. This study helps to illuminate the 
range of majors and minors represented among students 
enrolled in these gateway courses and highlights important 
gender and racial/ethnic differences in these patterns. This 
information should enable instructors to better meet the needs 
of their students, recognizing the kinds of fields they are likely 
to pursue, and thus designing courses that have clear application 
to fields such as business, biological sciences, and social 
sciences. Clear interdisciplinary applications may be one way 
to recruit more students to computing degrees and to better 
engage students who can apply these skills to their non-
computing major.  
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Abstract—There have been many discussions on the significant
lack of representation of minorities in computing. Research
suggests that an attributing factor to this deficit is a lack of
exposure to computing, computing careers, and underrepresented
role models. Introducing underrepresented minority students
to hands-on computer science activities at an early age is
believed to improve students’ attitudes in computing. Increasing
students’ computing attitudes may help encourage participa-
tion and minimize deficiencies in retaining underrepresented
minority computing students. An interactive summer program
was implemented to teach computing to middle-school-aged
underrepresented minority students through a unique curriculum
using Sphero robotic balls and math and science concepts.
Students were assessed to determine the programs’ effectiveness
in increasing computing attitudes and academic performance
of math and science. Results showed that the intervention sig-
nificantly improved students’ academic performances and their
confidence in deciding a future career path. Further evaluation
is needed to explore longitudinal effects of the varying levels of
math, science, and computing rigor used within this intervention.
Findings from this study provide recommendations for how to
implement computing practices within the existing math and
science curriculum in prospective initiatives.

Keywords—computer science, outreach, math, science, robotics,
middle school

I. INTRODUCTION

Introducing computer programming to students at an early
age aids in the development of transferable skills that will
bridge the racial and educational divide [1]. In 2017, only
8% of African Americans, who were enrolled at a 4-year
institution, graduated with a degree in computer science.
The numbers only get smaller as these students matriculate
through graduate school and/or pursue a doctorate [2]. With
the growing pervasiveness of technology in our daily lives,

coding is becoming a fundamental skill for learning; com-
parable to skills such as reading, writing, and arithmetic.
Over the last several years, 58% of all new jobs in STEM
are in computing, but only 10% of students that majored in
STEM fields received a degree in computer science [3]. The
development and retention of programming skills begin with
teaching and providing tasks that encourage more complex
diagnostic thinking.

Coding has been proven to develop skills in math, reading,
logic, computational-thinking, and applied sciences [4], [5].
These authors believe there is a way to help students un-
derstand the underlying computing skills in conjunction with
how they process the information on their own. Exposing
the students to rigorous and relevant adaptive learning may
lead to higher retention of student engagement/involvement
in computing. Literature suggests that robotics is becoming
a more effective way to engage students with coding and
programming. Additionally, robotics helps reinforce soft skills
such as teamwork, critical and creative thinking, problem-
solving, and algorithmic patterned thinking [6]. Robotic-based
programs are often effective at retaining a students’ computing
knowledge for those who have never programmed before.

The participants in this study are unique because under-
served minority middle schoolers are often overlooked and un-
derrepresented when it comes to computing research. Student
engagement in computer programming manifests in behaviors
that are observable and recurring in middle school students
[7], [8]. These behaviors result in:

• Engaging in often short-lived, intense interests
• Preferring interactions with their peers
• Preferring active to passive learning

Previous studies have shown that adolescent students retain
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computing knowledge more effectively when computing is
taught through a visceral, “hands-on learning experience”
[9]. Implementing teaching strategies, such as problem-based
learning within a STEM curriculum, may enhance students’
desire to understand the world around them and engage them
in classroom instruction [10]. Skills like problem-solving
literacy, creativity, and motivation are positively influenced
when children access technology in their learning environ-
ments. Also, using technology as an instructional tool en-
hances children’s learning and educational outcomes [11].
More specifically, introducing computer science to underrep-
resented minorities at an early age can influence more positive
attitudes towards computing; consequently, attracting more
diverse talent to the field of technology and computing [12].

II. BACKGROUND/RELATED WORK

While some minority groups are well represented in technol-
ogy, others are almost nonexistent, such as African Americans
[1], [3], [5], [13]. Connecting with the next generation of
minority talent means early introduction, easily accessible
resources, and providing a hands-on learning experience. An
early introduction to computing may increase the participation
of underrepresented groups in the tech field because expe-
riences and exposure in childhood affect desired careers in
adulthood [13], [14]. To bridge the gap, which may result
in upward mobility, it is necessary to effectively engage
racial and ethnic minority groups and other vulnerable and
underserved populations, with the help of outreach/bridge
programs.

Many programs, similar to ours, cater to fostering awareness
and passion for computer science amongst adolescents and/or
minorities. An example study was conducted at the Depart-
ment of Computer and Cyber Sciences at the United States
Air Force Academy. They examined how accessibility, early
introduction, and hands-on experiences increased students’
computing attitudes. They tested a proposed introductory pro-
gramming curriculum that aligned with the College Board’s
Advanced Placement Computer Science Principles (AP CSP)
course for the Sphero SPRK+. The SPRK+ is the predecessor
to the newer Sphero Bolt model used in this study. The purpose
of the study at the Academy was to increase student engage-
ment and to “motivate and facilitate the effective learning
of introductory programming and problem-solving skills” by
using robotics [15].They tailored each lesson plan utilizing
a problem-solving methodology called UDIT (Understand –
Design – Implement – Test). The UDIT methodology provides
specific tasks, goals, and techniques for each of the phases. In
addition to similar pedagogies, the curriculum at the academy
covered topics such as, but not limited to, the following:

• Introduction to Programming the SPRK+ using
Blocks: To introduce the students to creating, editing,
and running programs in the Blocks canvas, this activity
used the Sphero Block activities to teach the Roll, Stop,
Delay, Spin, Main LED, Speak, Fade, and Strobe.

• Selection, Loop Forever, Sensor Data, and Compara-
tors: To introduce selection and iteration control logic

as well as yaw, roll, and pitch sensor readings from the
SPRK+ gyroscope.

• Gyroscopes, Normalization, Lights, and Math Func-
tions: To develop an understanding of what a gyroscope
does and how to normalize data from one range to
another.

• Variables, Operators, Loop Until, Randomization, and
Haptic Feedback: To extend the students’ understanding
of key programming concepts and techniques, this lesson
used the Sphero Blocks 4 activity, from the Sphero
website, to teach the concept and use of variables, math
operators, loop until construct, and random numbers gen-
eration. The Blocks 4 activity had students develop a Hot
Potato game which introduced them to haptic feedback
by using raw motor settings to vibrate the SPRK+.

The objective of this effort was targeted toward the devel-
opment of a theme-based curriculum using the Sphero SPRK+
that would effectively achieve the required learning while
increasing student interest and engagement, similar to our own
course’s goal. 63.2% of their students agreed that the activities
were interesting and engaging and are helpful for learning how
to program and 26.3% of their students strongly agreed that the
activities were interesting, engaging and helpful for learning
how to program [15].

These results support the idea that younger students are
prone to lack the patience and abstract thought necessary to
complete activities such as programming [4]. On the other
hand, waiting until college to address the issue of minorities in
computer science is non-beneficial. Therefore, using robotics
early on can provide experience to improve computer science
grades in the future [1]. The use of robotics can provide a
visceral, “hands-on learning experience” for students who have
never programmed before; this is essential in the retention of
the students [16]. This is why outreach programs introduce
minorities to computing and the tech industry. Outreach pro-
grams create an environment where students can learn and
retain. Implementing teaching strategies, like problem-based
learning within a STEM curriculum, may enhance students’
desire to understand the world around them and engage them
in classroom instruction. This mitigates the susceptibility of
students becoming impatient and creates an environment that
supports abstract thinking [6]. Skills like problem-solving
literacy, creativity, and motivation are positively influenced
when children access technology in their learning environ-
ments. Also, using technology as an instructional tool en-
hances children’s learning and educational outcomes [7]. More
specifically, introducing computer science to minorities at an
early age will not only attract more diverse talent to the field of
technology and computing, but will also aid with the retention
of said children [17].

III. PROGRAM OVERVIEW

The research team was given an opportunity to participate in
a summer program dedicated to the enrichment of gifted and
high-achieving students within a local public school district.
The goal of this program was to expose the students to the



world of coding while integrating relevant science and math
concepts. The program provided various courses that were
geared towards STEM and fine arts. In this course, rising
6th - 8th graders were introduced to the world of coding,
via the Sphero Bolt which is an app-enabled robot. The
Sphero Bolt application allows users to code in three separate
ways: generate drawings that the robot executes, drag and
drop blocks of code to create programs, or write JavaScript
programs for execution. For this course, the students began
creating programs with the drawing function so they could
learn how to manipulate the robot. After becoming familiar
with Sphero’s functionalities, students were restricted to only
using the “drag and drop” method with blocks of code to
complete activities for the remainder of the summer program.

The Sphero team (the instructors and observers) began
prepping for this course by developing and practicing lesson
plans three weeks before the summer program began. In
the preparation phase, the Sphero team created PowerPoint
slides, worksheets, quizzes on Kahoot! (a game-based learning
platform), and Sphero Bolt activities for each lesson. These
instructional tools were a combination of projects found on
the Sphero website, the Atlanta Public Schools curriculum,
and original ideas created by the research team. The content
for each project on the Sphero website included instructional
materials that were customized to lessons along with the
required materials to complete the activity. Materials used
during the program included tape, protractors, ramps, string,
wooden sticks, and a pool of water.

The instructors practiced and reviewed the lessons and
activities multiple times with other members of the lab.
During these practice sessions, the instructors presented their
instructional materials and received feedback on the content,
rigor, appropriateness, and flow of the presentation. Each
presentation was followed by a brief review period; identical
to the review period students participating in the workshop
would experience. The review sessions included worksheets
or “Kahoot!” activities to recap the daily lesson. These in-
structional rehearsals concluded with the team reviewing the
Sphero activity for the day in which feedback was obtained
and unforeseen challenges were discussed.

A. Structure

The course lasted for four weeks starting on Monday
and ending Friday, from 11:30 a.m. to 3:30 p.m. As stated
previously, the goal of this program was to expose the students
to the world of coding while integrating relevant science and
math concepts. The first week of the program focused on
Sphero basics, the second focused on math concepts, and the
third week focused on science. The students were assigned to
teams and each team was assigned an observer to help them
during the classes. Each day, the students were introduced to
a new topic with a corresponding activity using the Sphero
robots. At the beginning of each week, students were given
an assessment with content related to the lesson being taught
that week. The same assessment was administered at the end of
the week. Students completed all the assessments before going

to lunch to maintain their interest and limit interruptions and
student distractions. Conducting all assessments before lunch
also gave the instructors time to briefly look over the results
and alter the lesson plan as needed to ensure that the students
were gaining an understanding of the lesson content.

Lessons began immediately after their lunch. Each lesson
included a PowerPoint and a brief review session, which in-
volved completing a worksheet or a Kahoot! quiz. Overall, the
lesson and review period lasted between 45-60 minutes. The
lesson and review period was followed by an activity. Each
Sphero activity maintained relevance to reinforce and build
upon the topic of that day. For example, the review session
for the angles math lesson consisted of students creating and
identifying angles and shapes on a worksheet. The activity
was then followed by students recreating the angles using the
Sphero balls. At the end of each class, notes and comments
were collected from students with a brief reflection period.
This gave students a chance to voice their thoughts about the
lesson and activity for that day.

B. Sphero Basics

The first week consisted of ice breaker challenges, grouping
the students, and teaching the young coders how to utilize and
control the Sphero balls. For the control activities, the students
learned how to aim and drive the Sphero Bolt robot. Then,
they moved into block coding. Activities, such as bowling
and soccer were integrated with each lesson to ensure that
everyone had grasped the concept. Since time was limited,
students were taught the foundational necessities, including
but not limited to, changing the light, adjusting the speed,
and aiming the ball. Students also participated in a reflection
period at the end of each day, where the most insight was
gained on their comfortability with the functions of the robot.
An analysis of the reflection responses showed that most of the
students felt comfortable controlling the ball within the first
day and a half, with only one student having prior experience
with Sphero. After three full days, all students reported that
they felt comfortable controlling the Sphero balls. The students
went from driving the balls to controlling the ball using block
coding. The different functionalities were explained and the
effects of each block were displayed in the Sphero app, by
going through each tab.

C. Math Week

The second week was the start of math week. Beginning on
Monday, students were asked to complete a pre-assessment
which consisted of 15 questions. Students were given 45-60
minutes to complete the pre-assessment. The lessons consisted
of assorted angle questions (e.g. finding the missing angle,
labeling the angles, and finding the relationships between
two angles), solving algebraic expressions, solving systems
of equations (using substitution), and labeling shapes. After
the lunch break, if the quizzes showed a high number of
students struggling on a topic, the lesson plan for that day
would be adjusted to their levels of understanding. Some of
the activities for this week included creating and completing



mazes, completing a list of shapes, and programming their
own hot-potato game with the Sphero. At the end of the week,
students completed the post-assessment and were given time
to ask any additional questions or finish any activity of their
choice from that week.

D. Science Week

The third week was dedicated to science concepts. The pre-
assessment was administered on Monday of that week before
lunch and students were again, allotted 45-60 minutes. The
lessons for this week covered topics that included learning
basic physics concepts (i.e. velocity, time, speed, distance,
and acceleration), object motion concepts (Newton’s Laws,
inertia, momentum, force), and friction. The activities for this
week also corresponded with the lessons. During this week,
an example of a class day would include learning a few basic
physics concepts and having a review activity. In relation to
the lesson for the Sphero activity, students used formulas to
determine the time and speed needed for the robot to go a
certain distance and hit a designated spot. Most of the activities
for this week incorporated the manipulation of formulas to
complete the necessary activities and challenges.

E. Final Challenge

The final challenge was prepared for the last week and
conducted on the last day of the program. It encompassed the
math and science concepts learned from all three weeks of the
course. With this challenge, students were encouraged to work
within groups, without the assistance of the instructors and
observers. The activity was designed for the different groups
of students to compete against each other in different stages
of the final challenge, which varied in difficulty. There were
four stages in all, covering some of the most challenging,
but relevant, concepts discussed during the program. All four
stages of the final challenge included an assessment and an
activity. The first task in each stage was a paper assessment
that the students were allowed to complete as a team. The first
group to answer the question(s) correctly was able to start the
activity first. Each team had to answer the question(s) correctly
to move on to the next activity. The four activities included in
the final challenge are as follows:

• Create a shape - Students programmed their ball to make
the shape listed on the activity card. First, they were given
time to code the shape using the Sphero app. Once, they
were ready, they were given paint to dip their ball in
and were asked to run the code and place the ball on
large white paper so everyone could see the shape that
the painted Sphero ball created.

• Bowling - Each team took turns to see who could knock
down the most pins with their ball using code only.

• Maze race - A maze was created by the instructors
using tape and Legos. For this activity, the students
programmed the robot to see who could get the farthest
in the maze.

IV. METHOD

A. Participants

All participants were students in this summer program and
a part of the Atlanta Public School System (APS). Students in
the program were recruited based on the Georgia Board Rule
160-4-2-.38 [18] which says, “a gifted and talented student is
defined as one who “demonstrates a high degree of intellectual
and/or creative ability(ies), exhibits an exceptionally high
degree of motivation, and/or excels in specific academic fields,
and who needs special instruction and/or special ancillary
services to achieve at levels commensurate with his or her
ability”. In addition, some students were financially able to
attend, while others were given a scholarship.

The targeted participants were rising 6th through 8th
graders. Their ages ranged from 10 to 13 years old with the
average age of 11 years old. There were a total of 23 students
and all of the students identified as African American except
for one, who identified as White. Out of the 23 students, 14
were rising 6th graders, one student was a rising 7th grader,
4 students were rising 8th graders, and 4 did not specify. 17
of the students identified as a male and 6 as female.

B. Participants Previous Knowledge of Curriculum

For the scope of this study, we will only focus on the mathe-
matics portion of the Atlanta Public Schools curriculum. Since
the majority of the students had not yet completed 6th grade,
the standards for 5th grade were added.Those who completed
the 5th grade the following school year were registered as 6th
graders. As mentioned earlier, most participants were on their
way to 6th grade so they had yet to be exposed to any of the
6th-grade curricula. The standards for 8th grade were added to
show that the Sphero program also covered some concepts that
are not taught until the 8th grade. According to the Atlanta
Public Schools mathematics curriculum map [18], [19]:

Upon completion of the 5th-grade, students should be
able to. . .

• Convert like measurement units within a given measure-
ment system.

• Geometric Measurement: understand concepts of volume
and relate volume to multiplication and division.
Upon completion of the 6th grade, students should be
able to. . .

• Apply and extend previous understandings of arithmetic
to algebraic expressions.

• Reason about and solve one-variable equations and in-
equalities.

• Solve real-world and mathematical problems involving
area, surface area, and volume.
Upon completion of the 7th-grade, students should be
able to. . .

• Solve real-life and mathematical problems using numer-
ical and algebraic expressions and equations.

• Analyze proportional relationships and use them to solve
real-world and mathematical problems.



• Use properties of operations to generate equivalent ex-
pressions.

• Solve real-life and mathematical problems using numer-
ical and algebraic expressions and equations.

• Draw, construct, and describe geometrical figures and
describe the relationships between them.

• Solve real-life and mathematical problems involving an-
gle measure, area, surface area, and volume.
Upon completion of the 8th-grade, students should be
able to. . .

• Understand and apply the Pythagorean Theorem.
• Use functions to model relationships between quantities.
• Understand the connections between proportional rela-

tionships, lines, and linear equations.
• Analyze and solve linear equations and pairs of simulta-

neous linear equations.
• Understand the connections between proportional rela-

tionships, lines, and linear equations.
• Understand congruence and similarity using physical

models, transparencies, or geometry software.

C. Research Design

The research component intended to observe middle school
students’ attitudes towards computing. There were two re-
search methods used: naturalistic observation and an online
survey. Before participating, parental/guardian consent forms
were distributed and returned to each student. Thirteen student
participants completed both the pre-survey and the post-survey
in its entirety. Participants completed a pre-survey at the start
of the program and a post-survey at the end. The survey
consisted of four parts: (1) demographics; (2) computing atti-
tudes; (3) career decision making; (4) and academic resilience.
The demographics section collected participants’ age, sex, last
completed grade level, STEM grades, and future career goals.
Participants were asked what computer science meant to them
and to describe their previous involvement with coding and/or
Sphero (if any).

Computing attitudes were investigated using an adapted
version of the Subjective Science Attitude Change Mea-
sures–Student Version [16], [17], a 23-item 7-point Likert
measurement scale designed to predict motivation and con-
fidence in science. The adoption of the scale allowed sci-
ence questions to remain STEM-focused but ensured stu-
dents understood the term computing (computer science and
computational thinking) and to incorporate the subjects while
answering the questions. Career decision making confidence
was examined using the 25-item, 5-point Likert scale Career
Decision Making Self-Efficacy Scale-Short Form developed by
Betz, Klein, and Taylor [20]. The Academic Resilience Scale
developed by Cassidy [21] was used to measure students’
grit during academic hardships. The Academic Resilience
Scale has 30 items and uses a 5-point Likert scale to answer
likelihood questions about how one would react to a scenario
when one is failing a course. Naturalistic observations were
coded using an inductive thematic analysis [22]. Open-ended
questions in the demographic section of the pre-survey and

post-survey were analyzed using an inductive-deductive the-
matic analysis [22]. All scales were analyzed using the rec-
ommended descriptive statistics. Three paired-sample t-tests
were performed to compare the results of each scale during
the pre-survey to post-survey. Individually paired sample t-
tests were conducted to compare the pre-post math and science
assessments.

V. RESULTS

Before each week started, students were asked if they had
ever heard of the concepts or topics that would be discussed.
The majority of the class claimed to not know most of
the concepts mentioned. After taking both the pre-math and
science assessments, the students confirmed that they did not
know most, if not all, of the information presented on the
assessment.

A. Pre vs Post Math Test

Fig. 1. Math Pre and Post-Assessments

The math assessment was first in the sequence of as-
sessments given during the summer program. As mentioned
earlier, both the pre and post-assessments consisted of 15 ques-
tions that ranged in difficulty and topic, related to mathematics.
The post-assessment consisted of 15 of the same or similarly
styled questions. In Figure 1, there was an improvement from
the pre- to post-assessment.

The math assessment scores also showed significant growth
from an initial average of about 60% to an average of about
72% for the final assessment (see Figure 1). The p-value
equals 0.0146 (t = 2.79), which is considered statistically
significant. The average percent change was about 13%. All
lessons showed significant score improvements, respectively
(see Figure 2).

In Figure 2, the graph displays the math pre and post-
assessments based on the lesson. The assessment was split
up by angles, equations, and shapes. The Angles lesson had
significant score improvements, with a pre-assessment average
of 68% and a post-assessment average of 88%. The Shapes
lesson also had significant score improvements, with a pre-
assessment average of 63% and a post average of 78%. Both
p-values (0.007, t=3.01 and 0.048, t=1.83, respectively) proved



Fig. 2. Math Assessments by Lesson

to be statistically significant. For the Systems of Equations
lesson, participants did not perform significantly better from
the pre-assessment(45% average), to the post-assessment(58%
average). The p-value equals 0.083 (t=1.49), which is also
statistically significant.

1) Pre vs Post Science: The science assessment was the
second assessment given. Similar to the math assessment, both
the pre- and post-assessments for science ranged in difficulty
and topic. As shown in Figure 3, there was considerable
improvement from the pre to post-assessment.

Fig. 3. Science Pre and Post Assessments

Based on this data and the students’ observed reaction,
they were engaged and retained quite a bit of information.
The table below shows the results from the pre- and post-
science assessments, in addition to the average percent change
from the pre to the post. T-tests were run on all presented
data and the results for both the pre and post-assessments
were statistically significant, yielding a p-value of .0017. The
pre-assessment had an average of about 39% with the post-
assessment having an average of about 63%. On average,
students did 28% better on the post-assessment and 100% of
the students scored better.

Figure 4, examines the science pre and post-assessments
based on the lesson. The “S, T, D, V, A” section refers to
the basic physics concepts covered: speed, time, distance,

Fig. 4. Science Assessments by Lesson

velocity, and acceleration. There was a separate section on
friction. The p-values for both of these sections showed to be
statistically significant with the physics concepts having a p-
value of 0.0172 (t = 2.73) and the friction section had a p-value
of 0.0002 (t = 5.01). The “Newton, I, M, F” section refers
to object motion concepts such as Newton’s Laws, inertia,
momentum, and force, which held a p-value of 0.0635 (t =
2.03).

Similar to the overall analysis of the pre and post-
assessments, there was a 100% increase from pre to post for
all sections. Based on the results, students retained the most
information from the friction lesson, with an average increase
of 48% from pre to post.

Observations were conducted during the assessment pro-
cess. The assessment format remained constant between the
math and science assessments, however, the science assess-
ment had a few more questions. Generally, students were ex-
tremely distracted, discouraged, and/or disengaged during all
assessments. As a whole, students asked more questions during
both math assessments compared to both science assessments.

B. Pre/Post Survey

Thirteen of the twenty-one students completed both the
pre-survey and the post-survey. A paired-samples t-test was
conducted to determine the program’s significance in increas-
ing students’ career decision making self-efficacy, computing
attitudes, and academic resilience. A noticeable increase in
career decision making self-efficacy was prevalent from the
pre-survey (M = 3.75, SD = 0.88) to the post-survey (M = 4.15,
SD = 0.72), t(11) = 1.976, p = .037 (upper tailed). There were
no statistical differences in computing attitudes or academic
resilience.

C. Observation/Reflection

There was a substantial knowledge gap with math concepts
when compared to science concepts. Because of this, the
instructors had to continuously stop and make sure everyone
was caught up or not getting too far behind. To combat this,
the instructors took a different approach. For example, when
systems of equations were being taught, instructors stopped to



break the students into smaller groups to teach the concepts
on a more intimate level. During the reflection period, 100%
of the group agreed that systems of equations were the most
challenging lesson up to that point and that the students,
overall did not enjoy it. The importance and the purpose of
math week altogether came up during reflection often.

During science week, students were noticeably more en-
gaged, most likely because the concepts were more applicable
to their experiences. The students were more interested and
enthusiastic during this week. This could be due to a number
of factors, such as increased comfort levels with the instructors
as well as the other students, becoming familiar with the
schedule and/or incentives being introduced. Although the
results of the science pre-assessments displayed students’ lack
of knowledge, their post-test and behavior in class showed
their alertness and ability to retain the information from the
week.

Throughout the weeks, there was an increase in computing
jargon being used. Students began using the correct termi-
nology when trying to explain their code. There were also
connections being made when they were shown code in Python
and compared it to their block coding. The instructors also
used the class period to review simple Python code with the
students. This code resembled the students’ code and helped
them to be able to identify each part of the code themselves.

Overall, the students requested more activity time and less
lesson time. Towards the end of the program, they realized
the role each lesson played in the activity and why it was
necessary. During reflection, most stated they were glad they
were taught the lessons that correspond to the activities.

VI. DISCUSSION

The summer program was designed to increase students’
computing interests, attitudes, and their performance in STEM
through interactive applications. Increasing students’ com-
puting attitudes is suggested to increase the likelihood that
students would pursue careers in computing [12], thereby,
supporting the demand for computing careers [3]. This pro-
gram was successful at strengthening students’ confidence in
identifying and choosing careers, but it did not necessarily
steer students towards computing. There was no significant
change in students’ attitudes and interests in computing.

The program was highly effective at increasing students’
math and science comprehension and performance. To explore
these findings, it is necessary to identify how the program
directly addressed working with students at the middle school
level. Adolescent students respond best to active learning, as
active learning often incorporates peer interaction and short
lesson plans to hold short-lived interests [7], [8]. Students were
notably more engaged in science lessons than math lessons.
Students showed more engagement for the physics science
lesson than math courses due to the clear, correlating nature
of the lesson and activity. This also supports literature sugges-
tions that adolescent students respond strongly to applicable
learning [7], [8]. Students were easily able to relate the physics
concepts to reality during the lesson whereas math lessons

tended to be a bit more abstract and related less to the activity.
Consequently, a few students questioned the purpose of the
math lessons. The program’s use of Sphero robotics facilitated
the recommended hands-on learning experience within all
activities as students had to program and control their own
balls as well as work in teams [9].

Literature suggests that instructing computing at an early
age has positive effects on math and applied science per-
formance and retention [23]. The findings directly support
the literature, all but one lesson (Systems of Equations)
significantly increased students’ performances in math and
science. As computer programming skills were not directly
measured, it is not clear of the impact the program had
on simple fundamentals of computing; however, there were
findings observed regarding the students’ behavior including:
computing belongingness through accurate use of field-specific
terminology and the ability to identify and locate important
content within a few simple lines of code written in Python.

A. Limitations

There were a few limitations in the data collection of
the study. Naturalistic observations were recorded, however,
there was no validated framework used to deductively ob-
serve behaviors. Only thirteen of the twenty-three students
participated in the summer program completed the surveys,
which causes the conclusion to be less persuasive although the
results were based on the calculation of t-statistic and p-value.
Additionally, multiple validated scales were used to measure
different academic and computing metrics; however, there
was no factor analysis performed to eliminate any correlating
or overlapping items. Finally, there were no test groups to
independently determine the cause of the math and science
performance increase. Thus, it is unclear if the increase in
math and science scores was directly from the lecture, the
activity, or a combination of both. It is also important to note
that most students had not been introduced to the system of
equations as a math subject prior to this program.

B. Significance of Small Samples and Short Programs

One of the main concerns that stems from utilizing small
samples is that it would not be able to predict for the whole
population, thus causing higher variability leading to results
that are less reliable. However, several studies have been run
that show that minorities learn and retain more information
in smaller classroom settings, at all ages [24]. The overall
goal of the program is to increase achievement amongst under-
represented students and to close achievement gaps between
advantaged and disadvantaged students. Therefore, studies and
research are in an environment similar to the overall goal. The
results in the present study are significant; however, we do
acknowledge that larger numbers are needed to generalize.

VII. CONCLUSION

The work performed is important,because it exposes middle
school underrepresented students to computing through active
learning grounded in existing STEM curricula. Though this



program was not effective at increasing computing attitudes
at large, it showed promising results in terms of developing
students’ sense of belonging in the computing field with
programming and robotics comfort. The program also served
as an effective STEM performance initiative that integrates
much-needed computing principles to middle school students.
In addition, students that participated in the program will start
the year off ahead of their peers. Other research was conducted
with this study focusing on developing undergraduate students
into STEM near-peer instructors as well as more in-depth ob-
servation of how middle school students interact with robotics
and learn primary.

A. Strengths

Overall, the Sphero summer program was successful, for
both the instructors and students. The most positive result
was that the students received the information quickly and
retained it. As time progressed, all of the students were more
comfortable talking with and asking the instructors for help
if they needed further instruction or did not understand. The
instructors all had different teaching methods, which gave
the kids a tailored learning experience. For the students who
were challenged the most, an instructor would break down the
lesson to the simplest concept and build on the experiences
of that student. For the students that picked up things fairly
quickly, an instructor would extend the lesson to keep the fast
learners engaged and connected with the group.

The instructors also did a thorough job of planning the
lessons and keeping a consistent schedule. Students were able
to get into a rhythm, making it easier for the instructors to
move through the lesson without complications. This allowed
instructors to pay closer attention to what helped the students
learn. For example, the instructors realized that when the
students felt more comfortable with the lesson and activities
they became more creative. The instructors took the initiative
to change the activities and lessons to give students more
opportunities to use that creativity.

B. Implications

Even though the sample size was small, this work is impor-
tant. This program, along with past similar programs, allow
others to learn and build their own programs or workshops.
This program was just one piece of a larger puzzle the lab
is working to complete. The lab has been invited back to the
same summer program to run another Sphero course with more
students. In addition, many other schools, summer programs,
and development centers have inquired about bringing one of
the Sphero workshops to their students.
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Abstract—Women are underrepresented as instructors in en-
gineering, computing, and technology classes. One factor that
disadvantages women in the classroom are student evaluations of
teaching (SETs), as research finds they contain significant gender
bias. This may contribute to the dearth of women in computing
education, as SETs are used in decisions about contract renewals,
hiring, tenure, and promotion. The double-bind is one cause of
gender bias in SETs, meaning that it is more difficult for women
than for men in leadership positions (such as being a professor)
to be perceived as both competent and likable. We examine
a lightweight intervention’s impact on gender bias caused by
the double-bind. Specifically, we conducted a field experiment
in which the woman professor of a CS1 class for non-majors
gave students in the intervention condition additional, positive
exam feedback via email. We hypothesized this would increase
students’ perceptions of the professor’s likability, which would
then increase her SETs. We find that the intervention increased
top-performing students’ ratings of the professors’ likability. We
also find that the professor received significantly higher SETs the
semester she sent the intervention emails. While women should
not have to alter their behavior to accommodate students’ gender
biases, this intervention may be a useful survival strategy for
women impacted by gender bias in SETs.

Keywords— gender bias in teaching, CS1 education, student
evaluations of teaching

I. INTRODUCTION

Despite efforts to increase the number of women in STEM
(Science, Technology, Engineering, and Math), women con-
stitute only 20.8% of Computer Science (CS) faculty across
all faculty positions [1]. While many factors contribute to
this dearth of women, student evaluations of teaching (SETs)
are one source of disadvantage, as they contain significant
gender bias [2] [3]. Gender bias in SETs may contribute to
women’s under-representation in engineering, computing, and
technology classrooms, as SETs are used in in decisions about
contract renewals, hiring, tenure, and promotion [4].

In an effort to decrease gender bias in SETs, we evaluate
the effect of a lightweight intervention. Students in the in-
tervention group received their exam score in an email from
the professor with additional, positive feedback that varied
based on their exam performance. Top-performers (those with
an exam score in the top 50%) in the intervention condition
were explicitly told that they had an above-average exam

performance and were doing a good job. Bottom-performers
(those with an exam score in the bottom 50%) were given
positive feedback about their ability to improve and informa-
tion on resources to help them do so. Students in the control
condition received an email with just their score (with no
additional feedback or information). We hypothesized that this
positive feedback would cause students in the intervention
condition to view the woman professor as more likable, and
that her SETs would be improved by these increased percep-
tions of likeability. This is because research finds a strong
positive correlation between likability and SETs [5]. Given
that women in leadership positions (such as professors) often
face a double-bind in which observers fault them for seeming
either inadequately nice or inadequately competent [6], this
intervention could help decrease likability bias against women
professors.

As a disclaimer, the long-term efficacy of this intervention
is limited because it does not decrease systematic gender
bias in SETs. We also strongly advise against the mandated
use of this intervention, as it places an additional burden on
women. Despite its limitations and potential for misuse, we
report this intervention because it is easier to implement than
other survival strategies used by women to combat gender bias
(for instance, over-preparation [7]). As such, this intervention
may be a useful survival strategy for women at the mercy of
SETs (e.g., assistant professors, adjuncts) within institutional
settings that are unwilling to make systematic changes to
combat gender bias in SETs.

II. RELATED WORK

A. SETs and Bias Against Women Instructors

In higher education, SETs are frequently used in hiring and
personnel decisions [4]. However, a growing body of research
finds that they are biased against women [4]. For instance,
experimental work in online teaching settings has found that
students rate instructors they believe to be men higher than
instructors they believe to be women, regardless of the in-
structor’s actual gender [3]. Moreover, a natural experiment
found that women receive lower SETs by large and statistically
significant amounts, even controlling for learning [2]. These
effects vary by student gender, with students who are men
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tending to give higher SETs to instructors who are men than to
instructors who are women [8]. Thus, in male-dominated fields
like computing (in which a majority of students are men),
women instructors are likely to be particularly disadvantaged
by SETs.

B. The Double-Bind and Gender Bias in SETs

One contributing factor to gender bias in SETs is the double-
bind, a dilemma often faced by women leaders in which
they can be perceived as either likable but not competent, or
competent but not likable. Gender stereotypes drive this effect,
as commonly-held beliefs about gender assert that women
should be warm, selfless, and nice, while men should be
assertive, bold, and agentic [6]. Thus, the gender stereotypes
about how men should act line up neatly with societal expec-
tations for leaders, while the gendered expectations for women
are in tension with how society believes that leaders should
behave [6]. So when women leaders behave in accordance with
societal expectations of leaders, they are seen as insufficiently
nice. But when they behave in accordance with the gendered
expectations held for women, they are seen as inadequately
competent leaders. The double-bind is challenging for women
academics because the role of instructor often requires giv-
ing negative feedback to students. And indeed, students rate
difficult graders more poorly when they are women [9].

C. Likability Interventions and the Double-Bind

Some research has found that women leaders can overcome
the double-bind if they act in a competent manner while
demonstrating traits consistent with the gender stereotypical
expectations of women (e.g., nice, communal, and group-
orientated) [7]. For instance, backlash against women who
negotiate is negated when women negotiate for others [10].

Thus, we suspect that women instructors who engage in
warm, friendly behavior towards their students may be able to
overcome the likability bias of the double-bind. We hypothe-
size that this will improve the SETs of women instructors, as
SETs are highly correlated with likability [5] and friendliness
towards students has been shown to increase SETs for women
instructors but not men instructors [11].

III. RESEARCH QUESTIONS

We evaluate two research questions:
• RQ1: To what degree does additional, positive feedback

from the professor delivered via email increase students’
perceptions of the woman professor’s likability?

• RQ2: To what degree does additional, positive feedback
from the professor delivered via email increase SETs for
a woman professor?

IV. METHODS

This study uses two methods to evaluate our research
questions. For RQ1, we use data from a controlled A/B study
in which half the students got the intervention and half were
the control. For RQ2, we use the official University SETs for
the semester in which the intervention occurred (considering

all students, even those in the control), and compare against a
control semester that did not use the intervention at all.1

A. Context

This study was conducted in the Fall semester of 2018 in
a CS1 course for engineering students (non-majors) at a large
public University in the United States. Students took surveys
both before (Pretest survey) and after (Posttest survey) their
first exam. All students in the Fall 2018 offering of the course
were required to complete the Pretest survey at the start of
the course.2 Students were then offered 2 percentage points of
extra credit for completing a Posttest survey, which was given
after the exam.3

B. Assignment of Participants to Intervention Group

After the first exam, students were stratified by exam perfor-
mance (top 50% or bottom 50%). They were then randomly
assigned to either the control or intervention group. While
not every student consented to the use of their data for this
research, every student was assigned to the control or the
treatment group.4

1) Control Group Emails: After the exam, students in the
control group received an email in which they were only given
their numeric grade on the exam followed by information on
how to access the survey.

2) Intervention Group Emails: After the exam, students in
the intervention group received an email from the professor
giving them their numeric grade on the exam, information on
how to access the survey, as well as additional feedback that
varied based on their exam performance. Top-performers (top
50% of exam scores) in the intervention condition were ex-
plicitly told that they had an above-average exam performance
and were doing a good job. Bottom-performers (bottom 50%
of exam scores) were given positive messaging about their
ability to improve and information on resources to help them
do so.

C. Metrics

Two metrics were used for the evaluation of the research
questions: 1) professor likability (from Pretest and Posttest
surveys) and 2) official SETs (administered by the University
at the end of every course).

1) Likability of Professor: On both surveys, students were
asked, “How much do you like the instructor of this class?”
and could respond on a 7-point scale (in which 1 = “Greatly
dislike,” 4 = “Neither like nor dislike,” and 7 = “Greatly like”).
The mean likability score (across both the Pretest and Posttest
survey) was 5.51 with a standard deviation of 1.09. We use
linear mixed models to assess the impact of the intervention
on student perceptions of professor likability.

1Due to the space limitations, full details on the study methods, analyses,
and results are available in a technical report [12].

2However, students were not required to consent to the use of their data.
3All students, independent of test performance and consent for data use,

could earn extra credit by completing the surveys.
4We did this so that the professor could not know which students had

consented to data use.



TABLE I
LINEAR MIXED MODELS WITH REPEATED MEASURES PREDICTING TOP

PERFORMING STUDENT RATINGS OF PROFESSOR LIKABILITY

Coefficient Standard Error p-value
Time 0.03 0.13 0.83
Intervention 0.33 0.16 0.04
Intercept 5.66 0.19 0.00

n=148 observations nested in 74 participants.
NOTE: Each model has a random intercept and an AR(1)
specification for serial correlation.

2) Student evaluations of teaching: The professor’s official
SETs were used to assess the impact of the intervention
on teaching evaluations. We compared the professor’s SETs
from Fall 2018 (the semester the intervention occurred) to her
Spring 2019 SETs (a semester in which she sent no emails
about exam grades). This semester was used because it was
most directly comparable to the intervention semester, given
its close temporal proximity and the minimal course changes
that occurred between the two semesters. For each question in
the SETs, students responded on a 5-point scale in which 1 =
“strongly disagree” and 5 = “strongly agree”. Blank or “not
applicable” responses were removed from this analysis.

D. Participants and Response Rates

While there were 185 students in the Fall 2018 class, control
and treatment groups were assigned based on the 167 students
who consented. However, there was an unequal distribution
between the control (67 students) and intervention groups
(72 students) because only 139 students completed both the
Pretest and Posttest surveys. Thus, we report a response rate
of 139/185 (75.1%). Of these 139 students, 74 were classified
as top performers (35 control, 39 intervention) and 65 were
classified as bottom performers (32 control, 33 intervention).
Among students who participated, all identified as either
women (29 students) or men (110 students).5

For SETs, the response rate was 80/185 (43.2%) for the
intervention semester of Fall 2018 and 103/264 (39.0%) for
the control semester of Spring 2019.

V. RESULTS

A. RQ1: Impact of Intervention on Professor Likability

Using the data from the Pretest and Posttest surveys from
Fall 2018, we find direct evidence that the intervention causes
top-performing students to like the professor more. Table I
shows the results of the analysis with linear mixed models.
Time takes on a value of ‘1’ for the Pretest survey and ‘2’
for the Posttest survey. Intervention takes on a value of ‘0’
for all observations at time 1 (as no students had received the
intervention at this time), and takes on a value of ‘1’ at time
2 if the student was in the intervention group. We conduct
separate analyses for top and bottom performers, given the
differences in the feedback received by these groups.

5Gender was balanced across the control and treatment groups. We do not
break down the analysis by student gender because student gender did not
impact the effect of the intervention.

We find evidence that the intervention increases top-
performing student ratings of professor likability by .33 points
(p < .05). This represents an increase of 5.8% percent, given
the average rating of professor likability in the control group
was 5.66. While this is a modest increase, it is statistically
significant.

We do not find evidence that the intervention increases
bottom-performing student ratings of professor likability, with
p = 0.80, see [12]. Similarly, when considering top performers
and bottom performers in aggregate, there is no significant
overall effect of the intervention.

B. RQ2: Impact of Intervention on SETs

To determine if the intervention influences SETs, we com-
pare the professor’s Fall 2018 SETs (the intervention semester)
with her Spring 2019 SETs (the comparison semester). We
use a paired t-test in which we treat each of the twelve SET
questions as a unit and then use each semester’s average value
for the question as a repeated measure of the unit. This means
that the average SET score received by the professor in the Fall
of 2018 (the intervention semester) was 4.13 (with a standard
deviation of 0.28 and 12 observations - one for each of the
questions), and the average score the professor received in the
Spring of 2019 was 3.92 (with a standard deviation of 0.22
and 12 observations - one for each of the questions). This
difference was found to be statistically significant, with a t-
statistic of -5.84 and a p-value of ¡ 0.001.

VI. DISCUSSION

Women constitute a minority of professors in engineering,
computing, and technology courses, and face challenges that
their counterparts who are men do not. One of these challenges
is that SETs have been found to be biased against women, so
much so that the American Sociological Association (ASA)
released a statement cautioning against the use of SETs in
tenure and promotion cases [4].

In this work, we present a lightweight intervention that
appears to decrease gender bias in SETs by mitigating the
effects of likability bias against women professors. Although
we only found evidence that the intervention increased the top-
performing students’ perceptions of the professor’s likability
(RQ1), the positive messaging in the intervention appears
to be so effective that the intervention led to significantly
higher SETs at the end of the semester (RQ2). Although it
might seem unlikely that a single email could have a large
impact on SETs, it is well established that a single action
can greatly impact observers’ attributions and understandings
of a person, especially when that action occurs early in the
relationship between the person and the observer [13]. Future
research should more directly assess the precise mechanisms
that caused the intervention email to increase perceptions of
the professor’s likability and her SETs.

While women should not have to change their behavior
to accommodate the gender bias of students, an unfortunate
reality is that most institutions of higher learning use SETs to
evaluate faculty. This intervention may be helpful to women



who are struggling with the effects of gender bias caused by
the double-bind, as this intervention may be easier for them
to implement than other behavioral adjustments they already
use to circumvent gender bias (for instance, over-preparing for
class or carefully curating ones appearance [7]).

Given the important role women professors play in the
retention of top students who are women, this intervention may
also have important downstream effects on women students
in STEM. Carrell finds that while professor gender has little
impact on students who are men, it does have a powerful effect
on the performance and retention of students in STEM courses
who are women, especially top performing women [14]. If this
intervention helps retain more women instructors in STEM
fields, it may also have the additional benefit of increasing the
retention of students in STEM who are women.

A. Other Factors At Play

Were the SETs better during the intervention semester
because the class size was smaller? One might argue that SETs
were better duing the intervention semester because there were
79 fewer students enrolled in the intervention semester than the
control semester. To assess this hypothesis, we compared the
SETs from the Spring 2018 semester (a semester in which an
identical email intervention occurred, but that did not include
the likeability question on the surveys) and the Fall 2017
semester (its closest control semester). In this case, the Spring
2018 enrollment (the intervention semester) was higher than
the Fall 2017 enrollment (the control semester). We again find
that the professor’s SETs were significantly higher (p = 0.026)
during the intervention semester (Spring 2018) than the control
semester (Fall 2017).

Was the quality of instruction higher during the intervention
semester? One might argue that the professor was particularly
invested in teaching during the semester of the intervention.
However, the intervention did not appear to have an impact on
the questions from the SET related to professor explanations,
enthusiasm, and preparedness, or course materials [12], which
leads us to believe the delivery of material, and the materials
themselves, were similar between semesters. Moreover, the
professor stated that she did not change the course materials
between semesters.

Is the improvement in SETs due to higher response rates?
There was a higher response rate for SETs in the of Fall 2018
compared to the Spring of 2019 (See Section IV-D), but using
a 2-sample test for equality of proportions with a continuity
correction, we find that the difference in response rates is not
significant (p = 0.184).

B. Threats to Validity

1) External Validity: We studied students in a CS1 course
for non-majors at a large research University in the United
States and results may not generalize to other populations,
such as smaller institutions or courses for majors. Results
are reported for one professor who is a woman and may not
generalize to other women or professors of other genders.

2) Conclusion Validity: The response rates for the SETs
were 43.2% and 39.0% for Fall 2018 and Spring 2019,
respectively. It is possible that the results may not hold with
a higher response rate.

VII. CONCLUSION

Research finds that SETs contain significant gender bias,
and that professors who are women often receive lower
evaluations than men for a similar quality of instruction. We
examined the effects of a lightweight email intervention that
provides positive exam feedback to students. We find evidence
that the intervention improves short-term student perceptions
of the women professor’s likability. We also find evidence
that the intervention increases official SETs, providing further
evidence of the intervention’s effectiveness. While this inter-
vention does not decrease the gender bias of students, this
intervention could be a survival strategy used by women to
mitigate bias they experience in SETs.
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Abstract—As high school computer science course offerings 
have expanded exponentially over the past decade, persistent gaps 
in terms of race and gender have remained a key characteristic in 
computer science classroom learning opportunities. This study 
aims to learn from the perspectives and knowledge of seven 
women of color who are high school computing teachers. Using 
ethnographic methods and data collected from professional 
development observations and interviews, this study examines 
how the intersectional identities and embodied experiences of 
these educators can inform efforts at broadening participation in 
computing for students. The findings of this study point to the 
importance of not playing it safe, commitment to teaching in 
historically underserved communities, intersectional identities 
and impact on teaching, and critical hope as key tenets in these 
teachers’ standpoints towards broadening participation in 
computing. While some of these tenets can inform other educator’s 
pedagogical efforts at broadening participation in computing, the 
embodied, gendered, and racialized nature of these findings 
highlight the need to prepare a diverse teacher cadre as part of 
building authentic opportunities to learn for all students.  

 Keywords—intersectionality, equity, broadening participation 
in computing (key words) 

I. INTRODUCTION  

 Despite a great number and variety of efforts to address the 
participation gap in computer science (CS), it continues to 
persist. This gap is especially profound at the intersections of 
race and gender. Women of color currently constitute 39% of 
the female-identified population in the United States, however, 
only 7% of all high school students taking Advanced Placement 
Computer Science in 2017 were girls of color [14] and women 
of color make up just 10% of bachelor’s degrees and 5% of 
doctorates in computing [14]. Among all women employed in 
computer and information science occupations, only 12% are 
Black or Latinx women; in 177 Silicon Valley firms, less than 
2% of all workers are Black, Latinx, or Native 
American/Alaska Native women [14].  
__________________________________________________ 
National Science Foundation, Grant No. CNS-1837286 and CNS-1743195. 

 In a democratic country, it is especially imperative that 
girls and women of color have access to the study of, and 
employment in, any field that brings them satisfaction. It is 
equally important that they have access to positions with 
agencies to define and shape the field of computing, which 
currently exercises immense influence over most aspects of our 
lives. While multiple research-based interventions have been 
forwarded which focus on recruiting girls of color to 
computing, most of these are single sex, out of school 
programs, which aim to influence girls’ confidence and 
belongingness in computing [17]. There is a scarcity of research 
that examines the experience of CS teachers, who are women 
of color; research that centers their perspectives in grappling 
with their teaching practices and role in the educational 
experience of their students. The research questions guiding 
this work are as follows: How do women of color understand 
and approach their role as CS teachers based on their unique 
standpoint? How do their intersectional identities impact their 
teaching praxis? 
 The aim of this study is to center the voices of CS teachers 
whose lived experiences as women of color give them a unique 
perspective regarding the interplay of teachers, students, 
families, race, gender, CS, community demographics, and 
school culture. We employ the theoretical frameworks of 
feminist theories, and in particular standpoint theory, to analyze 
and elevate the values and praxis of these teachers in order to 
gain a better understanding of how to support CS education that 
embraces marginalized students. 

II. THEORETICAL FRAMEWORK 

 Within literature on professional development and 
curriculum, the centering of Eurocentric perspectives is 
prevalent with little attention paid to those teachers who exist 
outside of the mythical identity norm [13] of white, middle 
class male. This is especially prevalent within the field of CS 
as white males tend to dominate this space both in industry and 
education [4, 19]. While moving toward a centering of teacher 
voice is vital within this literature, it becomes a question of 



whose voice is centered and what questions and conclusions 
can be drawn. In this, we position this paper within a conceptual 
framework of Feminist Standpoint theory [11, 18] as a way to 
counter the common narratives highlighted within the literature 
[7]. As Alutiiq scholar, Sabzalian argues in her description of 
feminist standpoint theory, “Particular social locations, given 
their asymmetrical relationship to power, are epistemically 
advantageous as they can enable clearer insights into dominant 
conceptual frameworks and social reality” [15]. Specific to this 
research project, intersectionality becomes particularly 
effective in illustrating the experiences of women of color that 
are “not subsumed within the traditional boundaries of race or 
gender discrimination as these boundaries are currently 
understood” [6]. This framework undergirds the analysis of this 
study, as we understand “that systems of race, social class, 
gender, sexuality, ethnicity, nation, and age form mutually 
constructing features of social organization, which shape Black 
women's experiences and, in turn, are shaped by Black women” 
[2]. We further draw on the work of Crenshaw [6] who offers 
intersectionality theories as a way to include intragroup 
differences. Thus, Feminist Standpoint theories, grounded in 
notions of intersectionality, offer a generative way to better 
understand how women of color within CS understand their 
role, as students [9], and as teachers and change agents. 

Prior research in Black feminist literature on the 
significance of relationships points to the importance of 
personal accountability and collective responsibility, speaking 
not only to the importance of one’s relationship to their 
community, but also the accountability held for each individual 
within that community [2, 3]. Thomas and colleagues 
discovered that for Black women in computing, “many of them 
continue, or persevere, on their journey, because they do work 
that has some focus on human interactions, which allows for 
them to give back to their communities and make the world a 
better place” [18].  

III. METHODOLOGY 

 This study took place during a five-day Exploring CS 
Professional Development delivered on a college campus with 
participants staying on site for the duration of the professional 
development (PD). The PD brought together a diverse group of 
teachers from different regions of the US who planned on 
teaching the introductory course the following year or had 
taught this course the year prior. As our study and research 
questions are undergirded by standpoint theory and the 
perspective that CS teachers who are women of color have a 
unique experience where race, gender and CS intersect, we 
employed field observation and participant interviews as data 
collection methods. Across three teacher PD classrooms with 
24 teachers each, 1-2 researchers observed teacher learning and 
listened to educator discourse around race, teaching, and CS 
education over the course of the week. Researchers took field 
notes in PD and met daily to share notes and their observations 
from the day.  
 In addition to the week-long observations, we also asked a 
number of teachers to participate in interviews outside of PD 
hours. To answer the research questions in this paper, we 

selected 7 interviews for analysis, all from women of color. The 
participants were selected with the aim of examining a  
 

TABLE I.          PARTICIPANTS 

Participant Teaching 
Location 

Self-Reported 
Race/Ethnicity 

School Site Description 

  Jennifer  
  South     
  Carolina   African American 

Alternative school, 
majority black students 

  Rachel   New York   Latina/Latinx Majority Latinx students 
  Nadia    Texas   Indian Majority Latinx students 

  Carmen    Connecticut  African American 
Career Technical school, 
30% Latinx students  

  Malia    Texas  
 Half Tongan, half   
 Japanese 

Majority Latinx students, 
all ELLs 

  Jodi    Oklahoma   Taiwanese ~50% Native students 

  Ciara    Texas   African American 
Talented and Gifted 
school, diverse students  

 

diversity of experiences: location, teaching experience, school  
demographics, background in computing, etc. While there are 
many other intersecting identity categories, for the purposes of 
this paper, we focused specifically on race and gender.  
 The seven teacher participants of this study, as shown in 
Table 1, teach in five different states and all work in schools 
with large numbers of students of color. The chosen teachers 
had less than five years of teaching experience and were all 
novice CS teachers with the majority entering teaching from an 
outside field. We enacted a grounded theoretical form of 
analysis by developing a thematic code list and identifying 
subsequent sub codes based on the following themes: not 
playing it safe, teaching communities, intersectional identities 
and impact on teaching, and critical hope [1, 16]. 

IV. FINDINGS 

A. Not Playing it Safe 

 Many of the teachers gave us examples of what we are 
calling “not playing it safe”. They spoke out about the injustices 
they see in their schools and how they are dealing with them. 
Jodi said “in professional development I speak up talking about 
equity, talking about diversity, questioning those things that 
people are more so uncomfortable to talk about.” Rachel also 
talked about pushing back against other adults in her school. 
Her feeling is that “I don’t care if you like it or not, it’s not 
about you, it’s about the kids.”  
 These teachers also spoke about their experience during 
this PD week and how they are not playing it safe in this 
environment either. Nadia was the most outspoken on this 
topic. She told us that the white people in her group were not 
talking about the more difficult issues, they stayed surface 
level. She said “they just wouldn’t get into the nitty-gritty; they 
just want to stay on the searches to talk about statistics” and 
“they just want to stay safe; they did not want to dig any 
deeper.” These teachers also included their students in their 
efforts to not play it safe with examples like Jennifer noting the 
implementation of restorative circles in her class in an 
alternative school setting. “I know we’re talking about 
Exploring CS, but being in an alternative school environment, 
you have to deal with the other issues before you can get into 
ECS.” Nadia said, “we talk a lot about how race and power play 



into a lot of the inequities that we see in the world, especially 
in science.”     

B. Choosing to Teach in Specific Communities 

 Many of the teachers we interviewed went through 
alternative teacher preparation programs, in part because of 
their focus on underserved schools. For instance, many of the 
teachers conveyed that they were drawn to Teach for America 
because of their desire to impact educational experiences of 
students. They expressed a commitment to giving back to 
students from their own communities as well as underserved 
students in general. As shown in Table 1, many of the teachers 
work in schools where they do not share the same race/ethnicity 
with the large populations of students of color. Nonetheless, 
these teachers spoke of wanting to be role models for their 
students, being agents of change, and offering perspectives and 
encouragement from a standpoint of solidarity and shared lived 
experiences as women of color. Malia stated: “That’s why I 
went into engineering because I was like, little Tongan girls 
need to see this, too. Little Pacific Islander kids need to see that 
we’re all here trying to do things.” Similarly, Jennifer spoke of 
her commitment to being an agent of change: “I worked at a 
law firm and [I was] seeing the school to prison pipeline and I 
said, ‘Who’s going to do something about this?’ It is really up 
to us as individuals. We can’t look for somebody else to do it.”  
 Beyond their commitment to teach at particular schools, 
teachers enthusiastically described their commitment in 
working with particular student groups with similar educational 
backgrounds to their own. Rachel shared her understanding of 
her students’ experiences and appreciation of working with 
English language learners (ELLs): “I found my love for 
bilingual Spanish. Those are my kind of kids. I love working 
with kids who [have] behavioral issues. This year I took on an 
English Language Arts class myself, all special education and 
all ELLs. I think the constant reminder that there’s somebody 
that came from where I came from, that can do what I can do, 
has been really powerful.” She added: “Me and you, we’re both 
ELL students. I was an ELL student, you’re an ELL student, I 
understand.”  

These participating teachers embodied a commitment to 
improving educational equity on micro and macro levels, a 
desire to impact their local classrooms and systems at large. 
Malia stated: “I want to affect those that are directly in front of 
me at a micro level,” while Jodi expressed: “I think my root is 
in trying to do service and not perpetuating the system that we 
are living in.” Several teachers talked about future work in 
policy and leadership roles at some point in their careers. Of 
note, most of these teachers did not enter the profession to teach 
CS, but they took up CS education as a bigger project of 
supporting and empowering underserved students. This is 
reflected in their efforts to support students more holistically, 
rather than focus on CS content. 

C. Intersectional Identities and Impact on Teaching 

 Teachers commonly discussed how their race and gender 
identities impacted their teaching. As these participants have 
first-hand experience of systemic oppression and 
institutionalized racism throughout their own schooling and 

career journeys, this situates them with a particular standpoint 
by which to understand and deconstruct the barriers they see in 
their schools. During interviews, discussions of systemic 
racism typically moved toward ideas of creating change. For 
instance, Carmen reported how she speaks honestly with her 
Black students regarding the reality of being Black in the 
United States. As a Black woman with experience working in 
technology, Carmen feels that she is able to help students see 
that it is not only white males who are able to do CS. Comments 
she has overheard, such as “that there's no place for people of 
color in CS,” further motivate Carmen in supporting her 
students of color in becoming proficient in CS. She believes 
change will happen by “help[ing them] to... become the people, 
the citizens that they should be, the better people I know that 
they can become”.  
 This motivation to break down barriers specific to 
traditionally marginalized identity categories in CS was also 
discussed by Malia who works hard to empower her students 
through breaking the stereotypes of who is viewed as a scientist. 
As a student, seeing women scientists empowered Malia, and 
because of this experience she wants to offer the same 
representation for her students. 
 Teachers also discussed the impact of their identity on their 
students as mentors. When discussing how her identity impacts 
her students, Jennifer noted, “I think it makes a difference 
because all of my students are Black students so I can talk to 
them as Black mother and I can build a different type of 
relationship with them, I think. The relationship that I have with 
them is a little different than some of the other teachers and so 
with that, especially in that environment... I can command more 
from them.” This role based on Jennifer’s intersecting identity 
categories was echoed by Rachel who discussed how her Latina 
identity has provided representation for her students and helps 
her connect with her students’ families. She noted that her 
identity allows students to see her in a different light in their 
acknowledgment that "this educator speaks my native 
language, understands my culture, knows what I'm going 
through, understands my parents.” These examples speak to the 
importance of having a teacher who matches students’ identities 
in the classroom because for students of color and females in 
CS, this does not often occur. In fact, a common theme across 
the interviews was that having a woman of color as their CS 
educator was, for many students, the first woman of color they 
had encountered in a classroom. 

D. Critical Hope 

 Finally, we found that as a group, these teachers expressed 
sentiments of being critically hopeful in their perspectives 
around teaching CS and their aspirations for their students. 
Rather than gap-gazing [9] about under-representation in CS, 
these women of color share an asset-based projection of their 
students’ future experiences in CS, rooted in their own sense of 
responsibility to share knowledge with students. As Malia 
noted, “I think they are going to kill it…I know they already 
have this interest, and to be able to bring the opportunity to 
them, is going to be super powerful.”  
 Teachers situated their aspirations for themselves and their 
students within a school system plagued by educator bias and 



structural racism. For instance, Nadia notes that she talks with 
her students about the inequities in the world and the connection 
to science, race, and power “a lot.” Nadia then guides her 
instruction, “to bridge that gap  between what they think that 
they can’t reach and show them that it’s hands on, you can do 
it too, is something that I think is important, because that gives 
them power in their own hands to be like, ‘No, I can do this. I 
can use it to my advantage.’” For Nadia, being critically hopeful 
for her students requires her students to understand and be 
informed about inequities related to computing, while 
simultaneously providing students opportunities to learn CS.  
 Teachers also explained instances of having critical hope 
in the face of inequity and racial bias taking place more locally. 
For instance, Carmen described how she launched the first 
Advanced Placement course ever at her school, and other 
educators expressed deficit notions the mismatch of the 
advanced material and their perceptions of the low abilities of 
“those kids”. Carmen, adamant to counter these narratives, told 
her students about this prevailing attitude, saying “You are 
going to be the ones to prove them wrong, we’re going to do 
this together. We’re going to do this right. We worked our tails 
off all year.” Despite this school context of lack of support and 
low expectations, Carmen maintained her high expectations of 
her students and a critical hope they would “prove them wrong” 
and produce a counternarrative wherein students belong in 
advanced classes.   

V. DISCUSSION 

 According to the teachers in this study, representation 
matters. They pointed out that it is imperative for students of 
color and girls to see people like themselves doing CS. They 
urged the importance of schools and teacher education 
programs be more intentional about recruiting teachers of color. 
The analysis of our observations and interviews revealed that 
teachers who are women of color bring an authentic and rich set 
of strategies to their engagement with CS students. They bring 
firsthand awareness of the intersection of race, gender, and CS 
and facilitate conversations about race and gender with 
colleagues and students. 
 This way of viewing and embodying teaching CS helps us 
to rethink the traditional notion of CS as being transactional, 
apolitical, and grounded in individual success and instead to 
revision a narrative of CS instruction that is grounded in 
relationships and radical honesty [5] where teachers move 
beyond transaction and toward a praxis of critical hope [8] and 
an ethic of love [12]. By thinking outside of traditional notions 
of individual success and toward community and collective 
success, this can move CS education to a space of revisioning 
in partnership with our students and with communities to 
catalyze change beyond the four walls of the classroom. While 
this revisioning and reimagining is possible for teachers of 
varying identities, this particular study demonstrates the 
particular subjectivity of female teachers of color within CS 
classrooms, a subjectivity that impacts their teaching practice 
in material and transformative ways. 

VI. CONCLUSION 

 The current movement of CS education “for all” has 
focused almost exclusively on the inclusion of students of color, 
without a consideration of how teachers’ identities and lived 
experiences shape equitable learning opportunities in 
computing classrooms. This study revealed how women of 
color, in particular, approach their role as computing teachers 
with a sense of collective responsibility and a commitment to 
social justice. Given the importance of these teachers’ gender 
and racial representations as well as their lived experiences in 
driving their commitments to inclusion, this study highlights 
the importance of recruiting, retaining, and supporting women 
of color to be computing teachers in school classrooms.  
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Abstract— To encourage youth from diverse backgrounds 
to participate in science, technology, engineering, and math 
(STEM) fields, it is important to take an ecological approach. 
Outside of school, parents’ values and knowledge have a strong 
influence in the development of their children’s learning in 
STEM related fields. Based in Digital Youth Divas (DYD), an 
out-of-school time (OST) STEM program for underserved 
middle grade girls in Evanston, IL, this exploratory study 
examined parents’ decision-making process when selecting 
OST STEM programs for their children. We facilitated a 
parent workshop and conducted interviews with five parents of 
DYD participants and two staff members. Participants in the 
study expressed preferences for programs that are free, 
situated in locations that are easily accessible, and run by 
highly regarded educational institutions. Parents also identified 
barriers to participation such as the lack of a parent network, 
conflicting schedules with other OST activities, and difficulties 
in understanding the term “STEM”. These results suggest 
several recommendations for programs to address these 
barriers, such as designing intriguing program flyers, fostering 
a parent network, and providing accessible program locations. 
For researchers and designers of OST STEM programs, this 
study highlights the importance of taking a family and 
community-based approach to understanding parent 
perceptions and challenges. 

 
Keywords—out-of-school STEM program, learning 

ecosystem, parents, barriers 

I. INTRODUCTION 
Mirroring computing related college majors and careers, 

out-of-school time (OST) STEM programs are filled with a 
majority of males from dominant populations [1]. To 
enhance equity in those fields, it is important to invite more 
youth from underrepresented populations (e.g. girls, ethnic 
minority populations). In an ecological view of learning, 
learners are strongly influenced by the environment around 
them, including the people they interact with, resources they 
encounter, and various physical and virtual spaces where 
they spend time [2]. 

978-1-7281-7172-2/20/$31.00 ©2020 IEEE 

 
Home is viewed as an influential environment in a 

child’s learning ecosystem. Parents’ values, knowledge, and 
interests have a huge impact on their children’s learning in 
STEM fields [3], especially in how they consider and decide 
to enroll in programs. Despite the increasing number of 
STEM programs targeting underrepresented populations in 
those fields, underrepresented groups of youth still face 
difficulties participating in them. The research focus in this 
study is identifying what types of barriers parents perceive 
when they consider OST STEM programs for their children. 

 
II. BACKGROUND 

 
In the concept of Activity Theory, an ecological system 

consists of a microsystem (individual environments), 
mesosystem (interactions of two or more micro 
environments), exosystem, (an outer level operating 
indirectly on the environment), and macrosystem (outermost 
level defining the global context). Each system is situated in 
a broader context of networks of interacting systems [4]. 
Given their interconnectedness, changes in one system cause 
changes in another. According to Barron, an ecological view 
of learning addresses how youth interests develop through 
dynamic interaction across spaces of home, school, and 
community [2]. 

Scholars have been studying how, in home 
environments, parent involvement impacts youth interest, 
motivation, and persistence in STEM. Parent involvement in 
youth STEM learning could be challenging due to the fact 
that many parents may lack the expertise. However, one 
study indicated that the impact on youth success and 
persistence in STEM was not necessarily determined by 
parents’ prior STEM knowledge [5]. 

Building parents’ technological confidence, expanding 
family social networks, and encouraging parent-child 
collaboration on STEM invite new opportunities and 
resources for youth STEM learning [6]. Barron and her 
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colleagues also described various ways parents can support 
their children’s STEM learning, such as collaborating with 
children on STEM projects, brokering new learning 
opportunities through relevant networks, and providing non- 
technical support [7]. 

Although an increasing amount of OST STEM programs 
have emerged, youth from ethnic minorities and female 
populations are still underrepresented in those programs. 
Prior research has identified structural barriers to 
participation, such as registration fees, a lack of 
transportation, competitive application processes, and 
inability to demonstrate preexisting interest in science [8]. 
This study extends prior literature by looking into potential 
barriers from parents’ perspectives that can subsequently 
impact youth participation in such programs. 

III. METHODS 
There are two parts of our study: a parent workshop and 

individual interviews. All the parent participants identified 
as either Hispanic, African American, or Asian and lived in 
an underserved geographical area. 

We first facilitated a 120-minute workshop for nine 
parents (6 females, 3 males) of eight girls in DYD (see Table 
1). The workshop took place at the same time as one of the 
DYD sessions in MetaMedia, one of the arts-focused 
community centers in which DYD was held. The workshop 
sought to spark conversations between researchers and 
parents about the role that parents (which we define as 
guardians and primary caretakers) played in their children’s 
learning. We also wanted to give parents an opportunity to 
share their feedback and experiences with the program and 
begin to identify barriers they faced when enrolling their 
children in DYD. Throughout the workshop, we took field 
notes, which we then used to inform our interview protocol 
design. We recruited workshop participants for individual 
interviews at the end of the workshop session. 

Using the Activity Theory framework and the insights 
we collected from the workshop, we created interview 
protocols for parents and staff members. We later conducted 
interviews with five parents of five girls and two DYD staff 
members (see Table 2) to understand parents’ perceptions 
that could impact OST program selection. Three of the 
interviews were done in person in a quiet lounge at 
MetaMedia, and two were conducted over the phone. Four 
of the interviews were conducted in English, and one was 
conducted in Mandarin. Interview questions for parents 
centered around their program selection process and 
challenges they faced when engaging their child in DYD, as 
well as how they engage with other parents in their 
community and within the context of Divas. 

We also interviewed two DYD staff members. The 
interview questions for staff members focused on identifying 
instances where parents declined to or were not able to enroll 
their children in DYD as well as observed parent behavior at 
DYD open house events. 

We audio recorded all the interviews and manually 
transcribed them. Using an inductive coding method, we 
analyzed and synthesized the qualitative field notes and 
interview data and developed themes that emerged from our 
research question. 

 
TABLE 1. WORKSHOP PARTICIPANTS 

 

Total Participants 9 

Gender 6 women, 3 men 

Language(s) Spoken 8 English, 1 Spanish and 
Mandarin 

 
TABLE 2. INTERVIEW PARTICIPANTS 

 

Interviewees Number of 
Participants 

Gender Languages 
Used 

Parents 5 3 women, 2 
men 

4 English, 
1 Mandarin 

Program Staff 2 2 women 2 English 

IV. RESULTS 
This section summarizes results from analyzing our field 

notes and interview data. In our findings, parents identified 
several major barriers they faced when considering STEM 
programs for their children. 

Affordability and location accessibility were the two 
main factors mentioned. All the families we interviewed 
were economically underserved. One parent remarked, “I 
like that it’s free, that’s important. I’m a single parent and 
resources get really tight.” Location was also critical as 
parents are often the primary transport for middle-school 
aged children, balancing their children’s OST activities with 
other commitments. For example, one parent stated, 
“Accessibility, sometimes you know the travel or commute 
to and from are difficult for parents.” 

Parents encountered difficulties in understanding what 
the acronym “STEM” means and what kinds of activities 
these programs involve. They expressed that they would 
often not pay attention to advertising for STEM 
programming because they did not have prior knowledge of 
what the acronym stood for and were looking for a simple 
and clear explanation of what it involves, with one parent 
stating that “[OST program advertising] isn’t giving me a 
visual of what STEM is.” Another parent said, “I can only 
recall it just saying STEM. I can’t tell what it said...It’s cute 
but what is STEM?” 

In addition, unattractive promotional materials and an 
overwhelming amount of information were concerns. One 
parent expressed that they did not have time to dig into some 
of the information about programs they received due to the 
sheer volume of it, saying “We get bombarded with 
information from the school. Sometimes you put it in your 



delete folder.” Another parent explained, “If the text font or 
the image doesn’t draw my attention, I probably won’t even 
look at the details on the flyer,” while another suggested, 
“Make a little 30 second visual presentation and send out the 
link so [parents] can get a visual.” 

Conflicting schedules with other activities proved to be 
another significant barrier, with one parent sharing that they 
struggle to make DYD work for their child because of its 
Saturday sessions: “Unfortunately, Saturdays are popular for 
extracurriculars, leisure as well...We are signing up for too 
much stuff, after school programs, they go to the Y, have 
swimming, so it’s non-stop, there’s always something.” 

Parents in this study found it hard to make time in their 
schedule to network with other parents and build a strong 
parent community, even though they expressed that they 
found it to be beneficial, as they often hear trustworthy 
recommendations about opportunities for their children from 
other parents. One parent said, “We have to get information 
from other parents, since we’ve only been here for a couple 
of years. Communicating with other parents, we will know 
of some events or activities or some benefits for kids. Most 
of the information it’s from other parents...I just don’t have 
time.” 

Our interviews with parents also illuminated some 
additional criteria that, while not being explicit barriers, 
impact their selection of OST programs for their children. 
Parents seek out and commit to programs based on their 
children’s interests. Parents shared that they do not typically 
try to persuade their children to join particular programs, but 
rather are guided by what their children express an affinity 
towards. One parent remarked, “It really depends on whether 
they are willing to come or not.” Parents also emphasized the 
learning aspect in OST STEM programs, expressing 
frustration with previous experiences in programs that 
lacked academic structure. One parent mentioned the 
importance of curriculum in a program, “Just have an actual 
curriculum, something that she’s going to learn, something 
that benefits”. Parents also prefer programs that are run by 
higher educational institutions. When asked about programs 
that are facilitated by their child’s elementary school, a 
parent shared, “[As opposed to elementary school], we will 
pick one in middle school or high school that we think will 
provide a higher quality program.” 

V. DISCUSSION 
Given the low participation rate of ethnic minority 

groups and girls in OST STEM programs, understanding 
what might keep them from enrolling in a program is critical 
to addressing this problem. The findings of this study 
support some findings from our literature review. For 
example, fees are one of the top factors that prevent some 
youth from participating in programs. Our findings also 
extend the literature, indicating that barriers like inaccessible 

locations, difficulty in understanding the term “STEM”, lack 
of a parent network, and conflicting schedules with other 
extracurriculars can also prevent parents from engaging their 
children in those programs. Furthermore, this study provides 
implications for DYD and future studies by suggesting ways 
that program facilitators can better design their offerings to 
recruit and retain children in their target demographic. 

A. Implications for DYD 
To attract more parents’ attention in emails or flyers, it is 

necessary to emphasize elements they care about an OST 
STEM program, such as being free or reasonably priced, 
operated at a convenient location, run by trustworthy 
academic organizations, and implementing a curriculum and 
hands-on learning. Regarding information presentation style 
of promotional materials such as flyers, using images to 
display girls’ projects and an explanation of the program 
narrative can help to clarify what the program is about and 
what girls’ experience might be like in it. With these design 
decisions in mind, parents will be less likely to feel confused 
about what the term STEM refers to and will have a better 
understanding of what the program entails. 

An important area DYD has been focusing on in program 
development is the concept of the parent network, which 
provides parents with a space to network, share resources, 
and help their children. Our results suggest that DYD should 
create more opportunities to foster a parent network, such as 
workshops and social events. When asked “What do you 
think could be done to foster more community among 
parents?” one parent said, “Last time, the school organized 
an activity where parents come to school to have lunch with 
students. Then, there’s time for parents to meet each other 
and talk.” Because many parents have full schedules 
throughout the week, creating networking events that are 
already built into regularly occurring weekly activities can 
make them easier to attend. Additionally, DYD should keep 
looking into how to use social media to help connect parents, 
how trustworthy the information shared among parents is, 
and what communication channels parents feel comfortable 
using. 

Another avenue of research that could be pursued is 
assessing what other kinds of OST programs the target youth 
in the area are already involved in. By identifying popular 
activities and practices among a particular community, 
program facilitators can better schedule their own sessions 
to accommodate for the issue of program conflicts. 
Furthermore, partnering with community centers (e.g., 
churches, libraries) and other programs (e.g., YMCA, 
Y.O.U) can help not only to promote DYD but also support 
youth’s learning ecosystem, and even solve the problem of 
conflicting schedules. By having a presence in these 
communal areas, programs can better target the populations 
they are looking to recruit and make it easier for youth to 
attend because they are already spending time in those 
spaces. 

B. Limitations and Future Research 



This study has some limitations that will help inform 
future research. First, the sample size used is very small and 
not representative of the entire population of DYD. It will be 
beneficial to interview more people for a better 
understanding of this topic. Also, parent interviewees were 
from the same group of people who attended the parent 
workshop. We believe that parents who were not able to 
attend the workshop will be able to provide more insight as 
to the barriers that parents face, as they have more difficulty 
attending DYD events. In addition, interviewees, all of 
whom were either Hispanic, African American, or Asian 
were all from one neighborhood, so it will be helpful to talk 
to people in other demographic groups, communities, or 
cities. 

The parents in this study have at least one child that was 
already in a STEM program. While they have expressed that 
they experienced difficulties and barriers when trying to 
engage their children in out-of-school programming, they 
were able to overcome some of the barriers in this instance. 
Conducting interviews with those who have been trying to 
but have not been able to enroll their children in OST STEM 
programs or have never thought about engaging their 
children in those programs will be useful in providing a more 
comprehensive view regarding this matter. 

In this study, we interviewed only parents and staff 
members. According to the Activity Theory, perspectives of 
other stakeholders such as youth, siblings, mentors, and 
program leaders should also be taken into consideration for 
a more comprehensive understanding of barriers to 
participation. 

We were not fully prepared for interviewing participants 
whose native language is not English. Fortunately, we had a 
native Mandarin speaker on the team who was able to 
conduct the interview with the parent who only speaks 
Mandarin. In the future, we should ask interviewees’ 
preferred language for their interview and prepare for a 
translated protocol as needed. 

Lastly, we did not have any photo or video 
documentation from the workshop. In the future, we will 
take photos or even record audio, especially during events 
like workshops, which may reveal unnoticed findings later 
on and provide context to others who may not be familiar 
with the program. 

better recruit and retain youth from populations that are 
underrepresented in STEM fields, designers and researchers 
of these types of programs must consider and address these 
challenges and aspects in their recruitment strategies and 
programs design. 
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VI. CONCLUSION 
This work identified barriers that parents face when they 

consider enrolling their children in OST STEM programs, 
such as high fees, inaccessible locations, conflicting 
schedules with other activities, an overwhelming amount of 
emails about programs, and difficulty in understanding the 
term “STEM” or program activities. Additional insights 
were identified surrounding aspects of programs that parents 
value, including having subject matter or activities that are 
interesting to their child, affiliation with highly regarded 
educational institutions, and an emphasis on curriculum. To 
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Abstract— The explore CS Research (eCSR) program is a 
university awards program created to support the design, 
development, and execution of research-focused workshops that 
provide opportunities for undergraduate women in Computer 
Science to learn more about research pathways and work on 
exploratory research problems. During the inaugural year of 2018-
19, the program funded intensive research (IREs) workshops at 
fifteen universities across the nation, with 1,103 total student 
participants, 83% of whom were females, with a majority indicating 
Women of Color status. The intent of these workshops is to offer 
accessible research experiences to students who would not 
ordinarily participate in research, i.e. students from groups 
traditionally less exposed to computing (women, Women of Color, 
lower socio-economic status). The overall research questions 
guiding the study of the program are: does the program foster a 
sense of community, build skills, confidence and motivation among 
women to pursue computer science research; and, how do Women 
of Color experience this program? In this paper, we present 
findings from a mixed-methods study which demonstrate that IREs 
are effective at creating a positive research culture for 
undergraduate women. Factors that were found to be particularly 
salient for Women of Color are presented.  

Keywords— Broadening Participation in Computing, Computer 
Science Education, Gender and Diversity, Undergraduate Research, 
Women of Color 

I. INTRODUCTION 
Women remain severely underrepresented in computer 

science degree attainment, despite a multitude of efforts across 
the country to attract and retain women in computer science 
(CS). Degree attainment in CS is 21% women for bachelor’s 
degrees, 26% for master’s degrees, and 19% for doctoral degrees 
[1]. Women of Color are severely underrepresented in CS, with 
10% attaining bachelor’s degrees [2]. Unless we change the 
current trajectory of women in CS pathways, it is predicted that 
faculty gender parity won’t be attained until 2075 [3]. Gender 
parity in CS research is an essential goal because inclusive 
research teams increase innovation and creativity in the field [4], 
and democratize access to and application of computing [5]. 
Achieving parity among Women of Color in computing is 
especially important as it would greatly increase the economic 

output in the tech sector, given the propensity for Women of 
Color to lead small businesses [2].  

One approach to broadening participation of women in CS 
research is through undergraduate research programs (UREs).  
While UREs are generally effective recruiting and retention tools 
[6], mixed results have been shown regarding interest in 
pursuing graduate school [6][7]. Conditions that have been 
demonstrated beneficial to women in UREs include sense of 
belonging [8], mentoring [9], participation in technical 
conferences [10], and hands-on experiences [11][12]. 
Information about the graduate school admissions process, 
spotlighting gender topics, and applying research to social good, 
attracts women to research careers [12]. Creating a peer and 
faculty community that is warm and empathetic both within and 
outside the computing environment is essential [12][13][14]. 

Women of Color, i.e. Black and Latina women, face additional 
obstacles when pursuing CS, that pertain to intersectional 
identities and the ‘double-bind’ [15], yet most research treats 
women as a homogenous group, with Women of Color as 
‘invisible’ [16]. Access to technology and anxiety are related to 
financial hurdles [17]. Psychosocial hurdles such as isolation and 
stereotype threat [18] contribute to conflicts with social identity 
and the lack of support from family and friends [16]. Particular 
to Women of Color, personable mentoring is critically important 
to bridge the social support divide [14].  

II. II. PROGRAM RATIONALE AND DESIGN 
This study seeks to investigate distinctions for women and 

Women of Color that motivate and support the pursuit of CS 
research, in order to shed light on practical features that support 
the inclusion of women from all ethnic backgrounds. The overall 
hypothesis guiding the investigation of the eCSR program is that 
Intensive Research Experiences (IREs) can be designed 
specifically for undergraduate women and scaled to create a 
supportive community of women to open pathways to CS 
research. Questions guiding this study include:  does eCSR foster 
a sense of community, build skills, confidence and motivation 
among women to pursue CS research; how do Women of Color 



experience eCSR; what encourages or hinders Women of Color 
in pursuit of CS research? Because women are not a homogenous 
group, this study explores salient factors for women across 
ethnic groups. 

The distinguishing educational features of the eCSR program 
are the length of the experience, the engagement level, and the 
increased capacity for community. The program innovation is in 
the scale and reach to the female undergraduate population.  
While its design is based upon two exemplary IREs [19][20], 
eCSR has replicated these best practices at a national scale across 
a wide variety of institutional contexts, making this program 
unique in its reach to students of all backgrounds and exposure 
levels to CS.  

Traditional undergraduate research programs offer 8 to 10 -
week summer research experiences to small cohorts of 
approximately ten students from different colleges and 
universities, all of whom return to their respective institutions at 
the end of the program. The participation levels of women in 
these programs are marginal, hovering just below 30% among 
NSF funded programs [7]. Since CS degree enrollments across 
the country lack gender parity, research-based academic courses 
will not provide the critical mass of women to form community. 
The eCSR program provides IREs within a semester or academic 
year, and with large cohorts of students where women are in the 
majority, ranging from 40 to over 100 women at each program.  
Students are connected to peers and faculty while participating 
in hands-on research, to facilitate deep engagement in CS 
research. 

Each of the 15 workshops was an intensive research 
experience (IRE), sharing common structural features to enable 
implementation fidelity across the program and addressing key 
factors known to support women and Women of Color (e.g. 
psychosocial support, graduate school seminars, socially relevant 
research projects).  There were two structural options: a multi-day 
continuous workshop (n=10), or a sequential series of workshops 
throughout the academic year (n=5). Both workshop types were 
structured like a professional conference, with keynote speakers, 
panels, and breakout sessions. Breakout sessions focused on the 
research expertise from the institution and provided hands-on 
research activities for student teams. Collaborative team projects 
and mentoring occurred at all IREs, with many workshops 
culminating in project showcases. Research career planning 
topics were offered across all workshops, including graduate 
school financing, planning, and expectations.  Workshops also 
included gender-focused topics such as work-life balance, 
stereotype threat, and imposter syndrome. A range of CS research 
areas was addressed, all framed within socially relevant 
applications. Structural decisions were made by the faculty 
leading the IREs at each institution and were based upon 
contextual factors pertinent to their respective student 
populations.  

III. METHODOLOGY 
A mixed-methods repeated measures study design was 

implemented using a pre/post survey of student participants, 
along with participant interviews. Surveys and interviews 
focused on these overarching indicators of program success for 
women in CS research:  student perceptions of the research 

experience (self-efficacy, attitudes towards computing, 
mentoring), skill development (research), and career identity 
(intent to pursue graduate school, scientific leadership and 
identity). The researchers met with the faculty workshop leaders 
prior to conducting the study to discuss implementation fidelity. 
Institutional Research Reviews were approved prior to the data 
collection at the primary researchers’ respective institutions. 

A. Survey Instrument 
Surveys were administered via Qualtrics prior to the start of 

the workshop and repeated at the conclusion of the workshop. 
The instrument measured the following constructs: Self-
Efficacy, Interest in Graduate School, Attitudes about Computer 
Science, Research Skills, Professional Identity. Additionally, 
there were two items designed to capture career and academic 
plans. Mentoring and Program Evaluation items were included 
at the post-survey, with the addition of open-ended items about 
likes and dislikes.  All items were rated on a 5-point Likert type 
scale, with 5 being the most positive rating. Demographic items 
were included to capture gender, ethnicity, level in school, and 
socio-economic status (SES). Thirteen workshops elected to 
pilot a Sense of Belonging scale to measure connection to the CS 
research community. The survey instrument [21] is available 
upon request to the authors. 

B. Interviews 
Interviews were conducted at all workshops, using a semi-

structured interview process that followed the six core 
constructs. Student interviews were conducted either during 
workshop events or shortly following the workshop events. 
Volunteer participants received a $20 Amazon gift card. 
Interview protocols are available upon request to the authors  

IV. PARTICIPANTS 
A total of 525 students participated in the pre-survey (65% 

Women of Color, 21% low SES) and 365 participated in the 
post-survey (71% Women of Color, 19% low SES). 
Demographic information was closely matched for respondents 
at pre and post- survey. Response rates were 48% at pre-survey 
and 33% at post-survey. The SES item was collapsed into three 
categories of low, medium and high. Program evaluation items 
were collapsed into two thematic areas, connecting with others, 
and overall sentiments about the program. A total of 23 students 
were interviewed across the workshops. All participants were 
female; 77% identified as Women of Color and over half (55%) 
indicated they fell on the lower socio-economic scale. 

V. ANALYSES 
A t-test was performed to measure changes in the constructs 

between pre- and post-survey collection. Two multivariate 
analysis of variance (MANOVA) were conducted at pre and 
post- survey to examine differences in constructs by ethnicity; 
the ethnicity category was recoded into three types: White, 
Asian, and Women of Color. The Women of Color category 
contained students who selected African American, 
Hispanic/Latinx, Native Hawaiian/Pacific Islander, Native 



American/American Indians, and Multi-ethnic.  All analyses 
were performed in SPSS. 

A semi-structured interview process was employed for 
workshop participants. Participants were recruited by 
announcements at the workshops and via a survey item. The 
phenomenological approach [22] was used to analyze data using 
Dedoose software to produce emergent thematic codes from all 
interviews.  

VI. LIMITATIONS 
As with all educational research, there are contextual 

confounds, e.g. prior research exposure, levels of participation, 
self-selection, and self-report bias. The assumption was that all 
participants engaged in the workshops as intended. Self-
selection is mitigated by low construct scores at pre-assessment, 
an indication that the students were exploring their academic and 
career options and not firmly committed to CS research. A 
repeated measures design was selected to account for within 
subject populations, but matched pairs were not possible in all 
cases due to the voluntary participation in the survey. Combining 
ethnic groups obscures the particular cultural context of each 
identity, i.e. Hipanic/Latinx women undoubtedly have 
distinctive experiences from African American women. This 
choice was made in order to provide similar group sizes for 
statistical analysis. Self-report bias was addressed via qualitative 
investigation. It is beyond the scope of this study to examine any 
nuanced structural features that may relate to participant 
outcomes. 

VII.  RESULTS 
Results from the survey indicate that all constructs increased 

at post-survey, with self-efficacy, graduate school interest, 
research skills and professional identity as a scientist increasing 
significantly (Table 1). Sense of Belonging was piloted at 13 of 
the workshops (and therefore omitted from the table), for which 
statistically significant positive gains were observed between 
pre- and post-survey. The mean score at pre-survey was 3.79 (SD 
= .83) and was 4.05 (SD = .74) at post-survey, p = .001. 
Mentoring and Program Satisfaction were offered at post-only, 
and were positive mean scores, 3.58 and 4.23 respectively. 

The omnibus Wilks’s lambda (Λ) was significant, Λ = .883, 
F(12, 754) = 3.07, p < .001, indicating the combined dependent 
variables differed, on average, between White, Asian, and 
Women of Color students at pre-survey. Follow-up univariate F, 
statistics suggested significant differences as a function of 
ethnicity in graduate school interest, research skills and scientific 
identity. Specifically, Women of Color students had 
significantly higher levels of graduate school interest and 
scientific identity than White and Asian students, respectively. 
Women of Color students also had significantly higher levels of 
research skills than their White peers. At the post-survey, only 
graduate school interest showed a significant difference as a 
function of ethnicity,  with Women of Color students having 
higher graduate school intention than White women. 

Open-ended survey comments (Table 2) were examined 
resulting in four themes: Connecting with Others, Research 
Achievements, Learning, and Mentoring. Connecting with 

others was conveyed by comments such as “collaborating with 
girls on the same boat as me;” and “becoming part of a new 
community.” Research achievement was a distinguishable theme 
from Learning in that resesearch achievements noted specific 
research tasks that were accomplished, e.g. “getting to know the 
research process,” and “finishing the research project and seeing 
the results;” whereas Learning referred to generalized learning 
in CS and career options (e.g. “learning new programming 
languages,” “learning how to fund masters”). 

TABLE I.  SURVEY CONSTRUCT MEANS, STANDARD DEVIATIONS 

Construct 
Pre Mean/SD Post Mean/SD 

(n=525) (n=365) 
Self-Efficacy 3.96 (0.82) 4.07* (0.72) 

Graduate 
School Interest 3.64 (0.90) 3.80* (0.85) 

CS Attitudes 4.46 (0.54) 4.48 (0.55) 

Research Skills 3.05 (1.04) 3.84* (0.86) 

Identity as 
Scientist 2.85 (0.97) 3.20* (1.03) 

Mentoring NA 3.58 (0.82) 

Program: 
network  NA 4.34 (0.63) 

Program: 
sentiment NA 4.11 (0.77) 

Response Rate 48% 33% 

*indicates statistical significance at p<.05. 
For the item about most rewarding experiences of the workshop, 
55% of Women of Color indicated connecting with others, 
compared to 29% of white women and 48% of Asian women. 
White and Asian women reported research achievement as 
rewards, 20% and 12% respectively; Women of Color did not 
mention research achievements at all. When responding to the 
prompt for the least useful workshop components, half of the 
Women of Color indicated responses that the entire workshop 
was useful, with only 20% indicating specific components that 
were not useful. Comparatively, 38% of White and Asian women 
noted ‘not applicable’ responses, and 35% specified unhelpful 
components. 

Interviews corroborated survey findings in that students 
increased their research skills, understanding of graduate school 
and how to apply, and developed a strong sense of community. 
The Women of Color indicated the benefits to be in becoming 
connected to a community of other Women of Color in CS. 
Many of the Women of Color discussed that they had never had 
any mentors in the field of CS prior to their attendance at these 
workshops and that the mentorship they received focused 
specifically on the challenges and biases that they face as 
Women of Color. Mentoring by Women of Color was crucial for 
developing a sense of belonging to the field. Feeling affirmed in 
the field as Women of Color was highly valued by the Women 
of Color, who attributed this affirmation to the relationships that 
they were able to develop with peers and faculty who were also 
Women of Color. A strong desire was voiced by most Women of 
Color interviewed to move the field forward, i.e.; not to move 



themselves  or their careers further, but to make computing (the 
field, the tools, the products) good for others. 

TABLE II.  SURVEY COMMENT THEMES BY ETHNIC GROUPS 

Theme Asian 
Women 

White 
Women 

Women of 
Color 

Connections with 
Others 48% 29% 55% 

Research Achievement 12% 20% 0 

Learning 34% 27% 30% 

Mentoring 4% 7% 7% 

 

VIII. DISCUSSION AND CONCLUSION 
This study contributes to the conversation about how women 

experience the CS research community and explores the nuances 
of women across ethnic groups. The eCSR program 
demonstrates that a positive research culture, so critical to 
women [11], was established at a large scale,  replicated within 
various institutional settings,  and provide a localized supportive 
community. Findings point to new implications for recruiting, 
community building, and mentoring Women of Color.  

At pre-survey, Women of Color reported significantly higher 
interest in graduate school, research skills and scientific identity, 
a suggestion that recruiting Women of Color needs attention 
(e.g., recruiting for potential vs. confirmed interest). Personal 
relationships that extend beyond tactical advising are critically 
important, especially for Women of Color. Additionally, linking 
CS research to social good, advocacy and social welfare has been 
shown to be important for Women of Color [14]. The 
contribution of this work is in demonstrating that IREs are a 
unique and effective way of providing undergraduate women 
with peer engagement, so that they feel that they fit in CS 
research by engaging with others like themselves, which is 
particularly salient for Women of Color. These workshops are 
uniquely positioned to offer the critical mass of women needed 
for fostering sense of belonging [9].  

 Future investigation will consist of longitudinal participant 
follow up to measure degree and career attainment, and will 
include the examination of the influence of specific program 
features on outcomes, in an effort to better understand the 
conditions that work best for the myriad of intersectional 
identities of women.  
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Abstract—Researchers address the underrepresentation of
women in computer science by conducting a four-year longitudi-
nal study to explore the relationships among athletics, personality
measures, gender, and performance in Computer Science I (CS1).
The study explores personality traits (openness, persistence, and
endurance) that enhance women’s performance and persistence
in both athletics and computer science, according to a literature
review. Experimental results show female athletes out-perform
(measured by CS1 grades) all other groups: male athletes, male
non-athletes, and female non-athletes. The authors report results
from statistical analyses to support hypotheses regarding reasons
for female athletes’ superior performance in CS1. The paper
closes with a Future Work section that indicates how the lessons
learned from female athletes in computer science might be
applied to addressing the underrepresentation of all women in
computing.

Keywords—Gender issues, under-representation in computing,
athletics, personality traits, Computer Science I, resiliency in
computing

I. INTRODUCTION

During the ten years between 2007 and 2016, the per-
cents of computer and information sciences bachelor’s degrees
awarded to women hovered between 18% and 19% [6]. The
National Center for Educational Statistics recently released
the corresponding 2017 percent, 19%. Fig. 1 shows the 11
data points from 2007 to 2017 graphed slightly below the
20% axis. The plateau challenges researchers in gender issues
within computing – especially because all other STEM fields,
including engineering, [6] exhibit increases over the same
period of time. The remaining STEM disciplines break the
20% barrier that restrains computing. The sense of urgency
implied by the flat line in Fig. 1 encourages novel research.

During their combined 50 years of computer science teach-
ing experience, the authors observed that female athletes,
exhibit resilience in computer science classrooms and seem to
thrive on the challenges that projects present. The authors then
designed an experiment to explore the relationships among
athletics; gender; computing performance; and traits of con-
fidence, intimidation, competitiveness, openness (curiosity),
endurance, and persistence. The research questions: How are
female athletes’ personality traits similar to or different

Fig. 1. Percents of female computer and information sciences bachelor’s
degrees in the US from 2000 to 2017.

from those of male athletes, and of non-athletes? How do
personality traits, gender, athletic team membership, and
grades interact?

II. LITERATURE REVIEW

Psychologists identify five personality traits in the Five
Factor Model [1] which provides a widely-accepted taxonomy.
The authors examined the literature regarding two of the
five traits, openness and conscientiousness, to investigate the
relationship of the two traits to success in athletics and to
success in computer science.
A. Openness or Curiosity

Some studies associate openness/curiosity with athletes who
engage in non-risk sports. Non-risk athletes scored signifi-
cantly (p<0.05) higher in openness than non-athletes, using
the Five Factor Scale [4]. Another study [10] also used the Five
Factor Scale and found that individual-sport athletes scored
higher than team-sport athletes. Moving to the relationship
between openness/curiosity and performance in computing:
“A meta-analysis on 19 independent samples (total N =
1,695) highlighted that programming aptitude was associated
with three personality traits, conscientiousness, openness, and
introversion” [3].
B. Conscientiousness or Persistence

Athletes’ self-ratings on the Five Factor Scale correlated
with coaches’ composite scores for conscientiousness (p
<0.05) and with game statistics (p<0.01) [8]. With respect to
computing performance, a survey of literature regarding per-
sonality and programming found that all 19 reviewed studies978-1-7281-7172-2/20$31.00 ©2020 IEEE



demonstrated positive correlations between conscientiousness
and computer programming [5]. The study [3] emphasized
in Section A above also points to the association between
conscientiousness and programming aptitude.

C. Endurance or Growth Mindset

Coaches foster endurance through long hours of practice.
Researchers [9] state that with a growth mindset promoted by
practice “. . . motivation is optimized, participants are invested
in the task and persist longer, performance is higher. . . ” The
Growth Mindset principle finds its way into current research
curated by the National Center for Women & IT [7]. For
decades Dweck [2] has investigated the concept that students’
intelligence is not “fixed” but is instead “elastic” – the mind
can “grow” with hard work and practice.

III. METHODS

A. Procedure

Students (457) from a small liberal arts college in the
Midwest USA participated in an anonymous survey (available
from the authors). Survey invitations were distributed to all
(approximately 500) students enrolled in CS1, and to a ran-
dom sample of students enrolled in courses belonging to all
divisions of the university. Students (191 women; 220 men; 26
did not specify gender) indicated current or past enrollment in
CS1; and 20 stated that they had not previously enrolled in
CS1. Of the 191 females, 49 were athletes with 45 obtaining a
“B” or better in CS1; 141 were not athletes with 111 obtaining
a “B” or better in CS1; and one student left the athletics
category blank. Of the 220 males, 90 were athletes with 69
obtaining a “B” or better in CS1; 128 were not athletes with
106 obtaining a “B” or better in CS1; and two students left
the athletics category blank. The survey was administered at
the ends of fall and spring semesters over a five-year period
(May 2015 through May 2019). The survey took 15 minutes
to complete.

B. Participants

Participants ranged in age from 18-22; 15% belonged to an
ethnic minority; 23% were international students; and 18.5%
were first generation college students. 12% students had at
least one parent who worked in an information technology
field.

C. Measures

Academic and athletic measures. Participants answered
a range of questions that assessed their majors, overall GPA,
graduate school plans, academic interests and experience in
computer science courses, as well as their participation and
level of involvement in an athletic sport.

Personality Measures. Participants completed a person-
ality measure composed of six items designed to tap into
their general propensity for resiliency. The items required
participants to indicate their overall standing on each of
the following traits: confidence, competitiveness, intimidation
(reverse scored), openness to experiences, persistence, and
endurance. Each trait was measured on a Likert scale that

ranged from 1 (rarely or not at all) to 5 (almost always).
This paper addresses the last three (bolded) personality traits.
The researchers created the survey items pertaining to these
traits for the purposes of this study and based the survey
items on traits which the literature (Section II) indicates that
successful computer science majors display. The literature also
points to successful athletes’ sharing these same three traits.
When linking these results, it follows that computer science
major athletes should score high on these traits and should
outperform computer science non-athletes.

The authors conducted statistical correlations (Pearson’s
correlation coefficient) for each pair of the three personality
traits – in order to strengthen the argument that the three survey
items collectively measure what the researchers identify as a
resilient personality. The results in Table I reveal five strong
correlation coefficients and one marginally strong coefficient.

TABLE I
PEARSON’S CORRELATION COEFFICIENTS CALCULATED FOR ALL PAIRS

OF PERSONALITY TRAITS MEASURED IN THIS PAPER

Correlated Traits Female Athletes Female Non-Athletes
Persistence & endurance 0.67 0.74
Openness & endurance 0.73 0.79
Openness & persistence 0.83 0.93

IV. EXPERIMENTAL RESULTS AND ANALYSES

A. Traits without Grades

Results for the research question “How do the traits of
openness, persistence and endurance for women and men,
athletes and non-athletes interact?” are graphed in Fig. 2 by
first calculating the percents of positive survey responses for
each category. Next, a set of t-test results (Table II) compares
male and female athletes with respect to each of the three
traits.

Fig. 2. Percents of positive responses to questions regarding traits of openness,
persistence, and endurance for male and female athletes and non-athletes.

TABLE II
THREE T-TEST RESULTS FOR FOUR SETS OF POPULATIONS

p-values MA/ FA/ FA/ FA/
MNA FNA MA MNA

0penness 0.370 0.107 0.0399 0.0559
Persistence 0.404 0.0057 0.0089 0.0042
Endurance 0.221 0.0082 0.0007 xxxx

Female athletes self-report higher percents of all three traits
compared to the other three groups – female non-athletes,
male athletes, and male non-athletes. With respect to openness,
women athletes report being open or curious at a rate of 6%
higher than male athletes, who self-report only 1% higher



than female non-athletes. Male non-athletes report the lowest
percent – about 4% lower than female non-athletes). Overall,
comparisons indicate the highest percent of positive responses
to the openness survey item for female athletes.

With regards to persistence, female athletes again self-report
the highest percent of persistence (defined as persisting in
problem solving). The second-highest group is male athletes
(at about 3% less than female athletes), followed by male non-
athletes and female non-athletes. Female athletes rate their
own endurance traits 5% higher than male athletes do and 6%
more than female non-athletes. Male non-athletes self-report
the lowest percent of endurance (5% lower than women non-
athletes and 6% lower than male athletes).

The researchers expanded exploration of descriptive statis-
tics reported in the preceding three paragraphs by conducting
t-tests to compare female and male subgroups of athletes
and non-athletes. Table II shows no statistically significant
differences between male athletes (MA) and male non-athletes
(MNA) for all three traits. However, t-tests comparing female
athletes (FA) to female non-athletes (FNA) show strong evi-
dence that athletics has an impact on women with respect to
the traits of persistence and endurance (p<0.01), but the tests
show only marginal significance with respect to the trait of
openness.

T-tests comparing female athletes to male athletes and
to male non-athletes reveal the same trend with respect to
persistence and endurance: significant differences (p<0.01) for
the traits of endurance and persistence. However, there is a
significant difference (p<0.05) between the two groups with
respect to openness.

Finally, t-tests comparing female athletes to male non-
athletes show a marginally significant openness result, a sig-
nificant persistence result (p<0.01), and an invalid endurance
result. Variance among female athletes scores for endurance is
0.198; male non-athletes, 0.59. Variance for male non-athletes
is more than twice the variance for female athletes, creating
an invalid statistic. Remaining variances satisfy constraints.

Discussion. Why do female athletes score the three traits
so highly? The authors speculate that the worldview of fe-
male athletes is different from that of non-athletes. Athletes
experience competition essentially daily; they are open to new
experiences, because few limits exist in their athletic lives (in
part, due to Title IX). Female athletes practice and compete
on the same literal playing fields as men do, so they view
computer science as a figuratively level playing field, as well.

Female athletes work long hours on and off the courts/fields
to hone their skills. A subject such as CS1 which their peers
and the media may describe as “hard” seems less daunting to
one used to “hard” work in a sporting “classroom”. Adopting
the preceding sentence’s premise indicates why endurance
(growth mindset) might be so prevalent among female athletes
in CS1.

The researchers conjecture that the coaching relationship
translates to the CS1 classroom. Coaches instruct players
to improve their performance. Professors take over teaching
responsibilities and inspire students (much in the same way

as coaches do) to learn algorithmic and problem solving
skills. Female athletes conscientiously follow both kinds of
“coaches”.

B. Traits with Grades

Female athletes receive higher grades than any other sub-
group. Results for the research question “How do the traits
of openness, persistence, and endurance for women and
men, athletes and non-athletes interact with grades?” are
graphed in Fig. 3 by first calculating the percents of positive
survey responses for each category. Next, a set of t-tests
compares male and female athletes and non-athletes (with
CS1 grades that are “B” or better) with respect to each of
the study’s three traits. This section examines survey results
for 346 students who received a “B” or better in CS1. Fig. 3
provides the portions of those students who record a 4 or a 5
Likert Scale measure in openness, persistence, and endurance.

In Fig. 3, female athletes report the highest percent of
openness, about 4% higher than the remaining three groups,
which differ about 1% from each other. Male athletes score the
highest percent in persistence, followed very closely by female
athletes (a difference less than 0.2%) and then male non-
athletes (at about the same percent). Female non-athletes self-
report much lower levels of persistence than the top groups
(a difference of 7%). Endurance follows the same pattern as
openness. Female athletes score 6% more positive responses
for endurance than male athletes, who score slightly better
than female athletes (a difference of less than 3%). Male non-
athletes are in the last position at a little over 3% less than
female non-athletes.

The authors again conducted t-tests (Table III) for the
same four subgroups. The t-test results display no significant
openness and persistence differences between male athletes
and non-athletes. When contrasting female athletes and female
non-athletes, t-tests give evidence that athletics significantly
(p<0.01) relates to persistence in women who obtained a “B”
or better in CS1 – with a marginal p-value for openness.
Once again, the variances for female and male athletes with
respect to endurance were extremely small (especially for
women), disallowing t-test computation for the personality
trait of endurance.

Fig. 3. Traits of Openness, Persistence, and Endurance for men and women,
athletes and non-athletes who received a “B” or better.

When comparing female athletes to male athletes and male
non-athletes, t-tests show evidence that there is a significant
difference in persistence (compared to both male athletes and



TABLE III
T-TESTS FOR STUDENTS WITH CS1 GRADES OF “B” OR BETTER

p-values MA/ FA/ FA/ FA/
MNA FNA MA MNA

0penness 0.2041 0.0902 0.0885 0.2388
Persistence 0.4682 0.0027 0.0476 0.0376
Endurance xxxx xxxx xxxx xxxx

male non-athletes). However, in Fig. 3, male athletes self-
report persistence at a percent slightly higher than women
athletes. This observation warranted a closer look at the self-
reported percents of persistence for female athletes, male
athletes and male non-athletes. Table IV gives the percents of
self-reported persistence for each of the three groups, separated
for Likert scales 3, 4 and 5.

TABLE IV
PERCENTS OF SELF-REPORTED PERSISTENCE FOR FEMALE ATHLETES,

MALE ATHLETES AND NON-ATHLETES WITH “B” CS1 GRADES

Persistence Level FA MA MNA
Likert scale 5 57.7% 37.68% 40%
Likert scale 4 33.33% 53.6% 51.4%
Likert scale 3 8.8% 7.2% 4.76%

Table IV shows that women self-report a Likert scale 5 on
persistence at a much higher percent than both male athletes
and male non-athletes (by over 17%). The researchers believe
that this large difference is what led to the significance in the
t-tests. When the scores of 4 and 5 were combined in Fig. 3,
the total masked the large numbers of 5 scores reported by the
female athletes.

Discussion. Discussions of the differences (both descriptive
statistics and t-tests) between female athletes and female non-
athletes are similar in this section concerning student grades to
those in the last section, where grades were not measured. The
authors add new explanations (now concerning grades alone)
to the preceding discussion (without grades) – explanations to
account for the large percents of positive scores for the three
personality traits and for the statistically significant differences
obtained from t-tests.

The researchers reviewed the descriptive statistics and the
t-test results from the analyses in the preceding paragraphs
to pose some explanations for the success of female athletes
in computer science classes – where 92% of female athletes
reported grades of “B” or better. First of all, female athletes
know that practice is key for game/match preparation; the
growth mindset (endurance) trait within the CS1 classroom
is a natural extension of practicing for success on courts and
fields.

Similarly, in a nod to persistence/conscientiousness, female
athletes experience both wins and losses in their sports. The
athletes internalize the inevitability of loss and its ability to
build a resilient personality. The authors anecdotally report
that many female students bemoan a grade that is less than
an “A” and feel they are unsuited for computer science with
such a grade. Student athletes may better understand “wins
and losses” in the “sport” of computing.

Finally, many athletes develop a philosophy whereby they
want to compete or practice with players that may be more
talented than they are. The athletes understand that playing
or practicing with more skilled players improves their own
games; they care more about improving than losing. Once
again endurance – or a slightly different interpretation of the
growth mindset – within sport may translate to the CS1 class-
room, where students engage in challenging practice (from
supplemental reading to extra website instruction/practice).
This desire to improve by utilizing the most strenuous com-
puting “workouts” may lead to better CS1 grades.

V. CONCLUSION AND FUTURE WORK

Conclusion: Among all subgroups (female athletes and
non-athletes; male athletes and non-athletes), female ath-
letes report the highest positive rates of curiosity, consci-
entiousness, and endurance. Female athletes differ signifi-
cantly from other subgroups in terms of persistence.

Limitations:
• The study’s geographic environment is Midwest USA
• The study’s school is a selective national-level small

liberal arts school
• The student body size is approximately 2000
• The school’s athletes play in Division III of the NCAA
• Students do not receive athletic scholarships
• Underrepresented and international students each account

for 20% of the student body
• Although the total sample size (457) is large, some

subgroups are small
• Students declare majors as sophomores
The authors wish to conduct more quantitative studies, along

with qualitative studies, before they launch projects that will
leverage conclusions gained from their current research. The
group considers both recruiting from athletic teams and also
forming “CS1 teams” that resemble athletic teams.
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Abstract— A persistent challenge in computer science (CS) 
graduate education is the lack of representation, retention, and 
graduation of certain racial and ethnic groups. Despite 
increased enrollment in computer science departments across 
the United States, the persistence of Black/African-American 
students remains primarily unchanged since the mid-1990s, 
particularly at the doctoral degree level. The Institute for 
African-American Mentoring in Computing Sciences 
(iAAMCS) is an NSF Broadening Participation in Computing 
Alliance (BPC-A) that provides a national ecosystem by 
connecting students and faculty through short and long-term 
programmatic activities to build community and advance 
Blacks/African-Americans in computing research. This paper 
presents an analysis of admissions and graduation data of 
Black/African-American CS PhD students from the CRA 
Taulbee surveys from 1995 to 2018. The findings suggest that 
less than 50 percent of the Black/African-American students 
that enter CS PhD programs finish. However, of those 
Black/African-American CS PhD students that have engaged 
in iAAMCS activities, 86 percent completed their PhD. 

Keywords—broadening participation, mentoring, retention, 
engagement 

I. INTRODUCTION 
Between 2005-2006 the National Science Foundation 

(NSF) launched the Broadening Participation in Computing 
Alliance (BPC-A) program to address the limited diversity in 
computing and computationally intensive degree programs 
across the country. The program was designed to reach 
students traditionally underrepresented in computing, 
including women, persons with disabilities, African-
Americans, Hispanics, Native Americans, and indigenous 
peoples as the target population [1]. With a majority of the 
United States (US) population represented by these 
categories, the BPC-A program touted the opportunity to 
prepare the next generation of computing students with the 
skills and competencies needed for the 21st century 
workforce [1].  

Several BPC-A proposals have been awarded since 2006, 
and their activities and engagements are designed to reach 
underrepresented computing students in K-20 pathways. The 
Institute for African-American Mentoring in Computing 
Sciences (iAAMCS) was awarded in 2013, and serves as a 
national resource for Black/African-American computing 
students and faculty. It began as a merger of several NSF 
BPC-A awards including: The Alliance for the Advancement 
of African-American Researchers in Computing (A4RC), 
The Advancing Robotics Technology for Societal Impact 
(ARTSI) Alliance, and The Empowering Leadership 
Alliance, as well as the BPC Demonstration Project entitled, 
African-American Researchers in Computing Sciences 
(AARCS) [2]. Each of these projects utilized different 

strategies toward broadening the participation of African-
Americans in computing. 

Today, iAAMCS remains a collaborative effort between 
faculty at several institutions who serve as the leadership 
team. Originally housed at Clemson University, the award 
moved in 2014 with the principal investigator to the 
University of Florida and in its final year involved leaders 
from Auburn University, University of Alabama, Winston 
Salem State University, Morehouse College, Morgan State 
University and an evaluation team from the University of 
Wisconsin-Madison. And while some institutions are no 
longer a part of the organization's leadership team, they 
maintain interactions through the programming and events 
which take place nationally. 

Through the years, iAAMCS events touched the lives of 
over 649 core participants. This is through a systematic effort 
to create an ecosystem of resources accessible to students 
who traditionally exist in isolation on their college campuses.  

A. The iAAMCS Ecosystem 
One of the initial primary goals of iAAMCS 

programming was to add more advanced researchers into the 
advanced technology workforce. To do this, interventions 
were designed for undergraduate and graduate students that 
leverage the expertise of faculty and industry professionals. 
Additionally, programs involved collaboration with 
complimentary BPC-A’s and other national initiatives that 
focus on diversifying science, technology, engineering, 
mathematics, and computing (STEM+C) workforce. 
iAAMCS signature programs have included: 

1) Collaborative Research Experiences for 
Undergraduates (CREU): an undergraduate research 
program that provides stipends to teams of students working 
on research projects under the guidance of a mentor at their 
home institution. Students supported by CREU collaborate 
with each other and with their mentors during the academic 
year and, in some cases, the following summer. Students are 
strongly encouraged to present their CREU research at 
national or regional conferences. This program is in 
partnership with the Computing Research Association’s 
Committee on Widening Participation in Computing 
Research (CRA-WP). 

2) Distinguished Fellowship Writing Workshop: a 
writing workshop that guides undergraduate and graduate 
students through the process of writing a competitive 
application for summer internships, graduate school, and/or 
external funding. The targeted audience are junior and 
senior-level undergraduates, first- and second-year graduate 
students, and includes faculty who advise and/or mentor 
these students. 

This material is based upon work supported by the National Science 
Foundation under Grant No. 1457855.  



3) Distributed Research Experiences for 
Undergraduates (DREU): this program accepts applications 
from both interested students and mentors who are matched 
based on their interests and backgrounds. During DREU, 
students complete a 10-week summer research experience 
that consists of several checkpoints in the process to ensure 
uniform expectations and outcomes. This program is run in 
partnership with CRA-WP. 

4) Future Faculty and Research Scientist Mentoring 
Program: a mentoring program which provides guidance 
and mentorship through the faculty and/or research scientist 
job search. It is designed for doctoral students who have 
reached candidacy. 

5) iAAMCS Distinguished Lecture Series (DLS): this 
series of programs features opportunities for Black faculty 
and graduate students to give lectures at Historically Black 
Colleges and Universities (HBCUs). The purpose of the 
iAAMCS DLS is to provide mentoring through role 
modeling, while also exposing students at HBCUs to faculty 
and graduate students of Black descent. This program is run 
in partnership with CRA-WP. 

6) iAAMCS MentorNet: iAAMCS established a 
partnership with MentorNet, a division of Great Minds in 
STEM, to recruit Black mentors in computing while 
yielding more opportunities for Black students to receive 
mentoring. This effort also supports the DREU and CREU 
programs, along with graduate students connected to 
iAAMCS programming, while also providing training for 
participating mentors. Diverse mentors are invited to learn 
how to effectively mentor Black students through a series of 
training modules. Mentors are paired with students through 
a detailed profile matching process. 

7) Morehouse-Spelman Virtual Mentoring Program: 
this program uses an integrated messaging ecosystem to 
expand mentorship opportunities for Black undergraduate 
and graduate students in computing through virtual 
interactions. 

8) National Society of Blacks in Computing Conference: 
this conference provides mentoring and networking 
opportunities for Black undergraduate and graduate 
students, faculty, postdoctoral researchers, and research 
scientists. It is a platform for participants to engage in face-
to-face interactions to develop personal and professonal 
networks, to learn how to identify and develop productive 
mentoring relationships, and to acquire a productive 
mentorship that may be lacking from their current 
environments. 

 
Beyond the signature programs of iAAMCS, efforts to 

encourage student engagement have also been supported by 
the organization through scholarships, targeted presentations, 
and strategies for science communication: 

• Travel scholarships: students are sponsored to attend 
a diverse array of affinity and professional 
conferences in their discipline to network beyond the 
confines of their institution. 

• The African-American PhDs in Computing Sciences 
(AAPHDCS) Listserv: a virtual network consisting of 
more than 490 members. The listserv is a primary 

source of information sharing for students, faculty, 
and researchers. 

• Modern Figures Podcast: a conversational-style 
podcast elevating the voices of Black women in 
computing to inspire the next generation of the 
advanced technology workforce. The podcast was 
developed in collaboration with the National Center 
for Women & Information Technology (NCWIT) and 
was designed to be understood by everyone, 
regardless of their experience with computing and 
technology. Guests from and allies for the Black 
Women in Computing (BWIC) community are 
invited to share their stories and perspectives on 
technical, societal, and personal topics. 

• iAAMCS Workshops: these workshops are presented 
by iAAMCS leadership to target underrepresented 
students in computing. Topics include methods for 
successfully applying to graduate schools, how to 
successfully navigate graduate school, and guidelines 
for successfully mentoring Black CS PhD students, 
among others. 

• iAAMCS Guidelines: The Guidelines for 
Successfully Mentoring Black/African-American 
Computing Sciences PhD Students were released 
2018 with the goal to articulate successful strategies 
for mentoring African-American doctoral students in 
Computing Sciences (CS). 

Along with these efforts, iAAMCS scholarly journal 
publications and conference proceedings have expanded the 
literature on Black computing students in the US. Since its 
inception, iAAMCS has championed new approaches to 
support Black/African-American students across the country. 
Yet, while overall doctoral student enrollment in the 
computing disciplines continues to grow, limited gains have 
been seen in the recruitment and retention of Black doctoral 
students on a national scale [3].  

II. THE PROBLEM 
Black graduate students in computing remain 

underrepresented in computer science (CS) doctoral 
programs in the US. Through the interventions provided by 
iAAMCS, doctoral students are more likely to persist 
through the completion of their degree program. 

III. RESEARCH APPROACH 
 iAAMCS leadership maintains data from each of its 

signature programs on the participants reached by the 
intervention. Researchers from the iAAMCS evaluation team 
collaborate with these iAAMCS stakeholders to manage the 
quantitative data collection of participants as well as non-
participants. The iAAMCS evaluation team designed the 
evaluation instruments to capture data that respond to 
iAAMCS needs and general national questions in computing 
sciences. Additional data is collected by the evaluation team 
through a comprehensive research and evaluation plan, 
which includes participant tracking. The objectives of the 
iAAMCS research and evaluation plan are as follows: 

1) To measure the effect of iAAMCS on increasing the 
number of students pursuing and completing PhDs in 
computing science in comparison to control group;  



2) To assess the feasibility of iAAMCS as an effective 
national mentoring intervention for potential and declared 
African American majors in computing science; and  

3) To examine whether the iAAMCS interventions 
changes attitudes of African Americans toward computing 
science majors and careers. 

 
This work aims to address, in part, the first and second 

aims of the iAAMCS research and evaluation plan. For the 
purposes of this research the information presented focuses 
on portions of the quantitative data collected, as they relate to 
graduation and retention rates, and time to degree for 
computing graduate students who participated in iAAMCS 
activities. This data is compared to national data from the 
CRA Taulbee survey on students pursuing doctoral degrees 
in CS in the U.S. 

The CRA Taulbee survey is the leading source for data 
on enrollment, production, and employment of PhDs in 
information, CS and computer engineering in North America 
[3]. Each year, surveys are administered to all academic units 
that grant doctorates in the disciplines previously mentioned. 
Analysis of the historical CRA Taulbee data will be 
presented and discussed in the following sections. However, 
to compare the iAAMCS and CRA Taulbee data, it is 
important to note that since the survey is voluntary, some 
iAAMCS participants were excluded from the analysis as a 
result of their institution not being represented in CRA 
Taulbee survey data to provide an accurate comparison. 

IV. DATA ANALYSIS 
Data from 2008-2018 were analyzed from CRA Taulbee 

surveys. These years were chosen to understand the impact 
of the funding period (2013-2018) of iAAMCS on 
graduation and attrition rates of Black/African-American 
computing doctoral students. Due to the small numbers of 
participants in iAAMCS, some data was restricted from 
publication to reduce risk of identifying individuals who 
participated in iAAMCS activities. 

A. Graduation Rates 
iAAMCS data presented in this paper include the number 

of students who participated in any iAAMCS program during 
their doctoral degree attainment. Year of enrollment, 
graduation year, and inherently, their time to degree 
attainment are recorded for each participant. From 2013-
2018, there were 42 Black/African-American CS PhD 
students that participated in iAAMCS activities that ended 
their PhD program. Of those 42, 36 completed their PhD and 
6 left the PhD program. The overall average to degree 
attainment for iAAMCS participants is 5.5 years, while the 
median time to degree completion is 5.0 years. According to 
the 2017 Survey of Earned Doctorates, the median time to 
degree completion for any doctoral degree is 5.8 years [4]. 
The authors chose to use a 6-year graduate rate to better 
compare with CRA Taulbee survey data.   

Data was attained from CRA Taulbee surveys from 
2008-2018 for US CS departments [3]. Data on newly 
admitted PhD students, the number of PhD graduates, and 
the percentage of PhD student enrollment were extracted 
from relevant tables. For each variable, the data by ethnicity 
and overall were recorded. Table 1 reports the number of 
Black/African-American CS PhD graduates from 2013-2018 

with the number of iAAMCS PhD students that graduated. 
Notice that iAAMCS impacted 36% of those graduates 
during those 5 years. 

TABLE I.  BLACK DOCTORAL GRADUATES FROM CRA TAULBEE AND 
IAAMCS 

Year 
Black CRA Taulbee 

graduates 
iAAMCS 

graduates 
Percent iAAMCS 

graduates 
2013 22 5 23% 
2014 17 6 35% 
2015 15 10 67% 
2016 17 2 12% 
2017 10 5 50% 
2018 19 8 42% 
Total 100 36 36% 

 

The CRA Taulbee survey does not report newly admitted 
PhD students by ethnicity, so this value was calculated by 
using the percentage of enrollment by ethnicity, and the total 
number of students admitted. Thus, the calculated enrollment 
by ethnicity is an estimate, since there is no accurate measure 
of this provided in the survey. For example, in 2013 the 
Taulbee Survey reported 145 Black/African-American PhD 
students enrolled, which was 1.3% of all the CS PhD 
students enrolled. The 2013 Taulbee Survey also reported 
2,010 students were admitted into CS PhD programs. 
Therefore, to estimate the number of Black/African-
American CS PhD students admitted in 2013, the percentage 
of Black/African-American CS PhD enrolled was used to 
calculate the number admitted as follows: 0.013 * 2,010, 
yielding an estimate of 26 Black/African-American PhD 
students were admitted. This calculation was selected 
because overtime, the percentage of Black/African-American 
CS PhD students enrolled didn’t change   much over the 
entire time the CRA Taulbee survey has been reported. The 
estimated admitted PhD students was then used to calculate a 
6-year graduation rate by dividing the students who 
graduated 6 years in the future, by the estimated admitted 
students. Similarly, the 6-year graduation rate overall was 
calculated.  

Table 2 shows the 6-year graduation rates by ethnicity of 
all the data analyzed from the CRA Taulbee survey from 
2013-2018. The average rate of graduation over these 6 years 
was calculated for each category. The Black graduation rates 
from the CRA Taulbee survey indicate that 50% of the 
students who entered into PhD programs in CS completed 
their degree within a 6-year period. This is the lowest rate of 
all demographics, with nearest demographic of White, and 
Hispanic students graduating at a rate of 59% and 63% 
respectively. All other demographics meet or exceed the 
overall 6-year graduation rate of 76%. Of particular interest 
is the multi-racial demographic, which is not defined by the 
Taulbee survey in great detail. These students complete their 
degrees in twice the time as their ethnic counterparts at a rate 
of 165%. This is likely due to the low numbers of these 
students and a longer than 6-year graduation rate where a 
cluster of them graduated in a single year to significantly 
increase the calculated graduation rate. 

B. Attrition Rates 
As iAAMCS tracks all of its participants, data is readily 

accessible on students who choose to leave their doctoral 
programs. This is not true of the CRA Taulbee survey data.  



TABLE II.  6-YEAR GRADUATE RATES BY ETHNICITY FROM 2013-2018 

 

 

In order to calculate the loss of students, the graduation 
rate was subtracted from 1.0. For example, in 2013, the 6-
year graduation rate for Black/African-American PhD 
students was 57%; therefore, the attrition rate was calculated 
as 1.0 - 0.57, yielding 0.43, or 43%. The calculated attrition 
rates from the CRA Taulbee Survey are in Table 3. As 
previously noted, iAAMCS had 42 Black/African-American 
CS PhD students complete their PhD program or leave the 
PhD program. Overall, there 36 out of the 42 that completed 
their PhD. This yields an 86% graduation rate or 14% 
attrition rate. From Table 3, the average is attrition rate is 
50% for all Black/African-American CS PhD students versus 
the 14% for iAAMCS. In other words, iAAMCS participants 
have an 86% graduation rate versus a 50% graduation rate 
for all Black/African-American CS PhD students. Note that 
the overall graduation rate includes the iAAMCS graduates. 

TABLE III.  BLACK DOCTORAL ATTRITION RATES FROM CRA TAULBEE 

Year Attrition Rate 
2013 43% 
2014 53% 
2015 63% 
2016 48% 
2017 69% 
2018 27% 

Average: 50% 
 

V. CONCLUSION 
iAAMCS has established a national ecosystem of 

activities that fosters community and shares information 
through mentoring. The quantitative data presented here 
suggest that iAAMCS is having an impact on Black/African-
American CS PhD students versus those that are not 
connected to iAAMCS. And according to this analysis, 
iAAMCS has reached 36% of the Black/African-American 
doctoral CS graduates from CRA Taulbee survey 
institutions. It is our hypothesis that isolation, lack of 
community and lack of strategies regarding the PhD 
program, career options, etc. are significant factors in the 
attrition of Black/African-American CS PhD students. The 
results of this may be manifested in the difference in attrition 
rates for iAAMCS participants (14%) versus the attrition 
rates of Black/African-American students from the CRA 
Taulbee survey institutions (50%). In moving forward, 
qualitative analysis will be conducted to explore this 
hypothesis. 
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Year Inter-
national 

White American 
Indian 

Asian Black Hawaiian/ 
Pacific Islander 

Multiracial Hispanic All CS PhDs 

2013 72% 57% 76% 81% 57% 47% 23% 59% 76% 
2014 81% 61% 76% 72% 47% 28% 118% 39% 76% 
2015 82% 66% 74% 60% 37% 95% 520% 84% 74% 
2016 84% 63% 81% 68% 52% 246% 33% 53% 81% 
2017 69% 47% 72% 107% 31% 46% 62% 69% 72% 
2018 74% 61% 76% 68% 73% 0% 236% 73% 76% 

Average: 77% 59% 76% 76% 50% 77% 165% 63% 76% 
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Abstract
Science (CS) can be attributed to various factors including lack 
of self-efficacy, role models, encouragement, awareness of the 
discipline and existing research pathways. In February 2019, 
we hosted a Google-sponsored research-focused workshop at 
California State University, Long Beach to raise female 

awareness and confidence in CS research 
pathways and careers. Forty-six students from several 
universities in Southern California participated in the 
workshop.  Over the course of three days, students worked on 
research problems with clear real-world applications in teams 
led by faculty and assisted by graduate students. Additional 
sessions were held to inspire female undergraduates, increase 
their confidence and enrich their knowledge about research 
and graduate programs. In this paper, we report about our 
experience and the lessons we learned. We also present 
evidence of success in strengthening the research interests of 
our participants based on the results of the pre- and post- 
surveys that were designed and administered by the evaluators 
of our funding agency (Google Inc.) to better understand the 
impact of these workshops. 

 Recruitment and Retention , Broadening of 
Participation ,  Equity and Inclusion , Research-Focused 
Workshop  

I. INTRODUCTION 

Scientific breakthroughs and innovation require outside-
of-the-box thinking, which can be fostered by diversity 

underrepresentation in Computer Science (CS) and their 
considerable higher attrition rate, not due to lack of ability or 
lower grades, have been well documented [3-5] .Various 
factors can contribute to this underrepresentation including 
(but not limited to): stereotype threat, a lack of sense of 
belonging or having a community, lack of role models and 
encouragement, pedagogical issues, and problems with 
work-life balance that disproportionately affect women [6, 
7]. All these factors have varying ramifications and 
implications for the corresponding interventions [8]. 

Per 2018 Taulbee survey  conducted annually by the 
Computing Research Association  women comprised only 

22.3% of the CS doctoral enrollment and 19.3% of CS 
doctoral graduates in academic year 2017-2018 [9]. This 
gender disparity at the doctoral program level would 
continue into research careers or senior high-tech positions. 
Thus, encouraging more women to pursue research careers 
and advocating their advancement into senior tech roles and 
CS field leaders should be of high priority. Studies have 
shown that prior research experience at the undergraduate 
level can promote pursuing doctoral program and research 
careers instead of going directly to industry after graduation 
[10, 11].  Recently, CS Research-focused workshops have 
shown to be effective in raising awareness and confidence in 
CS research and its career pathways for undergraduates [12, 

their ability to work independently and to communicate well 
with a team. These benefits are of particular importance for 
minorities in computing (including women) who are more 
likely to see research careers as not for them  because of 
the lack of role models or encouragement to pursue research 
careers and pathway. 

(in terms of ethnicity and socioeconomic factors) and its 
prime location in Southern California, a research-focused 
workshop for undergraduate women from Southern California 
was hosted at California State University, Long Beach 
(CSULB)  in partnership with two other regional institutions: 
University of California, Irvine (UCI) and University of 
California (UCSD). The workshop was funded by Google 
ExploreCSR program [14]. In the following sections, we 
explain in detail the workshop goals and structure, assessment 
results and lessons learned. 

II. WORKSHOP GOALS AND STRUCTURE

We designed, developed and hosted a three-day regional 
research-focused workshop for undergraduates to work on 
research problems in teams consisting of 6 undergrads  each 
led by a faculty from CSULB, UCI or UCSD and assisted by 
2-3 of their graduate students (majority Ph.D. students).
Inclusion of graduate students was also intended to provide
an opportunity for the undergrads to network with them and



learn firsthand about graduate student life and pathways. 
CSULB is a Masters-granting university, however we have a 
limited joint PhD program in Engineering and computer 
science with Claremont graduate university. Due to this 
limitation, most PhD students who performed as project 
mentors were from UCI and UCSD. Our main goal for the 
workshop 
program  was to enhance the undergraduate research 

graduate study and research careers in CS. More specifically, 
the workshop aimed to achieve the following: 

 Community: Foster a sense of community and 
support from peer groups and both near-peer and 
faculty mentors. 

 Skills: Provide practical skills and know-how to help 
women succeed both in their undergraduate program 
and beyond. 

 Confidence: Instill confidence that comes from 
knowing women have the skills to contribute to 
problem solving beyond the classroom. 

 Motivation: Motivate, inspire and challenge women 
through exposure to real-world research problems in 
computer science. 

Studies have shown that in contrast to men, women 
contextualize their interest in computer science within a 
larger purpose [15]: How can they change the world for the 
better? In fact, many females would like to learn how to 
employ computing within a broader context of education, 
communication, medicine, art and music [16].  Based on this 
observation, for the workshop, we planned to have carefully 
designed multi-disciplinary and practical projects with clear 
real-world applications. Brief descriptions of workshop 
research projects, spanning a wide variety of topics, are 
included on the workshop website [17]. To have an intense 
and authentic research experience, the workshop schedule 
was framed around total of 10 hours workshop sessions, 
spread out over three days, where the students learned how to 
tackle a real-world group project by formulating relevant 
research questions, proposing various approaches for the 
solution, analyzing them and collecting evidence while 

projects was designed in a fashion that the group effort was 
sustainable over all three days.  On the last day of the 
workshop, during a two-hour session, each team (including 
all its undergrad team members) gave an oral presentation to 
workshop participants about their projects results. 

Furthermore, we held 3 one-hour  plenary panel sessions, 
where PhD. students talked about their main motivations to 
attend a PhD program and shared their personal stories 
including challenges they confronted and ways they 
overcame these challenges.  Several other topics of 
importance (e.g. imposter syndrome, life-work balance, 
research ethics and gender bias in the workplace) were also 
discussed. Having these open and honest conversations in a 
friendly and safe environment were aimed at providing 
clarity and context about life of a CS researcher to the 
undergraduate participants. 

Another session was allocated to graduate school 
application process where the undergraduate students learned 
how to make a successful Ph.D. application package 
including C.V., personal statement, letter of recommendation 
or how to prepare for the GRE exam. In addition, 
information about various available funding opportunities for 
the financial support of a Ph.D. student were presented.  

Finally, we invited three successful female computer 
scientists as keynote speakers (one from academia, two from 
industry) to talk about their research work, 
personal/professional journey and the importance of diversity 
in CS workplace. The students had opportunities to interact 
one-on-one or in small group discussions with the speakers at 
the end of their presentations. We believe that having direct 
interaction with these successful female computer scientists 
(potential future role models) and seeking their advice can 
play an important role in encouraging the female undergrads 
and increasing their resilience in the field. 

III. IMPLMENTATION OF THE WORKSHOP

Logistical planning for the workshop started 6 months in 
advance (on August 2018). The workshop website was 
designed and went live at the end of October 2018. We 
prepared some workshop flyers that included general 
information about its learning objective, date, location, and 
the targeted participants. To be inclusive, we mentioned that 
while we welcome applications from female undergraduates, 
male students can also apply, and that preference will be 
given to first-generation students and those from groups 
underrepresented in computing. As advertisement, we sent 
emails to CS department Chairs and undergraduate advisors 
of 10 regional universities in southern California attaching 
the flyer and asking them to share the information about our 
workshop with their students. A simple application form was 
created on the website to collect general information 
(demographic and a brief statement on their interest in CS 
and their goal for workshop participation) about those 
interested in participating at the workshop.  

We received total of 110 applications by mid-December 
2018. A rubric was developed to evaluate the applications 

giving preference to minorities in CS (in terms of gender, 
ethnicity or socioeconomics). Each application was reviewed 
separately by two faculty using the developed rubric. If the 
two scores assigned to an application had large discrepancy, 
the case was discussed in detail among the faculty to resolve 
the discrepancy (if possible). Then all applications were 
sorted based on their average scores. Our targeted number of 
participants was 70 students. Thus, we notified the top 85 
applicants of their acceptance to register for the workshop. 

attendance. However, we let the accepted applicants know 
that we would waive the fee for those who are serious about 
attending but cannot afford to pay (self-declare). As a result, 
the fee was waived for 5 registrants. Accommodation at a 
local hotel was provided to those students who were living 
more than 50 miles away from CSULB campus. The 
workshop also provided 3 meals a day for the workshop 
participants.  In terms of transportation, we helped those 



students who were interested in carpooling to find a joint ride 
to the workshop venue. Paid parking was provided to the 
participants over 3 days of the workshop. Out of 85 accepted 
applicants, 54 of them registered for the workshop by the end 
of January 2019. The list of research project leaders and their 
descriptions were finalized on the workshop website and the 
registrants were asked to rank their projects selection by mid-
February 2019. Each student was then assigned to one of 
their top 3 selected projects in a team of 6 students per 
project.  

At the end, 46 undergraduate students, 17 graduate 
students and 9 project leaders (faculty) participated in our 
three-day workshop. They worked on their projects, presented 
their results and received a certificate acknowledging their 
efforts and participation (Fig.1) 

 
Fig. 1 Dr. Moon from CSULB and his team members received certificates 

A majority of the faculty (56%) and graduate students 
(82%) involved with the workshop were women to facilitate 
creating a sense of belonging and community among the 
female undergrad participants (93%). Fig. 2 presents the 
demographic information of the undergrads in terms of 
ethnicity and university they were attending. With respect to 
socioeconomics factors, 43% of our participants were first 
generation. These numbers demonstrate the diverse body of 
the workshop participants.40% of the undergraduate students 
were Freshman or Sophomore. 

 
Fig.2  Demographic information of the workshop participants: (A) 
Ethnicity; (B) University 

IV. WORKSHOP EFFICACY ASSESSMENT 

The workshop efficacy assessment plan was designed 

ExploreCSR program. A mixed methods approach was 

employed to evaluate each workshop via surveys and 
interviews conducted with workshop participants using the 
four key aims discussed in section II. Self-efficacy and 
attitudes about computing have been shown to correlate with 
academic retention in computing disciplines for all students 
[19], and specially for women [20]. Thus, the survey and 
interviews focused on these overarching indicators of the 
ExploreCSR program success for women in computing 
research:  student perceptions of the research experience 
(self-efficacy, attitudes towards computing, mentoring), skill 
development (research), and career identity (intent to pursue 
graduate school, scientific leadership and identity). These 
surveys were approved by Intuitional Review board (IRB). 

Pre- and post-surveys were administered prior to the start 
and at the end of the workshop via a Qualtrics survey link, 
distributed directly to the students. Workshop observations 
were conducted when possible, and where applicable 
interviews were conducted of student participants. The 
surveys measured: (A) Self-Efficacy, (B) Interest in 
Graduate School, (C) Attitudes about Computer Science, (D) 
Research Skills, (E) Professional Identity, (F) Sense of 
Belonging, (G) Grit, (H) Teamwork/Leadership, (I) Mindset, 
and (J) Peer Relationships. Items were rated on a 5-point 
Likert type scale, with 5 being most positive rating. Fig. 3 
summarizes the responses from 43 and 35 students that 
completed the pre-/post-surveys, respectively. We observe 
that all constructs increased at post-survey except for (C) 
Attitudes about Computer Science. One possible explanation 
is that since the students self-selected to attend the workshop, 
they might have been already predisposed on their attitude 
about CS. sing an independent sample t-test indicated that 
the increase of (D) Research Skills and (E) Professional 
Identity have been statistically significant with both p-
values<0.01.  

 
Fig. 3 Mean and 95% confidence intervals of the scores (on a 5-point scale) 
of pre-survey and post-survey results: (A) Self-Efficacy, (B) Interest in 
Graduate School, (C) Attitudes about Computer Science, (D) Research 
Skills, (E) Professional Identity, (F) Sense of Belonging, (G) Grit, (HI 
Teamwork/Leadership, (I) Mindset, and (J) Peer Relationships. *indicates 
significant difference with p-value<0.01. 

Additional findings from the ethnographic observation 
and qualitative interviews include: 



 Students gained extensive research experience and 
believed that their workshop mentors promoted critical 
thinking and reasoning skills. 

 Mentors created a culture of intellectual curiosity. 
 A strong sense of community and belongingness was 

developed.  
 Students learned about how to apply to graduate school, 

which was very beneficial for them as they plan out 
their career goals and aspirations post-graduation. 

V. RECOMMENDATIONS BASED ON THE LESSONS LEARNED

In order to help with identification of key components of 
our workshop that can be scaled to transfer to other schools, 
here we also share some of the lessons we learned from our 
experience that might improve the workshop outcomes by 
others who organize similar workshops: 

Enhancement of participation: Around 37% of our 
accepted applicants did not register for the workshop. This 
was mainly due to the timing of the workshop which 
happened to have coincidence with midterm exam week in 
some of the regional universities. 15% of our registrants also 
changed their mind about attending. However, this ratio is 
consistent with those reported in [12]. The majority of our 
attendees were from the universities whose faculty were 
among the project leaders. Thus, in a case of multi-
institutional workshop, involvement of at least one faculty 

and trust in the workshop and consequently increase their 
attendance. Reimbursement of the registration fee to those 
who attend the workshop might be another effective strategy 
to decrease the last-minute dropouts. 

Pre- and Post-survey: While 94% of our attendees completed 
the pre-survey (mainly during the workshop registration on 
the first day), only 76% completed the post-survey as it 
became available few days after the workshop. Incentivizing 
strategies (e.g., gift cards) might have helped in recruiting a 
larger number of students in completing the post survey.  

project preference survey, we noticed that simple, practical 
and relatable projects were more popular among the students. 
Early announcement of the project descriptions and their 
leader faculty can help both students and the workshop 
organizing committee to make a better-informed decision 
about the project selection. 

VI. CONCLUSION

Our workshop engaged a regional cohort of undergraduate 
women in an inclusive computing research learning environment. 
The attendees were able to enhance their research skills and 
professional identity significantly.  A strong sense of 
community was developed, and students were encouraged 
and guided to continue their education to a Ph.D. program. 
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Abstract—This experience report highlights the impact of
taking Black and Latinx middle and high school girls to
tech conferences. INTech Camp for Girls took five girls who
previously participated in our summer camps and after school
program to the #blackcomputeHER Conference in Washington,
DC where they were able to network with Black women in
tech, participate in a coding workshop designed just for them,
and hear from Black Girls ROCK! Founder and DJ, Beverly
Bond. Additionally, four INTech High School scholars earned
an all expenses paid trip to the Facebook Achievement Summit
as a result of their project submission and participation in
the Facebook Engineer for the Week program. While at the
summit, Team INTech participated in a one day hackathon
where worked along Facebook engineers to build an app called
“Air to Spare” using Scratch. Our team placed top eight in the
country amongst twenty teams, as well as, won the Best Pitch
Award. While in Silicon Valley, they were also able to meet 13
Apple Engineers, as well as, receive a tour of the Netflix HQ
and speak with two engineers and a User Experience designer
about what life in tech is like. This report describes how these
experiences inspired INTech girls to pursue coding and technical
careers.

Keywords—Broadening Participation in Computing, Hackathon,
Tech Conference

I. INTRODUCTION

Computer science education provides a gateway to high-
paying career opportunities and upward economic mobility.
Across the nation, there is a significant and growing demand
for professionals who understand how to apply fundamental
computer science principles to solve problems across many
disciplines and industries. According to the US Bureau of
Labor Statistics, jobs that require computing knowledge and
skills represent the top source of new wages in the United
States. Growth in employment opportunities related to com-
puter and information science is projected to continue over
the next several years, outstripping job openings in all other
occupation at twice the growth rate [1]. In the state of North
Carolina, specifically, there are more than 15,100 unfilled

Funding for the trip to Facebook was made possible through Facebook.

computer science jobs in the state of North Carolina, with
the average salary for those jobs being $91,422 [2].

Most of the high-paying career opportunities require a bach-
elor’s in computer science or related field, or the equivalent. A
recent report shows that, overall, students who take a computer
science course in high school are 6 times more likely to
pursue a computer science major in college; women who study
computer science in high school are 10 times more likely to
study in college [2]. However, only 15% of North Carolina
high schools offered an Advanced Placement computer science
course during the 2016-17 school year [2].

The INTech Camp for Girls was founded in order to ensure
that students, particularly those from underrepresented groups,
have opportunities to learn about engineering, technology, and
computer science and to have access to lucrative tech-focused
career paths. A 501(c)(3) non-profit organization, the mission
of INTech is to inform and inspire girls of color to innovate
in the technology industry. Specifically, INTech engages Black
and Latina girls in grades 6-12 across North Carolina in out-
of-school time experiences, typically through summer camps
and after school programs. Through an after school program
called INTech Academy, high school girls are able to gain
the education that they may miss by not having AP Computer
Science in their high school. These INTech experiences are
designed around 3 pillars:

• Inform. INTech provides girls with opportunities to mas-
ter essential computer science concepts, such as creativity,
abstraction, algorithms, and programming, and to learn
about different potential pathways for technology careers.

• Inspire. INTech introduces young women of color to
women with a background in the technology industry,
who share their educational and career experiences.

• Innovate. INTech provides girls with opportunities to
work together in lightweight teams [3] in which they
learn how to create and implement technology solutions.
Working in a team setting, girls reap the benefits of peer
teaching, peer learning, and increased student engage-
ment [3].



INTech has recently introduced conference attendance as a
new component of the INTech Academy, with the goal of fos-
tering community building, providing exposure to real-world
views of industry professionals and settings, and building skills
in computing. This report describes the motivation, design,
and experiences in developing this new component as part of
INTech Academy.

II. PROGRAM DESCRIPTION

INTech offers two different types of out-of-school opportu-
nities for Black and Latina girls to learn about computing and
tech careers: INTech summer camps and the INTech Academy.

A. INTech Summer Camp

The INTech Summer Camp is a 5-day experience for Black
and Latina girls who are in middle school. There are two
different tracks:

• Track 1 - HTML/CSS in which girls who are new to
INTech learn how to build a website about a social issue
of their choice

• Track 2 - User Experience Design in which girls who
have attended INTech previously learn how to design and
prototype mobile applications

In the morning of each camp day, girls spend time in teams
of 3 to 4 where they build a tech product, depending on their
track, about a social issue that they would like to research
during their time at camp. Project topics include racism,
LGBTQ+ issues, homelessness, animal poaching, etc.

In the afternoon, we visit tech companies local to Charlotte,
NC and Raleigh, NC so that our middle school girls can make
the connection between what they learn in the classroom and
what a career could look like for them. So far, we have visited
Google Fiber, Microsoft, Red Ventures, AvidXchange, Red
Hat, SAS, Lithios, IBM, Bank of America, Google, Accenture
and Komplex Creative.

Additionally, we also increase the social capital of our
scholars by introducing them to Black and Latina women in
tech who share their journey of how they got into tech. At the
end of the week, we celebrate the work they have done with
a community celebration where students are able to present
their projects to their family and community partners.

B. INTech Academy

During the fall of 2018, INTech hosted a pilot after-school
program, called INTech Academy, where eight high school
girls met on Tuesdays and Thursdays after-school from 3pm-
5pm for 9 weeks to learn about game development, mobile app
development, and User Experience Design. During the first
three weeks of the program, we implemented the nationwide
Facebook Engineer for the Week (EFTW) program. EFTW
aims to demystify the world of tech, empowering teens to
build a working tech product and develop computer science
skills [4].

There are two project tracks that can be selected for the
EFTW program: Play for Impact and Chatbots for Change.
INTech Academy chose the Play for Impact track where

two girls built a game called ”Playing for Equality” using
Scratch, where they addressed the issue of racism, sexism,
and education insensitivity within a soccer game. The game
had several levels and as you advanced to a new level, you
learned about a new issue. Determined to create a great game,
the girls spent time outside of the allotted INTech Academy
time to fine tune the game for a final submission. As a
result of their submission, the team was selected to attend the
Facebook Achievement Summit to participate in a hackathon
at Facebook’s Headquarters in Menlo Park, CA.

III. CONFERENCE ATTENDANCE

In order to create a culminating experience for girls who
have participated in INTech programs, we decided that attend-
ing tech conferences would be a great way to expand upon
our 3 pillars (inform, inspire, innovate) and truly allow our
scholars to build their tech community [5], learn about tech
careers, gain additional tech skills, and tour tech companies
outside of the cities in which they live.

#blackcomputeHER Conference 2019: blackcompute-
HER.org is dedicated to supporting computing+tech educa-
tion and workforce development for black women and girls.
The aim for blackcomputeHER.org is to generate knowledge
and disseminate information that creates a spirit of urgency
around the lack of sustainable diversity. blackcomputeHER.org
organizes the annual #blackcomputeHER conference and sup-
ports the community of black women and girls in comput-
ing+technology through education and workforce development
[6].

INTech took two middle school girls and three high school
girls who previously attended INTech Camps to the 2019
#blackcomputeHER conference in Washington, DC where
nearly 200 black women technologists attended and experi-
enced masterclasses for professional development on topics
including entrepreneurship, data science, and career develop-
ment.

Facebook Achievement Summit: The Facebook Achieve-
ment Summit is 2-days of learning, collaboration, and cel-
ebration for the Engineer for the Week finalist teams and
facilitators at Facebook Headquarters in Menlo Park, CA. The
summit includes a 2-day hackathon, panels with Facebook
teams, facilitator workshops and more [7]. INTech took four
high school girls, the INTech Academy program lead instruc-
tor, and an INTech parent who also serves as a school partner.

Next, I will discuss the experience of the two conferences
in regards to INTech’s three pillars - inform, inspire, innovate.

A. Inform

Through our inform pillar, girls learn about various forms
of technology and how it impact their daily lives. While at
the Facebook Achievement Summit, our INTech girls soaked
up valuable knowledge during several interactive STEM work-
shops. They were introduced to the Agile Methodology where
they created a kanban board with swim lanes titled To-Do,
In-Progress, To-Verify, and Done to keep up with their tasks.
They also learned story boarding concepts to thoughtfully plan



out the flow of their game, keeping in mind the different levels
a user would have to go through and the goal of each level.
Additionally, they participated in a Oculus Virtual Reality
(VR) Demo where they learned from Oculus engineers about
how VR technology works.

B. Inspire

While there has been a decline in the amount of Computer
Science Bachelor’s degrees earned by Black women [8]–[10],
it is our goal at INTech to expose our scholars to as many
women who look like them as possible. The #blackcompute-
HER conference, with over 200 women in attendance, gave
our girls multiple opportunities to interact with women in tech
who look like them through various workshops.

A Conversation with Beverly Bond: On the first day of
the #blackcomputeHER Conference, Beverly Bond, DJ and
Founder of Black Girls ROCK!, participated in a lunch time
fireside chat where she discussed GIRLS ROCK! TECH, an
after-school program for STEM development through music,
media and digital technologies [11]. One of our high school
girls became so inspired that she purchased the Black Girls
ROCK! book, received an autograph and picture with Beverly
Bond, and shared with her that she was inspired to become a
DJ.

Beyond Black Girl Magic!: In this workshop, Dr. Siobahn
Day and Pamela Gibbs explored the life dynamics of black
women as well as their identities outside of technology. The
workshop provided tools and techniques fostered a healthy
discussion regarding balancing everyday demands and main-
taining our unique identities [12]. All five of our girls attended
this workshop and they left inspired and excited about their
future. One of our high school students who now attends North
Carolina A&T State University became inspired by Dr. Day,
as she was the first Black woman to graduate with a Computer
Science degree from North Carolina A&T State University.

Silicon Valley Visit: In order to make the most of our trip
to Silicon Valley during the Facebook Achievement Summit,
we planned a lunch with 13 Apple engineers, a tour of the
new Apple Company store, a behind the scenes tour of Netflix
where they had an intimate discussion with two engineers and
a user experience designer, and a tour of Stanford University.
Since we had girls on the trip who are interested in user
experience design and software engineering, we wanted to
provide them with the opportunity to hear from employees at
companies whose products they use every day. They were able
to ask questions about living far away from home, adjusting to
California, working at a large tech company, and what classes
they should think about taking in order to prepare them for a
tech career.

C. Innovate

Inspiring and Supporting the Next Generation of Black
Women in Computing+Tech: The #blackcomputeHER 2019
Student Track included a two-hour hands-on workshop de-
signed to engage middle/high school students with computing
skills and technological applications. This session fostered

early connections and exposure to the sisterhood of Black
women in computing. During the session, our girls were able
to use Scratch to begin building a game. While the time period
for building the game was short, our girls were able to become
familiar with the Scratch platform and gain gaming concepts
that they could build on later.

Achievement Summit Hackathon: During the two-day
event, INTech girls participated in a hackathon in which they
competed against 100 students from all over the country.
INTech girls used Scratch to develop ”Air to Spare”, an
environmental app inspired by their concerns about pollution
in Charlotte. The game tasks players with finding alternative
modes of transportation producing the least amount of pollu-
tion during a simulated work commute. During the hackathon,
each team was assigned a Facebook Engineer who served as
a mentor to assist them with their project.

Once the hackathon was over, each team prepared a two-
minute pitch to share out in a science fair style session where
Facebook engineers walked around to judge the pitches to
determine who would make the top eight teams to pitch during
the dinner celebration. Out of the 20 teams, INTech advanced
to the top eight teams to do a final pitch and shared their
two-minute pitch on stage in front of everyone at the dinner
celebration. There were four awards given: Most Creative, Best
Social Value, Best Pitch, and Best Overall. Out of the eight
teams, team INTech received the award for Best Pitch.

IV. REFLECTIONS

While each conference experience provided multiple op-
portunities for INTech girls to be informed, inspired, and to
innovate, when looking back, the inspiration from those around
them had the largest impact.

Two of our middle school girls, who were the youngest
attendees of the #blackcomputeHER conference, has partici-
pated in all of the INTech Summer Camp’s in Raleigh, NC.
They stated:

I enjoyed the #blackcomputeHER conference
because it gave me an opportunity to talk to other
women in the computer science field. Listening
to all the different jobs people did broadened my
aspects on what I would like to do in the future.

It was [also] very exciting meeting Beverly Bond.
Among all women employed in computer and infor-
mation science occupations, only 12% are Black or
Latina women, and some of the women in that room
made up that 12%.

While at the #blackcomputeHER conference, two INTech
Board Members received awards. Dr. Denae Ford Robinson
received the Rising Star award and I received the Lift As You
Climb award. This moment was also inspiring to one of the
girls who stated:

It was extra special because Ms. Khalia received
an award and it felt good to know that one of my
mentors received recognition for her hard work. It



made it “real” that I can do anything I set my mind
to do.

The four high school students who attended the Facebook
Achievement Summit also reflected on how inspiring the trip
and summit was for them.

[While] in California, I was able to get deeper into
technology. It was great to hear minorities speak
about how they turned negative outcomes into
positive outcomes. I loved listening to their stories.
They made me realize this is what I want to do!!

EFTW and the California experience overall was
very motivating and exciting. I met several friendly
people from similar backgrounds that ended up go-
ing to extraordinary places. The Facebook team and
competition was welcoming and my team worked
well together and efficiently. All the places we got
to see were life-changing and amazing.

Teamwork was another theme of the Facebook Achievement
reflections. One of the students stated:

I can honestly say that I enjoyed my time at the
EFTW Achievement Summit. Learning and inter-
acting with my teammates was the highlight of my
experience. I learned how to work under pressure
and complete an app within a short amount of time.
This is something I will never forget and inspires
me to learn more about coding.

The parent of the middle school students reflected:
The excitement in my two daughter’s voices telling
me about their experience at the#blackomputeHER
conference was one of my happy and proud mo-
ments as a parent. The description of how they felt
being among all the other attendees was priceless...I
look forward to what they gained and what they will
continue to learn from this exposure.

We also had a parent come to California with us who
was my former Chemistry teacher and is now the Career and
Technical Education facilitator for the school we held INTech
Academy. She stated:

The biggest impact for me...a former student mentor-
ing my daughter!! It takes a village and my village
has come full circle. Thank you Khalia Braswell!

V. LESSONS LEARNED AND FUTURE WORK

A. Planning

The Facebook Achievement Summit was an all expenses
paid trip in which Facebook coordinated the flights and hotel
rooms for four students and two facilitators to attend. We also
had a parent attend who paid for her own flight expenses.

The #blackcomputeHER Conference took more planning
since it was largely funded by INTech. We sent out an interest
form to 11 past INTech camp participants (middle and high
school students) in both Raleigh and Charlotte North Carolina.
Out of the 11, we received eight responses to attend and was

able to take five students (three from Charlotte and two from
Raleigh) and two chaperones. In the future, we would start the
planning sooner so that parents can plan around their students
being out of school and hopefully increase the number of girls
who can attend.

We asked parents if they would be willing to pay to
supplement some costs and all of them responded that they
would be able to pay. For the families that decided to attend,
we offered a discount for our summer camp registration fee.
Expenses included the hotel, two rental cars and gas, and
dinner on the first night. Fees from the parents went towards
conference registration and hotel expenses.

B. Future Work

In the future, we would like to seek out sponsorship
opportunities so that more INTech girls can attend the #black-
computeHER Conference.

Three of the girls who attended the Facebook Achievement
Summit attend the same high school and have decided to
participate in the EFTW program again in order to attend
another Achievement Summit. They have the support of their
school staff, former INTech facilitator, and INTech.
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 Abstract— Computer Science (CS) education advocates have 
worked within states to change K-12 education policies in order to 
broaden participation in computing (BPC) and grow CS as a 
content discipline within K-12 classrooms. Statewide summits, 
which convene a variety of stakeholders across levels of education, 
are pivotal events that build momentum for change. Maryland has 
utilized annual summits to leverage statewide advocacy in order 
to continue CS K-12 education growth. Summit evaluations 
provided valuable data to strategically plan additional events and 
advocacy activities. Data from the past four annual summits are 
analyzed and discussed. State advocacy outcomes include: 1) 
increased statewide CS education awareness, 2) the establishment 
of the Maryland Center for Computing Education, 3) seven 
million dollars of state funds dedicated to K-12 CS education 
professional development and pre-service teacher preparation 
program reform, and 4) the enactment of Securing the Future: 
Computer Science for All law. This law requires all Maryland 
public high schools to offer CS, make efforts at the middle and 
elementary levels to include CS, and broaden participation in 
computing in K-12 classrooms. Valuable insights are provided for 
other states to consider as they build BPC advocacy efforts 
through statewide summits in their own states. 
 
 Keywords— Broadening participation in computing, K-12, state 
summit 

I. INTRODUCTION 
 The computing education state summit has become a valuable 
event for individual state teams to engage stakeholders in critical 
discourse. State advocates who plan and lead the organization of 
summits intentionally include Broadening Participation in Computing 
(BPC) as a focal point. BPC moves beyond access to technology to 
provide more (and more engaging) opportunities for all students, 
especially underrepresented students to learn CS [1]. 
Underrepresented students include female, racial/ ethnic minorities, 
specifically African Americans, Hispanic Americans, Indigenous 
Americans, Alaska Natives, Native Hawaiians, Native Pacific 
Islanders, students from low socioeconomic backgrounds, and 
students with disabilities [2]. The National Science Foundation (NSF) 
has addressed BPC by funding research projects which directly study 
how to decrease the gaps and increase equitable learning opportunities 
for all students [3].  
 Each state needs to recognize that changing K-12 education state 
policies is a complex endeavor and building collaborative efforts 

among a variety of stakeholders is required to democratize K-12 CS 
[2]. Therefore, the summit planning team needs to examine the state 
governance levels and decision-making mechanisms [4]. The state 
summit is a pivotal, often data driven, event that convenes the key 
stakeholders and energizes attendees to become BPC advocates, 
leading to sustainable statewide change. Maryland began to convene 
annual BPC state summits in 2016. Maryland has 25 local education 
agencies (LEAs) which serve a variety of communities (urban, 
suburban, and rural) from the Appalachian Mountain range to 
Washington, D.C. and Baltimore metropolitan areas to the Eastern 
Shore along the Atlantic Ocean. The LEAs also have local control of 
curriculum and course offerings. 

II. STATE SUMMIT DATA 

 Stakeholders in BPC include a wide variety of advocates. The 
Maryland state planning team strategically included higher education, 
K-12 educators, industry, non-profit, and government representatives. 
The government professionals represented the Maryland State 
Department of Education (MSDE), the legislature, and the Governor’s 
Workforce Development Board. Within MSDE, there was not a 
designated CS office or CS specialist from 2016 through the spring of 
2019 [4]. Several different MSDE offices and individual specialists 
participated in the summits including the Career Technology 
Education Specialists, Educator Effectiveness Specialists (teacher 
certification and credentialing), Accessibility Specialist, and the 
Director of Instructional Technology, School Library Media, and 
Mathematics. The annual summits from 2016-2019 had an interesting 
pattern of overall attendance with 223 participants attending in 2016 
and 221 participants in 2018 as opposed to 121 participants in 2017 
and 145 participants in 2019. (See Tables 1 and 2.) There appears to 
be significantly more attendance every other year. 
 The annual summit surveys were designed to obtain feedback 
from summit participants. Participant perceptions including session 
ratings and advocacy outcomes were collected through the summit 
surveys. Most survey items remained the same each year with only 
slight modifications based on sessions offered and additional advocacy 
efforts. The survey return rates were low with 31% and 36% in 2016 
and 2017. (See Table 1.) After the low return rate in 2016, the planning 
team changed from paper and electronic surveys to just a paper survey. 
This only increased return rate slightly. Since many participants left 
and did not attend the afternoon sessions, the survey was split into two 
surveys in 2018. As an incentive to provide feedback, participants 
received their lunch ticket when they submitted the morning survey 



and a door prize raffle ticket when they submitted the afternoon 
survey. Paper rather than electronic surveys increases the workload for 
the evaluators to manually enter the data, but the tradeoff is additional 
data with participants recording their observations and feedback as 
they progress through the summit. As shown in Table 2, the survey 
return rates were significantly higher for the morning surveys with 
77% and 76% in 2018 and 2019 respectively; however, the return rates 
were still low in the afternoon with 52% and 33% in 2018 and 2019 
respectively. This is mainly due to participants still leaving after lunch.  
  

TABLE I. SUMMUT PARTICIPANTS  2016-2017 

 
 

TABLE 2. SUMMUT PARTICIPANTS  2018-2019 

 

III. SUMMIT GOALS 

 The overarching goals for each summit from 2016 through 2019 
evolved as the BPC advocacy efforts matured. In 2016, the goal was 
to engage more stakeholders, increase BPC awareness, and begin to 
organize next steps. Then, the idea of providing a central location for 
state advocacy efforts led to the establishment of the Maryland Center 
for Computing Education (MCCE), and it was promoted by the 
steering committee members and presented to the stakeholders at the 
2017 state summit. Another critical goal was to examine how policy 
reform might advance the BPC efforts. In 2018, the summit occurred 
after the end of the legislative session. MCCE was formally established 
in statute and state funding for BPC began in July 2018. Summit goals 
for 2018 included defining how MCCE would function as a centralized 
entity for CS education coordination, strategize how to increase 
professional development for in-service teachers, and provide access 
to turn-key solutions for teachers attending the summit. The same 
goals drove the content of the 2019 summit.  

IV. SUMMIT FORMATS 

 The summit format is driven by BPC advocacy efforts each year 
building upon the efforts and successes of the previous summit and 
advocacy activities occurring throughout the year. The summit 
planning team sets each annual one-day agenda. (See Table 3.) Each 
year, the agenda was altered based on the feedback from the prior 
summits which was provided primarily through the evaluation surveys 
and additional topics that emerged as the advocacy efforts shifted. The 
summit started at 8:00 a.m. each year, but the ending time has changed 
annually. This is due to travel time for participants as well as other 

school, business, or professional commitments. The changes in times 
forced the planning team to also change the number of breakout 
sessions from four in 2016 down to three each of the following years.  
 The concurrent breakout sessions are planned and strategically 
placed within the agenda to accommodate the various stakeholder 
groups. In Table 3, each column provides the agenda for each summit. 
The placement in the schedule varied based on feedback from prior 
surveys, availability of the session facilitators, and avoidance of 
sessions drawing upon the same stakeholder group. 
 

TABLE 3. SUMMUT AGENDAS  2016-2019 

 

V. SUMMIT SURVEY RESULTS 

 The surveys provided both qualitative and quantitative feedback. 
This data not only impacted the planning for the next summit but 
provided valuable data for planning additional advocacy events and 
activities. The survey respondents each year indicated that the summits 
were well organized. (See Fig.1.) 

 
Fig. 1: The percentage of Maryland Computing Education Summits survey 
respondents who agreed with each statement on the evaluation surveys from 
2016-2019. 
  



 Each participant indicated sessions that they attended and 
provided the overall value ranking (poor, fair, good, very good, and 
excellent) of the session. As shown in Table 3, the popularity of the 
sessions in a concurrent session block are listed by the number of 
participants who attend and the value ranking. Many session topics 
were repeated annually; however, each year the content of the session 
changed to include new information, resources, or even facilitators. 
Overall, most sessions, even those with lower attendance were rated 
favorably by participants. Teachers indicated each year that they 
preferred hands-on sessions with new classroom ideas and resources. 
Administrators (system and school) appreciated the state level updates 
such as the CS frameworks and standards and teacher certification. 

A. Networking 
 The different types of sessions enabled time for stakeholder 
groups to network within their own group and across other stakeholder 
groups. The conversations and connections that occur each year 
provide idea generation and new connections between individuals and 
organizations. As shown in Figure 1, survey respondents agreed that 
they 1.) networked with individuals who can influence computing 
education in Maryland and 2.) made new connections that would help 
them to improve computing education in Maryland. The summits 
provided the time, space, and focus for stakeholders to learn others’ 
perspectives. A 2017 survey respondent noted that they appreciated 
“Having the opportunity to confer with people from my district about 
what we were learning and how to use it or take it back to our district.” 
This reminds us that too often we work through our professional tasks 
day to day and do not have the time or energy to work with the other 
professionals within our own school or school system. The summit 
provides the educators with this needed time to connect with each other. 
 Another 2018 survey respondent wrote, “Getting to speak to the 
code.org representative was very helpful. I really learned a lot from 
other teachers as well.” Code.org is a non-profit organization which 
hosts professional development for teachers. Presumably, this 
educator has had training from the non-profit, and was able to 
capitalize on networking time with a representative from a national 
organization as well as local teachers.    

B. Professional Development 
 In the case of Maryland, the decision was made to include 
professional development in order to meet the needs of educators who 
would attend the summits. CS teachers are needed in order to broaden 
participation in computing across the state. The lack of trained teachers 
has continued to be a limiting factor to the growth of CS at the K-12 
level [4]. Professional development takes time and resources 
(facilitators, supplies, and funding). Educators who attend the summits 
are searching for more training opportunities. The summit provides the 
educators with a glimpse into the types of professional development 
offerings that are available, but the limited time does not provide them 
with the types of robust professional development workshops that 
convene during the summer. This effort was recognized in the survey 
results. The percentage of respondents who agreed that they were more 
prepared to teach computing lessons or courses because of what was 
learned at the summit increased from 58% in 2016 to 72% in 2019. 
 The ongoing efforts to provide professional development to in-
service teachers across the state helps to promote CS and increase the 
number of schools offering CS and the number and types of CS classes 
that can be offered. CS is an exciting and dynamic content discipline. 
Unlike many other content areas, CS requires that teachers stay current 
and continue professional development to learn updated content and 
skills.    

C. Advocacy Empowerment 
 Social change cannot occur without advocates who are willing 
and able to take action. BPC requires that individuals as well as groups 
of stakeholders feel compelled and empowered to take action. This 
begins with each stakeholder understanding their self-efficacy, 
particularly control over their own motivation, behavior, and social 
environment [5,6]. Empowerment either enhances their self-efficacy, 
the belief that they are able to act, or it significantly weakens their 
sense of powerlessness [7]. Either way, the collective efficacy, or a 
group’s shared belief of goal attainment [8], begins as a result of the 
networking, collaborating, and sharing of experiences during state 
summits. In order for participants to feel empowered to take action as 
BPC advocates after the summit, they must find the relevant 
information and collective efficacy inspiring enough to take actions on 
their own. 
 Each survey contained two particular items used to gauge 
advocacy empowerment. First, respondents consider if they agreed 
with the following statement: “I am better prepared to help my school 
or school district implement computing education.” The results were 
80% in 2016, 86% in 2017, 81% in 2018, and 89% in 2019. Next, each 
respondent was asked to “describe the actions you see yourself taking 
part in to improve computing education in Maryland.” The variety of 
answers ranged from participating in more professional development, 
providing more professional development for teachers, consciously 
recruiting more underrepresented students to take CS classes, and 
continuing to network with other stakeholders to advocate for 
computing education. 
 Particular comments highlight the advocacy empowerment of the 
summit participants. In 2016, a participant wrote, “I am hoping to be a 
driving force in Queen Anne’s County making these changes happen.” 
Queen Anne’s County is a small school district located on the Eastern 
Shore of Maryland. Unlike the technology corridor between Baltimore 
and Washington, D.C., the community including parents and students 
require particular messaging and advocacy efforts for BPC. Another 
2016 participant shared, “I have been asking folks to sign up for the 
Code.org and Scratch Meet Ups offered. I try to model and offer 
support in my building.” This advocate tried the “bring a friend with 
you to professional development” approach and also supports 
colleagues in his/her school. This is consistent with data from our state 
landscape surveys in which teachers, who are advocates, are attending 
training and incorporating CS into their classroom but feel isolated 
within their school [9]. In 2018, a respondent wrote, “Working to 
integrate CS into other content areas. Help school staff develop a 
deeper understanding of the breadth of CS.” Each of these statements 
demonstrate that individuals can think about how to begin advocacy 
efforts in their own schools. 
 Other advocates begin to think more broadly by looking beyond 
the classroom and school levels of advocacy. In 2017, a respondent 
noted, “I want to present to counselors what we do and how we can 
reach students. I want to hold meetings for 8th grade girls and African 
American males to interest them in CS.”  This advocate wants to make 
sure that professional school counselors are aware of CS and at the 
same time he/she wants to actively recruit female and African 
American male students at the middle level to engage them before they 
reach high school. Another respondent in 2019 positioned 
himself/herself, “To be the point of contact for my district on 
implementation of CSforAll and computational thinking.” In 2018, a 
respondent intended to be an advocate who worked across stakeholder 



groups, focusing on: “Advocacy of STEM and art (STEAM ED) in and 
out of the classroom setting via K-12 districts, high education 
institutions, and non-profit organizations.” The advocacy 
empowerment shown through these statements provides a window into 
how the summit can kickstart advocacy at many levels to include a 
variety of ways for stakeholders to contribute to the state BPC mission.  

VI. STATE ADVOCACY OUTCOMES 

 The summits are one piece to a large puzzle that state advocates 
use in order to more efficiently and effectively progress BPC efforts. 
Following the 2016 summit, more advocates joined the Maryland 
Computing Education Steering Committee. This committee engages 
stakeholders throughout the year in addition to the annual summit. It 
was during one of the steering committee meetings when the idea to 
have a center emerged. However, it took more time, energy, and direct 
advocacy with the Governor and legislature until the enactment of 
Securing the Future: Computer Science for All law. The advocates 
who went to Annapolis to testify were identified by stakeholders who 
regularly met and discussed computing education during steering 
committee meetings and at the annual summits. The feedback loops 
and discussions among and between stakeholder groups during each 
summit, each steering committee meeting, and through other 
correspondence provided the needed momentum to have the bill 
successfully passed and signed into law in one legislative session. This 
law formally established of the Maryland Center for Computing 
Education and provided 7 million dollars of state funds dedicated to 
K-12 CS education professional development and pre-service teacher 
preparation program reform. The law mandates that all Maryland 
public high schools offer CS, make efforts at the middle and 
elementary levels to include CS, and broaden participation in 
computing in K-12 classrooms. Remarkably, the law passed with only 
one opposed in the legislature, and it was signed into law by Governor 
Larry Hogan. This was a true bi-partisan effort.  

VII. IMPLICATIONS FOR OTHER STATES 

 BPC state summits coordinate reform efforts by empowering 
participants to become advocates. States should consider beginning 
with a smaller, more focused convening with key stakeholders who are 
dedicated to the mission of BPC. While it is important for this initial 
planning team to have shared goals, it is not necessary for the group to 
be formalized or all located within the same organization. In fact, the 
more diverse the team with varied representatives, the more voices will 
be heard and engaged in creating the shared mission and goals [2, 10]. 
This can also engage a planning team who can tackle a larger summit 
as advocacy efforts move forward in the state 
 Next, state BPC advocates need to understand the education 
governance levels in the state and the autonomy of decision-making 
that occurs within and between each level [4]. For example, identifying 
which level (state department of education, local school board, school 
system central administrators, school administrators, or classroom 
teachers) selects curriculum for a computing course provides the 
advocates with the information of which stakeholders to engage in 
curriculum advocacy. Understanding how decisions are made and by 
which levels enables the BPC state advocacy leadership team to create 
a state strategic plan with specific and measurable goals. This in turn 
will assist in identifying additional key stakeholders who are decision 
makers in each level and for each BPC effort. While Maryland chose 
to focus on increasing awareness and professional development for 

educators, other states might determine that having a CS graduation 
requirement, a CS admission requirement for higher education, or 
building CS infrastructure with designated CS positions at each 
governing level within the state are needed more immediately in their 
own states [11]. 
 Maryland’s state summits have effectively launched BPC reform 
efforts. Gathering the various stakeholders enabled the planning team 
to identify the unique challenges within the state, assess the resources 
available through the summit survey data, create a state BPC shared 
message, and energize participants to become BPC advocates [2]. The 
valuable networking within and between stakeholder groups provided 
new connections and further developed the conversations between 
summits to hold additional advocacy activities. Finally, if a state 
identifies any particular type of advocacy effort to further BPC, such 
as professional development for educators, the summit is the perfect 
venue to introduce the effort and provide follow-up information and 
correspondence to further the effort after the summit. 
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II. BACKGROUND

A 2011 study illuminated promising practices for pro-
moting gender equity in undergraduate research experiences,
identifying several effective strategies for supporting women
and encouraging them to continue in computer science and
engineering [5]. The strategies included having a critical mass
of female participants, providing role models and mentors, and
discussing topics that relate to both men and women such as
implicit bias as a way to indirectly introduce gender equity.
Research also shows that women often place great value on
social activism, which is a significant factor in the CS gender
gap [6].

The use of socially relevant computing activities [7], ex-
periences that make an impact in their communities and
their world, can promote sustained engagement in CS and
in STEM in general [4], [8]. Burge et al. report success
in implementing a one-week residential summer camp for
25 high school girls focused around the design of a mobile
application to be used by researchers to study animal behavior.
The camp even included a trip to a local zoo for inspiration and
understanding of the real world context for their mobile app.
After participation in the camp, the participants were more
confident in their computer science abilities and reported a
better understanding of uses for computer science and what
computer scientists do [9].

Similarly utilizing computing for social good, the
Game2Learn model [10] was designed to leverage educational
game development for retaining students in CS by having
undergraduate students develop games to teach CS concepts
using rapid prototyping. This project model leverages students’
enthusiasm for games and social relevance as the finished
products can be used to teach computer science.

Community-based service-learning is an educational ap-
proach which situates learning in a community service setting.
We leverage this framework by having our students help
local state teachers create projects for use in their classrooms,
allowing our students to use their technical skills to benefit
education in their communities; as women are more likely to
chose activities that help people, showing our students that
CS can be used to help people is important for broadening
participation in computing [11].

Abstract—In this article, we examine a female-oriented, high 
school computing outreach program, FLAMES, consisting of an 
8-week high school summer intern program run within a univer-
sity computer science (CS) department. We focus on examining 
the effects of the program on students skills and affect towards 
computing. Much of the literature in CS outreach research ex-
amines summer camps, after-school programs, and other school-
year events that often have a focus on only teaching students 
computing content. Our program is unique and socially relevant 
as students are trained to assist teachers with the development of 
Computational Thinking-Infused curricula for their classrooms. 
This paper presents the design of our program, an overview of 
the curriculum, and results including both student and teacher 
feedback. Results show that the program has benefited each of the 
parties involved, including its student participants, facilitators, 
and the teachers assisted by the participants. We share our 
lessons learned in order to help other CS departments develop 
similar broadening participation in computing programs.

Keywords—Professional Development; STEM+C; Compu-
tational Thinking

I. INTRODUCTION

According to the National Center for Education Statistics, 
women received only 19.1% of all Computer Science Bache-
lor’s degrees in the 2016-17 academic year [1]. Studies have 
indicated that women’s sense of belonging has an important
impact on their persistence in CS [2], and that having female 
role models and positive interactions with CS outside of 
the classroom are important strategies for promoting female 
participation in the discipline [3], [4].

The Future Leaders in Algorithms, Mathematics, and En-
gineering Sciences (FLAMES) program is a free high school 
outreach initiative hosted by our university focused on increas-
ing diversity in computer science by broadening participation 
in computing to female high school students. Participants are
not required to have prior programming experience. In 2019,
the program was expanded to include an 8-week summer 
internship program serving 19 high school students, which ran
through a research lab at the university.

This paper will provide a brief background and inform read-
ers about the FLAMES internship. We will end by providing
lessons learned for others looking to create a similar program
for fostering female interest in computing.
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We have implemented several of the aforementioned strate-
gies in FLAMES. We made a focused effort to intentionally
recruit female students. Participants were provided role models
and mentors through university student facilitators, faculty in-
teractions, and research lab rotations shadowing undergraduate
research interns. We additionally followed recommendations
to host conversations around implicit biases and ethics in
computing as well as to create a community of students and
role models which encourages young women to remain in
CS. Additionally, our students develop rapid prototypes of
computational thinking (CT)-infused projects that will be used
by active K-12 teachers.

III. CONTEXT

A. Participant & Facilitator Data

We recruited primarily through high schools within the
county and a few rural schools in nearby counties. Marketing
was targeted to young women, however any student could
apply. Students were allowed to share recruiting information
with their friends and neighbors. As this program is designed
with equity in mind, in addition to student essays, reviewers
also looked at available role models and parental education.
Though not required, all selected participants had taken at least
one programming course in school. A breakdown of student
demographic information is found in Table I.

TABLE I
FLAMES PARTICIPANT DEMOGRAPHIC INFORMATION

Total Gender 2018-2019 Grade Level Black or
HispanicFemale Male 9th 10th 11th 12th

N=19 68% 32% 10% 21% 69% 0% 5%

There were two female facilitators who lead the summer
internship (1: Hispanic PhD recipient, 2: White PhD student).

B. Implementation

The internship program served two main purposes: first to
provide assistance to teachers in an Infusing Computing pro-
fessional development (PD) and second to show prospective
students what socially relevant computer science and research
looks like. The internship ran from 9:00 AM - 4:00 PM each
day with a 1 hour lunch break at noon. Depending on students
needs, they could work morning, afternoon or both. In order
to prepare interns for supporting the PD, we offered a 3-day
leadership workshop and a 1-week coding course that covered
each of the block-based programming activities taught during
the PD. Both week 3 and week 8 of the internship coincided
with an Infusing Computing PD [12]. For this PD, students
provided coding support for K-12 teachers who were designing
CT-infused projects for their subject area classrooms. The
interns typically worked in pairs to help complete teacher
projects or resolve issues. Students communicated with teach-
ers through video calls, group messaging, and in-person.

The other four weeks of the internship focused on devel-
oping and enriching students’ computing skills through web
development and rotations through CS research labs. Students

spent one week developing and updating websites for orga-
nizations on campus and two weeks embedding themselves
within active research labs, shadowing student researchers.
Each intern was able to choose two labs that they wanted
to participate in for 5 days; their themes were: biological
algorithms, critical infrastructures, health analytics, collabo-
rative computing, intelligent tutoring systems, and educational
games. Within these labs, some students helped with field
study observations, software testing, conducted literature re-
views, or classified data. Throughout the internship, graduate
students would do impromptu visits to the interns to get help
with research ideas, data wrangling, and pilot testing summer
camp activities; they also spoke about ethics, implicit bias, and
bias in machine learning.

Ending the internship, students presented their experiences,
including what they had learned in their research rotations.
Presentations were attended by the department faculty, gradu-
ate students, and undergraduate researchers as well as commu-
nity members from the interns’ schools. Students also attended
the university research symposium, viewing the outcomes of
the undergraduate researchers they previously shadowed.

IV. EVALUATION & FEEDBACK

We reflected on this experience, for future improvements,
by examining student artifacts, interview data, and communi-
cations between interns and those they helped.

A. Student Perspective

Student perspective data comes from their final presenta-
tions, semi-structured interviews with 10 students (9 female,
1 male), and 3 students’ weekly blogs written for school credit
(2 female authors, 1 male).

On Skills Gained In addition to the eleven students who
received school credit for the hours worked during the in-
ternship and the seven students who requested letters of
recommendation for their college applications, each student
walked away with skills and experiences that they could add to
their resume and use in the future. Students gained professional
skills such as client communication, time management, and
collaboration. They also learned technical skills and gained
experience working with programming languages and software
tools like, Snap!, Python, Java, Julia, R, Unity3D, PyChart,
Eclipse and git. After learning some data analytics in a
research rotation, one female student shared, “I just found
birth data online in my free time and was able to visualize the
data to see that there was a drop in birth on weekends versus
weekdays.” Another student reflected in their blog, “This
internship definitely helped me build and develop my skills
in computer science as well as working with other people. I
got to practice working in a professional environment, which
was a relatively new experience for me.”

On the Working Environment To foster a positive working
environment, we were lenient in attendance and schedules.
Interns had individualized schedules allowing them to attend
external commitments. We took this into consideration when
pairing students so that they could enjoy and meaningfully



contribute to the internship. We believe that we were success-
ful on this front. One student shared in their blog that “The
work atmosphere here is very chill... and the rules are not too
strict. Decisions are made cooperatively, as the researchers are
always talking with each other about [research decisions], and
frequently consult us if we have tested what they are talking
about. Everyone works very hard though, and you can tell
they are passionate about what they are working on. I really
enjoy the work environment, as I feel very comfortable here
and I feel like I can share my voice.” By implementing a
more relaxed work environment, we were also able to provide
opportunities for students to learn teamwork and collaboration
while having fun. During work lulls we often allowed students
to play games requiring the use of decomposition, abstraction,
and other skills beneficial to CS careers. Additionally, these
informal activities helped to build rapport among students,
leading to the creation of community in computing, vital to
women’s persistence in CS.

On an Expanded Understanding of CS One of the biggest
takeaways students shared from participation in the internship
was an expanded understanding of the ways in which computer
science can be applied. One student remarked, “I thought com-
puter science was just programming, but coming here I got to
see how computer science can be applied to multiple different
fields.” Many students had taken at least one computing class
and thought of computing as merely making different forms of
technology, apps, programs or tools. The internship experience
helped to fight the misconceptions that students held about
computer science. As students put it, “[FLAMES] kind of
crushed that stereotype that all you’re doing is staring at a
computer screen all day,” “It’s not just somebody who’s sitting
and constantly typing out code,” and “There are so many things
you can do with computer science that doesn’t mean you’re
just in a room with a laptop. You’re working with people from
the national parks. You’re catching genetic abnormalities.” By
realizing that computer science was more than a cubicle, they
also learned about the role collaboration plays in the field. One
student said, “Computer science, although you can do things
on your own, it’s a team effort and that’s something I didn’t
think about before.”

On Research Rotations Many students chose the research
rotations as their favorite part of the internship as it enlightened
them on the forms and domain applications that CS might
take. This includes “learning about a project that has real
world application.” and “I’m no longer afraid to read research
papers. I understand how abstracts and research papers work.”
The research rotations allowed students to interact with and
learn from researchers with a variety of backgrounds. One
student shared, “I had a limited view of CS, this really helped
open up my perspective; [Undergrad1] is a business major
and isn’t limited by her major about being able to use Python
and CS.” These interactions with college students allowed the
high school interns to ask questions and learn more about the
college experience. On the value of conversations one student
said, “[Undergrad2 and I] talked about college a lot. What
college and computer science has been like for her. What’s

been good, what’s been not good. I think especially creating
those bonds with the undergraduates was helpful.” “She also
shared about her application process. I think just having insight
into that was very helpful.” We also heard changes in students’
attitudes: “I learned a lot more about college and I think I feel
better after talking with [the facilitators] that it’s manageable
if you try.” [Student] further stated “Before I did this program
I used to think [CS] would be extremely challenging. It is
challenging, but it’s doable if you have the interest.” Another
student went on to say, “Not until this internship had I really
understood how [CS] looks in the real world and how you can
apply it in different careers” and explained that this knowledge
helped them to consider a career that uses CS.

On Helping Teachers Several students mentioned that
working with teachers prompted them to apply for the in-
ternship. In an interview, one student stated, “It was cool
knowing we made an impact for their classrooms because they
can use the programs we made to teach people.” In addition
to the excitement of making helpful projects, students also
spoke positively on their teacher interactions, “[the teachers]
were all so excited to code and their passion was contagious...
all their curiosity about computer science was refreshing to
see”. When asked about how it felt to help teachers, one
student spoke about the experience of explaining the projects
and programming concepts, saying “You have to be more
detailed but also concise and simple so they know what you are
talking about.” Another student explained, “I’m really proud
of the work that we’ve gotten done...It seems like we’re really
helping the teachers out a lot and they’re very thankful. It
still feels weird to be teaching teachers, but it’s so nice when
we finish and they praise us. It was also fun to see how
the teachers acted as students.” Likely as a result of these
interactions, without prompting, students mentioned in both
interviews and presentations that they saw “the importance
of computing in education.” One student stated, “I would
have never even thought that an English teacher would use a
[coding] project for their class, but they did and it was pretty
cool,” continuing “I really do believe that CS should be in
every school for the future.”

Overall, the internship proved valuable to students. They
learned professional and technical skills, enjoyed helping
others, increased their interest in computing, and gained a
broader understanding of CS and the college experience. One
student said, “[This experience] has shown me that computer
science is used on a daily basis and has restored my interest
in programming and developed my people skills.”

B. Teacher Perspective

Forty-one off-site teachers requested the interns’ help and
all 10 local teachers were paired with an intern developer. In
total, the interns helped create 45 projects for 43 teams. Interns
made small code changes or created entire projects depending
on the teacher’s level of coding comfort.

In reviewing teacher reflection surveys and the #code-help
chat channel used during PD, teachers showed avid apprecia-
tion, thanking students frequently for all their help. Teachers



found the interns approachable and appreciated receiving indi-
vidualized help. “The Zoom Kids are great!! Really helpful as
I was creating my project. So willing to answer my questions
and offer suggestions.” One teacher noted “I think the feedback
and implementation was shocking. Whatever was requested
was done. I have never experienced anything like that before.”
One teacher shared “...I think my brain was just so tired, I
could not think of a way to start! Once she got rolling, I
could see where I wanted the programming to go.” Overall
the teachers were very receptive to the interns, “I enjoyed the
opportunity to work with the HS students on our projects. They
were incredibly knowledgeable and I would not have come up
with the project that I did without them!! That collaboration
piece was really unique and I appreciated the help!”

C. Researchers Perspective
A total of 6 professors participated in the research lab

rotations. They were already hosting REU students and “were
not opposed to the idea” of having an extra intern or two
shadow their students. After having interns the researchers
stated, “The interns were eager to work on whatever tasks
we gave them, they did a good first pass at tagging data.”
Another mentioned, “I was conducting a classroom study and
the interns were very helpful in collecting observations. I
wouldn’t have been able to collect that extra data on my own.”
One professor noted, “it would have been good to know their
exact programming proficiency ahead of time. My first two
knew JavaScript and Python, the second set of students had
weaker programming skills and so my students had to come
up with other tasks for them.” Overall though, the professors
and researchers agreed that they would want to host students
again the following year.

V. DISCUSSION & LESSONS LEARNED

After reviewing all of the feedback, we believe the
FLAMES internship was successful in encouraging students,
especially young women to pursue further interests in comput-
ing. Students were given the opportunity to learn computing
skills from college role models and mentors, to have casual
conversations with researchers about computing careers, and
were able to see their projects have an immediate impact
on the community. We now share our lessons learned from
implementing and evaluating FLAMES for others who may
wish to replicate our program.
[1] When running a large K-12 computing PD with limited
staff, knowledgeable HS students make great substitutes.
[2] Assisting teachers provided a good opportunity for students
to work on community-focused projects that have a social
impact, which plays a large part in recruiting female students.
[3] Working on projects for members of the community allows
students to reach beyond their technical comfort zone to
attempt problems new to them.
[4] You can run a female friendly program that includes males.
[5] Provide training and information up front to groups hosting
students. Knowing interns prior experience and coding skills
can help groups prepare activities for their arrival.
[6] Small details can leave a large impression on students.

Providing certificates or professional presentation locations
make ordinary student experiences feel special.

Additionally, to help feasibility for others, we believe that
a shorter, event focused internship could be adapted from this
model, including activities like research rotations, facilitating
K-8 coding camps, and industry visits and tech talks.

VI. CONCLUSIONS & FUTURE WORK

Overall, participation in FLAMES proved valuable to stu-
dents. They learned professional and technical skills, enjoyed
helping others, and gained a broader understanding of com-
puter science and the college experience. Furthermore, the
interns were valuable to young researchers who were able to
get assistance on their summer projects. Though the research
rotation experience was far from flawless, it had a strong
impact on the students and was the favorite experience of the
internship for many students. The interns were also mission
critical for the success of the PD, appreciated by both PD
facilitators and teacher participants, who enjoyed the students’
individualized support on their projects.

In the future, we would like to balance the research focused
CS activities with more industry and professional oriented
computing careers. We believe this could be achieved through
sponsored site visits or invited presentations from industry
employees. We intend to continue the FLAMES program
refining our activities as we go.
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Abstract— Computer Science is a field that still has long strides 

to make before its workforce reflects the racial, ethnic and gender 

diversity found in the United States. To address this problem the 

authors developed culturally relevant class activities and 

homework problems that teach students to use loops, lists, 

functions and conditional logic, by remixing popular Black music 

in an introductory Python course. The activities were developed 

with the thought that students would be less intimidated by the 

content, if they saw their culture reflected in the course materials. 

Using an online survey, students were asked to compare their 

experience working on the problems that used Black music as a 

context, with their experience completing textbook problems on 

the same content. All of the survey respondents were Black female 

undergraduate students enrolled in a STEM major at a 

historically black college.  

Students reported that they were better able to identify with 

the examples and problems using Black Music as a context. Study 

participants also indicated that making enjoyable music motivated 

them to work harder than they would on textbook problems. Of 

the 33 study participants, 60% had no prior experience 

programming, and 63% of the students expressed an interest in 

taking further computer science coursework as an elective. The 

authors explain the sequence of assignments they used to help 

students understand introductory computer science concepts, and 

share lessons learned from using Black Music as a tool in the 

classroom. 

Keywords—STEAM, CSxMusic, culturally responsive pedagogy 

I. INTRODUCTION 

There is a persistent lack of participation in computing, but 
especially among women, people of color, and women of color. 
In 2018, only 4% of Bachelor’s degrees in computer science 
were awarded to black women [1]. In order to address 
participation and interest in computing, music has been used as 
a novel approach in computer science education to increase 
engagement and enhance persistence in computing. Most studies 
occur in K-12 settings [2][3][4][5], or out-of-school settings 
such as workshops or camps [6]. While some studies include 
participants higher education [7][8][9], few studies have taken 

place in higher education environments serving a population of 
African American women. Our study targets African American 
women in higher education through the use of hip hop music as 
a tool for culturally responsive pedagogy in computer science 
education. To address this gap in the literature we pose the 
following research question: How does remixing Black Music 
impact a student’s learning experience in an introductory 
programming course? 

II. METHODS 

The study takes place in an introductory computer science 
course for non-majors at a four year historically black college. 
All of the study participants are Black Women who are STEM 
Majors at the college. The authors drew a pool of participants 
for the study by taking a convenience sample of students from 
two of the 5 sections of the introductory Python programming 
course.  33 of the 53 students enrolled in the two sections of the 
course responded to the surveys. The authors distributed an 
online survey at the end of the course, which asked students to 
compare the music-based problems they’d worked on with 
textbook problems involving looping and conditional logic.  
Items on the survey also asked how much experience they’ve 
had with programming, and if they had formal training with 
music before the course.   

The authors used a mix of inductive and deductive coding to 
categorize responses to open ended questions in the survey. The 
first two themes, relating prior knowledge to new knowledge, 
and using culture to draw students to the material (connecting 
abstractions with lived realities) were drawn from Gay’s[10] 
concept of a pedagogical bridge, within her theory of culturally 
responsive teaching. The third theme (computing as a tool to 
increase creativity and fun) sprang directly from the students 
reflections on their experience in the class. 

III. PROCEDURE 

The remix project was broken into four activities for the 
students: (1) We introduced study participants to the concept 
that black music can be constructed using algorithms, by 



walking them through an algorithm they could use to re-create a 
popular song. (2) The students were asked to create their own 
algorithm for a remix by sketching their plan to rearrange 
premade pieces of a popular song (called samples). (3) After 
students learned about for and while loops, we taught them how 
to place their samples in loops to code the remix algorithm they 
created. (4) The students chose their own song they would remix 
in two different ways, and used conditional logic to select which 
remix version they wanted to hear. The students were also given 
assignments to learn about looping and conditional logic straight 
from the text book, such as summing up odd or even numbers 
between a starting and ending point. 

A. Making Algorithms to remix Black Music 

Early in the course the instructor planted the idea that 
algorithms can be used to create Black Music. In the first class 
session is dedicated to recreating the song Otis by using an 
algorithm to rearrange parts of the song Try A Little Tenderness. 
After the lesson, the students are asked to make a remix of a 
popular song by flowcharting how its parts should be 
rearranged. The students were given a PowerPoint slide with 
buttons that triggered 8 samples of a popular song (Location by 
Khalid). The participants had to diagram the order of the 
samples in their remix and how many times each of the samples 
should be looped. The students were required to have at least 
four samples and at least two loops in their remixes. During the 
exercise are instructed  to test and revise their remix algorithms. 
To test their remixes students had to execute their algorithm by 
hand, by clicking on the samples to play them in the order 
prescribed by the algorithm. If the remix didn’t sound “good”, 
they were asked to edit the algorithm and walk through it until 
the steps produced a desirable outcome.  

B. Using Python to code the Remix Algorithm 

After teaching the students how to use for and while loops 
they are introduced to the jythonMusic library [11].The study 
participants would use this library to play samples and loop them 
using the python programming language. The IDE included with 
the library, called JEM (Java Environment for Music) is 
designed to run jython code, which is python syntax (version 
2.7) that can be used to leverage objects and methods written in 
java libraries. Using sample code the students learn how to store 
a sample (stored in a .wav music file) into an AudioSample 
object. Once this object is constructed its methods can be used 
to play, pause, stop, speed up and slow down a sample, which 
will be audible through the sound card/speakers of the student’s 
computer. 

C. Remixing their own Music 

Once students became comfortable using the jythonMusic 
library, they were given an assignment to make at least two 
remixes of one song that they choose. The remix project required 
students to create a program that asks a user to choose a version 
of the remix they would like to hear (via the console window), 
play the appropriate remix until it ends, and return to ask if 
they’d like to hear another remix or quit. Each version of the 
remix they created had to be housed in a function. Before 
arranging their remixes, the participants had to be taught how to 
identify a sample, and determine whether that sample sounds 
good when placed in a loop. Audacity has a few tools (like loop 

play and the selection tool) that allow students to preview and 
loop their sample, before its saved to a file.  

The students were prompted to identify at least two songs 
that they would like to work with and emphasized that they 
should use instrumental versions when possible. Instrumental 
versions of songs are easier to remix because samples of music 
without words are easier to loop. Some songs also may not have 
enough variation to sound like a new work once its samples are 
rearranged. Since the students will create at least two remixes 
from one song, there has to be a fair amount of variety with 
respect to the number of sounds in that song. The instructor 
advised the students to use  song they’ve chosen as their sole 
source of samples for the remix. Blending two or more songs 
together requires the students to find songs that have compatible 
tempos, keys and rhythms, which is beyond the scope of an 
introductory computer science course. After completing the 
assignment students were asked for their thoughts on the music-
based activities versus problems that required them to use loops 
in the textbook. 

IV. FINDINGS 

In discussing the delivery of instruction to ethnically diverse 
students, Gay[10] emphasizes the importance of establishing 
cultural congruity in your instruction. Gay says you accomplish 
this by spending a great deal of time demonstrating through 
examples, stories and problems how course concepts operate in 
practice, through the experience and cultural lenses of your 
students. She calls the use of these culturally relevant examples 
“pedagogical bridges to connect prior knowledge to new 
knowledge, the known with the unknown, and abstractions with 
realities.”, and highlights the positive impact it has on academic 
achievement.  

In our survey students were asked to compare textbook 
problems that used loops (such as counting and summing even 
and odd numbers) to their remix project, which asks them to use 
for and while loops to rearrange a song they choose. The 
students were given about two weeks to complete the project.  
The authors also asked students whether they would like to see 
Black music used more or less frequently as a context for 
computer science instruction, and why they chose to answer the 
way that they did. Students were asked to state their major, 
number of years of experience with music, years of experience 
with programming and whether they would like to take further 
computer science course work. Most of the participants in the 
study had no prior programming experience and no previous 
training in music.  

Although this class is the only computer science course 
required by their majors, over 60 percent of the study 
participants showed an interest in taking future computer 
science coursework. It’s quite encouraging to see that students 
did not have to have a musical background to learn 
programming concepts through remixing. As an instructor, I did 
have to emphasize that students wouldn’t be graded on the 
quality of the music they produced. Below in Table 1 the authors 
have provided a summary of responses from the Likert scale 
items in the web survey. 

 



TABLE I.  SUMMARY OF SURVEY RESPONSES 

 

We will present the findings from the open ended questions 
on the survey in three themes. Two of the themes are derived  
from Gay’s concept of a pedagogical bridge, and one inductive 
theme sprang from the  students responses. The two themes from 
Gay’s work[10] are  relating prior knowledge to new  the use of 
culture as a magnet to the course material.   The third theme 
which falls outside of the concept of the pedagogical bridge is 
called computing as a tool to increase creativity and fun. 

A. Theme 1:Pedagogical Bridges - Relating prior knowledge 

to new knowledge 

One finding we have discovered that is in line with Gay’s 
idea of a pedagogical bridge is that the music helped students to 
better understand programming concepts. Understanding how to 
use loops, and trace the flow of their program, made it easier for 
them to understand how to modify their code for a better 
outcome. Students gave the following responses when asked if 
they would like to see more problems in the future that use Black 
music as a context. 

“I would like to use more problems that use black 
music as context in computer science because I identify 
as Black and I enjoy music.  I think it is a great learning 
tool to use music that (I like) to create a remix.  I do not 
see a purpose in using music or other tools that I cannot 
relate to from personal experience.  We learn better 
when we use concepts and tools that WE enjoy using 
(for instance black music was used to help black 
students learn a new topic of interest).” 

“I like the idea of using music because it is something 
that is more personal and easy to connect to than just a 
prompt saying to add numbers or do a task. It allows 
for creativity and motivates me to actually understand 
what i am doing so that i get a product i like and am 
proud of..” 

B. Theme 2: The use of culture to draw students to the course 

material (connecting abstractions with lived realities) 

Another helpful finding of the study is that our students are 
constantly connected to Black Music, through Spotify, Apple 
Music, YouTube and traditional radio. Since music is a part of 
their daily experience, they are already aware of the sound of a 
good remix. Students worked on their project with a picture of 
the polished sound that they’d often heard, and it pushed them 
to work on the project longer than they would have, if the project 
did not have a context that was familiar and important to them. 

Students submitted the following responses when asked whether 
they cared about the quality of the remix, and if that impacted 
the amount of time spent on the project.   

“Yes, when listening to song remixes on the radio 
they are still smooth and seamless. So, when 
completing my project I want to have that same 
outcome. Wanting to have that specific outcome did 
make the time spent on the project even longer.” 

“Well the remix had to sound right, so that meant 
that I had to put in more time, opposed to me just 
adding random numbers together. (comparing to 
problems from the text)” 

“In order to get my remix to flow like a natural 
song, I worked for hours to ensure that it was work that 
I was proud of.” 

Using Black music as a cultural tie to the material in this 
class also prompted students to share their code and remixes 
with friends, due to their familiarity and love of black music.  

“I would like more black music because it takes 
computer science outside of basic computing and 
makes it fun. This project is something I was able 
to show my producer uncle and he thought it was so 
cool” 

“One of my favorite parts of this class was the 
fact that it involved such a strong music base. I was 
kind of scared when starting this class because I 
have no previous computer science background but 
the fact that it contained such a strong music base 
made me really fall in love with it. I told some of 
my friends about the process we were going 
through and how excited I was about it and they 
thought it was interesting as well.” 

“I think there should be more use of black music 
in the context of a computer science class because 
black music uses different concepts of computer 
science (remixes, loops, lists, etc.) I thought that it 
was interesting that black music was so relatable 
and a great example of how even though computer 
science is a largely white field and industry, the 
concepts of computer science can all be found in 
many different genres of black music.” 

The infusion of black music into the course made the 
material more approachable, by helping students to see 
themselves reflected in the material. This was especially 
important since the course is one that is taken largely by non 
computing majors, many of which (48%) wait until they are 
upperclassmen to enroll.  Some participants said that they 
perceive computer science to be an intimidating discipline 
dominated by people who don’t look like them.  

C. Theme 3: Computing as a tool to increase creativity and 

fun 

Many of the students also remarked that they had fun 
working on this project, and that it helped them to be creative in 
ways that they hadn’t imagined before enrolling in the class. 

Programming 

Experience 

Prior Music 

Training 

Desire to take more 

classes in computing 

20/33(60.6%) of students 
had no experience 

21/33(63.6%) of 
students had no 

training 

21/33 (63.6%) of students 
would certainly take more 

courses 

10/33(29%) had less 
than one year of 
experience 

2/33 (6.06%) had 
less than a year of 

training 

5/33 said they may take 
more courses 

Three students (9%) had  
more than one year of 
experience 

9/33(27.27%) 
had 3+ years of 

training 

7/33 students will not 
take more courses 



Some of the students also expanded their view of what computer 
scientists do as a result.  

“The remix project was one of my favorite projects 
because I got to choose a song that I really like and 
work with it to create something. Although it was 
challenging at times because some beats didn't sound 
right or make a smooth transitions, I found that was the 
part I liked the most. I got to be creative and I 
understood that it was ok if it did not sound perfect.” 

“I really enjoyed the music remix project. It gave 
me a chance to be creative and unique while 
simultaneously learning about programming.” 

“The project was more interesting to me. I was 
engaged because it dealt with something that involved 
music. I love listening to music so it was fun learning 
how to create my own remix to my favorite song and 
write a code to allow it to play. The (textbook) 
assignments that we have done do not engage me as 
much. They seem to be …irrelevant to my life.” 

V. LESSONS LEARNED 

Culturally responsive theories of pedagogy bring home the 
importance of understanding students’ culture, and underscores 
the value of expertise that students already have. Within the 
context of the classroom, it's important to understand the current 
music your students like and weave that culture throughout 
examples in your courses. Students know exactly what music 
excites them, so you can ask what their favorite song and artists 
are at the beginning of the semester, and create some samples 
from those songs. Also, take the time to teach students how to 
make samples from their own favorite songs, which allows 
students to work with the most current songs that move them. At 
the start of this process it is helpful to have samples that are 
already cut and placed in the right directories for sample code to 
work. This cuts out pesky errors at the outset when students are 
just starting out and need quick results to stay motivated.  I have 
had students lose interest, after getting repeated errors from 
source code or music samples being placed in the wrong 
directory. 

It’s also important to emphasize to students that they are not 
being judged by the quality of their music production, but they 
are being judged on how well they are able to understand how 
to use conditional logic, loops and functions. Some students in 
the study got so caught up tweaking the sounds that they forgot 
to finish a working prototype that satisfies the requirements. 
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Abstract—A major goal of AP Computer Science Principles
(CSP) is equity, that is, that all students should have the
opportunity to learn computer science at a basic level. In this
experience report, we explore how well the Code.org version
of AP CSP meets the needs of Deaf students. We report on a
professional development workshop for 14 teachers that teach
at schools for the Deaf or in Deaf programs in mainstream
schools. These schools and programs use the bilingual approach
to teaching with instruction in American Sign Language (ASL)
and other resources (e.g., textbooks, workbooks, videos, websites,
computer apps, exams) in English. Synthesizing the experiences
and advice of the teachers and workshop staff, we offer lessons
learned for CS teachers in schools for the Deaf and Deaf
programs in mainstream schools, mainstream CS teachers who
may have one or a few Deaf students in their classes, and AP
CSP content providers.

Index Terms—Computer Science Principles, Deaf, English Lan-
guage Learners, Bilingual, Professional Development

I. INTRODUCTION

Students who are Deaf 1 in the US commonly have hearing
parents and are the only Deaf person in their family. They
often learn American Sign Language (ASL) from peers or at
school. Consequently, ASL becomes their principal language
and English their secondary. In some sense, these students
are English Language Learners (ELLs) and some of the
approaches to teaching these students is similar to approaches
to teaching ELLs [1]. According to the National Center for
Education Statistics (NCES Table 204.27) [2], almost 5 million
(about 10%) of students enrolled in public schools in the
United States (US) in 2016 are ELLs.

The approach to teaching Deaf students at state residential
schools for the Deaf and many Deaf programs in mainstream
schools is bilingual, with instruction in ASL and with all other
resources (textbooks, workbooks, videos, websites, computer
apps, exams) in English. Unlike the situation for typical
hearing ELLs, who are on a path to learning spoken and
written English and being fully bilingual, Deaf students may
never master spoken English and may be weak in written

This work by AccessCSForAll was supported by the National Science
Foundation under Grants #CNS-1738252 and #CNS-1738259.

1The capital “D” in Deaf is used to indicate that the students referred to
in this paper use American Sign Language as their primary language and are
considered part of the Deaf Community.

English. Nonetheless, the vast majority of these students
are intellectually capable of mastering computer science and
should be given the opportunity to do so.

In this experience report, we describe a professional de-
velopment workshop for 14 teachers of Deaf students at
state residential schools for the Deaf and Deaf programs at
mainstream schools. All these teachers, including 8 who are
Deaf themselves, use a bilingual approach to Deaf education.
The workshop was conducted in ASL with the help of ASL
interpreters for hearing attendees who did not know ASL.
The purpose of the workshop was to prepare these teachers
to teach the Code.org curriculum for AP Computer Science
Principles (CSP) in their respective schools. A major outcome
of the workshop is a set of lessons learned, from both the
workshop staff and teachers, for the various stakeholders in
Deaf education and PreK-12 computer science education.

The following sections include related work on Deaf stu-
dents and bilingual education. From there, we discuss work-
shop staff and teacher participants, the workshop program,
highlights, and lessons learned for a variety of stakeholders.
These stakeholders include teachers in Deaf classrooms, teach-
ers with one Deaf student in their classes, and AP CSP content
providers.

II. RELATED WORK

There is very little literature on the preparation of teachers
to teach computer science to students with disabilities at the
PreK-12 level. At SIGCSE 2019, Stefik et al. reported on a
professional development workshop for teachers of blind and
visually impaired students [3]. Following that workshop, the
first two authors created a professional development workshop
for teachers at schools for the Deaf and Deaf programs at
mainstream schools. In their prior work, there was much con-
cern about replacement of visual content of computer science
curricula with non-visual content. In this report, the concerns
are quite different and are more about integrating computer
science into the bilingual approach to Deaf education.

A. Deaf Students

Deaf students typically fall under the Individuals with Dis-
abilities Education Act (IDEA) (First authorized in 1975 as the
Education of All Handicapped Children Act) or Section 504978-1-7281-7172-2/20$31.00 ©2020 IEEE



of the Rehabilitation Act of 1973. According to the National
Center for Education Statistics (NCES Table 204.30) [4], in
2017-18, there were about 7 million PreK-12 students with
disabilities served under IDEA. This is about 13.7% of all
PreK-12 students. As many as 1.5 million more students
may be covered under Section 504. Within the IDEA group,
about 75,000 students were identified as having a “hearing
impairment” which can range from total deafness to moderate
hearing loss.

According to NCES (Table 204.60) [5], in 2017, only about
10% of these “hearing impaired” students attended schools
for the Deaf of any kind, and 88.3% attended mainstream
schools, with some in Deaf programs. The remaining students
were in other educational settings, such as home-schooled.
In the US, because education is run at the state level and
below, there is high variability in the educational opportunities
PreK-12 students receive. There is even more variation among
Deaf students because of the varying educational philosophies
(oral versus bilingual) and the willingness of parents to send
their children away from home to residential schools. The oral
philosophy of Deaf education focuses on hearing enhancement
technology, speech-reading, and speech, and discourages the
use of sign language.

B. Bilingual Education

Bilingual Deaf education has a long history going back
to the founding of schools for the Deaf in the early 1800s.
Strassman et al. stated: “for those interventions that have been
studied, d/Deaf students’ achievement is positively affected
by educational practices similar to those recommended for
ELLs [1].” Nine sound principles for ELL pedagogy are
delineated by Li [6]. Although not all these principles apply to
Deaf students, several of them appear to be what our teachers
report using with their students.

It may be tempting to think of using a student’s first
language as a “crutch” in an ELL pedagogy. The work of
Sparks et al. suggest strength in an ELL’s first language leads
to eventual strength in the ELL’s acquired language [7]. Rather
than a crutch, the first language is a launching point. A similar
result was found in Deaf students by Scott and Hoffmeister
that ASL is a launching point to learn concepts in English [8].

There is a series of two papers authored by A.G.S. Raj
et al. related to computer science taught in India using
Tamil-English bilingual college students [9], [10]. The papers
reported on two studies where students were taught computer
science lessons in two conditions, English alone and in a
combination of Tamil and English. In both studies, the amount
of learning in the two conditions were about the same.
However, in the case of Tamil + English approach, students
were more engaged in the classroom and felt better about
their learning. In our workshop, teachers did not report on
an all-English approach to teaching computer science. All our
teachers reported using a bilingual approach in their classes.

III. WORKSHOP STAFF AND TEACHERS

The workshop staff consisted of the four authors of this
report. The first two are experienced researchers and practi-
tioners in K-12 computer science education, the third, who is
Deaf, is an experienced AP CSP teacher at a school for the
Deaf, and the fourth is an employee of Code.org, an endorsed
content provider for AP CSP with expertise in accessibility.
The first and third authors are bilingual in ASL and English.

We recruited teachers who use the bilingual approach from
residential schools for the Deaf, day schools for the Deaf, and
Deaf programs in mainstream schools. There were 14 teacher
participants in the workshop from 11 different states. All 14
were ASL fluent including 8 who were Deaf. All but three
were active teachers in state schools for the Deaf. One was
a statewide coordinator for Deaf students in their state; one
was a teacher in a Deaf program in a mainstream high school;
and one was a middle school teacher in a private K-8 school
for the Deaf. Only one was experienced in teaching computer
science and another five had experience teaching technology
subjects such as coding, robotics, web design, and computer
aided design (CAD). The remaining 8 teachers did not have
CS teaching experience. Table 1 describes participants in more
detail.

IV. WORKSHOP PROGRAM

The workshop followed the general approach of the
Code.org professional development workshops for teachers.
The College Board recognizes Code.org as an endorsed cur-
riculum provider for AP Computer Science Principles. We
focused on the Code.org AP Computer Science Principles
(2019-2020) curriculum.

Code.org professional development makes heavy use of
teacher modeling in a process they refer to as Teacher-Learner-
Observer (TLO), in which a pair of teachers prepare a lesson
from the Code.org AP CSP curriculum and teach it to the other
teachers in the workshop, who act as students [11]. Workshop
facilitators and staff act as observers who engage workshop
participants in reflection after each lesson. In this case, the
lesson was given in ASL with any supplementary materials in
English, just like what would happen in a bilingual school for
the Deaf.

In total, eight lessons were taught, a model lesson by the
staff member who taught at a residential school for the Deaf,
and seven more by the teachers. All the teachers created
highly visual slides as part of their lessons. All teachers
prepared by using Code.org lesson plans, resources, and tools
to implement an experiential activity. These activities led to
discussions of the computer science concepts used in the
activity and introductions to the technical language used in
practice. Teachers were asked to be creative in making their
lessons as accessible as possible for their students. They were
allowed to modify a Code.org lesson to suit the students’
needs. Several hours were allotted during the workshop to
prepare their lessons. Each lesson was 40 minutes followed
by 20 minutes of reflective discussion between the workshop
participants who taught the lesson and those acting as students



TABLE I
SUMMARY OF ATTENDEES OF THE WORKSHOP

Job Description School Setting CS Teaching Experience
Technology Teacher State School for the Deaf Coding, CAD, Robotics

Computer Science Teacher State School for the Deaf Computer Science
Math Teacher State School for the Deaf none
Math Teacher State School for the Deaf none
Math Teacher State School for the Deaf none

English Teacher State School for the Deaf none
Statewide Coordinator for Deaf students Multiple Mainstream Schools none

Technology Teacher State School for the Deaf Coding, Web design
English and History Teacher Mainstream School with Deaf program Only as a student teacher

Language Development Teacher State School for the Deaf none
Math Teacher State School for the Deaf none

Math and English PreK-8 Private School for the Deaf none
Substitute Teacher State School for the Deaf Coding

Biology and Earth Science Teacher State School for the Deaf Robotics

separately first, then all together. The 8 lessons covered in the
workshop using the TLO model covered algorithms, number
systems, network protocols, data compression, and encryption.

In addition to the TLO sessions there were additional
sessions most of which involved the teachers in activities:
unplugged, using tools, programming, exam preparation, a
panel of deaf students, and a discussion of teachers’ future
plans.

V. WORKSHOP HIGHLIGHTS

The workshop was highly accessible to all teachers and
staff. Two certified interpreters were available throughout the
workshop to translate from ASL to English and vice versa.
All the TLO sessions were enthusiastically presented by the
teacher pairs, while the remaining teachers kept to their student
roles. Almost all the teachers were unfamiliar with the content
of their lessons, but were enthusiastic to learn new material
and tools. Some teachers worked into the night to prepare
their lessons. In several cases, the teachers consulted with the
workshop staff to make sure they understood a new concept
or tool.

Because one of the staff was an experienced AP CSP teacher
of Deaf students, they were able to answer many questions that
came up in the sessions about the Explore and Create tasks.
They also had experience modifying the Code.org AP CSP
curriculum to make it more accessible, which helped ground
the discussion about how to make the material more accessible
to Deaf students. Another staff member was an expert on
programming languages.

The panel of three Deaf students had very interesting
backgrounds. All three, two male and one female, were the
only Deaf person in their families. Two of the three had very
little exposure to Deaf people until adulthood. Now, both are
learning ASL and integrating more into the Deaf community.
The third had a Deaf friend in the neighborhood growing up
so had more exposure to Deaf people and was fluent in ASL.
The students were from three different universities, but all
participating in the same summer research program studying
various problems in human-computer interaction (HCI) at the
site of the workshop. One, a PhD student, was a mentor in

the program and the other two, both seniors, were participants.
The teachers asked many questions of the students trying to
understand their motivations for entering the computing field.
All three were engaged in technology from a relatively early
age, indicating that early exposure and success in technology
may be an important factor in their choice of field of study.

On the final day of the workshop, the teachers were asked
what their plans were and this varied. Several said they will
now take on the role of the “computer science advocate”
at their school. All but three of the teachers were from
state schools for the Deaf that go from PreK-12. Several of
them mentioned starting with the Code.org CS Discoveries
curriculum for students in 6th-10th grade, then moving to
the AP CSP curriculum. Several mentioned establishing a
summer computer camp to increase interest in a future AP
CSP offering. One teacher summed up the experience of many
of the teachers in saying:

I was reluctant. But really happy after all. I feel part
of a family. I can now see the big picture. All this
can be done without a lot of money. I will talk to the
principal about starting a CS and robotics program
at my school.

VI. LESSONS LEARNED

There were several lessons learned that impact teachers in
Deaf classrooms, teachers with one Deaf student in their class,
and AP CSP content providers.

A. Lessons for Teachers in Deaf Classrooms
The lessons learned for teachers in Deaf classrooms is based

on the experiences of the one staff member who has actually
taught AP Computer Science Principles for three years and the
experiences of all 14 teachers who taught various subjects in
all-Deaf bilingual classrooms. As mentioned earlier, in this
setting, the language of instruction is ASL, while most of
the academic resources are in English. Some basic advice is
that students should sit in a circle so they can all see each
other to keep lines of visual communication open when using
ASL. Hands-on activities were reported as more effective than
lecturing or using captioned video. This is quite compatible
with a variety of preK-12 curricula from various providers.



Teachers should not feel compelled to follow exactly the
Code.org AP CSP curriculum, especially when it applies
to the amount of time suggested for each activity. Because
reading speed and comprehension are often different with Deaf
students, activities may take longer than the time allotted.
Furthermore, preparation time can take longer in order to make
modifications to the curriculum for Deaf students. Examples
of modifications include creating a more visual slide deck for
the lesson and creating meaningful warm-up activities for the
Deaf students in preparing for the lesson (e.g., describing a
virtual game of battleship to introduce all students to the rules
before a lesson).

Although captions on videos are important for access, they
are often hard to follow because students need to split attention
between captions and content. It is easy to miss some captions
because the content has captured a student’s attention, or vice
versa. Videos in ASL may be beneficial.

ASL does not have a standards committee, nor do most
human languages. Thus, there are no standard signs used for
many concepts, including computing concepts. Indeed, there
are even regional signs for the word “computer” used around
the United States. This is not necessarily a problem because
all the regional signs for “computer” have one translation
in English. There was some debate among our teachers as
to whether a computer concept should even have sign or,
alternatively, just be finger spelled.

B. Lessons for Teachers with one Deaf Student

Most Deaf students are in mainstream schools. Even if
they are in a mainstream school with a Deaf program, it is
highly likely that they would be the only Deaf student in the
computer science class they take. This student will typically
have an Individualized Education Program (IEP) or Section
504 Plan that calls for either a sign language interpreter or
real-time captionist. The sign language interpreter translates
what is being spoken in English to ASL or something called
Pidgin Signed English (PSE). PSE is close to ASL except
signs are done in English order. A real-time captionist is a
highly trained person who translates spoken English to text,
word for word. It is important to note that sign language
interpretation and real-time captioning are not perfect, so there
will be misunderstandings.

There are some Deaf students who use hearing technology
(hearing aid or cochlear implant) to hear what is being said.
These “assistive listening devices” may be aided by speech
reading (often called lip reading). In any case, sight-lines are
important to these students. Deaf students should be close to a
teacher (to speech read or hear the teacher), interpreter (to see
signs), or caption screen (to see text of what is spoken). The
teacher should be close to the slides, interpreter, and captionist,
so as to minimize the time to switch attention.

C. Lessons for Content Providers

Previous advice to content providers is first do an acces-
sibility audit of your AP CSP curriculum [3]. Teachers in
the workshop emphasized that all videos in the curriculum

should be captioned and that English explanations should be
straightforward and easy to follow. Visual and non-textual
ways of explaining content can be very useful. When possible,
it is recommended to provide visual and illustrative content in
formats which can be incorporated into teachers’ classrooms.
They also mentioned that it is helpful to think of Deaf students
as English Language Learners (ELLs) who number in the
millions.

Providing videos in ASL directly could meet the visual
communication needs for Deaf students and assist teachers in
introducing concepts to students. However, we see this as more
an ideal, as there are significant challenges. First, considerable
work would be needed to address the concerns raised by the
14 teachers in this workshop regarding regional consistency of
signs and establishing a consensus around finger spelling or
creating signs for technical concepts. Second, given the cost in
hiring interpreters, teams that do not know ASL could require
significantly more resources to create the videos, as opposed
to captions, which can be added easily and cheaply.
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Abstract—At our institution equity gaps persist between stu-
dent subgroup populations in STEM courses, mirroring a nation-
ally recognized trend in higher education. This research applies
backward design to explore the size of those gaps and reasons
for differences in achievement between 1) female versus male,
2) first generation versus non-first generation, 3) LatinX versus
non-LatinX, and 4) EOP versus non-EOP student groups. During
her career, the first author of this paper designed and applied a
comprehensive teaching approach to her large, undergraduate,
Computer Science theory course. Careful analysis reveals three
main categories of pedagogical practice used during lecture:
role modeling, demonstrating productive failure, and illuminating
stereotype threat. Five quarters of experimentation, revision,
and application of these practices produce promising results
for reducing equity gaps. Course design and learning theories
from the educational literature are explored and provide the
framework the authors use to explore and explain findings.

Keywords—Computer science education, Equity gap, Gateway
courses, STEM majors, Intervention, Role modeling, Productive
failure.

I. INTRODUCTION

Disparity or differences in performance between student
subgroup populations, such as differences between genders
or differences between races [1], allows for predicting which
students entering university are more likely to be successful
in a certain course, successfully declare a STEM major [2],
and graduate with a STEM degree. Disparity, or the gap
between student performance by subgroup is evidence that
crucial knowledge and critical thinking skills are not equitably
distributed among students and are reserved for, or limited to,
students whose backgrounds and experiences continue histori-
cal patterns [3]. Disparity allows for predicting which students
will lead the nation when it comes to thinking technically and
creatively, designing solutions that will save our species, and
other species, and preserve life on our planet [4].
Believing that it is possible to know which students will
make the greatest contributions to STEM fields limits what
is possible for students at a time when the nation needs to
expand possibilities and build inclusive environments where
students can exercise problem solving skills and tackle the
most historic and pressing challenges of their time [5]. Pre-
dicting who among us will be our future STEM leaders
divides communities and society along technical lines and
discourages Discipline-Based Education Research (DBER) to
spread STEM content and higher-order problem solving skills

[6].
DBER offers a framework for considering disparity in STEM
education by applying inquiry to create solutions that will
close performance gaps, revealing solutions for inclusive and
effective teaching practices that will ultimately impact the ev-
eryday decisions of people across the nation [7] and around the
world [8]. Institutional data often replicates historical patterns
confirming that STEM knowledge and skill are practiced by
certain students. And institutional data can be used to redefine
the nature of the work and program quality by the institutional
data are evidence of the effectiveness of the invitation to study
STEM, and that programs are creating louder, bolder, clearer
messages of inclusion and student-centered teaching.
Along with many others, the authors of this paper desire
to support learning, achievement, and equity within their
courses and across degree programs, and to reduce indicators
of disparity. To do this, they have consulted the educational
literature, identified and tested our own DBER learning theo-
ries, participated in campus teaching community workshops,
and consulted with others about their teaching methods and
experiences. We try a variety of things, keeping our eyes
on student performance by subgroup within our courses at
our institution, the University of California, Santa Cruz. Our
hope is to understand how students achieve by subgroup,
particularly in our large, STEM gateway courses that have
been identified as barriers to persistence for undergraduate
students [9].
Recently, and with cautious optimism, we identified a course
where student background could not be used to predict student
performance by subgroup. This paper applies a backward de-
sign approach [10] to explore elements of the course that may
explain reduction in achievement gaps. Guided by literature
and grounded in theory on student-centered teaching practices
[11] and growth mindset [12], the authors explain course
design, teaching, and assessment practices. This paper is not
intended to be prescriptive. The authors do not claim to have a
recipe for all-inclusive teaching or that eliminating equity gaps
is as easy as following a recipe. This paper is not a formula for
success, but rather an opportunity for the authors to explore
and explain a teaching practice in the context of equity gaps.
The term persistence, has been used in the educational lit-
erature to explain student success [13] and specifically in the
study of STEM education [14]. However, the term persistence,
which sounds like resilience, suggests a quality of the learner.
In writing this paper, the authors consider the implications of978-1-5386-5541-2/18/$31.00 ©2020 IEEE



using student qualities to describe outcomes in the face of
disparity indicators and choose instead to unpack the learning
experiences of students and instructors and use of data to
improve student engagement [15], motivation, and learning,
and to support all students to achieve. This paper intends to
offer information to other instructors and degree programs that
are working to develop a new analytical unit of study, student
experience or satisfaction, as a more valid predictor of student
success.

II. COURSE OUTLINE

The focus course for this paper is “Applied Discrete Math-
ematics” that concentrates on mathematics for computer sci-
ence. In addition to the mathematical core, there is substantial
emphasis on application. For example, when discussing mod-
ular arithmetic, cryptology comes up, and the importance of
proofs by induction in algorithms and asymptotics is empha-
sized. The course covers sets, logic, proofs, combinatorics,
functions, and relations, but the emphasis throughout the
course is on mathematical rigor and proof. This class is a
traditional large-lecture class with ten weeks of homework and
quizzes followed by a final exam.
The course moves quickly, with a semester’s worth of topics
packed into ten weeks, but the start of the course involves
making sure that all the students, who have very different
preparations, have the same basic foundation in sets and logic.
In the first weeks, there are frequent allusions to deeper explo-
rations of interesting material and equally frequent opportuni-
ties for students to gauge their mastery. For example, when the
students are asked to provide the combinatorial argument for
Pascal’s identity (which can be found online), they are required
to try it themselves before accessing the many wonderful
online explanations. When the students hand in their solutions,
the instructor and TAs cannot know which students looked up
the solutions without attempting the problem first.
For every lecture there are one or two “Questions of the Day”
(which the students call QotDs). For this students are not only
given the problems, but they are told that if they can handle
various parts of the problem without resorting to looking up
the answer, they are showing mastery of the material. The
instructor talks to students about the importance of private
self-evaluation. The QotD answers are handed in with the
weekly homework, but students do not hand in their self-
evaluations. Sometimes a QotD will be used as a short pair-
and-share activity in class, where students speak with each
other in small groups, finishing the problems later, outside of
class. The weekly quizzes often visit QotD, or other homework
problems.

III. METHODOLOGY

We have examined different interventions to close the equity
gap in CS gateway courses. The main author of this study, re-
cently, after five quarters of steady improvement and constant
experimentation with teaching methods, was able to close the
gap between the grades of her underrepresented minority and
first-generation college students and the rest of the class. In

the latest approach, the author used a three-pronged approach
described in the following sections.

A. Role Modeling

The first intervention identified is diversity within a teaching
team approach. The teaching team is identified as the professor
or instructor, four Teaching Assistants (TAs) and four Modified
Supplemental Instructors (MSIs). During the past five quarters
that this course was offered, half of the teaching team was
female and the teaching team was diverse. From the literature,
a unified, collaborative, and diversified teaching environment
supports student engagement, sense of belonging, and achieve-
ment [16].

B. Productive Failure

Aligned with growth mindset [12], the instructor used
lecture to incorporate the notion of failure as the appropriate
path to learning, incorporating failure into problem solving as
typical. The instructor normalized failing with statements like
“Engineering majors are hard; it’s good to fail the first time
you attempt a problem.” and “People who fail at a problem
the first time tend to retain things better than those who luck
into the right answer” [17].
In practice, TAs did not take points off on homework for
arriving at the wrong answer. The homework policy is based
on effort and students understand that they are expected to
try and that parallel homework problems will show up on the
weekly quiz that is graded. Students have the responsibility
for learning the content through problem solving. To help
students do this, students are supported by the teaching team,
making help more accessible. A video of lecture is posted
for students as well as links to Khan Academy and other
sources for outside help on the course website. The instructor
is also available during office hours and monitors online
forums where students ask and answer questions. In addition
to instructor’s availability, TAs and tutors hold regular office
hours and/or individual and group tutoring sessions.

C. Modeling Self-Compassion

Steele and Aaronson coined the term “stereotype threat”
in 1995 to mean “being at risk of confirming, as self-
characteristic, a negative stereotype about one’s group” [18].
Stereotype threat is an issue for underrepresented students
as it can cause grade sensitivity. The danger is that students
may fail an exam and instead of considering becoming more
engaged with the course such as putting in more study time,
they believe the failure is confirmation that they don’t belong
and become at risk of withdrawing.
The final tactic was to explicitly discuss the stereotype threat.
An African American MSI tutor in one Section of the course
— who was an extremely high achieving students selected to
provide supplemental tutoring to others — told the instructor
that it was like having a light bulb go on for him. Until the
instructor addressed the issue in class, he felt as if he did
not belong in a STEM major, but after stereotype threat was
discussed, he quickly realized it wasn’t that he was unsuited



for engineering, but that the material is hard for everyone.
In addition to the instructor’s in-class efforts to raise awareness
about the concept of stereotype threat, the School of Engi-
neering at our institution has had other successes in bringing
disadvantaged populations closer to parity. The Multicultural
Engineering Program (MEP), which serves approximately 291
of the school’s 4,234 declared undergraduate majors, has also
closed the gap significantly.

IV. DATA AND RESULTS

Institutional data identifies STEM gateway courses that
demonstrate at least one of four equity gaps meaning that when
students in a STEM course are divided into two cohorts, the
average grade of one cohort is statistically significantly lower
than the other cohort. The four equity gaps are represented
by cohorts 1) female vs. male, 2) first-generation vs. non-
first-generation, 3) LatinX vs. non-LatinX, and 4) EOP vs.
non-EOP (At our institution, an EOP student is one who
has been identified as having educational disadvantages via
family income, first-generation status, attended historically
underperforming schools, are currently in the military, were
raised in a foster family, or are undocumented students). Many
students are represented in all four Equity measures (such as
a female, Latina, first generation, former foster-child). At our
institution, large STEM lecture courses tend to demonstrate all
four of these equity gaps. Tables below show historical course
demographics by quarter for all cohorts under study. The
data represented here have been collected from the “Applied
Discrete Mathematics” course from Fall 2014 to Summer
2018.

TABLE I
TABLE 1. PERCENTAGE OF DIFFERENT GENDERS BY QUARTER

Gender Fall Spring Summer Winter
F 19.6% 21.12% 20.66% 20.64%
M 80.4% 77.68% 79.34% 77.74%
U 21.12% 20.64%

TABLE II
TABLE 2. PERCENTAGE OF FIRST GENERATION STATUS STUDENTS BY

QUARTER

First Gen Fall Spring Summer Winter
N 66.58% 70.13% 70.40% 72.93%
Y 33.42% 29.87% 29.60% 27.07%

TABLE III
TABLE 3. REPORTED STUDENT ETHNICITY BY QUARTER

Ethnicity Fall Spring Summer Winter
Asian 2.45% 1.21% 0.0% 1.13%

LatinX 19.66% 16.12% 23.21% 14.61%
International 7.79% 10.09% 14.29% 8.79%
Two or more 6.16% 5.54% 0.0% 7.52%

Unknown/Unspecified 1.63% 1.85% 0.0% 2.70%
Caucasian 28.8% 27.13% 32.14% 26.88%

TABLE IV
TABLE 4. PERCENTAGE OF EOP-STATUS STUDENTS BY QUARTER

EOP Fall Spring Summer Winter
N 68.74% 74.86% 70.40% 73.22%
Y 31.26% 25.14% 29.60% 26.78%

In order to compare the effect of the methodology described
earlier, we have compared the GPA of each cohort under study
in the “Applied Discrete Mathematics” course with two other
STEM courses (a mathematics class and a computer science
class). In the graphs below, we illustrated the Hispanic/LatinX
versus Caucasian Equity gap. A similar pattern has been
observed when comparing female versus male, first-generation
versus non-first-generation, and EOP versus non-EOP equity
gaps.

Fig. 1. GPA by Ethnicity: Latinx vs. Caucasian in a Mathematics class

Fig. 2. GPA by Ethnicity: Latinx vs. Caucasian in a Computer Science class

As illustrated in Figure 3, after incorporating the set of
interventions in the Applied Discrete Mathematics course, the
course presents none of the four Equity gaps. One of the
previously marked Equity gaps is shown in Figure 3.

V. DISCUSSION

Addressing disparity or differences in student achievement
between student subgroups requires the appropriate data, ap-
ply institutional support, and a willingness to acknowledge



Fig. 3. GPA by Ethnicity: Latinx vs. Caucasian in a Mathematics class

gaps exist. Having looked at disparity indicators for different
gateway courses over several quarters, it was only recently
there was the opportunity to apply backward design to explain
success.
Looking for disparity indicators within a course or gaps in
achievement by subgroup should be a process that takes place
over time, using data from several quarters and from the
same course and instructor. The authors of this study intend
to continue to follow disparity patterns for this course and
explore the design of a disparity index. This index would
capture more general levels of student achievement using mean
average and standard deviation of student scores, and allow
for instructors to share indicators along with their pedagogical
theories and practices as a way to explain student achievement.
This will work for STEM instructors and programs interested
in examining gaps, eyes wide open. The data in this paper,
and accompanying analysis, represent a beginning point for
meaningful, course, program, and institutional discussions
related to teaching practices and course design, and not only
how to account for disparity, but how to talk about gaps based
on evidence. One trend is notable – the higher the overall
average score in the course, the smaller the achievement gaps
between subgroups of students. This finding is consistent with
student achievement data from other engineering courses. The
authors of this study intend to expand on this project and
investigate additional data trends that relate to teaching for
inclusion and designing equitable assessment practices.
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Abstract—Computer science research is largely communicated
through conferences, and these in-person meetings offer a poten-
tially powerful means to engage undergraduates in cutting-edge
research. However, attending a conference as an undergraduate
is an opportunity reserved for very few students, typically those
who are doing relevant research with a faculty member at
the time of the meeting. In an effort to give a broader set
of students access to a scientific meeting, we describe a pilot
study where thirteen students attended an ACM conference
as part of an interdisciplinary course. While these numbers
are admittedly small, students reported larger average gains in
learning about oral and poster presentations compared to a large
background population of students who participated in course-
based research. In a follow-up survey two and a half years
later, the cohort reported that they learned more on average
about scientific careers and professional networking compared
to other students whose conference attendance was not linked to
a course. We find that conference attendance is a promising way
to engage a broader swath of students in computer science and
interdisciplinary topics.

Keywords—undergraduate education, conferences, interdisci-
plinary courses, broadening STEM participation

I. INTRODUCTION

Conferences and workshops are the cornerstone of computer
science research dissemination, and undergraduate students
have the potential to benefit from conference attendance in
numerous ways. Students may gain a broad sense of active
research areas in computing, observe how real research is
communicated, and have a chance to meet researchers at all
career stages (from graduate students to leaders in the field to
industry representatives). Undergraduates who have attended
scientific conferences have reported increased confidence and
an increased sense of belonging [1]–[5]. Further, students gain
a better understanding of research and the profession [2]–[4].
Research has shown that technical conference attendance can
be beneficial even for early-career computer science under-
graduates [2].

This work was supported by the National Science Foundation (NSF-CISE
#1643361 and NSF-DBI #1750981).
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Fig. 1. Paths to undergraduate conference attendance. (A) This opportunity is
typically reserved for students who have conducted research. (B) This report
proposes course-based participation.

Despite the large gains that can come with conference
attendance, only a handful of undergraduates ever get this
opportunity. Undergraduates who attend conferences typically
have worked on research projects that are presented at the
venue, and presenting work has been shown to be valuable for
undergraduates [4]–[6]. However, there are numerous barriers
to engaging undergraduates in research [7], [8]. Many under-
graduates are unaware that academic research is a possibility,
and may not think to ask for opportunities. While funded
research opportunities exist, they are often competitive, and
students may not be able to participate due to financial or
family obligations. Of the students that find research opportu-
nities, they usually need to meaningfully contribute to a project
that is relevant to a scientific meeting. Finally, the timing of
conferences can make undergraduate attendance difficult. As a
result, only a small number of the students who navigate this
process end up attending conferences (Figure 1A).

Researchers in science education have acknowledged the
barriers that students face in securing research opportuni-
ties [7], [8], which are closely tied to barriers for students
attending conferences. In an effort to broaden participation
in undergraduate research, Classroom-Based Undergraduate
Research Experiences (CUREs) bring research opportunities
into undergraduate courses [9]. The Genomics Education Part-978-1-7281-7172-2/20$31.00 ©2020 IEEE



nership (GEP) is a multi-institutional example from biology
where undergraduates help annotate fly and other eukaryote
chromosomes [8]. GEP students reported learning and profes-
sional gains similar to those reports by summer undergraduate
researchers [8].

Classroom-based opportunities have reduced the barrier to
learning about scientific research, and we wanted to similarly
reduce the barrier for conference attendance by integrating it
into a course. Inspired by the benefits of CUREs, we have inte-
grated conference attendance as a component of an upper-level
course at a primarily undergraduate institution. In 2016, Dr.
Ritz conducted a pilot study to bring thirteen undergraduates
to an ACM conference in Seattle, WA, USA. The study was
designed to assess how conference attendance affected student
perceptions about scientific research compared to other student
experiences that (a) did not involve conference attendance and
(b) were not part of a course. While the numbers from student
surveys are not large enough to make concrete claims, this
experience report describes the assessments and trends that
we have observed thus far.

II. METHODS & IMPLEMENTATION

Reed College is a private primarily undergraduate institution
serving about 1,400 students in Portland, Oregon, USA. Dr.
Ritz, a computer scientist by training, teaches computational
biology courses within Reed’s Biology Department.

A. Course, Conference, & Assignments

Dr. Ritz integrated conference travel into an upper-level
elective Computational Systems Biology course (Bio331),
where students learn about biological networks and the graph
algorithms that elucidate network features to address open
biological questions. This course requires one semester of an
introductory Biology course and one of two other prerequisite
courses: either a programming-heavy Introduction to Compu-
tational Biology course or Introduction to Computer Science.

The 2016 pilot study was conducted in the first offering
of Bio331, so the course was designed from the start with
a conference experience in mind. Bio331 students attended
the Association for Computing Machinery’s Conference on
Bioinformatics, Computational Biology, and Health Informat-
ics (ACM-BCB [10]). ACM-BCB presents computer science
contributions to biology/biomedical fields, and its breadth in
application is of interest for students from a variety of STEM
majors. ACM-BCB was held in Seattle, Washington, USA in
2016, a 3.5-hour drive from Reed College.

The Bio331 assignments that pertained to ACM-BCB
travel were staggered over three weeks, and the students
conducted a multi-week independent project on a topic
of their choice at the end of the semester (Table I).
Importantly, students were given complete choice regarding
the talks they attended at the conference, allowing them
to explore topics that were not necessarily related to
Bio331. Example assignments are freely available at
https://www.reed.edu/biology/courses/bio331/conference-
resources.html.

TABLE I
EXAMPLE ASSIGNMENTS RELATED TO CONFERENCE ATTENDANCE

Before the Conference Complete pre-course survey
Read abstracts for relevant tracks
Conference attendance logistics
Prepare to field questions from attendees

During the Conference Write short summaries of 3 talks
Write short summaries of 2 posters

After the Conference Complete post-course survey
Write a detailed summary of one paper
Write a reflection essay

Independent Project Give an oral presentation
Write a mini-paper in conference template

B. Assessment

1) Pre- and post-course surveys: We assessed the con-
ference experience using the Classroom Undergraduate Re-
search Experience (CURE) survey1 [11]. The pre-course sur-
vey determines student demographics, attitudes about science,
and experience with course elements, and the post-course
survey estimates student learning gains in course elements
and changes in attitudes about science. Student responses are
compared to a much larger background dataset of student
responses from other CUREs. We administered the pre-course
survey a few days before the conference and the post-course
survey upon returning from the conference to evaluate the
impact of conference attendance rather than the impact of the
entire course (Table I).

2) Long-term surveys: In May of 2019, we followed
up with any student who had traveled to a conference
that was supported by Dr. Ritz. The 2019 survey
covered demographic information, perceived learning
gains, influence of the conference on career choice, and
barriers for attending. This survey is freely available at
https://www.reed.edu/biology/courses/bio331/conference-
resources.html.

III. RESULTS AND DISCUSSION

Seven students were enrolled in Bio331 in the fall of 2016.
Dr. Ritz recruited six more Reed students who had previously
taken Introduction to Computational Biology to participate in
the conference. We consider this group of thirteen students
to be the BCB Cohort, which included two sophomores,
two juniors, seven seniors, and two recent graduates. Five
(38%) of the BCB Cohort were women and five (38%) were
members of an underrepresented group. Strikingly, over 50%
of the BCB Cohort were interdisciplinary majors with Biology
and over 20% were computer science or mathematics majors.
All registered Bio331 students completed the course after
returning from the conference.

A. CURE Survey Assessments

The CURE pre-course and post-course surveys were ad-
ministered by an independent survey system, and we received
an analysis of results [11]. Eleven students in the BCB

1The CURE and other surveys were conducted with IRB approval by Reed
College (#2016-S26, #2017-S23 & #2018-S24).
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Cohort took the pre-course survey, and only five students
took the post-course survey. We do not aim to find significant
correlations in our data due to this pilot study’s small num-
bers, though the survey analysis compared to a much larger
background of students who participated in CUREs.

We considered six elements from the CURE surveys that
were related to the conference experience. On average, the
BCB Cohort reported less experience in preparing posters
but more experience in reading primary literature compared
to the background population (Figure 2 green). In the post-
course survey, the BCB Cohort reported a larger average score
for presenting posters and oral results and a smaller average
score for the other elements (Figure 2 gray). The pre-course
experience and post-course gains are dependent, since students
who had experience reading literature may report smaller gains
in that element compared to students who had no experience
reading literature. Given this consideration, the largest gains
in the BCB Cohort compared to the background population
were related to presenting work.

B. Long-Term Survey

In May of 2019, we followed up with the thirteen students
from the BCB Cohort and twelve other undergraduates who
had attended a conference as part of Dr. Ritz’s research. This
background set of students was more representative than the
CURE survey students, since here all students attended a
conference, and all but one student was a Reed undergraduate.
Most students in the background population attended computa-
tional biology conferences such as ACM-BCB, but a few also
also attended cryptography and cell biology meetings. Seven
students in the background population (58%) were women.
We note that all students in the background set had conducted
research that was presented by themselves or others at the
conferences; thus they may have even larger perceived benefits
according to previous studies [4], [6].

Eleven students from the BCB Cohort and seven students
from the background population responded to the 2019 survey.
Students in the BCB Cohort felt, on average, less prepared to
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Fig. 3. Perceived learning benefits for the BCB Cohort (magenta, n= 11)
vs. other students who attended conferences (gray, n=7) evaluated two and
a half years after ACM-BCB ’16. Mean and standard deviation shown on a
scale from 1-5; a randomized jitter was applied to the points for visibility.

attend a conference than the background population2 (3.18±
0.72 vs. 3.42 ± 1.18). This is not surprising, since all of
the students in the background population were presenting
research. The BCB Cohort had increased confidence in prepa-
ration for attending a future conference (4.09± 0.66), but the
average score was still lower than the background population
(4.43± 0.49). Interestingly, six BCB Cohort students (54.5%)
reported that they became more interested in the conference
topic and career opportunities (the other students reported
that the experience did not change their future interests). In
the background population, only three of the seven students
(42.8%) became more interested in the conference topic and
career opportunities. This hints that conference attendance in
a course may help students clarify their career paths more than
students presenting work at the meeting, since those presenting
research are already engaged in the field.

We compared the BCB Cohort to the background in their
response to seven learning benefits related to the original goals
of the study: How much did you feel you learned about. . .
1) The conference topic?
2) Academic research?
3) Other types of

institutions?

4) Graduate school?
5) Scientific careers?
6) Professional networking?
7) Professional travel?

Small numbers prohibit a statistical analysis of responses, but
there is a slight increase in average BCB Cohort score in learn-
ing about scientific careers and learning about professional
networking (Figure 3).

We also surveyed the hardships that students encountered
during the conference: five BCB Cohort students and three
background population students reported hardships such as
missed classes, bad timing with other events, and difficulty
working out logistics. On average, these hardships did not have
a large impact on either group (BCB Cohort 1.55± 0.68 and
background 1.6 ± 0.80). All participants who responded to
the survey found the conference topic interesting and stated
that they would attend another conference if they had the
opportunity.

2Values in this subsection are reported as (mean ± s.d.) on a 1-5 scale.



IV. DISCUSSION

We have described our first steps towards assessing the
influence of a course-based conference experience to help
broaden engagement of undergraduates in STEM disciplines.
Classroom-based experiences have the benefit of engaging a
larger set of students, and integrating conference attendance
into a course is a clear way to provide the experience for
more students in an unbiased manner. Since our pilot study,
others have written about how to support undergraduates at
conferences [12]. A recent study found that formally preparing
for a biology conference helped students reduce anxiety about
professional interactions as well as gain a sense of belong-
ing [3].

We focused on a technical conference at the intersection of
computer science and biology/biomedicine. Many computing
conferences encourage undergraduate attendance, including
SIGCSE, the Grace Hopper Celebration of Women in Com-
puting, and the Richard Tapia Celebration of Diversity in
Computing. These meetings, while beneficial for students, do
not serve the same audience as technical conferences. We
encourage faculty to consider bringing students to conferences
in their area of expertise - while many of the topics may be
beyond the students’ knowledge, they will gain a broader sense
of the faculty’s research area. Further, conferences that span
interdisciplinary topics may expose undergraduates to different
fields of STEM, potentially broadening participation in certain
subfields such as computational biology.

There are substantial costs for integrating a conference into
a course, especially if the conference is not located in the same
city as the institution. The 2016 pilot study was supported by
an NSF grant for undergraduate conference travel (#1643361).
Students who presented research at conferences were able to
apply for college and department funding, and were supported
by other grant mechanisms. In our experience, conference
organizers are excited to have undergraduates attend and have
offered discounts for conference registration. In order to make
this a sustainable activity, we are considering less-expensive
venues where students can still see technical research, meet
graduate students and faculty, and learn about professional
travel and networking. Some options may be attending smaller
workshops and symposia run by graduate students, or traveling
to a nearby research institution for part of their seminar
series. Biology courses often have labs with substantial reagent
or field trip costs; if conference attendance was considered
similar to these activities, faculty may be able to receive
departmental support.

While the CURE surveys were useful to establish initial
assessments in the pilot study, many of the elements from the
CURE survey were not relevant to a conference experience,
but rather reflected an overall course experience. For example,
course elements and learning gains related to assignments,
tests, group work, and labs were not relevant for conference
attendance. Reed students also have research experiences as
part of courses (including a required year-long senior thesis),
which conflates the CURE surveys. Further, as of 2018, the

independent survey system is no longer available for collating
and analyzing the results [11]. We continue to refine a survey
that aims to assess conference activities within a course.

While our initial results show promising trends, further as-
sessments with more students are required to draw conclusions
about course-based conference attendance. We are continuing
to integrate the conference experience in Bio331, and ten
students from the Fall 2019 class attended IEEE BIBM in
San Diego, CA. We plan to continue the longitudinal study
for this and future cohorts of Bio331 students. Recent NSF
funding has also helped establish an ACM-BCB travel award
for undergraduates from different schools, and the first cohort
of eight students attended the 2019 conference in Niagara
Falls, NY. This effort will help shed light on the impact of
conference attendance through course participation compared
to a travel award.
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Abstract  
brings together computing faculty from universities serving 
students underrepresented in the computing industry. Three 
cohorts of faculty have participated in FIR from 2017 through 
2019, for a total of 73 faculty from universities that are either 
designated as a Minority Serving Institution or that have a 
significant part of its student population underrepresented in 
computing. In the month-long, immersive summer program, 
participating faculty learn about software engineering best 
practices from an industry perspective, the recruitment, 
application, and interview process, engage in hands-on project 
development, and are exposed to the work culture at Google. One 
theme of the program is the importance of project-based learning 
and each faculty was tasked with designing and developing a 
project that they would then assign in their classes. While there 
was complete flexibility in the design of the project, the expectation 
was to adopt project-based learning that would support diverse 
and inclusive classrooms. Another important component of FIR is 
the recruitment, application and interview process used by Google 
and companies like it. This part of the program provides faculty 
with specific practices that they can implement in their classes to 

technical internships and positions. This report summarizes the 
program, describes the experiences of the authors in the program, 
and offers recommendations for others to adopt. 

 Faculty in Residence, broadening participation, 
project -based learning, underrepresented students 

I. INTRODUCTION

together computing faculty from universities serving students 
underrepresented in computing degrees and careers. Three 
cohorts of faculty have participated in FIR from 2017 through 
2019, for a total of 73 faculty from universities that are either 
designated as a Minority Serving Institution (MSI) or that have 
a significant part of its student population underrepresented in 
computing. In the month-long, immersive summer program, 
participating faculty learn about software engineering best 
practices from an industry perspective, the recruitment, 
application, and interview process, engage in hands-on project 
development, and are exposed to the work culture at Google.  

II. BACKGROUND

Some of the prior industry-academia collaborations relate to 
industry sponsored research, industry recruitment of students, 

and, at some universities, industry advisory boards that can 
provide valuable insight on a 
certain computing disciplines, such as artificial intelligence, 
there are significant increases in the level of research interaction 
between professors and companies, which take the form of 
extended joint appointments [6]. There is a need for novel, 
deeper and longer lasting interactions between industry and 
academia that include cultivating enterprise-driven culture 
within universities and strong industry informed curriculum 
design [8]. The FIR program is an effort that seeks to improve 
the preparation of all students for technical careers, with 
particular focus on underrepresented students. Another effort is 
the Googler in Residence (GIR) program that assigns a Google 
engineer to spend a semester teaching at a Minority Serving 
Institution (MSI). Both programs, FIR and GIR, had been 
designed and were in the implementation phase when in 2017, a 
special session at the SIGCSE Technical Symposium discussed 
the impact of such programs to support underrepresented 
students [2]. The special session organizers recognized the need 
to create and scale efforts like these programs that prepare 

introduce faculty to industry practices has a wide impact as these 
faculty reach thousands of students. Like the cohort models that 
have succeeded in increasing graduation rates of 
underrepresented students in computer science [7], the FIR 
program also uses a cohort model to guide faculty towards a 
common goal and to build an educator community that is 
improving the preparedness of these students. It is doing so by 
presenting and training faculty in professional practices and 
tools used in industry, which can address the knowledge 
deficiencies found in graduating students [9, 11, 4]. 
Radermacher and Walia [9], identified and classified 

science students for the purpose of better preparing students for 

knowledge gaps in several categories with the top deficiencies 
being written and oral communication, project management, 
software tools, and testing. More recent publications report on a 
persisting academia-industry gap faced by recent computer 
science graduates [11] and how students are having to fill this 
gap on their own after an internship experience revealed to them 
that their Computer Science program was not preparing them as 
expected [4]. Valstar identified that it was "lack of faculty 
awareness, real vs fake projects, and resource limitations" that 
leads to the persisting gap [11]. The first two of these causes are 



much of the focus in the FIR program as it seeks to improve the 
preparedness of students at MSIs. The program improves faculty 
awareness around technical and professional skills such as 
problem solving, unit testing, code reviews, collaborative work, 
and use of professional tools. In addition, we believe the FIR 

reduce the academia-industry gap that is partially due to "real vs 
fake projects". 

III. GOOGLE FIR OVERVIEW

A. Immersion in Industry Work Culture 

From the first day of the FIR program, the participating 
faculty cohort are immersed in the Google culture starting with 
the excitement of the orientation  when each new hire gets a 

engineering culture continues throughout the length of the 
program, which includes participating in the first week in 
several of the onboarding and hands-on training activities 
required of new hires (whether interns or full employees), 
joining other Googlers on their team meeting, attending TGIF 
meetings, and yes, riding the GBikes, and enjoying the free 
snacks in the micro-kitchens and free food from the many 
cafeterias and food trucks. 

B. Project-Based Learning Focus 

Project-based learning is described as a cooperative, student-
centered approach to teaching that emphasizes the development 
of skills through practice, sustained inquiry and facilitated 
learning through the management of a project or product [1, 5]. 
A key component of the FIR program is for each faculty to 
design and develop one or more projects to be used in their 
classes that (a) captures some of the main learning objectives of 
the course, (b)  addresses a real-world problem interdisciplinary 
in nature, (c) is guided by the instructor and yet has flexibility 
for personalization, (d) has students collaborate with one 
another, and (e)  supports diverse and inclusive classrooms.  The 
range of projects designed, developed and implemented by the 
FIR cohorts has been wide, from a cross disciplinary project 
aimed at first-year students to solving real-world problems in a 
data structures course to mobile app development projects to 
business and entrepreneurship projects. In particular, the 
projects developed and implemented by the authors of this report 
include a Contact List project in a Data Structures and 
Algorithms course where students form teams to implement a 
contact list via hashing with specifications on goals and 
outcomes at the same time giving students flexibility to add 
features and extensions; a Scaffolded Application for a Database 
course distributed via GitHub Classroom, where students are 
provided with user interfaces and they develop the backend 
database work which is unit tested along the way; a cross 
curriculum CS project development experience that features 
Google Interviews and learning by example [3] as well as 
practical hands on work. 

Some of the project implementations included subsequent 
project-related monitoring of student feedback and assessment 
of outcomes.  For example, for the cross-curriculum project,  
students reported a positive shift in their project development 
skills and expressed high motivational interest in the related 

Google interviews and the real world learn by experience 
examples. 

C. Software Industry Best-Practices 

Some educators are aware of the importance of such 
practices as unit testing and of source code version control tools. 

at FIR sharpened our awareness and expanded it to include the 
importance of code reviews. Learning that developers write 
more lines of code to test than they write lines of code that ends 
up in production, makes you take notice and start planning how 
to incorporate such skills in your classes. 

The faculty participating in FIR incorporated many of these 
industry best-practices into their projects, such as version 
control via GitHub or Bitbucket, code review among project 
partners, unit testing, integration testing, and testing in general.  
Continuing to practice these skills throughout the curriculum is 
important in learning and in further advancing knowledge of 
these skills. 

D. Internship/Job Search Skills 

Another important component of the FIR program is 
providing faculty with information on the recruitment, 
application and interview process used by Google and 
companies like it. This part of the program supplies faculty with 
specific practices that they can implement in their classes to 

technical internships and positions. Practices such as resume 
building, constructing an online profile via LinkedIn and 
GitHub, whiteboarding, and mock interviewing have been 
widely adopted by FIR faculty in their individual institutions, 
often offered through workshops, computer club activities, and 
one-on-one work with the students. One of the highlights of 
participating in FIR is the optional opportunity each faculty has 
to experience a whiteboard technical interview. The personal 
knowledge gained in this hands-on experience serves to 
highlight how we share the importance of practicing for 
technical interviews and training students on key steps to follow 
during these interviews. One of the most important steps is for 
candidates to verbally communicate their problem solving 
approach on the problem to the interviewer. Such verbal 
communication of the thought processes one uses in solving a 

to develop if students are to succeed in technical interviews. 

E. Mentorship & Learning Experiences 

A distinct feature of the FIR program is the mentorship 
provided by Google engineers to FIR faculty.  Each faculty is 
matched with and mentored by an experienced Google engineer 
who guides and provides industry perspectives on the design and 

insights on computer science curriculum, expectations of new 
college hires, and the Google  work culture. Faculty and mentor 
meet throughout the program and sometimes the mentorship 
continues beyond FIR into the classrooms. Faculty in the 
program have the benefit of a visit at their university by the 
Google FIR Team and mentor to meet with and answer 
questions from students. It is powerful and motivating for 
students to hear directly from Google engineers that what they 
learn in school, such as version control, code review, and testing, 



are important and relevant best-practices used every day in 
industry. 

F. Building an Educator Community 

One of the successes of the FIR program is the building of a 
community of educators who are passionate about having their 
students succeed and thrive in the tech industry. The FIR 
program is a unique experience bringing together faculty at 
different levels in their academic careers from universities 

Black Colleges and Universities (HBCU), some designated as 

colleges; some granting PhD degrees, others offer only Masters 
degrees, and while some came from community colleges. There 
are as many differences in our backgrounds as shared 
similarities in our professional work, especially when it comes 
to describing our students. We serve at institutions that have a 
significant percentage of students underrepresented in higher 
education [10] and even more so in the computing industry. 
Many of our students are first-generation, come from low-
income families, work long hours to pay for their education, 
commute to campus, some have families to care for and support 
financially, and some struggle to make ends meet. Yet, they 
persevere and sacrifice to earn a higher education. Our students 
have strong family values, cultural richness and assets that create 
dynamic learning environments in our classrooms. As we 
discovered these shared experiences about our students, a bond 
of community started to form. It is this spawning of an educator 
community that has stayed with us many months since having 
completed the FIR program. Like the successes that cohort-
based education efforts have with underrepresented students [7], 
the FIR program's long-lasting success will likely be attributed 
in part to the supportive educator community created in those 
four weeks in Mountain View California. 

IV. SUPPORT OF MSIS

To achieve some of the outcomes to address direct support 
for MSIs, Google instituted a formal partnership agreement with 
the United Negro College Fund (UNCF) to support Historically 
Black Colleges and Universities (HBCU) and also partners with 
the Computer Alliance of Hispanic-Serving Institutions 
(CAHSI)  and Hispanic Serving Institutions (HSI). These 

students, faculty and institution (inclusive of the community at-
large). At each level, the partnership will deploy strategies that 
maximize outcomes and impacts towards the main goals of 
significantly improving the production of MSI graduates in the 
computer science and computer 
and, maximizing the yield of African American and HBCU CS 
as well as Hispanic and HSI CS graduates entering the tech-
workforce. These organizations and Google recognize that the 
significant challenges in the STEM-CS education pipeline and 
the lack of diversity in the tech-workforce require the 
development and implementation of a collaborative, 
partnership-driven and scalable workforce development model 
in order to increase the yield and preparation of African 
American and HBCU as well as Hispanic and HSI CS graduates. 
In addition, a major goal of the partnership aims to transform 
HBCU and HSI campuses as CS education and training 
platforms that engage surrounding communities and local K12 

education agencies to broaden the impact in a sustainable 
manner. The strategic approach for the partnership is framed by 
three pillars: 

 Student Engagement, Readiness and Preparation 

 Faculty Engagement & Professional Development 

 Institutional/Community Capacity Building 

The HBCU Innovation Summit founded by UNCF is one 
shining example of these partnerships. Started in 2013, the 
HBCU Innovation Summit brings students and faculty to 
Sillicon Valley for four days to hear from and learn from tech 

Pixar, Twitter, Adobe, etc. The summit includes workshops, 
company tours, a career fair, and interviews [12, 13]. 

In addition, UNCF is responsible for the development of an 
HBCU CS Center of Excellence which aligns with the specific 
UNCF/Google Partnership, and will support innovation in 
computer science education and tech skills development across 
HBCU campuses; and empower African American students to 
succeed in college and careers in the tech industry.  

V. REFLECTION 

Cultural and family assets of diverse students create dynamic 
learning environments that need to be nurtured to keep students 
engaged despite their many non-academic commitments. While 
many students have grit, they often lack a growth mindset and 
may question their belonging in computer science. We need to 
instill in them this growth mindset by creating learning activities 
that are culturally sensitive, provide continuous feedback, and 
allow flexibility to complete them, while preparing them with 
the professional skills sought by tech companies. Addressing the 
growth mindset via project-based learning has garnered positive 
feedback as project-based learning is student-centered, with 
opportunities for them to work on personally meaningful 
components.  

In general the added practices such as resume building, 
constructing an online profile via LinkedIn and GitHub, 
whiteboarding, and mock interviewing have been successful and 
made positive impacts in getting students prepared and building 
their confidence as they get ready to enter the tech industry. We 
identified obstacles such as not having the luxury of any (or 
limited) whiteboards in which to conduct tech interview 
trainings or have students practice. Still, we adapted and 
understood the importance of verbally communicating the 
thought processes and problem solving approaches candidates 
must do in a technical interview. 

Some of the challenges shared by faculty regarding project 
implementation include team-work management skills, time 
management skills, guidelines for code review, further testing, 
getting buy-in from others at their home institution, and finding 
the time to incorporate industry practices in an already packed 
CS curriculum. 

VI. CONCLUSION 

In order to attract a diverse and inclusive workplace, it is 
important that tech companies provide access to skill-boosting 
development and resources so students from MSIs have wider 



opportunities and are better-prepared candidates. The FIR 
program offers faculty a unique and up-close engagement with 
industry and an opportunity to align curriculum with high-
quality, industry-sponsored standards, learn more about the 
recruitment process, engage in project-based learning and be 
exposed to the work culture at Google.  

There are numerous strategies that we recommend tech 
companies, such as Google, implement to continue to achieve 
positive outcomes and growth, including some of the following: 

 Establish programs like FIR to increase faculty 
awareness of industry practices 

 Identify more faculty of color to participate in the FIR 
programs 

 Create quicker design career pathways and preparedness 
into industry 

 Provide shared principles to fill the student skills gap 
while graduating more students who are workforce ready  

 Create synergies and/or hubs across MSIs as a 
consortium to engage other MSIs that are not as strong 
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Abstract—Contextualized computing is a two-decades-old ap-
proach to providing foundations in computer science. The intent
has always been to promote a diversity of approaches and
to cast a wide net through which to bring under-represented
groups into the field. Much of the curriculum design is ad
hoc. This experience paper presents a disciplined model for
curriculum design that provides a structure and methodology for
integrating computing with another discipline. A framework for
analysis is presented that abstracts the curriculum development
process. It is grounded in 50 years of scholarship on instructional
design. It extends established practice to concurrently develop
goals, objectives, activities, and assessments across at least two
domains. The methodology is applied in two non-traditional
domains: an industry-based work-integrated learning program
at a ’software as a service’ company, and in an alternative high
school mathematics class for students at risk. This approach is
unique in its emphasis on promoting a principled framework for
curriculum design. It extends traditional instructional design by
applying methodologies of agile development to identify, execute,
and assess instructional computing.

Keywords—contextualized computing, interdisciplinary comput-
ing, computing curriculum design, high school computer science

I. A FRAMEWORK FOR CONTEXTUALIZED COMPUTING

The broadening participation movement has fostered a va-
riety of approaches to teaching computer science. Contextu-
alized computing, described by Xu et. al in 2008 [1], is an
approach that directly supports diversity.

Context may be brought into a computing-specific course, or
computing may be integrated into another context altogether.
An early example of contextualized computing was an effort to
teach programming to digital artists [2]. Many other examples
have been reported (such as [3], [4], [5], [6], [7]), typically
with the intention of extending the reach of interdisciplinary
computing [8], [9] or attracting a more diverse group of
people to the field. Contextualized computing is a promising
solution for the lack of quality computing instruction available
[10]; indeed, as coding appears increasingly in high school
graduation requirements, contextualized computing may be the
only practical way to insert computer science into a curriculum
without removing something else.

A problem arises when courses are taught outside the well-
established computer science community. This report describes
a framework used in two contexts: high school alternative
math, and industrial training. The framework provides a struc-
ture through which curriculum designers can attend to the
intersections of the identified computing concepts and learning
goals of the context.

II. A CONCURRENT CURRICULUM DESIGN FRAMEWORK

We present a framework to guide instructional design for
contextualized computing curriculum. It can be used to inte-
grate computing concepts with a targeted context to provide
transparency in goals, expectations, and outcomes for both the
contextual area and computing.

The framework is visualized via the diagram in Figure 1.
The red circle (labeled A) encompasses computing concepts
and skills in a single area of computer science, such as
software engineering or data structures. The two greens circles
represent skills and technologies from the contextual domain
we want to integrate with. The larger green circle (labeled C)
represents skills and technologies that are used more broadly
over time. For example, in a work-integrated learning setting,
it might capture all the skills that employees across a company
use. In a high school setting it might address identified gradua-
tion requirements in the contextual discipline. The smaller dark
green circle (labeled B) is a subset of the light green circle.
It represents the skills that are required immediately in the
contextual discipline. In the work-integrated learning setting,
the dark green circle might be the skills that a student needs
to have to succeed on a team they are joining imminently.
In a high school course it is identified by state or national
standards. The largest blue circle (labeled D) encompasses
the broader skills, knowledge, and attitudes of computing. Not
all of these are necessarily directly applicable to the specific
context we are integrating with, but they contribute to breadth
in the field of computing.

There are intersections between the area of computer sci-
ence in the red circle and the context-specific skills (labelled
1), the context-specific skills used broadly over time (labelled
2), and the broader skills, knowledge, and attitudes of comput-
ing (labelled 3). The best opportunities to integrate computer
science skills with the desired context exist in the first two
intersections (labelled 1 and 2), while the third intersection978-1-5386-5541-2/18/$31.00 c©2020 IEEE
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Fig. 1. Concurrent curriculum design framework.

(labelled 3) provides an opportunity to strengthen abilities in
computing and indirectly contribute to success.

A. Procedure for Curriculum Development

Contextualized computing requires a dual design process in
that instructional goals for both computing and the contextual
subject area must be developed. As early as 1949 Tyler [11]
proposed a framework for developing large curriculum projects
by addressing the following questions:

1) What is the educational purpose?
2) What experiences are available to meet that purpose?
3) In what manner can these experiences be organized?
4) How can it be determined that the purposes were at-

tained?
Instructional Systems is the field of study that provides theory
and practice for instructional design, typically of a single
content area. One well-recognized design procedure is that of
Gagne, Briggs and Wanger [12]. A process model developed
by Dick & Caray [13] defines stages of analysis from instruc-
tional goals to student outcomes. Within the contextualized
computing framework this requires addressing instructional
goals, learning objectives, student activities, student assess-
ment (such as testing), and instructional assessment (evaluation
of the course).

B. An Iterative Concurrent Process

Starting with the traditional process model, our framework
supports an agile iterative cycle. The initial task is to define
a desired context. In Section III we report on three: natural
language, development at a particular software company, and
high school alternative mathematics. Defining the context is
followed by identifying the area of computer science we wish
to integrate, which may be (or correlate to) an academic
course.

Integration informs the five steps enumerated above as
they are applied to the diagram in Figure 1. Defining the
instructional goals of a learning experience means deciding
broadly what our learners should be able to do by the end of
the experience. At this stage we can identify concepts from
the area of computer science that relate to the desired context
skills (intersections 1 and 2 in the diagram). We can also look

at the broader skills in computer science that relate to the
course and would benefit performance in the context indirectly
(intersection 3). Then we can consider ways to connect the
concepts from the area of computer science with the practice
of the desired context, or vice versa. The same considerations
apply when breaking the instructional goals down into more
detailed, specific learning objectives.

When designing student activities, we have an opportunity
to look even more closely at the overlaps between the area of
computer science and the desired context. A simple approach
might be to re-skin a traditional activity found in an academic
course with surface features from the desired context. Or we
might design an activity to support learners in making explicit
connections between the skills and knowledge from the area
of computer science and those used in the context. For even
deeper integration, we can have our learners solve a problem
in the context using the course’s skills and knowledge. We also
have an opportunity to have our learners perform similarly to
how participants in the integrated context would; for example,
we might ask learners to pair program in a learning experience
the same way they would on a team in an industry setting.

III. EXAMPLES OF DESIGNING FOR TWO DIFFERENT
CONTEXTS

We now illustrate examples of applying the framework using
two dramatically different contexts: an industry-based work-
integrated learning course connecting systems programming
to the workplace context, and a high school alternative math
class in which the final exam was a collaborative programming
project.

We emphasize that this is an experience report rather than
a formal quantitative research study on the efficacy of our
methodology. We are reporting this at RESPECT as a vehicle
for inviting others into using our approach to further enhance
and codify the framework.

A. Systems Programming in an Industrial, Work-Integrated
Learning Context

Shopify, a leading global commerce company, partners with
two local universities to offer a curriculum-aligned work-
integrated learning program [14]. The program aims to close
the gap between what is learned in a computing degree and
the skills required of an industry software developer. Students
participate in learning activities at Shopify and rotate through a
number of team placements throughout their computer science
degrees. One author led the design and launch of the first
version of the program.

We ran an experimental course designed to connect a
campus-based academic systems programming course with the
context of software development practice at Shopify. In this
example, the ‘red circle’ of Figure 1 represents the systems
programming course, while the ‘green circles’ represent the
particular skills used on teams in the company.

1) Instructional Goal : The instructional goals were to:
(1) enhance the learning occurring at the partner university’s
systems programming course with relevant practical skills;



(2) illustrate how the concepts taught in the academic course
applied to the work done at the company; (3) Provide a less
structured learning experience where students could help each
other to research more open-ended tasks that instructors don’t
generally have the ‘answers’ for.

The goals land in the intersections labeled 2 and 3 in Figure
1 in that we targeted skills and concepts from the academic
course that were relevant to the tools and languages used
for software development at the company, but not necessarily
those that students would need immediately during their next
team placements.

2) Learning Objectives: The course’s learning objectives
were as follows:

1) Use the same operating system as the on-campus course
in a new, practical context.

2) Use a command-line interface in an applied setting.
3) Practice writing C code for input/output on a real device.
4) Work with hardware designed within the company.
5) Investigate how memory management works in a high-

level programming language used often in the company.
3) Student Activities: Students met for one hour per week

at Shopify during the same semester they took the on-campus
systems programming course. At Shopify, they were given
open-ended problems centered on working with Raspberry Pis,
interacting with hardware designed in-house at the industry
host, and researching the Ruby interpreter source code. They
were asked to acquire and write simple programs in C for
peripherals for the Pis, participate in a workshop exploring
how to work with the Bluetooth interface of the in-house
hardware, and write a report on what they learned about
memory management in the Ruby interpreter.

4) Student Assessment: Assessment for this course was
informal: students were expected to attend each weekly hour,
and to complete their report in a timely manner. They were
excused for good cause. Unsatisfactory participate was noted
in their next performance review.

5) Instructional Assessment: Instructional assessment was
determined by biweekly student discussions with formally
assigned program mentors as well as an anonymous feedback
form at the end of the semester. We also received detailed
and thoughtful suggestions directly from some students. This
offering was one of the first in the program.

Results of the experimental course were mixed. Observa-
tions showed that students met all the desired objectives. How-
ever, they spent too long working with the Pis and peripherals,
causing them to spend more time in the intersection labeled
3 in Figure 1 than was ideal. Spending more time on skills
directly applicable to their next team placements (intersection
1) and connecting more directly to skills that other teams use
(intersection 2) would have improved student satisfaction.

B. The Alternative Mathematics Classroom

We used our framework to design curriculum for an al-
ternative mathematics class for at-risk high school students.
These students will not qualify to enroll in computing courses,
and our challenge was to integrate foundational programming

skills into their mathematics experience. The school supported
a radical projects experience in which students built a physical
museum exhibit. The alternative math class contributed a
physical quilt.

Turtlestitch (turtlestitch.org), a version of Snap! that empha-
sizes Turtle Geometry, provided the context for introducing
computing. In our framework, the ‘red circle’ (labelled A)
course content is coding in Snap!, the small context ‘green
circle’ (labeled B) is geometry and algebra skills, the large
context ‘green circle’ (labeled C) is common core mathemati-
cal practice that articulated directly with ‘blue circle’ (labeled
D) big computing.

1) Instructional Goal : The instructional goal was to en-
gage the alternative math student in mathematics and coding to
reinforce that formal math was useful, and more to the point,
that they could master it. The secondary goal was to empower
them as coders and provide basic skills in information tech-
nology. The practical goal was to create a collaborative quilt.
The completed quilt was their ‘final exam.’

2) Learning Objectives: Learning objectives came from
three sources: (1) Common Core mathematical practice, (2)
selected Common Core high school standards in algebra and
geometry, (3) CSTA CS Standards. Objectives included (1)
Algebra HSA.Q.A.1 Reason Quantitatively and Use Units, (2)
HS Geometry G-CO:12 Construct Geometric Figures, and (3)
G-MG:1&3 Apply geometric concepts in modeling situations.
Because this a math class, CSTA standards were mapped to
the primary Common Core math practice standards.

3) Student Activities: The learning module was called
‘Problem Solving Unit – Operation Quilt.’ Students were
shown basic turtle stitches (how to make a square). Algorithms
were introduced as Snap! scripts. Discussions occurred that
mixed geometry and coding, such as what the term ‘algorithm’
meant in computing and mathematics. Geometry definitions
in relation to turning through a circle (e.g. core trigonometry)
were introduced by having students use turtle movements to
draw standard polygons, construct a circle (using a control
structure), understand how variables can impact scaling, and
how to construct re-usable components by defining their own
blocks. Students were asked to discover on their own or as
a group how to draw any polygon, and how to approximate
a circle. They were challenged to identify the parameters for
unique design. Once students had mastered essential geometry
and coding skills, each designed and implemented at least two
images for a ‘seasons’ themed quilt shown in Figure 2.

4) Student Assessment: Assessment was tied directly to the
production of blocks on the quilt. They were also required to
write short reflective essays on the experience. Students were
hesitant at first, thinking they were bad at math, and since
Turtlestitch was being taught in a math class they must be
bad at it, too. When they learned that giving up wasn’t an
option, they persevered through all of the coding they were
tasked with, and then some. Everyone passed.

Students rose to this task and accomplished it with excel-
lence. They excelled at helping each other with their coding,
troubleshooting, and embroidering. When setbacks occurred,



Fig. 2. Final exam quilt from the alternative math class

such as designs that were too large, they eagerly embraced
and adopted advanced concepts such as the use of variables
to support scaling.

5) Instructional Assessment: The careful consideration for
the intersection of math and coding skills allowed us to meet
both the formal objectives of the required standards as well
as the subtext of producing math- and tech-confident individ-
uals. Given the opportunity to reflect on the experience, they
articulated that problem solving is hard, and often frustrating,
but that persevering to a tangible outcome is satisfying. The
school administration was satisfied as well: the students all
met their math requirement for graduation.

IV. RECOMMENDATIONS

Based on our experience, we recommend the following
steps when applying our framework, with the most important
considerations appearing first:

1) Identify the computing domain and context.
2) Integrate the specific skills students need now in the

desired context (intersection 1 in the diagram) first.
3) Integrate with broader skills within the specific context

but that students don’t necessarily need immediately
(intersection 2) next.

4) Integrate with the even broader set of skills, knowledge,
and attitudes that contribute to being a stronger computer
scientist (intersection 3) last.

Ensure the course and the context do not feel like separate,
disconnected tracks. When possible, allow students to expe-
rience the practical implications of theory within the context
before learning about the theory. Reduce the amount of time
between experiencing the practice in the context and learning
about the theory behind the practice. Apply the following rules
iteratively:

• If a requirement in a course can be fulfilled by an
experience in the context, avoid making students cover
the requirement twice, instead focusing on connections
to the theory or giving credit toward the course.

• Support students in actively reflecting on connections be-
tween the academic computing material and the context.

• Consider which ‘direction’ would work best: are you
building a computer science course that integrates con-
text, or are you integrating computing into an academic
or industrial learning context?

• Consider whether you are designing a new course, adapt-
ing an existing course (such as Alternative Math), or pro-
viding a dual learning experience (such as the industrial
experience).

V. SUMMARY AND FUTURE WORK

A framework for contextualized computer science curricu-
lum is dependent upon addressing the natural intersections
between the computing learning goals and the contextual
learning goals. The framework provided here, based on sound
principles of instructional design provides a framework for
transparency in course development. We invite you to join us
in this enterprise by visiting the (redacted) website of one of
our authors.
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Abstract—This experience report provides insights into the 

unintended consequences of five states efforts to make computer 

science education policy changes in an effort to broaden 

participation in computing (BPC). At the 2019 Expanding 

Computing Education Pathways (ECEP) meeting, several 

member-states were invited to share about the unintended 

consequences of computer science education policy reform in their 

states. Due to the nature of policy making and implementation, 

marginalized communities including students, practitioners, and 

under resourced schools are most impacted by education policy 

reform efforts. As computer science education gains traction as an 

education policy priority in states and districts, it is important to 

learn the lessons of past education policy failures and successes, 

specifically how these policies could trigger unintended 

consequences that will impact the broadening of participation 

within K-12 computer science education. The examples put forth 

by the states include unintended consequences of policies such as 

making CS count as a graduation requirement, defining computer 

science, developing CS standards, and teacher certification. These 

experienced unintended consequences may be relevant to other 

states seeking to make CS policy changes. This paper concludes 

with a reflection on the ECEP model as a tool for mitigating these 

unintended consequences as part of the BPC efforts. 

Keywords—broadening participation; policy; experience report 

I. INTRODUCTION 

The Expanding Computing Education Pathways (ECEP) is 
an alliance network of states focused on equity in computer (CS) 
education. Funded by the National Science Foundation since 
2012, ECEP has grown from an initiative serving 2 states, to a 
network of state teams, local stakeholders, and national partners 
collaborating on systemic CS educational reform. Based on 
these collaborative efforts, we identified a model for state 
change. The model was intended to serve as a framework for 
advancing BPC goals within a state. State leaders build strategic, 
data driven, efforts furthering CS educational reform utilizing 
the model as a framework. The ECEP model for state change 
utilizes 5 key concepts: (1) Identify a diverse set of stakeholders, 
(2) Understand the landscape, (3) Organize stakeholders, (4) 
Seek funding, and (5) Develop an infrastructure and process to 
monitor BPC progress. The model is intended to scaffold state 
education reform and advocacy efforts while maintaining a BPC 
focus  

Any policy effort designed to make wide scale change is 
complex and may result in unintended consequences (e.g., 

Lubienski, 2005). This seems even more prevalent in CS 
education policy reform efforts, potentially due to the 
multifaceted and novel nature of the work (Ericson, Adrion, 
Fall, & Guzdial, 2016). CS education advocates are attempting 
to build pathways to CS education for what the National Science 
Foundation has  described as the missing 70%. This missing 
70% refers to the percent of women, African Americans/Blacks, 
Hispanic Americans, American Indians, Alaska Natives, Native 
Hawaiians, Native Pacific Islanders, and persons from 
economically disadvantaged backgrounds, and persons with 
disabilities who are not currently enrolling in and being retained 
in K-20 CS education (Kurose, 2017) ECEP states often have 
similar focus areas within the model yielding lessons learned 
about making systemic change within their states. 

Often, American education policy is created by stakeholders 
who are not responsible for implementing the broad policy 
changes that usually go beyond their original intent (e.g., 
Madsen, 2002). Legislation that is aimed at addressing one issue 
in society may have effects or unintended consequences 
elsewhere that dampen or even reverse the gains the policy 
sought to acquire in the first place. These unintended 
consequences of policy (both positive and negative) have been 
found at all levels of educational policy: federal, state, and local 
(Brady, Duffy, Hazelkorn, & Bucholz, 2014). Unintended 
consequences are the result of policies created at every level of 
the educational system, leading to practices, actions, beliefs that 
were inadvertent and caused more unforeseen issues. For 
example, zero tolerance policies were implemented over the past 
thirty years in an effort to curb the perceived increase in violence 
and discipline infractions in schools. This zero tolerance policies 
have shown to have had a negative impact on Black girls 
(Lindsey, 2018), lead to the proliferation of the school-to-prison 
pipeline (Love, 2016), and have not made our schools any safer 
(Martinez, 2009).   

Frequently, stakeholders charged with proposing, writing, or 
passing the policy or law do not consider what the unintended 
consequences of a policy may be, even though the power of 
unintended consequences has been well documented (Ganapati 
& Frank, 2008). However, working through all the possible 
outcomes of a given policy or law can be an impossible task for 
stakeholders who usually operate within constrained 
timeframes, pressure from relevant constituents, the influence of 
money, or not being able to fund a proposed policy or law (Hyatt 
& Filler, 2011). Due to the nature of policy making and 
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implementation, marginalized communities and students, 
practitioners, and under resourced schools are most impacted by 
unintended consequences in education (Stechter et al, 2001). As 
CS education gains traction as an education priority, it is 
important to learn the lessons of past policy failures and 
successes, specifically how these policies relate to unintended 
consequences that will impact the broadening of participation 
CS education. 

In September 2019 ECEP members gathered for an annual 
summit in which state teams had the opportunity to share the 
unintended consequences of local CS education policy efforts. 
This report highlights a collection of state stories that serve as a 
cautionary tale for other state leadership teams currently 
engaged in CS education reform efforts. These stories are 
designed to create a roadmap by defining the policy, 
highlighting what happened when the policy was implemented, 
what lessons were learned when obstacles appeared in the 
implementation phase, and how leaders may have mitigated 
these problems prior to the policy being adopted.                                                                                                                               

II. LESSONS LEARNED 

A. California 

California and its CSforCA campaign has long been 
advocating for CS to “count” toward college eligibility in its 
higher education system. Research has demonstrated that when 
CS “counts” toward high school graduation and college 
eligibility, students are more incentivized to take it and prioritize 
CS in their already demanding high school schedules. When the 
CalState university system announced a proposal to increase the 
quantitative reasoning requirement from three to four years, and 
accept CS toward the additional quantitative reasoning 
requirement, it seemed like a “win” for our multi-stakeholder 
coalition.  

However, as the CSforCA coalition’s equity advocate 
partners discussed the possible unintended consequences, we 
learned that the proposed change could disproportionately 
decrease eligibility for African American, Latinx, and low-
income students, who currently lack access to advanced level CS 
courses in their high schools. Moreover, since these students 
have historically struggled to meet university admissions 
standards because they often attend under-resourced schools that 
don’t offer access to these courses, this change is seen as further 
disadvantaging students in an existing unequal system of 
education. The CSforCA coalition is working closely with 
equity advocates to develop an implementation timeline that 
would increase expectations and opportunities for all students, 
while ensuring a solid infrastructure is in place to so that all 
students have equal access to high quality and advanced level 
instruction, while also having the scaffolding in place to be 
successful in a college-preparatory pathway.  

We learned that equity in CS must mean being an advocate 
for equity in education overall. It is necessary for CS  education 
advocates to explore unintended consequences of well-
intentioned policy proposals and recognize that we are operating 
in an existing unequal system of education. It is our collective 
responsibility to use CS education as an opportunity to disrupt 
these inequalities, rather than contribute to them. 

B. Utah 

Prior to 2013, Utah had a Computer Technology graduation 
requirement, which could only be fulfilled by a basic computer 
literacy course. When Exploring Computer Science (ECS) was 
introduced as an alternative method for completing this 
graduation requirement, the number of Utah high school 
students enrolled in CS courses grew dramatically. In 2016, the 
Utah Board of Education responded to this success by replacing 
the “Computer Technology” graduation requirement with an 
updated “Digital Studies” graduation requirement. Six courses 
were accepted for this graduation requirement, including ECS 
three other CS courses, and two business courses. On paper, this 
policy change appeared to be a win, with more advanced CS 
offerings that might appeal to students with some programming 
backgrounds. 

In practice, Utah has seen a drop in CS enrollments since this 
policy change has been enacted. Allowing for more CS courses 
to fulfill this graduation requirement has not led to more CS 
section offerings at local schools, perhaps because most Utah 
schools do not have more than one CS teacher. Furthermore, the 
more advanced CS courses often require a higher level of CS 
endorsement. The school’s one CS teacher may not yet be 
endorsed to teach anything beyond ECS. In contrast, the 
business teachers who used to teach “Computer Technology” 
were already endorsed to teach the two more advanced business 
courses. The Utah ECEP team has heard anecdotal stories of 
students who have expressed an interest in enrolling in CS 
classes being registered in business classes instead, with only 
those students with vocal parents as advocates being enrolled in 
CS classes. To identify struggling schools and the underlying 
causes for lower CS enrollments, the Utah ECEP team is 
conducting a report on enrollment trends by schools and 
districts. We are also working on a CS for Utah campaign to help 
administrators, guidance counselors, teachers, parents and 
students better understand the value of CS for all students. 

C. Georgia 

In 2015, the GA governor created a task force on computing 
education that resulted in the expansion of high school course 
offerings and the creation of a position dedicated to CS at the 
DOE. In addition, the State Board of Ed approved certain 
courses to count for graduation credit (science, math, and 
foreign language). Since then, attention around the state has 
been focused on CS teacher professional development. Private, 
non-profit, and government organizations, working in concert 
under the umbrella of CS4GA, offered a plethora of diverse CS 
professional development (PD) opportunities. In 2016, the 
Georgia Professional Standards Commission required that CS 
be taught by a teacher with an approved credential (an add-on 
certification for in-service teachers or an endorsement). The CS 
teachers, many of whom lacked this credential, protested and the 
credential requirement date was pushed back two consecutive 
years and is now  being enacted in 2019. Due to poor 
communications and test burdens, the state lost some CS 
teachers when they left CS for their prior field of instruction. 
Many CS teachers that were near retirement described being 
unmotivated to take the required CS test to obtain the credential. 
Recently the professional standards commission agreed to allow 
teachers with other certifications (Business, Math, Engineering, 
Science) to teach the Middle School Courses until the legislation 



is fully enacted in 2025 and districts had enough time to train 
their teachers. 

Support for CS continued to grow with legislative 
commitments to teacher training, equipment purchases, and 
curriculum development. In 2019, Senate Bill 108 was passed 
nearly unanimously to require all high schools and middle 
schools to offer CS by 2025. This bill was accompanied by an 
appropriation of $750,000, with 85% dedicated to teacher 
training. These requirements brought out the question “What 
counts as CS?.”  The State Council which is made up of 30% 
industry, 30% higher ed, as well as government and K-12 
representatives, lacked consensus over what counted as CS. For 
example, the programming courses were voted in by an easy 
majority, but cyber security, IT support, Web Design, and 
Networking were a mixed result. Despite having defined what 
CS is as a state when we created our K-8 standards, our 
definitions of what constitutes CS remains amorphous. Without 
a clear definition, it is difficult to identify what needs to be 
covered in a certification process. CS is more than 
programming, as once was the case, and includes foundational 
knowledge, awareness, and skills like digital citizenship and 
computational thinking. Expanding the understanding of what 
constitutes CS is currently underway in Georgia. 

D. Indiana 

One example of an unintended consequence in Indiana of 

CS education policy and implementation is the passage of the 

2018, Senate Bill 172. The bill included one policy that by 

2021, all high schools will be required to offer at least 1 CS 

class. Rural school districts in particular report difficulties 

associated with offering CS at the high school level with their 

limited teaching staff. By 2018-2019, approximately 50% of 

public high schools had students who completed a CS course 

and only 14 counties still had no students that completed a CS 

course during that school year. Although we are seeing an 

upward trend, smaller school districts have expressed the 

difficulties in offering so many required diverse courses, and 

have attempted to come up with solutions to address this 

problem through online courses and shared career center 

courses. The Executive Director of The Indiana Small and 

Rural Schools Association stated that “We acknowledge that 

larger school districts can offer more diverse course 

offerings...The logistics of transporting either students or 

teachers...will take time and extra support. It is tough to add an 

advanced course in one district without adding enough students 

to fill the course from both systems” (Lagoni, 2017).  

Although the Indiana Department of Education has been 

working to support school districts to achieve these 

instantiations, there is still little known about how this policy 

will be enforced. Many partners throughout Indiana are 

working hard to support rural and small schools. Through 

summit meetings, we have been able to host sessions directly 

related to providing PD support for K-8 teachers and focusing 

on supporting rural schools. Also, due to landscape reporting, 

we have been able to identify which districts do not have any 

students who have completed a CS course yet. Therefore, we 

have been able to target those specific school districts and work 

with them to offer CS.  

E. Virginia 

In 2016, Virginia law mandated CS standards for all 

students be integrated into K-8 classrooms, and also created 

mandatory standards for four standalone elective courses at the 

middle and high school level. Prior to the clarity provided by 

the General Assembly through the funding allocation, CodeVA 

was largely viewed by the Virginia Board of Education 

(VDOE) as a vendor, rather than a partner. The initial 

independence of CodeVA afforded Virginia with some very 

significant advantages. CodeVA’s independent advocacy led to 

all of Virginia’s early adoption of CS policy and legislation. 

However, the lack of a defined relationship and partnership 

wasted time. For example, although the VDOE adopted 

Virginia’s CS standards in November of 2017, it was not until 

early summer 2019 that the VDOE assigned course codes to 

those classes, allowing school divisions to officially offer the 

classes. 

Heading into summer 2019, CodeVA offered its free, state-

funded summer professional development institutes with 

heavily enrolled sessions. Yet there was unexpectedly low PD 

attendance for high school level courses. Many of the classes 

had been cancelled by their school divisions at the last minute. 

The issue turned out to be related to Carl D. Perkins Career and 

Technical Education grant funding restrictions. The VDOE had 

issued CS elective course codes, but had not assigned CTE 

Virginia's Educational Resource System Online codes. Thus, 

division grant compliance officers flagged these classes as 

problematic, and due to the problematic flagging, divisions 

simply cancelled the courses. In many cases, these classes still 

could have been offered by the school division had they known 

to contact CodeVA for advice on alternative course codes. The 

same CTE course that many Virginia divisions had used since 

CodeVA began its work would have satisfied the Perkins 

funding requirements until the following year when the VDOE 

could have worked out the problem. The VDOE is now working 

on planning to assist in clarifying and in developing 

implementation plans for divisions. 

III. DISCUSSION 

Engaging a diverse group of stakeholders is an essential 

component of making educational policy change at the state 

level in an effort to minimize the unintended consequences on 

students, teachers, district leaders, and industry. The ECEP 

framework can be used by any state to mitigate the potential for 

unintended consequences, especially as they relate to BPC: 

1) Build a diverse leadership structure.. Having a 

leadership team that represents a diverse set of voices ensures 

that all students, teachers, district leadership, and other 

stakeholders in computing education are considered when 

advocating for policy reform. If specific stakeholders are not at 

the decision making table advocating for their systems and 

specific needs, policy can create unnecessary burdens, 

deepening the inequities in CS. ECEP recommends that states 

include stakeholders from departments of education, 

government offices, business and industry, K-12, higher 

education, community groups, national CS education and 



advocacy groups, non-profit organizations, informal education, 

students and parents. Demographic diversity should be a 

priority in leadership development to ensure a focus on BPC. 

For example, Georgia’s case study showcased the importance 

of having more voices involved making decisions that could 

have predicted the unintended consequence of requiring current 

teachers to obtain certification. 

2) Understand the data landscape. Using available state 

and national data to create a landscape report is critical for 

informing decision making and policy design. Policy 

development based on strong data allows for strategic planning, 

potentially alleviating the possibility for unintended 

consequences down the road. For example, Indiana used 

student enrollment data to focus efforts on rural schools that 

needed more training and support. 

3) Organizing stakeholders. Developing and promoting a 

shared purpose and message of BPC when championing change 

efforts provides an opportunity to reach out to other vested 

communities such as literacy, math, informal education, and/or 

non-profits. By broadening the equity message, BPC efforts 

gain support while protecting against ripple effects that may 

negatively affect other communities and aligned initiatives. In 

Virginia’s example, if VDOE had involved CodeVA in earlier 

conversations as a partner, there could have been a 

continutation or increase, of, CS growth 

4) Work towards sustainability. Seek funding to develop an 

infrastructure that allows for BPC to remain at the heart of any 

CS educational process. A strong, well-funded infrastructure 

can help multiple groups align goals, organize technical 

assistance and PD with an equity focus and monitor the 

landscape, allowing efforts to adjust and adapt when 

appropriate. In Utah’s example, it showed the importance of 

building a structure to support schools and teachers in being 

able to equitably extend beyond Exploring Computer Science. 

5) Focus on data. A good data infrastructure allows for 

continuous monitoring of the landscape to ensure the BPC goals 

are being met, without any group being unintentionally left out 

or behind. Collecting outcome data is crucial to ensure that 

efforts are addressing inequities, not exacerbating existing 

discrepancies in access, enrollment, and retention in 

computing. As shared in many of these case studies, unintended 

consequences often impact the missing 70% that we critically 

need in CS. Therefore, it is important that continuous 

monitoring of our BPC goals are at the forefront. 

Finally, just as states report that communication and 

collaboration are essential to all elements of the ECEP model, 

it is critical that these stories are shared. ECEP participants 

highly value the opportunity to learn from other members in the 

community. By sharing these stories state teams are able to 

reflect on their own work, draw upon strategies tried in other 

states, and learn from missteps. This cycle allows the BPC 

community to grow and reflect, with the goal of seeing more 

students from the missing 70% building confidence in CS and 

pursuing CS classes, degrees, and potentially careers. 
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Abstract—This experience report details the lessons learned 

while launching a Networked Improvement Community (NIC) 

with 23 teachers in Texas as part of the NSF-funded Accelerating 

Women’s Success and Mastery in Computer Science (AWSM in 

CS) project. Conceived to address the persistent gender inequities 

in computer science (CS) education, the NIC was designed to bring 

together researchers and practitioners to collaboratively develop 

and implement solutions with the goal of increasing female 

participation in CS courses. This experience report explores the 

lessons learned, such as the importance of building a sense of 

community, trust, and collaboration, before jumping into problem 

solving as a NIC. Additionally, the report addresses considerations 

for sustaining the NIC virtually given the logistical constraints 

placed on teacher collaboration during the school year. 

Keywords—CS for All, RPP, NIC 

I. INTRODUCTION  

Accelerating Women’s Success and Mastery in Computer 
Science (AWSM in CS) is a project focused on improving the 
enrollment and experience of young women in secondary 
computer science classes in Texas. While the bulk of this 
experience report will examine the lessons learned in launching 
the AWSM in CS (pronounced “Awesome in CS”) project’s 
Networked Improvement Community (NIC), it is important to 
understand the context of the overarching goal of the project, 
addressing the persistent disparities in computer science course 
enrollment between male and female students in Texas, in order 
to fully appreciate our approach.  

  The project was conceived as a response to the trends in 
enrollment in high school CS courses seen since 2011.  The lack 
of female representation in high school computing has been well 
documented with females seen as a subset of students who are 
traditionally underrepresented in CS along with students of 
color, students from low socio-economic backgrounds, students 
with disabilities, and students from rural communities [1,2]. 
Since our research team began tracking CS enrollment in 2011, 
notable improvement has been documented in several of these 
traditionally under-represented subpopulations. As noted in 
Figure 1, overall enrollment in high school CS courses has more 
than doubled since 2011 (124% increase) [3]. Even more 
encouraging is that the enrollment of underrepresented 
minorities (URM), defined in this study as Black and Hispanic 
students, has increased by 154% and the enrollment of 

economically disadvantaged students (EcoDis), defined here as 
eligible for free or reduced lunch, has increased by 156%. Upon 
first glance, it would appear that improvements in female 
representation have also been promising, with a doubling of 
female enrollment (104% increase).  

 

Fig. 1. Number of high school students who completed one or more CS courses 

A deeper examination of these data in the context of overall 
improvement, however, shows that as a percent of the overall 
enrollment of students in high school CS, young women have 
seen a decline since 2011, going from 29% in 2011-12 to 26% 
in 2016-17. In short, the gap is widening between young men 
and young women in CS in Texas. In fact, when we examine 
traditionally underrepresented subpopulation’s enrollment in CS 
courses compared to their representation in the high school 
student population, we find that the gap is most acute for young 
women (Figure 2) [3]. 

To address this persistent underrepresentation, The 
University of Texas at Austin, in collaboration with Austin 
Independent School District and 10 other Texas school districts, 
launched the AWSM in CS project in 2018 with funding through 
the Computer Science for All Researcher Practitioner 
Partnerships (CSforAll:RPP) program of NSF (Award 
#1837602). This project was planned as a Networked 
Improvement Community (NIC) consisting of 23 secondary CS 
teachers all committed to recruiting, supporting, and retaining 
more young women in their CS courses. A NIC is one approach 
to engaging the diverse parties of an RPP. This experience report 



will highlight some of the strategies deployed to design and 
support the NIC, some lessons learned in launching our NIC, 
and, based on the initial launch, considerations for sustaining the 
NIC.  

 

Fig. 2. CS course completetion percentages of underrepresented groups  

II. IMPROVEMENT SCIENCE AS A TOOL FOR ADDRESSING BPC  

In Texas, educators have long been engaged in efforts to 
improve teaching methods and student outcomes around high 
school computing courses. As mentioned earlier, CS course 
completion for underrepresented students has increased over the 
past five years. However, more investment and engagement is 
necessary to have this improvement trend impact young women 
in CS education. In recent years, organizations like the National 
Science Foundation (NSF) and CSforAll have promoted the 
tools and frameworks of improvement science to advance efforts 
to broaden participation. From its onset, improvement science 
has been defined as seeking to discern what works for 
addressing a complex problem, for whom, and under what set of 
specific conditions [4]. Improvement science in education has 
focused on addressing gaps between the aspirations of 
educational systems and their capacity to deliver high-quality 
education to all students [5]. 

A key framework and tool within improvement science is the 
plan-do-study-act (PDSA) cycle. PDSAs serve as a process for 
rapid cycles of learning from practice, a way to maximize 
learning, and a method for introducing a change to a complex 
system [6, 7]. PDSAs include four steps: planning a small test of 
change; doing or implementing a practice that matches what was 
planned; studying by monitoring or measuring what was 
implemented; and finally acting by refining and adjusting to 
what happened in the previous phases of the PDSA cycle to 
improve in the next iteration. An important part of the PDSA 
cycle process is to learn from the data. This involves comparing 
what was anticipated or predicted to what actually happened and 
took place. Improvement science uses PDSAs to frame, 
discipline, and document the learning that happens in 
organizations [6]. It provides educators an opportunity to 
implement new ideas, processes, and practices, refine them 
based on identified needs, and then use the results of 
implementation to make changes and commit resources and 
expertise to where it best fits.   

NICs serve as a one example of the potential of improvement 
science in education [4]. NICs were created to address problems 

of practice by linking diverse kinds of expertise from research, 
educational design and practice in a process that can lead to 
improved student and educator outcomes [8, 9]. Russell et al. 
(2016) situate NICs as operating as scientific learning 
communities around four key dimensions: 1) they are focused 
on a well-specified aim; 2) they are guided by a deep 
understanding of the problem, the system that produces it, and a 
shared working theory of how to improve it; 3) work is 
disciplined and oriented by the rigor of improvement science, 
and 4) NICs are coordinated to accelerate the development, 
testing, and refinement of interventions, their rapid diffusion out 
into the field, and their effective integration into varied 
educational contexts. Beyond just identifying problems, NICs 
leverage the expertise of both researchers and practitioners to 
engage in activities that purposely arrive at a collective and deep 
understanding of the problem to be solved [5]. Spreading and 
scaling improvements in NICs requires several functions that are 
facilitated by a “hub”. These functions include improvement 
coaching, network initiation and development, data analytics, 
innovation design, knowledge management and collaborative 
technology to support collaborative action as well as spread 
knowledge, and that the network’s capacity to reach its aim 
increases over the time of implementation [5]. 

III. AWSM IN CS AS A NETWORKED IMPROVEMENT 

COMMUNITY 

A. Guiding Research Questions 

Several research questions guide the work of the AWSM in 

CS RPP, but this experience report will focus on addressing 

one question in particular:  

What does the backbone organization learn about supporting 

practitioner change from participating as a hub or convener 

for the NIC? 

This paper addresses some of the initial lessons learned by the 

backbone organizers from the NIC initiation and launch. We 

also discuss how these lessons learned will guide our work in 

sustaining the NIC through virtual meetings during the school 

year. 

B. Structure of NIC 

AWSM in CS is a three-year project that combines in-person 
summer institutes with a combination of virtual and in-person 
meetings during the school year to support and sustain the NIC. 
AWSM in CS kicked off with a 5-day institute in June 2019.The 
5-day summer institute was intended to facilitate teachers’ root 
cause analysis of the problem, jumpstart planning of individual 
PDSA cycles, and build lasting relationships among 
participants. The research team partnered with professional 
development specialists from the  National Center for Women 
& Information Technology (NCWIT) to provide training 
specifically focused on supporting female participation in 
computer science.  

Sustaining a NIC consisting of teachers from multiple 
schools and districts is a significant challenge to a backbone 
organization. Unlike other professionals, teachers lack the 
ability to meet with their colleagues from outside of their school 
during the workday, either in-person or virtually, due to the 
structure of the school day. This problem is compounded for CS 
teachers, who are often the only CS teacher in their school (this 



is the case for 9 of the 11 schools represented in AWSM in CS).  
As such, it is vital that support during the school year be 
designed around the realities of the teacher workday. To 
maintain engagement throughout the school year, we chose to 
use monthly virtual meetings, conducted after school and 
facilitated through Zoom, as a vehicle for teachers to share the 
progress on their PDSAs and receive feedback from peers. NIC 
participants also committed to attending one in-person meeting 
each spring and fall.  

IV. LESSONS LEARNED  IN LAUNCHING OUR NIC 

Several key themes emerged from the feedback from NIC 
participants in the summer institute. We believe these themes 
and the discussion surrounding them would be helpful to anyone 
planning to start a NIC.  

A. Building Authentic Community 

In reflecting on the launch of our NIC, the first lesson learned 
was the importance of building authentic community. The value 
of community cannot be underestimated when teachers are 
pushing themselves to learn something new and reflecting on 
their personal role in systemic inequities in CS.  Nearly 80% of 
the teachers have more than 6 years of teaching experience, but 
less than 6 years of experience teaching CS. The teachers in our 
cohort needed the support of others to thrive. Just because you 
have people in the same space, doesn’t mean that you have a 
community. Each teacher brings something different to the 
table. The group is diverse in terms of which courses they have 
taught, what endorsements they hold, and discipline in which 
they teach.  You have to be purposeful in your design to build 
the types of collegial, trusting, collaborative, and reflective 
experiences, particularly when teachers are dealing with 
challenging and sensitive topics. 

B. Co-Designing PD 

 One of the tenets of RPPs is to empower all of the 
participating partners. Prior to the institute most teachers had 
limited experience generating or using research (see Table 1). 
As novice researchers, and with the constraints of teacher work 
environments, empowering teachers as active partners can be 
challenging in the initial design phase. In AWSM in CS, this 
meant giving teachers control over the specific interventions 
they chose to select for their PDSA cycle, respecting and 
elevating the experience they bring to the table. This also meant 
utilizing feedback from teachers each day to modify the next 
day’s agenda in response to their suggestions and needs. This 
feedback loop and the ability of teachers to customize their own 
PDSAs based on their personal interests or school contexts, built 
trust, buy-in and a sense of shared community that is often 
absent in traditional PD. One participant commented on a post-
institute survey “The presenters mingled with teachers and got 
to know us. Each task we worked on pointed back to what we're 
doing next school year. Each step built on the previous until we 
finally had our plans.” 

C. Data Walk 

 One of our most popular activities of the summer institute 
was the data walk. This activity highlighted for us that even 
though teachers may be interested in a topic of equity, such as 
the lack of female participation in computer science, they may 
not be knowledgeable of the related statistics. Teachers’ major 

focus is on their classrooms, with secondary focuses potentially 
on their schools and districts. In our data walk activity, we hung 
a variety charts around the room that highlighted different 
representations of the lack of female participation in CS. Many 
of the charts were at the regional, state or national level. As 
teachers walked around in small groups, they were able to 
simultaneously form a picture of the current state of equity in 
relation to female CS participation while also having meaningful 
conversations with their peers about potential causes for the lack 
of female representation in high school, college, and the 
workforce that laid the foundation for their root cause analysis. 
The data walk informed their root cause analysis and helped 
them to go beyond an exclusive focus on their own personal or 
anecdotal experiences when considering the root causes of 
underrepresentation.  

  TABLE I.         EXPERIENCES USING RESEARCH 

 

D. Self-reflection 

The systemic inequities in education are often 
uncomfortable for teachers to address. Examining the role that a 
teacher’s personal actions may play in perpetuating inequities is 
an even more uncomfortable conversation. AWSM in CS was 
designed to create a welcoming and safe space to self-reflect. It 
is an immensely difficult task to assess one’s own actions and 
how they may positively or negatively impact female 
participation in CS.  One participant commented on a post-
institute survey “It was a good opportunity to meet with other 
CS teachers and talk about our classes, which I never get to do. 
It brought up some things I had been doing poorly, and some 
things to be aware of.” This depth of self-reflection is important 
to foster during the launch of a NIC, particularly one that focuses 
on PDSA cycles.  

E. Time to Collaborate with Colleagues  

Balancing the need to share research and information with 
teachers along with the time it takes for them to meaningfully 
process and consider how that research can impact their practice 
is a difficult task for RPP leaders. We purposefully designed the 
summer institute so that large chunks of time were devoted to 
true collaboration, giving teachers time to digest new material 
and think deeply about how it might impact their practice. NIC 
participants repeatedly cited this collaboration time as one of the 
most valuable aspects of the summer institute.  

F. Building Trust by Honoring Teachers’ Time and Expertise  

Asking teachers to participate in a NIC means honoring their 
time and expertise by including them as co-designers, 
compensating their participation, and offering a high-quality 
experience in the project.  The summer institute was the first 
engagement opportunity and the positive experience (see table 
2) has laid the foundation for the next two years of the NIC. 



 TABLE II.      TEACHERS’ PERCEPTIONS OF THE INSTITUTE  

  

V. CONSIDERATIONS FOR SUSTAINING OUR NIC 

Intensive, in-person NIC meetings are valuable for laying the 
foundation for the work but not feasible for multi-district 
partnerships that must be sustained during the school year. Our 
challenge is to ensure that the positive aspects of the summer 
institute are reflected in the support provided during the school 
year. This support includes virtual monthly meetings along with 
one day in-person convenings each semester.  As we move 
forward, the following considerations explore the more difficult 
work of continuing the NIC throughout the school year. 

A. Supporting Teacher Agency 

A large part of the philosophy of the RPP model is the 
empowerment of the practitioner. As we move into the school 
year, teachers are designing their own research-based 
interventions to test in their classrooms and schools. Our virtual 
calls include teachers sharing out updates on their PDSA cycles. 
At the time of this writing, we have had two rounds of calls with 
a total of six teachers who have shared their updates and 
gathered feedback from their peers and the project team. The 
ownership teachers have over their own interventions and 
iterations is an important part of sustaining the NIC as it moves 
into the school year. Milestones, such as the share out sessions 
on calls, allow for us to simultaneously nudge teachers into 
action while still allowing them ownership over their work. 
Supporting teacher agency is a core component of ensuring 
success as we move forward.  

B. Continuing Engagement While Respecting Busy Schedules  

Participating in a weeklong training during the summer is a 
lot different from a teacher perspective than engaging in a multi-
year project. During the school year, teachers face an increased 
demand on their time. We have to achieve a delicate balance of 
respecting the time of teachers, while also putting structures in 
place that promote continued engagement. On the 
communication front, we have started a five-bullet weekly 
newsletter that allows us to both disseminate important 
information about the program as well as provide addition 
resources and food for thought for all teachers.  

C. Creating Value  

Finally, in order to sustain the NIC moving forward, we need 
to be focused on creating value for those involved. Part of our 

duty as the hub organization is to provide teachers with the skills 
and resources they need in order to best accomplish our shared 
goal of increasing the participation of females in middle and 
high school CS courses. With this in mind, we use the weekly 
emails and the monthly calls to connect teachers to relevant 
resources, such as short videos they can use in the classroom. In 
planning our first in-person meeting of the school year, we 
deliberately chose to bring in a guest speaker to address 
intersectionality, something we did not cover during the summer 
training but is highly relevant to the work we are doing. Moving 
forward, we aim to sustain our NIC by continuing to shape it 
into a valuable activity for those involved.  

VI. CONCLUSION 

Intensive NICs have a lot to offer the field of computer 
science education. The problems of equity in CS education are 
complex, and addressing them will take a concerted effort from 
all levels of our education system. Teachers, with their busy 
schedules and competing priorities, are often given marginalized 
roles to play in the efforts to enact transformational change. The 
backbone organization for AWSM in CS has learned valuable 
lessons about how to effectively initiate and sustain a NIC that 
both values the expertise of teachers and acknowledges the 
systemic constraints that educators face. 
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Abstract— We have an RPP grant, but do we have a Research 

Practitioner Partnership? We have found ourselves asking that 
question over the past year as we have struggled to accomplish 
project goals and objectives. In this paper, we aim to help others 
learn from our experience the importance of understanding the 
difference in working with an RPP under construction and an RPP 
fully formed, share a summary of our story, and offer some advice 
based on our situation and plans moving forward.  
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rural 

I. INTRODUCTION  

Beginning in the fall of 2016, the Mississippi Department of 
Education (MDE), in partnership with the Mississippi State 
University (MSU) Research and Curriculum Unit (RCU), 
launched a computer science content pilot called Computer 
Science for Mississippi (CS4MS). The call to participate has 
been extended each succeeding year to every district in the state 
and has expanded to include computer science (CS) content and 
courses from kindergarten through high school. These courses 
and teacher trainings have been offered to districts at no cost and 
included travel reimbursement and continuing education credits 
for teachers. Any teacher holding a valid license in Mississippi 
has been offered the training, and no special CS endorsements 
have been required. In Figure 1, the districts participating in the 
CS4MS pilot are marked in blue and non-participating districts 
in gray. As Figure 1 shows, there is a gap in participation among 
the schools in the Delta region of the state. Districts in the yellow 
highlighted area are not only rural, but also serve some of the 
poorest of Mississippi’s population. Our project, Collaborative 
Research: Identifying Participation Barriers to Computer 
Science Education in Rural Mississippi, focuses on this area. 
The major goal of this project is to form a research practitioner 
partnership (RPP) which investigates issues and perceptions that 
may exist as barriers to CS education. However, simply pulling 
together a team of practitioners does not automatically form an 
RPP. 

II. PROBLEMS OF (OUR) PRACTICES 

A. Team Selection Errors 

The first stated goal of the project is to form an RPP. Our 
method to accomplish this was to ask each district contact to 
strategically select participants from various roles 

(administrator, counselor, teacher) in order to give us a diversity 
of voices on the team. We knew we would need to provide some 
information as to why CS was important, why we were forming 
this group, what we hoped to accomplish, and how we wanted 
to work together. As researchers, sitting around the table at the 
university planning our first meeting agenda, we thought we had 
the perfect plan to, in just 4 hours, educate and excite this group 
of people to champion our ideas back in their own districts.  

Fig. 1: Map of CS4MS Pilot Districts 

 

B. Project Recruitment Errors 

To illustrate where this began to go wrong, we need to share 
our strategy for getting districts to agree to participate in the 
project initially. We sent emails to the superintendents with the 
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subject line “Mississippi State University Grant Partnership.” 
We explained in the email that we would like to partner with the 
districts under a National Science Foundation funding 
opportunity to investigate the barriers to CS education in their 
geographic area. When we got no response to emails, we 
followed up with phone calls. When we finally got through to 
someone it was often not the superintendent, but someone 
willing to listen and present the project to the superintendent on 
our behalf. We believe what was communicated or heard was 
“National Science Foundation,” “funding,” “free local 
professional development” and “free activities for students.” 
This was sufficient to gain the coveted signed letter of 
commitment for proposal submission, and we blissfully 
proceeded under the impression that the superintendent had been 
properly briefed, would remember our important project 
between submission and actual funding time, and would gather 
the best people in the district to participate on our team. 

C. Team Communication Errors 

What follows is the reality we faced. When we received 
news that we had been awarded the project, we began to reach 
out to districts to identify RPP team members. We had to 
explain the project again because no one recalled the initial 
conversations; then, we had to repeatedly follow up (almost to 
the point of harassment) to get the names and email addresses 
of the district-selected individuals. When we began contacting 
the individuals, we found many of them had no idea about the 
project. Their name had simply been submitted by their 
administrator and no information had been given to them. 
 We also quickly found out that districts were not eager to 
allow people to leave campus for an entire day four times during 
the year to participate in this project. Therefore, we scaled back 
our face-to-face meeting requirements to two ½ day meetings 
with online meetings scheduled in between. We set the date for 
our first face-to-face meeting and began excitedly preparing 
binders for each participant containing a copy of the winning 
proposal, documents explaining the concept of an RPP, and 
blank calendar pages for next two years. 

D. Team Meeting Errors 

The November afternoon of our first RPP meeting arrived 
and our participants entered the room immediately eyeing the 
cookie tray and coffee table while flipping through the three-
inch binder with deer-in-headlights looks. After introductions, 
we jumped right in, asking them to share their perceptions of 
CS while we made posters on the wall with their thoughts. We 
eagerly walked them through a “Purpose to Practice” activity1 
complete with colorful worksheet as a team-building exercise, 
feeling quite proud that we fit (forced) this RPP-building tool 
into our packed agenda. We took a short break and then started 
talking about the many activities we would need to conduct in 
their districts to begin exploring the initial research questions 
around barriers. 

This is where the first hints of “we do not have the right 
people in the room” began to surface. First, we realized based 
on the sign-in sheet that while the districts selected participants 
in various roles, the actual attendees turned out to be primarily 

                                                           
1 http://www.liberatingstructures.com/33-purpose-to-practice-p2p/ 

classroom teachers. Second, participants did not feel qualified 
or at liberty to plan or schedule events outside their immediate 
area of responsibility. For example, we talked about conducting 
a survey of all 4th graders in a district; however, there were no 
district-level representatives present, and the school-level 
participants were high school teachers who felt they did not 
have connections to the elementary school and were not sure 
how to make that happen.  

Another similar issue arose when we talked about focus 
groups in a specific school which had no representation on the 
team. Even though there was a district-level person present, 
they did not feel at liberty to approve that activity or seem to 
know how to contact the school principal to get permission and 
discuss dates. We left that day feeling like the people present 
were interested in what they learned, voiced understanding and 
agreement with the need for CS education but were not exactly 
sure how they could really help.  

We held a follow-up online meeting in January with the 
purpose of reviewing the IRB requirements of working with 
students through surveys and focus groups in preparation for 
getting those activities scheduled. Due to the very low 
attendance, five people out of 32, we resorted to individual calls 
with schools in each district, explaining the process multiple 
times, and never actually talking to the teacher who would 
facilitate the distribution and collection of permission forms 
and administer the online survey. We held our second face-to-
face meeting in February with thirteen, less than half, in 
attendance and no representative at all from one entire district. 
Again, we struggled with having the right people in the room 
with the authority and/or knowledge of how to get permission 
to conduct activities in schools other than their own.  
 Ultimately, we were only able to survey 144 students (out of 
approximately 6,000 planned) across five districts; conduct 
focus groups with administrators, counselors, teachers, students, 
and parents in four districts; and provide coding activities in 
three schools within only one district. 

III. WHAT HAVE WE LEARNED? 

A. Form the team based on the actions/outcomes needed. 

Ultimately, the biggest lesson we have learned is that we did 
not begin the project with an RPP. We began with a group of 
people who were pulled together based on inadequate 
information, “voluntold” participation, and no shared interests 
in the project goals. The blame for this falls squarely on us as 
the project initiators and our own lack of understanding of what 
an RPP really is and how it functions. Penuel and Gallagher 
explain in their book titled Creating Research-Practice 
Partnerships in Education that what we developed in the 
beginning was “researchers seeking schools and districts as 
sites for studies” [1]. Our research goals were driving the 
arrangement. We came in with a thorough background and 
understanding of why this project was needed, along with a set 
of activities planned to gather the data we needed. Our 
practitioners came in with little to no understanding of the 
project, its background, or what was expected of them. 

  



When we were first considering who should be a part of our 
RPP (what roles within a district we wanted represented), we 
thought about it from the standpoint of getting different 
viewpoints on the research questions proposed in our project 
description. We were thinking of the RPP as a participant in the 
research, not as a partner. We needed to ask what roles within 
a district could best help with the work of the project and not 
who could inform the work. We needed practitioners who could 
schedule and facilitate the necessary activities within the 
district that would help us gather data to answer our research 
questions. 

If you are going to ask the school district to select team 
members, be precise about whom they should select for the 
project by providing a list of expectations for team members; 
explain what type of activities they will need to facilitate within 
the district and what level of authority they need to have to 
adequately contribute to the team. Question district selections 
that appear to be the convenient choice rather than the best 
choice; selections should be made based on the individual’s 
authority, ability, and interest in doing the work. 

B. Understand where you are in team/RPP development. 

We would have yielded better outcomes in year one if we 
had not tried to force the working concepts of an RPP on our 
newly formed group. If we had simply thought of the initial 
team as a taskforce, we could have accomplished more 
activities and collected additional data to start year two. Instead, 
we are starting over and building a new team to complete the 
activities of this final year. We will move forward, clearly 
defining what each participant is expected to do to help gather 
the needed data through the planned activities. Afterwards, we 
will ask them to assist us in analyzing the data to identify 
barriers and understand perceptions of CS education. This 
active participation in data gathering and analysis will help lead 
the group in developing solutions and activities to address what 
the data reveals, better positioning each team to begin CS 
education implementation planning for their districts. 

C. Invest in the time up front to educate and prepare potential 
partners. 

If you start your project by asking for a list of names, realize 
you probably do not have an RPP yet, but you are building 
champions from the ground up. Spend time cultivating them. 

As we reflect on year one, what we needed was more time 
spent on building relationships up front. A fully functioning 
RPP takes time: time to build, time to develop trust, time to 
accomplish work, time to produce results. It is difficult to build 
trusting, mutualistic relationships in two four-hour meetings 
among people who, on a daily basis, have a different set of 
responsibilities.  

As we begin year two, we are traveling to each district to 
meet with the superintendent or highest district-level contact 
possible to explain the project and its background, discuss what 
activities are required to gather the appropriate data, ask who 
would be the best people in the district to help accomplish those 
goals, and then be at liberty to begin developing a CS 
implementation plan. We are working to create a CS champion 
at the top within each district. These face-to-face meetings at 

the beginning (even before funding, if possible) are critical to 
the efficiency, health, and success of the project.  

Because the team representing each district is comprised of 
participants from different roles and physical locations, we are 
also working individually with each district team this year to 
help them build a sense of community, be aware of their role 
within the team, and understand the purpose of the project as it 
relates specifically to their school or district. We realized during 
year one that we actually have teams within the team (or mini-
RPPs at each district) and believe that it is important for those 
smaller groups to feel connected in order to accomplish the tasks 
of the project and allow them to better represent their district 
within the larger, five-group RPP. Ultimately, this will help 
create a stronger RPP to address future issues around CS 
education in that area of our state. 

IV. NEW STRATEGIES 

As we have shared these struggles with others in the CS 
education space, someone recommended we frame the 
problems by considering the assessment indicators given in 
Assessing Research-Practice Partnerships: Five Dimensions of 
Effectiveness [2] by Hendrick and others. As stated in their 
work, these five dimensions are: 

• Dimension One: Building trust and cultivating 
partnership relationships. 

• Dimension Two: Conducting rigorous research to 
inform action. 

• Dimension Three: Supporting the partner practice 
organization in achieving its goals. 

• Dimension Four: Producing knowledge that can 
inform educational improvement efforts more 
broadly. 

• Dimension Five: Building the capacity of participating 
researchers, practitioners, practice organizations, and 
research organizations to engage in partnership work. 

A. Dimension One. 

While it continues to be challenging to develop strong 
interpersonal relationships with colleagues several hours away 
and with whom we only interact around the work of this project, 
we have seen progress in Dimension One through meeting with 
each district individually both face-to-face and through online 
sessions. These meetings have helped us to connect with the 
practitioners in a more personal and relative way, as we learn 
about the numerous other responsibilities placed on them and 
limitations they face within their working environment. We 
have been able to express an understanding of their enormous 
workload while communicating the importance their 
knowledge and participation has in the success of this project. 
This has increased the participants’ sense of commitment to the 
work and led to their feeling more valued and appreciated in 
their efforts to add to their heavy workload. 

B. Dimensions Two. 

As this small-strand project is primarily a time of building 
relationships and understanding problems of practice, we have 
not done much in the way of rigorous research as referenced in 



Dimension Two. Our primary research efforts have centered 
around conducting online surveys and in-person focus groups 
with various district populations, including students, 
administrators, counselors, teachers, and parents. The RPP 
members have been an integral part in getting these data 
collection activities set up. They have become more involved 
in the process as they have had to complete online training to 
safely work with human subjects as required by our 
Institutional Review Board. Based on feedback from the RPP, 
we have adjusted our data collection methods across the five 
participating districts so that we can at least identify responses 
by district. This way each district can have a better 
understanding of barriers specific to their area while also 
understanding where they are in the larger study population. 

C. Dimension Three and Four. 

These meetings have also helped with Dimensions Three and 
Four, as we have gained a better understanding of each district’s 
goals for general educational improvement and for increasing 
CS education specifically. We have been able to create a more 
customized picture of how CS education can help each 
individual district meet their overall educational goals, which 
generally gets them more excited about potential outcomes and 
more committed to the process and activities. 

D. Dimension Five. 

As we continue to work together on this project and plan for 
a larger study, we will see an increased capacity for all RPP 
members to engage in partnership work, as described in 
Dimension Five. As researchers, we are already seeing the need 
to view the districts as partners to investigate with and not simply 
as locations to study. We are seeing the practitioners recognize 
that we can assist them in understanding more about their 
students and problems of practice by working together and that 

the evidence produced through this work can inform and 
influence the district’s educational goals. 

V. CONCLUSION 

As we move into year two of our project, we continue to seek 
answers to research questions surrounding barriers to CS 
education in rural Mississippi, but we now understand that we 
are building an RPP prepared to implement solutions to 
overcome those barriers and to anticipate future problems of 
practice that impact broadening participation. We plan to work 
with this group to write a medium-sized NSF CS4All proposal 
to submit in the spring. Through the data gathered during this 
current project, we believe we can develop shared goals, 
respecting the priorities of each district and making a long-term 
commitment to work together to identify problems of practice 
around the implementation of CS education in a way that 
overcomes the identified barriers, causing a shift in perceptions 
of CS. 
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Abstract— Although most higher education institutions cater 
their programs to traditional college students, high school 
graduates or those in their early 20s, the adult-student population 
makes up most degree-seekers in the United States (U.S.). Adult-
student population, known as non-traditional students, includes 
students who are returning to postsecondary institutions after 
dropping out, working adults, formerly incarcerated individuals 
as well as professionals who want to turn life experience into 
college credit. With the influx of non-traditional students, higher 
education institutions must rethink and put in place strategies to 
better support these students. With this in mind, recruitment of 
non-traditional students in computing related fields is of great 
interest to increase the number of graduates to meet the future of 
the workforce needs in particular in the emerging technology 
(EmTech) fields. Therefore, we propose a panel to discuss 
opportunities for re-entry computing education and career paths. 
The panel of experts will share their respective re-entry programs 
to spark conversations and reflect on their work-in-progress. The 
objective of the panel is to share experiences, lessons learned, and 
ideas to create and promote initiatives to support structures for 
re-entry to the computing education and professional pipeline. 

Keywords— computing education; non-traditional students, 
formal and informal learning; academic degree; emerging 
technology 

I. SUMMARY 

While significant efforts have been made in recruitment, 
retention, and graduation of traditional students, particularly 
underrepresented minority groups, in computing related fields 
there is a fast-growing interest to bring non-traditional students 
into the computing pipeline through both formal and informal 
learning settings due to the rise of the non-traditional student 
demographic at colleges and universities across the U.S. 
According to the National Center for Education Statistics, 
enrollment in degree-granting colleges of students ages 25 to 34 
years old increased by 35% between 2001 and 2015. The 
enrollment is projected to increase by 11% between 2015 and 
2026 [1]. 

With the computing job industry projected to grow much 
faster than other industries over the next 10 years [2], some 
niches within the field, such as machine learning, data science, 
cybersecurity, mobile computing, AI/ML and etc., are expected 
to grow job opportunities more quickly than others. The 
demands for computing jobs throughout the nation can only be 
fulfilled by creating opportunities for the largest untapped talent 
pool, which is returning learners, meaning individuals who had 
a career break or wants a career switch to make their way back 
to workforce. In addition, formerly incarcerated individuals are 

part of the untapped talent pool too. By exposing them to in-
demand computer science (CS) skills in the area of emerging 
technology (EmTech), former prisoners will have a better 
opportunity to transition into the workforce with high wage 
positions and as such the less likely they will return to crime [3]. 
Hence, it is timely, and perhaps imperative to build the capacity 
of returning learners by enabling them to (re-)enter the 
computing related academic degrees, so they can fill the void of 
next generation computing jobs. However, academia has very 
strict decorum which offers little to no access to diverse 
pathways for returning learners to re-enter the computing related 
academic programs. Even though there has been an increase in 
the number of informal learning pathways to enter into 
computing fields, there is no solid evidence and understanding 
of how such informal learning paths facilitate adult learners to 
learn CS skills that enable them to rewrite their career paths [4]. 

To facilitate greater discussion on this critical, yet timely 
topic, we propose a panel with a goal to brainstorm and discuss 
best practices about – a) what do academic institutions lack to 
facilitate an easier transition of returning students, who may not 
have any relevant background, into computing/CS academic 
programs, b) what can be done by academic organizations to 
develop academic programs targeting non-traditional learners, 
c) what are the limitations of current computing/CS curricula for 
returning students to get into (or even enroll in classes with a 
focus on) EmTech topics, d) how do learners returning from 
career break interested in computing/CS, fit within today's and 
tomorrow's workforce consisting of many EmTech specialties, 
and e) what can academia, specific to computing/CS disciplines, 
do to create more inclusive environment and pathways for 
learners who are interested in returning to computing/CS related 
educational pipeline. 

II. POSITION STATEMENTS 

A. Elodie Billionniere (Moderator) 

As an Associate Professor at Miami Dade College, I lead 
efforts to raise cloud literacy in Miami-Dade County with a NSF 
ATE project Dade Enterprise Cloud Computing Initiative 
(DECCI) in partnership with Amazon Web Services. DECCI 
provides students with project-based learning opportunities and 
access to leading AWS technology, giving them a competitive 
advantage by strengthening academic offerings that lead to not 
only an academic credential, but also an industry certification to 
meet the workforce demand. Our Cloud Computing Center hosts 
all the cloud computing classes, summer bootcamps, accelerated 
training, workshops, and conferences.  



B. Quincy Brown 

As the Senior Director of Innovation Research at 
AnitaB.org., I lead efforts to support entrepreneurs and founders 
as well as research and evaluation activities. I was previously a 
Program Director for STEM Education Research at the 
American Association for the Advancement of Science and a 
Senior Policy Advisor in the White House Office of Science and 
Technology Policy. I am a co-founder of 
blackcomputeHER.org, which provides introductory data 
science skills and professional development opportunities to 
black women in technology.  

C. Farzana Rahman 

As an Associate Professor, I had developed and taught 
various courses mobile development, secure mobile computing, 
and mobile healthcare. I am the founder of BWCSE, the first 
platform, aiming to elevate the status of Bangladeshi women in 
computing research and education. The impact of this platform 
includes over 10 thousand female computing students using the 
platform and resources to advance their career to diversify the 
pipeline of computer science professionals. I directed a “tiered 
mentoring program” and an REU with the help of multiple 
industry grants to diversify the face of mobile development 
community  

D. Hyunjin Seo 

As an Associate Professor and Docking Faculty Scholar in 
the School of Journalism and Mass Communications at the 
University of Kansas, I serve as the founding director of the KU 
Center for Digital Inclusion. Currently, I am leading a National 
Science Foundation-funded program offering evidence-based 
technology education to women who were formerly incarcerated 
and are now restarting their lives outside the criminal justice 
system. Through this three-year project, my team is developing 
curriculum and online modules to broaden technology education 
to this and other underserved populations who are re-entering 
the tech workforce and education pipeline. 

III. PANEL STRUCTURE 

The moderator, Dr. Elodie Billionniere will provide the 
panel background and motivation and introduce the panelists. 
Each panelist will be given 10 minutes to present their respective 
positions. Dr. Farzana Rahman will share her expertise in 
designing and delivering effective strategies for re-entry into 
computing academic degrees through mobile computing related 
courses, bootcamps and informal learning paths. Dr. Quincy 
Brown will share the curriculum and insights about 
BlackcomputeHER Data Science Executives program re-entry 
of professional Black women. Dr. Hyunjin Seo will share her 
experience in developing and facilitating evidence-based 
technology education, in formal and informal settings, to 
formerly incarcerated individuals and are now restarting their 
lives outside the criminal justice system. Following the 
presentation, the moderator will facilitate audience discussion in 
small groups to brainstorm and identify a collective solution to 
various questions related to the challenges and lessons learned 
with the implementation of re-entry programs targeting non-

traditional students in computing discipline. Compilation of the 
group discussion documents with the list of the top three 
challenges/strategies will be identified for each question and the 
floor will be open for further discussion as a whole group. We 
will create a mailing list consisting of interested panel 
participants to stay connected after the conference and to share 
the panel summary with discussion points.  

Through this panel, we aim to reach a broader audience who 
is interested in advancing the current state of knowledge and 
understanding on what will support non-traditional learners to 
reenter computing discipline. Hence, upon completion of this 
panel, the attendees will have access to a networking community 
of educators and industry professionals whose expertise is to: 

• identify what academia lacked before, what it lacks now 
and what can be done by academic organizations to 
develop academic programs targeting non-majors and 
non-traditional students. 

• identify limitation of computing and/or CS curricula to 
have a concentration in (or even enroll in classes with a 
focus on) emerging technology such as cybersecurity, 
data science, cloud computing and etc. 

• explore and identify barriers and challenges for re-entry 
computing and/or CS discipline. 

• identify strategies used currently to reenter the 
educational pipeline of computing and/or CS discipline. 

• discuss interest-based learning approaches for adults 
who lack prior experience in computing and/or CS 
discipline. 

• list out existing programs, 2 year to 4-year transitional 
programs, informal learning settings and skill building 
opportunities for computing and CS discipline. 

• facilitate greater dissemination and exchange of 
expertise, which can generate effective and innovative 
pathways for re-entry in computing and/or CS 
disciplines. 
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Abstract—There is a looming shortage of computing 
professionals in the United States and globally. The shortage of 
women and minorities further exacerbates this shortage. 
Community colleges are inherently diverse spaces and can play 
a significant role in broadening participation in computing 
(BPC) as well as in adding more graduates to the field. This 
panel will discuss strategies to include community colleges as a 
key partner in the conversation on broadening participation. In 
addition to the broader efforts, the panelists will discuss BPC 
efforts at their institutions. 
 

Keywords—broadening participation in computing, women in 
tech, minorities in tech, community college 

 

I. THE PROBLEM AND THE SOLUTION 

Data from the National Center for Women & Information 
Technology (NCWIT) show that by the year 2026, the 
number of computing related job openings in the US are 
expected to be 3.5 million. Yet, only 19% of these jobs will 
be filled by students graduating with a bachelor’s degree—
leaving a large gap. The computer science & information 
technology job sector is growing fast yet institutions of 
higher education have been unable to produce enough 
graduates to meet this growing demand. The lack of women 
and other underrepresented minorities reduces an already 
diminished workforce much further. 

Institutions of higher education—both universities and 
community colleges—can work to bridge the diversity and 
workforce gap through collaborative efforts. In this panel, 
the panelists will discuss include strategies to build a more 
diverse student body and resources to attract more women to 
computer science/information technology at community 
colleges while building pathways to the university. The 
panelists will discuss resources—at the local and national 
level— that can be utilized by institutions of higher 
education, in particular community colleges, while designing 
and developing curriculum, spaces, and activities to draw 
more minorities and women into the field. 

Most importantly, the panelists will discuss the key role 
of community colleges in the BPC conversation, including 
the outcomes from a workshop held at Google in January 
2018— the Authentic Inclusion of Community Colleges in 
Broadening Participation in Computing workshop. 

II. PANELISTS 

AMARDEEP KAHLON (MODERATOR) is a Professor of 
Computer Science and director of Fast Track to Success at 
Austin Community College. She firmly believes that 
community colleges can play a key role in broadening 
participation in computing. Compared to a four-year school, 
the community college population is very diverse, not just in 
ethnicity, race, age, and gender but also in levels of 
educational attainment. It is imperative for community 
colleges and four-year schools to work together to remove the 
barriers to transfers thereby increasing the diversity and the 
numbers of CS/IT graduates. Her work at the community 
college includes directing a successful Women in IT program 
and articulation pathways and share will share the lessons 
learned from these experiences. 
 
DEBORAH BOISVERT, Executive Director of BATEC 
Center for Computing at UMass Boston, is dedicated to 
broadening participation in computing through professional 
development for educators, problem-based learning for 
students, and strategic planning for education, industry, and 
government. She serves on the Steering Committee for 
CSforMA, a coalition of education (PK-12 and Post-
Secondary), business, industry, government, and community 
leaders dedicated to ensuring that ALL K-12 students in 
Massachusetts receive high-quality instruction in computer 
science in every grade level from Kindergarten through 12th 
grade.  She believes that a holistic system of problem-based 
coursework and multiple touchpoints in an upward 
trajectory must interweave awareness, preparation and 
advancement throughout the academic and work-based 
learning components to increase the success of minority 
students. This belief has accentuated the need for 
community colleges as an integral part of the Broadening 
the Participation conversation. 
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LORI POSTNER is Professor of Computer Science at 
Nassau Community College, a part of the State University 
of New York (SUNY). As an attendee at the NSF 
workshop held at Google, as well as a participant in the 
Lighthouse for CS online course for community college 
faculty, she has become passionate about ways to broaden 
participation in computing through community college 
involvement. She is the Co-PI on an NSF grant focused 
on incorporating HFOSS (humanitarian   free   and   open   
source software) into the computing curriculum. By using 
the lens of computing for social good, she hopes to attract 
students from traditionally under-represented populations. 
As a community college professor, she has a diverse 
population of students and sees the opportunity to change 

the landscape of who enters and persists in computing. 
She is also acutely aware of the challenges that 
community college students face completing their degrees 
and transferring to 4-year programs. 

III. REFERENCES 

[1]  J. Juszkiewicz , “Trends in Community College Enrollment and 
Completion Data”, Washington, DC: American Association of 
Community Colleges, November 2017. 

 
[2]  C. Calhoun, D. Boisvert, J. Denner, W. DuBow, A. Kahlon, L. Lyon, M. 

Williamson “The authentic inclusion of community colleges in 
broadening participation in computing: A workshop report” Gainesville, 
FL: Santa Fe College. December 2018. 

 



LIGHTNING TALKS 
 
2020 Research on 
Equity and Sustained Participation in 
Engineering, Computing, and Technology 
(RESPECT) 
 
Portland, Oregon & Online Virtual Conference 
March 11, 2020 
 
 
 
 
 
 
 
 
 
 
 



 978-7281-7172-2/20/$31.00 © 2020 IEEE  

The MSCS New Pathways Consortium – a National 
Invitation 

 

Carla Brodley   
Khoury College of Computer Sciences  

Northeastern University  
Boston, MA, USA  

c.brodley@northeastern.edu 

 
    

Jan Cuny 
 Khoury College of Computer Sciences 

Northeastern University  
Seattle, WA, USA   

j.cuny@northeastern.edu 
 

Abstract— High tech is the U.S. economy’s fastest growing 
sector. Yet, the current tech talent pipeline falls far short of 
meeting demand. What’s more, the demographics of the tech 
workforce remain stubbornly out of sync with the overall 
population. This is in large part because our education system 
still struggles to attract diverse people into computational 
disciplines. Women represent more than 50% of Bachelor’s 
degree recipients, but only 19% of computer science (CS) 
graduates. Similarly, underrepresented minorities represent 
25% of Bachelor’s degree recipients, but just 10% of CS 
graduates.  The diversity of thought, race, background, and 
gender in CS is essential to building a robust, high quality, and 
ethical tech sector.  

One place where innovation might bridge the gap – a place 
historically overlooked by higher education – is the Master’s 
degree. Since 2013, Northeastern University’s Khoury College 
of Computer Sciences has been testing, refining, and growing 
the Align program, a Master's of Science in computer science 
(MSCS) for people who studied something other than CS as 
undergraduates.  

The goal is to create a new pathway or onramp to CS for all 
students, paying particular attention to the recruitment and 
success of women and underrepresented minorities. In mid-
2019, we launched the MSCS New Pathways Consortium – an 
effort to collaborate with colleges and universities across the 
country to scale this approach. Here, we invite others to join the 
Consortium and, together, make the MSCS the new MBA, a 
professional degree that people can access regardless of prior 
experience and knowledge of computing.  

Keywords—Computer science education; diversity; non-
majors 

 

I. NORTHEASTERN’S ALIGN PROGRAM 
Align [1] is novel in several ways 

1. Students start the program with an intensive two-
semester bridge. The bridge brings students from 
any discipline up to speed, preparing them to take to 
take Master’s level CS courses right along with 
students who were CS majors as undergraduates. 
(Students who are concerned with the depth or 
recency of their Math backgrounds can opt for a 
two-week Math Prep seminar before their first 
semester.) 

2. Students also have the opportunity to enhance their 
degree work with experiential learning in the form of an 
internship or co-op, usually after the second of the three 
semesters in the MS program. A great learning 
opportunity, it also provides them with proof of their 
newfound skills for their resume.  

3. The Align staff provides specialized marketing and 
recruiting that reaches prospective students who 
represent a diversity of background, socioeconomics, 
race, ethnicity and gender. They also provide all students 
with an inclusive environment and a range of academic 
support and career advising that ensures their success. 

From a start in Seattle with just 11 students in 2013, the 
program has grown quickly. It is now offered at four sites in 
the Northeastern University Network: Boston, Seattle, 
Silicon Valley, and San Francisco; three additional sites, in 
Vancouver, Toronto and Portland, ME will open in academic 
year 2020-2021.  As of this semester, 1016 students are 
enrolled and 195 have graduated. The students have come 
from more than 100 different undergraduate disciplines, 
ranging from history and biology, to fine arts. Of the currently 
enrolled population: 48% identify as women, and of the 
domestic students, 21% are from the groups traditionally 
underrepresented in CS.  The Align program is now 
experimenting with ways to incorporate research experiences 
along with possible program modifications to support 
students who may want continue on to a Ph.D. program.  

We began this work with the premise is that CS skills are 
essential to our economy – today every company is a tech 
company – and that the MSCS degree should be made 
accessible to graduates from any discipline, much like the 
MBA or JD. The MSCS degree, however, won’t achieve 
MBA or JD-like status through the efforts of Northeastern 
alone. A much larger community is needed. 
 
 

II. THE MSCSNEW PATHWAYS CONSORTIUM 
To begin building that larger community, Northeastern has 

joined with four other institutions – Columbia University, the 
Georgia Institute of Technology, the University of Illinois 
Urbana Champaign, and the University of North Texas – to 
form the MSCS New Pathways Consortium. The Consortium 



is an open-source, collaborative, and precompetitive effort to 
establish accessible onramps to MSCS degrees for a broad 
range of individuals across the United States.  

Members of the consortium may have very different 
implementations of their MSCS programs but they share the 
common goal of making their programs broadly accessible 
and they share a common set of values and practices: 

On-ramp. We will design Master’s programs that have 
on-ramps that meet individuals where they are at and 
then catch them up such that they can enter the traditional 
direct-entry MS in CS programs and ultimately be 
competitive in the marketplace.  

Diverse. We employ outreach and recruitment strategies 
in pursuit of a student body with demographics that 
match those of the overall   United States undergraduate 
population - 85% domestic, 50% women, 25% 
underrepresented minorities.  

Pedagogical. We will recruit faculty who are motivated 
by a diverse audience, do not ascribe to a “geek gene,” 
and are interested in building a more inclusive tech talent 
pipeline.  

Co-curricular support. We will complement dedicated 
faculty with student advisors who work closely with 
students and who support them in particular during the 
on-ramp.  

Transparency. On a regular basis, we will share with 
one another – in a format that is comfortable and 
appropriate for each institution – information regarding 
enrollment, demographics, student performance, etc. 
And, where possible, we will collaborate to share our 
learnings more broadly, for example speaking at 
conferences and writing articles.  

The Consortium will be structured much like a Networked 
Improvement Community (NIC) as promoted by the 
Carnegie Foundation for the Advancement of Teaching [2]. 
That is, Consortium members share a common goal with 
specific, measurable outcomes, and they collaborate to 
develop best practices in achieving that goal, aiming not just 
to understand “whether some practice works,” but to 
understand “how to make it work reliably and across a range 
of universities and colleges.” We expect that the Consortium 
will be a source of innovation, providing social connections 
to accelerate testing and understanding new approaches to 
recruitment, curriculum, teaching, and student support 
services across different academic environments. This will 
allow institutions to choose among innovations and best 
practices wisely, adapt them appropriately for their local 
environment, and identify where innovation is needed. It is 
our hope that these joint efforts will speed the development 
and deployment of additional MSCS programs across the 
country. 

III. THE INVITATION 

We invite and encourage other universities and colleges to 
join the MSCS New Pathways Consortium and, together, be 
a part of building a dynamic and collaborative consortium of 
colleges and universities across the country that will make the 
MSCS like the new MBA – accessible to all.  
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Abstract—Capture the Flag contests are a common way to 
develop and exercise cybersecurity skills.  One of the ways to reach 
underrepresented groups, such as women and minorities, is 
provide learning options that reduce cultural bias.  This research 
used a game framework designed for the participants to build a 
series of Capture the Flag challenges together and create an 
original Capture the Flag competition for their peers at a 
university or conference to play.     

Keywords— CTF, cybersecurity, adaptive gamification, design  

I. INTRODUCTION  

Gamification, or using game-type elements in non-gaming 
contexts, has the potential to improve user experience and 
engagement [1]. Electronic versions of Capture the Flag (CTF) 
contests have been adopted as a popular gaming model in the 
cybersecurity community and cybersecurity education.  The 
games are used to develope and exercise cybersecurity skills and 
recruit [2]. These contests generally have themes and test 
different capabilities in teams or for single competitors.   Like 
the rest of cybersecurity, CTF contests typically attract fewer 
underrepresented minorities [3].  The games reflect the interests 
of the designers, who are usually established cybersecurity 
professionals rather than underrepresented minorities [4]  

Women and underrepresented minorities have not been 
attracted to cybersecurity programs and computer science in 
general, resulting in a lack of diversity in the potential 
workforce [5].      One of the ways to reach underrepresented 
groups, such as women and minorities, is provide learning 
options that reduce cultural bias [6]. Cybersecurity education 
researchers Codish and Ravid advocated for adaptive game 
framework that allows a game to be tailored to users of the 
game [7].   A tailored game has greater potential for greater 
enjoyment and engagement, which is key both in cybersecurity 
education and recruitment  [8].    However, games in general 
reflect the gendered bias of the designers in the portrayal of 
characters, and in the style of activities [9].   Putting 
underrepresented minorities in the designer’s role has resulted 
in designs that are more inclusive for all [10].  

 
This research used a game framework designed for the 

participants to build an original Capture the Flag game for their 
peers at a university or conference to play. The platform not 
only captures the competitor’s performance, but also gives the 
creators feedback on which challenges are most popular and 
effective.   

Experiential learning theory provides students with a four 
step process that moves from concrete learning experience to 

contemplation and conceptualization, and finishes with active 
experimentation [11].   Using a stable technology platform to 
deliver the game content, this research frees the participants’ 
creativity to devise the challenges from story and visual 
perspectives. Finally by taking on the “creating” role in 
Bloom’s taxonomy the participants achieve the highest level 
learning that has the greatest longevity [12].  

. 

II. BACKGROUND 

The research of gamification in many disciplines including 
Science, Technology, Engineering and Math (STEM) has 
resulted has resulted in the recognition of the need for adaptive 
gaming to achieve the greatest efficacy [13].   While games 
cannot be one size fits all [1], there are design principles that can 
be applied to improve engagement [14].   Furthermore though 
the popularity of gamification is growing, resources to support 
the game delivery are scarce, and open source is a key option to 
support such sharing [1].  To achieve the high level of user 
acceptance and learning,  the learning must be like playing [15].  
Even outside the academic setting, user evaluation shows game-
based learning models have a high level of acceptance if 
enjoyment is adopted as a design principle. [16].   

III. THEORY 

     This research used  design science research (DSR) approach, 
which is research into or about design using design as a research 
method or technique [17].  It can be an iterative process, as 
information from an evaluation influences the design of another 
element [18]. In this research an artifact consisting of a mobile 
application with an administrative interface was created used to 
deliver the game content.   
 
     Choosing the design science approach is common in 
gamification research  [19].   The artifact created to instantiate 
the research content provides a user interface to experience the 
game, and an instrument to directly collect data about the 
experience [20].    For adaptive gaming the iterative approach 
of DSR based on the evaluation of the collected data mirrors the 
adaptive nature of the framework.  

IV. PROCEDURE 

    The participants agree on a theme for their CTF game.  The 
participants then form teams of 2-3 people and choose a 
cybersecurity challenge to     deliver.  A list of common 
cybersecurity challenges tested in CTF games was provided 
including the following:   encryption, SQL injection, Python, 



UNIX statements, etc.  The teams chose from the list or create 
their own.   The teams then choose a character related to the 
theme of the game who will provide backstory for their 
challenge.    A challenge has a “flag” associated with it that can 
be an answer to question, entry of a string of characters, or the 
correct identification of an image.    The teams also find free-
for-use graphics or create original graphics to identify their 
character and enhance the visuals of the game.   The game 
platform is built on the Google Firebase Platform.   The 
Firebase platform supplies an area to store files, a database 
component, and an authentication component.   The game 
content is a series of entries in a database, with Angular JS 
(JavaScript) screens.  A sample version of the game can be seen 
in Figure 1, in this case a superhero theme.   At the end of the 
game the competitors are invited to give feedback only for the 
challenges they completed.  (Figure 1) 
 

             
Fig 1:  Home Screeen (left) and Final Screen (right) of Adapted CTF game 
 
      After the game is constructed, a link to the content is created 
and can be distributed to invite more participation.  At the end 
of an agreed upon time-period, scores are calculated and 
winners announced.  Game designers also can receive 
recognition based on how the challenge was perceived.          

V. DISCUSSION AND FUTURE DIRECTIONS 

     The first iteration of the adaptive game framework revealed 
some things to be addressed.   The selection of challenges 
adjusted so that all the challenges are at least attempted.  To 
further the enjoyment of the games, scores and a leaderboard 
need to be more prominent [21].          
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Abstract—CSEdResearch.org was originally conceived in order
to collect data necessary to discover empirically-based best
practices for teaching K-12 computing across the demographic
spectrum, with an eye towards improving the efficacy of out-
reach activities and curriculum for underrepresented groups.
This resource includes evaluation instruments for computing
education and a repository of articles related to K-12 computing
education with the capability of filtering by demographic, such as
gender, race/ethnicity, and disabilities. Instructors, researchers,
and evaluators interested in inclusion and diversity in computer
science education can use the CSEdResearch.org resources to
quickly find relevant articles and evaluation instruments. The
site is easy to engage in as a contributor and as an end-user. We
encourage continued collaboration and feedback from users as
this resource evolves.

Keywords—K-12, research, evaluation, inclusion, diversity, re-
source

I. INTRODUCTION

CSEdResearch.org was created for the purpose of investigat-
ing how underrepresented groups are faring in K-12 computing
education and how early exposure affects their post-secondary
course and major choices [1], [2], [3]. The primary features
of the site assist in conducting this type of research.

The dataset foundational to this work currently has data cu-
rated from over 600 published articles (2012-2019), with more
continually being added. The publication venues include ACM
International Computing Education Research, ACM Innova-
tion and Technology in Computer Science Education, ACM
SIGCSE Technical Symposium on Computer Science Educa-
tion, ACM Transactions on Computing Education, Frontiers
in Education, IEEE Global Engineering Education Confer-
ence, IEEE Transactions on Education, Journal of Educational
Computing Research, Koli Calling, and Taylor & Francis’

This material is based upon work supported by the U.S. National Science
Foundation under Grant Nos. 1625005, 1625335, 1757402, 1745199 and
1933671.

Computer Science Education1. The data includes student and
teacher demographics and searches can be conducted on this
data (and more).

Using this resource can save users precious time when
searching for research relevant to and for dissemination of
their own research. This resource is continually expanding to
include materials and search mechanisms for a variety of K-12
students, including learner groups of various abilities, genders,
socio-economic status and races/ethnicities.

Within this extended abstract, we articulate the primary
features of the site that enable this process, including a refined
search system for related articles, a refined search system for
evaluation instruments, how to access our data for your own
studies, and how to contribute to the dataset.

II. ARTICLE SUMMARIES

Users can perform searches of articles related to K-12
computing education using the convenient filtering on the
demographics of the students or teachers that you would like
to learn more about (see Figure 1). This is a quick way to
save time finding articles, for example, related to girls learning
computing in summer camps or boys learning programming
using e-textiles.

The analysis being performed on the data has allowed us to
consider longitudinal trends for various demographic groups
[4]. For example, we learned that less than 5% of studies report
data on disabilities of participants in research studies. We will
continue to track this data over the next few years to call out
trends and inform researchers how reporting in these areas can
be improved.

III. EVALUATION INSTRUMENTS

Every program, be it a new integrated computing curricu-
lum or an after school outreach activity, often requires an
evaluation to determine how it impacted students, teachers,
and/or others peripherally involved in the process. This could
be funded or unfunded based on the needs of the program.

1The Workshop in Primary and Secondary Computing Education is cur-
rently being added to the dataset978-1-5386-5541-2/18/$31.00 c©2020 IEEE



Fig. 1. Categorized article data make it easy to locate K-12 articles focused
on specified demographic groups.

Fig. 2. Categorized evaluation instrument data make searches easy.

CSEdResearch.org’s site provides the capability for users to
quickly find useful evaluation instruments that have already
been created and used. Some of these have existing evidence of
reliability and validity. These instruments have been manually
curated and tagged appropriately and users can find relevant
instruments by selecting appropriate filter criteria (see Figure
2).

IV. AVAILABLE DATA

The data curated for CSEdResearch.org is available to the
public. Although not in a centralized public repository at the
moment, researchers who would like access to the data can
contact our team. We can provide a fully copy of the dataset,
or we can provide a subset of data in .csv delimited files.

V. CONTRIBUTING TO THE DATASET

Though much of the data is curated manually based on the
pre-specified journals, users can also submit their own articles

and evaluation instruments for addition to the growing set of
data.

We also provide a mechanism for giving feedback and
ideas on improving the site for those performing research on
diversity. By providing this important feedback, we can make
the site even more meaningful for the CS education community
studying underrepresented groups. As the site evolves and
becomes more used within the community, the potential exists
for improving the quality and the dissemination of research on
diverse student learners.

VI. CONCLUSION AND FUTURE WORK

The CSEdResearch.org dataset is a project dedicated to
improving high quality research in K-12 computing education.
We seek to drive this research forward so that the community
can start to develop a better understanding of what works for
various demographic groups based on empirical evidence. This
data and the site is a free resource to the community that is
continually be improved to better meet the needs of researchers
in achieving this goal. Near future work includes:

• User login capabilities for providing feedback on evalu-
ation instruments

• Capabilities for administering surveys directly from the
site

• Capabilities for adding articles to the dataset to further
increase article dissemination

• Dynamically generated heatmaps of the data embedded
into the site

• Additional research guides
• Sharing the data through jyputer and/or github
We will continue to update the community on progress as

the site continues to grow.
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Abstract—We developed and piloted a new course titled Com-
puter Science Teaching Methods (CSM) in the fall semester of
2019. This course was based on materials developed from a
previous program that trained high school teachers in compu-
tational thinking and programming through LSU’s Cain Center.
Pedagogical content knowledge informed the design of this
course. Also, data gathered from teacher and instructor inter-
action at multiple sites during the summer STEM professional
development program contributed to the courses’ design. The CS
Methods course targeted undergraduate computer science majors
who were considering a career in teaching or who were interested
in CS pedagogy. We encountered several challenges recruiting
and retaining students and found that computer science students
attracted to teaching careers do not fall into the stereotype
of most computer science majors. Participation of women was
higher than the average undergraduate CS courses. A disconnect
appeared between the pedagogical practices promoted for teach-
ing computing at the high school level and those being practiced
at the college level. After learning about the 5E pedagogical
model for teaching computing, students expressed interest in the
potential of using more student-centered instruction, not only for
high school instruction, but also for their own college courses.
An area of disconnect also emerged in the programming formats,
as all the students were comfortable with Java but all were
unfamiliar with popular block-based programming platforms,
such as Scratch. The transition from the CS curriculum taught
in high schools to what follows in college needs to be smoother.

Keywords: computational thinking, computer science teach-
ers, Research Practitioner Partnership

I. INTRODUCTION

In the fall of 2019, Louisiana State University (LSU) ran
the first pilot of a new undergraduate course for computer
science students interested in becoming K-12 educators. LSU
is a UTeach replication site, and this course is intended to be
the first one in a sequence to earn a teaching certification along

Acknowledge support of the U.S. Department of Education Supporting
Effective Educator Development award No. U423A180139.

with their CS undergraduate degree. Its design was informed
by experiences gained in the LSU STEM Pathway’s Summer
Teacher Training Institute, which began in 2017. Teachers at
the summer institute undergo a six-week intensive training in
which they learn the content and pedagogy of a course in the
Computing STEM pathway.

This course was not an isolated effort, but it is part of a
Research-Practitioner Partnership (RPP) with a local school
district. The RPP allows the student-teachers to observe,
practice teaching, and receive mentoring from current in-
service teachers who were trained at LSU’s summer institute.
Through the curriculum and RPP the teachers and pre-service
student teachers bring computer science education to all the
students in the district. Through the sharing of student data,
lesson feedback, and observational pre-service teacher lesson
execution, a feedback loop for course refinement is generated.
The student outcomes are reviewed and the analysis is used
to improve both the training of in-service and the pre-service
teachers. This CS education model might also be of interest
to researchers on equity and access in STEM education.

Although CS enrollment at LSU has almost doubled over
the last five years, LSU’s undergraduate STEM teacher prepa-
ration program (GeauxTeach) and LSU’s four graduate pro-
grams for teachers did not offer an introductory computational
thinking or programming course before the 2019-2020 aca-
demic year. The Computer Science Teaching Methods (CSM)
was closely structured after the LSU Computing Pathways
Program. The Computing Pathway provides high school stu-
dents an opportunity to enroll in a series of elective project-
based courses which lead to a career-tech diploma or to
an enhanced university-prep diploma. LSU STEM Pathways
Program has an introduction to computational thinking and
programming course embedded in each of its four branches:
Pre-Engineering, Digital Design and Emergent Media, Com-
puting, and Biomedical Sciences. The pathways are designed978-1-7281-7172-2/20$31.00 ©2020 IEEE



to provide high school students with a background in CS.
An area of critical shortage in our state has been the supply
of teachers with training in CS and specialized STEM disci-
pline, like engineering. Very few computer science teachers
graduated from Louisiana universities in recent years [1]. The
development of the CSM course is a first step in creating a
CS teacher certification program at LSU.

II. COMPUTER SCIENCE TEACHING METHODS COURSE

The course covers four units: (1) pedagogical content
knowledge for secondary CS; (2) the 5Es pedagogical model;
(3) self-paced learning and teaching of an introductory high-
school course; and (4) a field teaching experience, which is by
no means exhaustive, given that the area of K-12 CS pedagogy
has many topics to investigate [2], [3].

In the first unit, we covered the seven big ideas from the AP
Computer Science Principles framework, as well as standards
and guidelines for teaching CS, and specific high school
professional practices, such as managing students’ classroom
use of computers, strategies for fostering student collaboration,
and techniques for maintaining student productivity.

The second unit is focused on the 5E instructional model.
This was selected to align the CSM with the current structure
of LSU’s GeauxTeach program.

The third unit placed the college students into a hands-
on learning approach to the abridged Introduction to Com-
putational Thinking (ICT) high school curriculum. ICT is
focused on the concepts of programming with mathematical
connections to Algebra 1, in which most of the state’s ninth
graders are concurrently enrolled. The undergraduate students
began preparing to teach by creating a lesson to teach to their
fellow classmates. Each lesson was then peer reviewed.

The final unit focused on a pre-service field teaching ex-
perience. Students attended a local high school and observed
a classroom for two days. Then they prepared a lesson from
ICT and spent three class days teaching it to the classes they
had previously observed.

III. QUALITATIVE RESEARCH STUDY

Five CS majors with no prior teaching experience, lesson
planning, or learning theory instruction completed the course.
Two of five (40%) students were female. The course instructor
is a computer scientist and course developer with multiple
years of experience teaching high school CS courses. We con-
ducted a post-course research study that sought to understand
students’ attitude and opinions on the course. We distributed
an online survey, and conducted individual interviews with ten
questions centered around three broad research questions:

1) How do CS undergraduate students describe the simi-
larities and/or differences between the CSM course and
other undergraduate CS courses?

2) How do CS undergraduates describe their learning of
CSM after completing the CSM course?

3) How do CS undergraduate students describe their expe-
rience with the 5Es instructional model after completing
the CSM course?

We transcribed interview data to text, imported the text into
a qualitative coding platform and distributed out to researchers
for individualized coding. We coded each response to ac-
curately reflect the attitude and opinion of the interviewees.
Following coding, responses were merged to help identify
broad patterns and overarching themes. We will use the data
to inform quality improvements of the course.

Four of the five students liked the course. Three of five
found the course useful. All students reported their field
teaching experience as the accomplishment they were most
proud of. All but one student saw the course as valuable.
Most students reported the amount of course work was higher
than other CS courses. Four of five students believed that
they gained skills in teaching, lesson planning, and time
management. Adapting to the 5Es instructional model, in
contrast with traditional, lecture-based CS courses, was viewed
as a challenge.

The 5Es instructional model was novel to both the CSM
instructor and the students accustomed to traditional lecture-
based formats. At LSU upper-level-undergraduate CS courses
tend to be large (50 or more students) and students passively
listen to the instructor lecture. The CSM classes were taught
using the 5E model. The students reported that the student-
centered, high participation format of 5E model was unfa-
miliar and at times disconcerting. Student overall feedback
reported positive experiences with 5Es Engagement, the first
phase, aimed at quickly provoking learners’ interest. However,
frustration ensued during Exploration, the second phase, be-
cause coding nuances necessary for meaningful exploration go
missing unless the instructor slightly modifies 5Es to include
scaffolding with starter code.

IV. CONCLUSION

With the growing STEM economy and demand for
computer-capable citizens, school districts are exploring in-
novative curricular approaches. However, the critical shortage
of educators with STEM training severely limits statewide
access. University-based teacher preparation programs have
a critical role to play in reversing this situation by offer-
ing computational thinking and programming content and
pedagogy courses for all candidates, and setting appropriate
participation expectations for program completion. Programs
to certify STEM majors, and in particular CS majors, might
need to emphasize the merits of a student-centric pedagogy
which most students have not experience in their secondary
or post-secondary education. The new course proposed here is
the first step towards fulfilling the needs of pre-service K-12
teachers to prepare the next generation of computing literate
citizens.
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Abstract— Broadening participation and increasing equity in 
computer science (CS) have been goals of the computing field for 
decades. Initiatives seeking to increase access to CS have led to an 
increase in elementary schools teaching computational thinking 
(CT), but students are often instructed by classroom teachers who 
have no formal training in CT or CS. Our project prepares in-
service and pre-service elementary teachers to integrate CT into 
their science lessons. While our overall goal was to increase CT 
access for all students, we found some teachers enacted CT in ways 
that did not always provide equal access to all students. Although 
our professional development adopted a CS for All approach, 
without explicit supports, a group of teachers implemented CT in 
ways often upholding the current trends of inequity and power 
structures within CS. Our findings suggest teachers would benefit 
from explicit support to provide opportunities for students 
currently underrepresented in CS and to offer more equitable 
opportunities to students regardless of their CS background.  

Keywords—computational thinking, professional development, 
equity, computer science education, science education 

I. INTRODUCTION 

Computer science (CS) historically and presently is 
characterized by an underrepresentation of women, people of 
minoritized races and ethnicities, and people with disabilities 
across the school to career pipeline [1]. CS for All has become a 
rallying cry for increasing CS opportunities across students’ 
educational experiences. To help students learn CS, 
computational thinking (CT) is introduced to teach “the thought 
processes involved in formulating problems…so that the 
solutions…can be effectively carried out by an information-
processing agent” [2]. Exposure to CT in elementary school  
gives students a foundation on which to pursue CS through their 
education and possibly into their career choices [3].  

To work within the time constraints of a school day and the 
multidisciplinary nature of CT, educators are integrating CT 
education throughout the curriculum [4].  For this integration to 
be successful, elementary teachers need support in CT during 
their teacher education program or professional development 
(PD). Current efforts provide teachers with learning experiences 
in knowledge of CT concepts, tools, and practices including the 
role of CT in everyday life and CT pedagogy. However, 
researchers have recently begun to investigate how to support 
teachers to integrate CT into their disciplines [5], [6].   

We offer exploratory data of how teachers presented CT to 
their students and the equity challenges they faced. Our findings 

suggest teachers would benefit from more explicit support to 
integrate CT equitably and provide opportunities that break 
down gendered and ableist power structures in CT.   

II. METHODS 

Our project supports teachers to integrate CT in elementary 
science. Pre-service and in-service teachers met once per month 
for four months to discuss the core practices of CT and design 
CT infused science lessons. In total, 40 teachers participated (37 
women, 3 men; 21 pre-service, 19 in-service). At the 
culmination of the PD, teachers wrote and implemented a CT-
infused lesson plan in their science classes. 

We analyzed researcher field notes and teacher focus group 
transcripts. Multiple researchers recorded field notes during and 
following each session. In the final PD session, teachers shared 
their experiences in focus groups of 2-5 teachers and a 
researcher. These focus groups were audio and video recorded, 
and professionally transcribed.  

These data were analyzed inductively. First, researchers 
used open ended initial coding [7] to note areas of interest 
related to equity and teacher attitudes in the lesson plans. The 
researchers met to discuss their inductive coding and determine 
a codebook [7]. Then, a researcher coded the data using a set of 
codes derived from the open coding: teacher understanding, 
perceived student ability, students overcoming expectations, 
giving technology to tech-oriented students, student experts, and 
opportunities for advanced students. Based on this coding, two 
major themes emerged: Opportunities for Advanced Students 
and Using Students as Experts.  

III. FINDINGS 

Within the data, we found six teachers discussed providing 
Opportunities for Advanced Students and eleven teachers Using 
Students as Experts. In the following sections, we present these 
two themes. For clarity and length, these trends are explored as 
representative cases of two teachers’ CT integration.  

A. Adrienne: Opportunities for Advanced Students 

Adrienne is an in-service teacher who teaches 3rd grade and 
has been teaching for 15 years. She teaches at a school with 
10.3% students with disabilities, 41.3% students receiving free 
and reduced priced lunch, and 10% English Language Learners. 
Her school is 80.3% underrepresented minorities. In her lesson 
plan, Adrienne focused on data analysis. She led a simulation 
game about fish finding resources within their habitat. The class 
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collected data and analyzed the changing population by creating 
a graph. While in this lesson plan Adrienne gave her full class 
the opportunity to engage in CT through data analysis, on 
multiple occasions, Adrienne discussed giving more complex 
CT opportunities to her advanced students. Researchers noted 
that Adrienne discusses integrating CT by highlighting CT as an 
“opportunity for above average students to learn…[and] 
explore at their own pace.” Adrienne mentioned in the focus 
group that, “it’s good for TAG [Talented and Gifted] students. 
Because I use computational thinking as extensions all the 
time.” These comments indicate Adrienne viewed CT as most 
beneficial to her advanced students and as an extra activity for 
students who finished early or needed a challenge.  

B. Eleanor: Using Students as Experts 

Eleanor is a 3rd grade in-service teacher with 13 years of 
experience. She teaches at a school with 8.8% students with 
disabilities, 9.9% students receiving free and reduced priced 
lunch, and 11.6% English Language Learners. 21.1% of her 
school is underrepresented minorities. Eleanor began Scratch [8] 
activities  with her entire class by integrating the activities into 
science and other disciplines. Yet, the experience of integrating 
Scratch was not always smooth for Eleanor. When Eleanor 
shared her experiences, she “was frustrated with not being able 
to help” with questions about programming in Scratch. Instead, 
Eleanor assigned three students to be the experts in the class. 
This contributed to an expert student wanting to “make his own 
[Scratch] account” based on his leadership experience. Eleanor 
reports, “she would do it [Scratch] again and that the kids loved 
it,” but she hopes “to be more knowledgeable next time so she 
can help students more.”  

IV. DISCUSSION 

When the teachers included CT in their lesson plans, the 
implementations of some resulted in mixed success regarding 
our CS for All goals. While we aimed to get all students involved 
in CT through integration in elementary science classes, teachers 
needed more support to break down the structural inequities 
within the broader computing field. One possible explanation for 
teachers implementing CT this way is we included only limited 
conversations on how to create opportunities for all students and 
how using CT selectively can perpetuate structural inequity. 
Additionally, we did not provide teachers with enough 
pedagogical and tool knowledge and some teachers were only 
prepared to use CT as extensions or opportunities for students 
who already had the skills. Teachers gave Opportunities to 
Advanced Students who did not need assistance and Used 
Student Experts to help other students. Unfortunately, in doing 
so, the teachers may have signaled to students who among them 
was good at CT. Teachers often referred to their experts with 
“he” and “him,” highlighting the choice of boys as experts. 
Additionally, the students who were selected as experts had 
often been exposed to programming outside of school.  

Teachers would benefit from more support in developing 
content knowledge and pedagogical knowledge of how to 
integrate CT with their students, as well as knowledge of CT 
tools to support all students in learning and using CT rather than 
advanced or experienced students. Based on our experiences we 
recommend PD opportunities provide teachers with:  

• Strategies for utilizing expert students in a manner that 
does not inadvertently signal only certain students are 
knowledgeable in CT 

• Explicit discussions about underrepresented groups in CS 
and the stereotypes around who is capable of CT  

• Structure during co-design lesson planning to allow 
teachers to think through CT implementation challenges 
with a researcher familiar with CT  

• Support in answering questions that come up during CT 
integrated lessons and time to share questions that have 
come up within classrooms 

• Concentrated support on the practices perceived to be 
more difficult such as systems thinking and programming 

To meet the CS for All goals of our project and the broader 
community, teacher education programs need to have explicit 
conversations about the populations currently underrepresented 
in computing, common stereotypes within computing, and 
strategies for helping to counteract the stereotypes to broaden 
participation. Additionally, PD sessions need to provide further 
support for teachers to not only find resources, but also to use 
CT tools and knowledge and integrate them in their pedagogy. 
In learning from our experiences, projects with a CS for All goal 
should include learning objectives about the goals of increasing 
CS and CT opportunities for all students through integration in 
general subjects, and prepare teachers in strategies for 
overcoming the subtle but inequitable practices contributing to 
the underrepresentation of women, marginalized populations, 
and individuals with disabilities.  
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Abstract—Promoting inclusivity and increasing the 
representation of women in the field of Computer Science (CS) 
has been an ongoing initiative.  When it comes to Black/African-
American (AA) women, their underrepresentation in CS is even 
more disproportionate. CS is a field that is ever-evolving, but its 
ability to be perceived as a field that is inclusive-to-all has been a 
continuing challenge. One notable reason is that CS comes off as 
a field that lacks altruism by nature.  For instance, literature 
shows that women tend to gravitate away from CS for fields that 
align more with their interests for helping others. However, CS in 
nature can create spaces that provide platforms for women, 
especially women of color, to express their personal interests.  

This article addresses such potential in CS by discussing a 
two-year study that was conducted on 51 Black/African-
American female students who were enrolled in an introductory 
and intermediate CS course at a historically black university in 
the mid-Atlantic United States. In these respective courses, the 
assigned final project allowed students to choose their own 
original projects while showcasing their learned computational 
knowledge and developed programming competencies. The 
objective of this study was to observe the types of project topics 
that these 51 women, in particular, chose for their assigned final 
projects in these respective courses. The results revealed that 
92% of the topics chosen tended to be ones that were altruistic in 
nature. Likewise, this study reflects potential support for the 
ability of CS to exhibit inclusive spaces for such interests.  

Keywords—Black/AA women, altruism, CS spaces 

I. INTRODUCTION  & RELEVANT LITERATURE 

Increasing diversity and inclusivity within the field of 
Computer Science (CS) has been a longstanding issue-- 
especially broadening participation for women. Within higher 
education, women have been underrepresented amongst CS 
majors for some time [4]. Also, research suggests biases 
against women within the labor market [3, 6]. Despite the 
need for more women in CS, literature indicates that there are 
critical gender differences related to STEM interests that must 
also be acknowledged-- specifically the general preference 
among women for occupations that center around working 
with people versus things [5]. While research discusses the 
interests of women in general and how they inform STEM-
related decisions, studies concerning Black/African American 
(AA)  women’s STEM interests are scant. Furthermore, there 
is a need to explore the interests of these women in CS given 
their underrepresentation even relative to women from other 
racial/ethnic groups [7]. Moreover, scholarship notes that 

collegiate Black/AA women in computing sciences report 
feelings of cultural isolation and subordination [2]. Given the 
specific barriers of Black/AA women in CS, and literature 
which suggests a general preference amongst women for 
professions that emphasize working with people, this study 
explores how such an orientation may manifest amongst 
Black/AA undergraduate women within undergraduate CS 
coursework.  

A. Motivating Research Questions 

The following research questions are examined: 1) To 
what extent do Black women exhibit a people-centered 
interest within their undergrad CS coursework? 2) Is such an 
interest higher for Black/AA women vs Black/AA men? 3) In 
what ways does such an interest manifest amongst Black/AA 
women? 

II. RESEARCH DESIGN 

A. Target Courses 

This study was conducted as a pilot study over a two-year 
semester span from Spring 2017 to Spring 2019 using data 
from a CS2 programming course and an advanced 
programming course at a historically black university in the 
mid-Atlantic region of the United States. The CS2 course 
exposes students to introductory-level programming in Python 
while the advanced programming course exposes students to 
intermediate-level programming in C++. Each course contains 
a final project that examines the students’ ability to self-
identify a computational problem that is original in nature, 
identify and apply the appropriate data structures and coding 
paradigms to solve it, and confidently defend the data 
structures and coding paradigms chosen to build their solution. 
During the latter semesters, students conducted their final 
projects in groups in an effort to develop group-based learning 
experiences and skills. 

B. Procedure 

Document analysis [1] was conducted using data from the 
two CS courses. These particular courses were selected for 
this study because: 1) they are taught by the same instructor 
and 2) a final project is consistently a requirement for course 
completion. Document analysis of the final project topics was 
used to generate themes that represent the nature of the 
students’ expressed topic of interest. These interests were then 
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categorized on the basis of people-centered vs non-people-
centered foci. Eighty-one  projects were evaluated: 45 projects 
were done by male students (control group), while 36 projects 
were linked to the observed women students (experimental 
group). 

III. DATA ANALYSIS & FINDINGS 

A. Demographics 

This sample included 51 females and 53 males enrolled in 
the indicated CS courses. Ninety-one percent of the male 
students were Black/AA, 4% were Asian, 4% were 
Hispanic/Latino, and 2% were Arabian. No non-Black female 
students were enrolled in the courses. The sample included 
students ranging from freshmen to seniors. Ninety-three 
percent of these students were CS majors. 

B. Centralized Themes 

Figure 1 provides a dual bar chart reflecting the trending 
topics from all 81 projects, which are separated by the control 
and experiment groups, respectively. Based on analysis of the 
final projects, the following themes emerged regarding the 
students’ final project topical areas: Education, Entertainment, 
Financial, Food, Health, Sports, Travel, and Other. For the 
experimental group, projects related to Education and Health 
were most prevalent, followed by projects related to finances. 
For the control group, projects most often fell into the Other 
category followed by the Financial theme. Amongst the 
experimental group, there were also 7 projects that exhibited 
multi-theme characteristics (these scenarios were not the case 
for the control group). These 7 projects were classified as: 
Education/Financial, Education/Health, Financial/Health, or 
Financial/Travel, respectively. 

 

 

 

 

 

 

 

Fig. 1. Centralized Project Themes and their frequencies of occurrence.  

C. Projects:  People-Centered vs. Non-People-Centered  

Another aspect of this analysis was to determine gender 
differences regarding people-oriented vs non-people-oriented 
topical areas. Amongst the control group, 51% of the projects 
emphasized working with people in some capacity. Subjects 
regarding Financial and Education exhibited the highest 
trends for this group (as noted in Figure 2). Amongst the 
experimental group, 92% of the projects were people-oriented 
in nature. Subjects regarding Health, Education, and Financial 
exhibited the three highest trends for this group. When 
observing the projects categorized as Other for both groups, it 

was found that only 20% of these projects amongst the control 
group were people-centered, while 100% of these projects 
amongst the experimental group were people-centered. 

 

 

 

 

 

 

Fig. 2. Projects that were found to be People-Centered (both groups).  

IV. DISCUSSION & CONCLUSION 

Guided by existing literature regarding interest 
differences by gender and implications for STEM [5], this 
study explored the particular interests of Black/AA women in 
CS. Such a focus is important given the low representation of 
this demographic in CS, and the need to better understand 
their interest to broaden their participation in CS fields. The 
Black/AA women in this study exhibited people-centered 
interests within their undergraduate CS coursework at higher 
rates than their male counterparts. They connected these 
interests employing their computational competencies to 
address real-world issues in areas that emphasize working 
with people.  The ability to make these connections was 
fostered by a final project that allowed students to choose a 
project topic related to their interests and employ appropriate 
CS computational skills to develop a solution to address that 
topic. From a pedagogical and inclusivity standpoint, this 
study suggests that decisions employed when designing 
student assignments may help to create an inclusive classroom 
that allows students to explore their interests in authentic 
ways. Such an approach may also be a fruitful way for women 
to explore the ways in which CS can be understood as a field 
with applications that focuses on working with people and 
helping others. 
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Abstract—This study will present a baseline analysis of the 
types of research questions generated by 61 Computer Science 
(CS) for All: research-practice partnership (RPP) projects in 
computing education, providing insights into the types of research 
questions being pursued by RPPs with the intent to assess the 
potential knowledge being generated through these projects. 
These RPPs are designed to both democratize research and 
produce generalizable knowledge related to broadening 
participation in computing education (BPC).  Thus the questions 
being pursued should reflect pressing needs of CS education 
practice.  Through a review of 208 research questions, this study 
examined the research questions for the types of knowledge 
generated and by the focus area of the question. The latter set of 
codes were then broken into further subcategories for analysis.  
Results demonstrate a relative lack of focus on broadening 
participation in computing (BPC) or RPP function, which may 
impede the completion of CS research and implementation goals. 
Results also appear to demonstrate very little focus on 
investigating the broader applicability of research findings. By 
encouraging greater inclusion of BPC and RPP research questions 
as well as greater focus on scalability of findings in future RPPs, 
CS-related goals can potentially be more efficiently achieved. 
Future work will include tracking changes in research questions 
and identifying research questions addressing problems of 
practice specific to the practitioner partners in RPPs. 

Keywords— Broadening Participation, Computer Science 
Education, Research Question Quality, Research-Practice 
Partnership 

I. INTRODUCTION 

The National Science Foundation’s (NSF) investment in the 
CS for All: RPP (NSF 17-525, 18-537) program focuses on 
RPPs as a model to foster the research and development needed 
to bring CS and Computational Thinking to all schools.   The CS 
for All: RPP projects share dual objectives of promoting BPC 
and conducting research in CS education.  From there, they 
differ broadly in their approach. Some seek to scale teacher 
professional development widely, some are investing in 
culturally responsive curriculum and pedagogy, while others 
may be conducting research on a specific learning tool.  The 
knowledge generated by this body of projects has the potential 
to rapidly expand the knowledge base and BPC in CS education.  
By building upon previous work [1] investigating the research  

questions used by RPPs funded by the Institute of Education 
Sciences, using this research as a baseline to examine how 
research questions evolve in the future, and continuing to 
encourage the inclusion of BPC and RPP research questions as 
well as a greater focus on scalability of findings in these and 
future RPPs, their research can have greater impact and reach. 

II. METHODS 

Research questions were identified for each project based 
on data drawn from project proposals or by direct submission 
to the authors. Projects fell into one of three cohorts 
depending on the year they received their first NSF award. 
Research questions from the first two cohorts were coded for 
the type of knowledge generated (table 1) with the intent to 
replicate previous research on RPP research questions [1]. The 
remainder were not coded according to this framework, as the 
authors concluded that a true reproduction of prior work could 
not be performed due to differences in focus between projects 
funded by the NSF and the funding organization in the 
original work. A second coding system was agreed upon by 
three of the authors based on the content of the first two 
cohorts’ research questions (table 2), with the intent to classify 
questions based on the focus area addressed by the question. 
These focus area codes were then broken down by more 
specific concerns being addressed. 

TABLE I. KNOWLEDGE CODE DEFINITIONS 

Code Definition 

Information-
gathering 

Information-gathering provides answers to descriptive 
and/or predictive questions such as: How many …? or 
What is the relationship between …? 

Data Quality Data quality questions provide information about the 
availability, validity, and reliability of data, answering 
questions such as: What data do we have or need? 

Evaluation Evaluation questions ask: What is the effect of this 
program or policy? 

Design Design questions ask: What new materials, activities, 
and/or systems would address this problem? 

 

This material is based upon work supported by the 
National Science Foundation under Grant No. #1745199. 



TABLE II.FOCUS AREA CODE DEFINITIONS AND HIERARCHY 

Code Subcode Definition 

CS-
Related 

Teacher PD Teacher professional development-related. 

Teacher Impact Impact on teachers. 

Student Learning Impact on student learning. 

Student Experience Impact on students (not related to learning). 

Structural 
considerations 

Design-focused questions such as studying 
the dynamics within a school district’s 
administration 

Scaling The application of research findings to other 
contexts, such as testing a curriculum in one 
district with the intent to apply this 
curriculum in others. 

RPP-
Related 

RPP relationships/ 
communication 

Relationships/trust/communication between 
researchers and practitioners in an RPP. 

Vertical alignment Alignment of purpose between researchers 
and practitioners. 

Practitioner support Proper support for practitioner activities such 
as intervention implementation. 

BPC-
Related 

Teacher impact Impact on teacher-level BPC. 

Student access Barriers to student access to CS. 

Student recruitment Impact/outcomes regarding the recruitment of 
students. 

Student 
retention/supports 

Retention of students and support they may 
need in order to succeed in CS. 

Student experience Impact on student experience as it relates to 
BPC, such as student identity. 

Student impact Impact on students as a result of an 
intervention, such as how an intervention 
improves student participation in CS. 

RPP Team-Level 
BPC 

BPC related specifically to the RPP team 
(such as team diversity). 

III. RESULTS 

There were 208 research questions included in our study 
representing 61 projects. These projects represent a diverse 
sample of the NSF CS for All: RPP community, consisting of 
a variety of grant sizes, target grade spans, and curricula, 
among other attributes. One research question did not receive 
a subcode during final analysis due to lack of clarity. 

 
Assignments of codes to questions from the first two 

cohorts (175 questions from 50 projects total) revealed that 
most projects had questions explicitly related to information-
gathering (64%), then to design (52%), evaluation (38%), and 
finally data quality (6%). 

 
Assignment of CS subcodes demonstrates that most 

projects with CS-related subcodes explore teacher (60%) or 
student (62%) learning and experiences, however very few 
investigate the broader applicability of their findings to other 
schools or districts (20%). Just over half of all projects had 
any research questions relating to either RPPs (18%) or BPC 
(49%). 

 
 

TABLE IV. CODE FREQUENCY AMONG PROJECTS 

Code Subcode Frequency (N=61) 

CS-
Related 

Structural considerations 61% 

Student Experience 52% 

Teacher PD 46% 

Teacher Experience 36% 

Student Learning 26% 

Scaling 20% 

BPC-
Related 

Student access 31% 

Student retention/supports 15% 

Student Experience 13% 

Student recruitment 11% 

Teacher impact 11% 

Student impact 8% 

RPP-Team-Level BPC 2% 

RPP-
Related 

Research-Practitioner relationships/ 
communication 

15% 

Vertical alignment 5% 

Practitioner support 5% 

IV. CONCLUSIONS 

The analysis suggests that despite the large amount of 
grant-funded research being performed, many projects are still 
involved in information-gathering activities to try to 
understand the landscape of CS education offerings and 
practices. This could reflect the relative infancy of this field of 
study rather than any omissions in research focus, however. 
There also appears to be a limited emphasis on issues known 
to impact CS education such as BPC than on simply delivering 
and evaluating improved curricula, teacher professional 
development, or other interventions. Additionally, very few 
projects appear to focus on the scalability of the research 
being completed (20%). This could limit developed 
interventions by preventing them from being expanded upon 
by other projects or adopted by other school districts that may 
face similar issues. By continuing to strongly encourage 
efforts targeting issues such as BPC, developing the relatively 
new concept of RPPs, and encouraging a greater focus on 
scalability of CS education research findings, it could be 
possible to improve the reach and efficacy of CS education 
interventions being performed by NSF-funded RPPs. Future 
work will include continued tracking of if and how the 
research questions examined in this study evolve over time 
and comparison of the baseline questions established in this 
study to questions from the same projects at a later date. 
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Abstract— CS Principles (AP-CSP) is giving more girls and 

under-represented students access to CS education, but CSP has 
not reached all students. Concurrent enrollment (CE), in which 
students take CE courses in their high school for college credit, 
is offered in places and to students who may not have access to 
Advanced Placement. The CS-through-CE project, an NSF-
sponsored Research Practice Partnership, aims to broaden 
participation in computing by piloting and studying CE 
implementations of Mobile CSP, an effective CSP curriculum 
that has now been adapted as a college course. Initial research 
has identified barriers and supports to implementing Mobile 
CSP as CE in two contexts (rural, low-SES and urban, diverse, 
low-SES). This poster will present factors that support or 
impede implementation of CS-through-CE at the external level 
(e.g., policy, systems, context), the post-secondary CE program 
level (e.g., instructor qualifications, student eligibility, school 
outreach), and school/classroom level (e.g., teacher availability, 
student recruitment, administrator support). We aim to gather 
feedback on these results, as well as engage with others with 
experience with or interest in offering CS-through-CE.  

Keywords—Broadening participation, Computer Science 
Principles, High school-to-College pathways, Education, 
Computer science education, Educational programs, Pre-college 
programs, Mobile applications 

I. INTRODUCTION 

“Broadening Participation and Building Pathways in 
Computer Science through Concurrent Enrollment” (CS-
through-CE) is a three-year project (Oct. 2018 – Sept. 2021) 
designed to study implementation and outcomes of concurrent 
enrollment (CE) programs as a vehicle for broadening high-
school–to–college pathways in computer science (CS). 
Funded by the National Science Foundation as a Research 
Practice Partnership, the project involves CE programs at 
Capital Community College (CCC) in Hartford, CT and 
Southwest Minnesota State University (SMSU) and partner 
schools in each state. Mobile Computer Science Principles 
(Mobile CSP) is a College-Board–endorsed curriculum 
aligned with the Advanced Placement (AP) CSP framework. 
CS-through-CE is adapting Mobile CSP curriculum, 
assessments, tools, and teacher professional development in 
order to pilot a CE version of Mobile CSP in two states, 
training and supporting up to 40 teachers and classrooms over 
two academic years. 

II. TWO MODELS OF ADVANCED COURSES 

Advanced Placement courses are a popular way for high 
schools to provide rigorous college-level coursework to 
students in many regions. Bringing CSP to schools through 
AP as a breadth-first introduction to CS that enrolls more 
diverse students than AP CS A has proven to be a smart 
strategy. [1] However, not all schools offer AP CSP and not 
all students choose to take AP courses. Concurrent 
enrollment—a form of dual enrollment in which high school 
teachers are credentialed to teach college-credit bearing 
courses on-site during the school day—offers an alternative to 
AP as well as to dual enrollment programs where students 
leave their school to take courses on a college campus. 

Both AP and CE are national models for college credit in 
high school, but they differ in important ways. AP requires a 
single high-stakes exam and project (usually done in May), 
whereas in CE courses, grades are based on students’ yearlong 
work. Students finish an AP exam with a score, but with no 
guarantee that any given college will accept that score as credit 
for an elective, required, general education or major course. 
CE students earn college credit on a transcript from the partner 
college, which in many cases may transfer to other colleges 
[2]. AP teachers have “. . . no formal requirements or 
mandatory professional development . . .” [3], while CE 
teachers must meet the requirements of the post-secondary 
institution to teach college-credit courses.  

The U.S. Department of Education found dual enrollment 
to have “positive effects on students’ degree attainment 
(college), college access and enrollment, credit accumulation, 
completing high school, and general academic achievement 
(high school),” perhaps more so than AP courses [4]. The 
reach of dual enrollment is broad, extending across rural, 
suburban, and urban areas in all 50 states, but few high schools 
offer computer science via CE. 

III. RESEARCH DESIGN 

This RPP’s shared problem of practice is how to 
implement CS as a CE offering in a way that broadens 
participation in computing at the transition from high school 
to college. Initial research questions jointly developed by 
researchers and practitioners address this shared problem of 
practice. Guiding Question: Is Concurrent Enrollment an 
effective model for broadening participation in computing? 

This material is based upon work supported by the National Science 
Fdn. under Grant Nos.1837723, 1837112, 1836990, 1836983. Any 
opinions, findings, and conclusions or recommendations expressed in this 
material are those of the author(s) and do not necessarily reflect the views 
of the National Science Foundation. 



• RQ1: What are the supports and barriers to 
implementing and sustaining Computer Science 
Principles (Mobile CSP) as a CE course? 

• RQ2: Does a CE implementation of Computer Science 
Principles broaden participation in computing? 

As part of an overall mixed-methods design, the initial 
research on barriers and supports used qualitative methods to 
gather and analyze interview data from stakeholders as well as 
documents.  Case studies will be developed to understand the 
two contexts and issues and opportunities in each. The second 
question will be addressed using quantitative data on school 
populations and course enrollments to see to what degree CS-
through-CE classrooms mirror the demographics of their 
schools. The ongoing research agenda will develop through an 
iterative process of research and implementation in practice 
with the RPP. 

IV. PRELIMINARY FINDINGS 

Data were gathered through semi-structured interviews 
with stakeholders identified through purposive sampling, 
including college CS faculty, CE program leaders, state higher 
education and K12 officers, teachers, and school 
administrators and counselors. Fifteen interviews with 
participants in both states resulted in approximately 18 hours 
of data. Researchers used an iterative process of thematic 
analysis along with a context framework. This poster will 
present findings about barriers and supports to implementing 
CS-through-CE at three levels: (1) external context (state-
level policy, systems, and context); (2) CE program (e.g., 
instructor qualifications, student eligibility, school outreach); 
and (3) school/classroom (e.g., teacher availability, student 
recruitment, administrator support). 

V. CONCLUSION 

Broadening participation in computing requires not just 
innovations in tools, curriculum, pedagogy, and professional 
development. Research is needed to understand the 
educational systems and policies and their impacts on 
computing education access, diversity, and inclusion. 
Concurrent enrollment shows promise as a mechanism to 
bring equity-focused CS courses to more students. The 
barriers and supports identified so far by the CS-through-CE 
project point to policies and practices that might better 
promote inclusion. In future years, the project plans to 
create guides or models to support other CE programs to add 
CS courses to their offerings. Ongoing research will 
continue to inform how the project addresses the problem of 
practice: how to implement CS as a CE offering in a way 
that broadens participation in computing at the transition 
from high school to college. 
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Abstract— Computer Science (CS) is an English-centric 
discipline which still needs to explore how cultural factors such as 
learners' native language may impact the understanding of CS 
concepts. We evaluated adult participants with no prior coding 
experience performing tasks in a conventional block-based 
programming platform: Scratch. We collected data from these 
interactions and compared between Native-English speakers, and 
Hispanic speakers who knew English as a Second Language (ESL). 
Our findings suggest that learners’ native language may not 
impact their ability to come to a proper solution, but it does affect 
how they interact with block-based environments, when their 
native language is inconsistent with the language featured in the 
tool. This pilot study invites the Computer Science Education (CS 
ED) community to explore how to effectively reach Hispanic and 
non-English speaking communities, impacting the community 
outreach in other regions.  

Keywords— CS Education, Computing Education, CS for All, 
Language-consistency, CS Inclusion, Block-based technologies 

I. INTRODUCTION 

Block-based instructional technologies have been designed 
for a decade with the premise that they enhance learning 
outcomes when removing syntax from the environment [1]. 
Nevertheless, multiple-language support is only available in less 
than half of the major block-based educational tools (e.g. 
Scratch, Alice) [2]. This forces non-native English speakers to 
learn how to program using a different language. The CS ED 
community has been trying to make Computer Science (CS) 
more accessible to the public by helping to overcome identified 
barriers such as cost, age, race and gender gaps, as well as 
cognitive and physical disabilities. However, the fact that CS 
literature is typically English-centric, limits it to be a discipline 
unable to reach non-English-speaking individuals and 
communities. 

Considering that language barriers might cause 
communication to breakdown, we conducted this pilot study to 
explore how language-consistency, and the relation between a 
user’s native language and an interface language, between 
learners and a conventionally used block-based educational tool 
such as Scratch, can impact learners’ performance when 
responding to a set of programming activities. In order to know 

whether it is important for these block-based educational tools 
to support more languages, we must first establish if language-
consistency is negatively impacting learners’ abilities to grasp 
coding concepts when using these platforms. We manipulated 
language- consistency, as our independent variable, with two 
levels: English-Speaker & English-Interface (EE) and Spanish-
Speaker & English-Interface (SE). We hypothesized that the 
lack of language-consistency between a novice’s native 
language and the interface they use will negatively impact their 
effectiveness, confidence, and exploration capacity when 
introduced to block-based programming environments. 

II. RELEVANT LITERATURE 

In recent years, there have been studies in the CS ED 
community that suggest language is a factor that should be 
considered when designing tools for education. Raj et al. [3] 
conducted a study to understand if language consistency 
between the student and the instructor impacted how students 
learned programming concepts, and Guo [4] found that non-
English-speaking students perceived language barriers when 
learning how to code, and that they wanted instructional 
materials to use simplified English without culturally-specific 
slang.  

Referring to language-consistency with block-based tools, 
Dasgupta & Mako [5] pioneered a study with Scratch, finding 
that novice users who used the tool in their countries’ native 
languages demonstrated a faster learning rate of programming 
concepts than those users who worked primarily in English. The 
authors results are based on users from five non-Hispanic 
countries. Regardless of the high quality of their results, the 
authors describe limitations due to the method they followed to 
validate their hypothesis. The lack of control of their sample 
population in regards to age, gender, native language (which can 
be different from the country’s language), lead to further 
research initiatives, as our study, to understand how learners’ 
languages impact learning processes in CS.  

From our review, language-consistency has been mainly 
addressed considering classroom environments (i.e. vernacular 
medium learning), with limited literature referring it in the 
context of educational tools intended to teach CS concepts. 



Moreover, Hispanic communities have not been reached for 
this topic. How do Hispanic individual experience commonly 
used block-based programming environments? Is language-
consistency between the individual and the tool a factor to be 
considered and scaffolded in block-based learning 
environments? How should language-consistency be scaffolded 
in block-based learning environments? Questions like these are 
still open, and with this pilot study we contribute to the 
discussion and to bring language as a factor to consider when 
addressing CS for All. 

III. STUDY DESCRIPTION 

A. Participants 

Sixteen individuals participated in the study. We had two 
groups of participants: a control group of native English 
speakers (n=7), and an experimental group consisting of 
Hispanic individuals (n=9) who know English as a Second 
Language (ESL). All participants reported no prior experience 
using block-based programming tools or text-based 
programming languages. We designed the study to be gender-
balanced: 43.8% of our participants were female, and 56.3% 
male. 

B. Method and Variables 

The study began with an introduction to expectations of 
participation followed by a 30-minute tutorial, a break period, a 
15-minute assessment, and then a survey. We ended the study 
by providing a final survey, asking them to rate their experience 
using a Likert scale (1-7) for multiple questions, provide 
demographic information regarding their gender, age, race, and 
native language, and to give feedback with open ended 
questions. To verify question completion, we analyzed the video 
of the screen captured for each participant’s test to determine 
whether the task was completed properly. 

Both, the tutorial and the assessment, requested the 
participants to complete the functionality of two video game 
setups. The mechanics of both video games were the same, 
varying exclusively in the video games’ contexts. 

Language-consistency, our independent variable, has two 
levels: English-Speaker & English-Interface (EE) and Spanish-
Speaker & English-Interface (SE). Our dependent variables are 
Effectiveness - measured by the number of tasks completed by 
the participant in the test, Confidence –measured by Likert scale 
(1-7) responses regarding the participant’s self-perceptions, and 
Exploration - measured by the time (minutes) the participant 
took to place the first block onto Scratch’s canvas. 

The tutorial and assessment were provided in English for the 
native-English-speakers, and in Spanish for the Hispanic 
participants. This, looking to reduce any confound regarding the 
instructions given. Guidelines were revised by native speakers 
in both languages. Both groups interacted with Scratch featured 
in English. 

IV. PRELIMINARY FINDINGS AND DISCUSSION 

Hispanic participants answered 7.63 test questions [Mean = 
7.63, SD = 3.46], compared to English speakers, who answered 
6.83 questions [Mean = 6.83, SD = 2.48]. However, most of the 
Hispanic participants agreed that their performance would have 

improved if Scratch was provided to them in their native 
language. Also, Hispanic participants took longer to make the 
first interaction with the Scratch canvas, with an average initial 
block dragged time of 5.65 minutes [Mean = 5.65, SD = 5.81], 
as compared to English speakers’ average 3.52 minutes [Mean 
= 3.52, SD = 3.37]. We consider that Hispanic participants took 
longer to make the first interaction due to possible constraints on 
understanding or exploring the tool. These, referring to 
qualitative feedback provided by some of them: 

 Quote 1: “Having Scratch in my native language would 
have allowed me to understand better the functions of the 
blocks and save time.”. 

 Quote 2: “I think [typo: it] would be better to explain the 
meaning of some english [typo: English] words and that's 
it”. 

 Quote 3: “I needed to understand the interface, and the 
assignment better, as well as start memorizing where to 
search for the correct units.” 

V. DISCUSSION AND CONCLUSIONS 

Based on our findings and results, even though the two 
groups did not score significantly different, the majority of ESL 
Learners (i.e. Hispanic participants) thought that they would 
perform better in their native language. This feeling of 
inadequacy can impact confidence in learning and overtime 
grow in those who are trying to learn to code when they are non-
native speakers of English. We believe the Hispanic participants 
may have taken more time on average to make their initial 
interaction due to compounding effects based on a language 
barrier to understand how to interact. However, this is only a 
theory, and further research is required to verify it. 

This pilot study contributes showing that even ESL speakers 
struggle when introduced to blocks programming. If they have a 
difficult time completing relatively simple exercises, then it 
stands to reason that individuals who do not speak English at all, 
may struggle more. Next steps of our research will involve non-
US Hispanic population, to evaluate if the total lack of English 
as a second language may be notorious when introducing 
learners to block-based environments.  
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Abstract—The field of computing has not been a popular area
of study for young women entering the University of Brasilia
(UnB). In 2015, female students comprised a mere 5% of the
students seeking to enroll in a Computer Engineering major. In
an effort to popularize the field of Computer Science among
girls in High School, the Meninas.comp Project (Girls.comp,
in English) is being carried out in the public high schools
of Brası́la, in Brazil. The project is coordinated by female
professors from the Department of Computer Sciences at the
UnB. This article reports on one of the activities of this project,
presenting the hands-on workshop with programming for public
high schools. These programming workshops are attended by
students from 10th, 11th and 12th grades. The workshops include
game programming, robotics and developing apps for mobile
phone.

Keywords—Women, Computing, Education, k-12

I. INTRODUCTION

The Department of Computer Science at the University of
Brası́lia (UnB) currently offers three undergraduate degrees
related to Computer Science (CS): Bachelor of Computer
Science (since 1987), Teaching Computing (since 1997), and
Computer Engineering (since 2009). In 1987, when the Bach-
elor course began, 32% of the undergraduate students were
female. However, this number decreased over time and, by
1997, this percentage had fallen to 10%; by 2013 it was only
6%. The Teaching Computing degree ratio oscillates at around
roughly 11%, while Computer Engineering, which had already
begun with low numbers, has seen them fall to less than 12%
in the past three years. In 2015, young women comprised
a mere 5% of the students seeking to enroll in a Computer
Engineering major.

In 2010, a group of female professors from the
Department of Computer Science created the Meni-
nas.comp Project: Computing is a girls’ thing too!
(https://www.facebook.com/meninas.comp) with the goal of
introducing the field of computing to girls in high school. To
popularize CS among girls in high school, the Meninas.comp
project is being carried out in the public high schools in
Brası́lia, the Capital of Brazil.

Meninas.comp shows the vital role computer science plays
in developing the country and encourages girls in high school

to enroll in a CS major in their undergraduate programs.
The project is comprised of motivational lectures, hands-on
classes and the development of the project for high school
female students. In this paper, we will describe the hands-on
workshops in public high schools. Programming lessons are
not included in the curriculum at government high schools in
Brazil. Therefore the Meninas.comp project fills this gap by
teaching girls programming in public high schools, mainly in
disadvantaged areas.

II. HANDS-ON WORKSHOPS

Female professors and students from the Department of
Computer Science at the University of Brası́lia have given
many lectures in the last nine years of the project. These talks
take place at the university or in public schools. We have
already visited many local high schools in Brasilia and other
surrounding sites.

These activities present what CS professionals do, as well
as the essential role computing plays in the development of
our country. Female professors, professionals and graduate
students in Computer Science deliver these lectures.

The Meninas.comp project develops activities such as
hands-on workshops for programming, robotics, and electron-
ics for girls’ high schools. The classes carried out in this
project take place at the university or in public government
schools, preferably in disadvantaged areas. We have already
visited many local high schools in Brasilia, and other sur-
rounding sites. The classes are:

• In the programming class, the girls use Kodu software [2]
to develop a game. Kodu lets the girls create games via
a simple visual programming language. This way, with
Kodu, the girls create their game without even knowing
a programming language.

• In the robotics class, we use Arduino, where the girls
build and program their robots. The girls learn coding.
Basic programming and electronic concepts are pre-
sented. Girls learn to make electronic circuits with basic
components, with LEDs, resistors, jumpers, and others;

• Programming classes with MIT App Inventor [3]. During
the lessons, the girls learn to code their apps for Android.
In Brazil, Android smartphones are very popular.978-1-7281-7172-2/20/$31.00 © 2020 IEEE



III. RESULT AND DISCUSSION

Our first hands-on workshop was with Kodu, in 2011. Kodu
is the tool to develop games in a playful way. Figure 1
shows the workshop at the National Conference of Science
and Technology in Brazil, in 2011. This one hour workshop
was repeated many times a day over the week. This workshop
happened, also, in different high school in Brasilia.

The second workshop is ”Girls, let’s develop the first app
for your cell phone”. In this class, we used the MIT Inventor
App. We developed this workshop in the UnB’ laboratories,
it’s an opportunity for girls get to know the biggest university
in Brasilia. This workshop has been taught since 2015. Female
students in Computer Science and Engineering from our
department are teachers of these classes (Figure 3).

The third workshop is robotics with Arduino. During the
workshop, high school girls without experience in program-
ming learn about LED, C programming and code the first
application to do semaphore. At the beginning of the project,
professors taught these classes. Nowadays the former school
participants of our first courses, who are currently studying
CS majors at UnB, are teaching these classes (Figure 2).

Fig. 1: Kodu Workshop hands-on.

We have developed these workshops many times for nine
years, at high school, UnB and events (Campus Party Brasilia,
National Conference of Science and Technology in Brazil, and
others). We now have six former high school students that they
are female students on CS majors at UnB.

IV. CONCLUSION

The Meninas.comp Project has been operating since 2010
to include girls in Computer Science and Engineering majors
at the UnB. Our goal is to empower these girls. Our hands-
on workshops have happened, mainly, in the UnB laboratories
because that is an opportunity for girls from the disadvantaged
areas to get to know the UnB.

It is a challenge to increase diversity in CS majors at
UnB. However, in 2018, 23% of the students who enrolled in

Fig. 2: Arduino Workshop hands-on.

Fig. 3: Android Workshop hands-on.

Computer Engineering are female. This rate is the best since
the creation of the major in 2009. Nowadays the teachers of
these workshops are, mainly, female undergraduate students
of CS majors who did our workshop when they were students
in High School.
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Abstract—Undergraduates are unlikely to even consider gradu-
ate research in Computer Science if they do not know what Com-
puter Science research is. Many programs aimed at introducing
undergraduate to research are structured like graduate research
programs, with a small number of undergraduates working with
a faculty advisor. Further, females, under-represented minorities,
and first generation students may be too intimidated or the idea
of research may be too amorphous, so that they miss out on
these programs. As a consequence, we lose out on opportunities
for greater diversity in CS research.

We have started a pilot program in our department where
a larger number of students (close to two dozen) work with a
single faculty member as part of a research group focused on
Machine Learning and related areas. The goal of this program is
not to convince students to pursue a research career but rather
to enable them to make a more informed decision about what
role they would like research to play in their future.

In order to evaluate our approach, we elicited student experi-
ence via two anonymized exit surveys. Students report that they
develop a better understanding of what research in Computer
Science is. Their interest in research was increased as was their
reported confidence in their ability to do research, although not
all students wanted to further pursue computer science research
opportunities. Given the reported experience of female students,
this program can offer a starting point for greater diversity in
CS research.

Keywords—undergraduate research, research pedagogy, social
computing, machine learning

I. INTRODUCTION

Students who have only a second-hand or vague understand-
ing of the Computer Science research process may never seri-
ously consider research as a possible career path. This can hin-
der engagement from students who are in demographic groups
that are under-represented in the field, including women, racial
minorities and first generation students.

In this project, we are interested in providing a safe space
for students to ‘try research on for size’. We aim to provide
enough structure to the process so that it is scalable. We
hypothesize that we can use this model to target students who
may not have had exposure to the idea of research or might
have been intimidated by the idea.

II. PROJECT DESCRIPTION

This project is an educational initiative to introduce under-
graduates to research in an environment that is both more
scalable and less intimidating than common models of under-
graduate research opportunities. Lack of awareness or a self-
perceived lack of preparedness may mean that some students
miss out on these programs [2]. This program deconstructs
the research process via twice-weekly meetings, a guided
literature survey and a replication project. Unlike UROP and
similar programs, the faculty to student ratio is low (one
faculty to 22 students in this offering). Given concerns of
high enrollment, this program provides a scalable approach
to introduce undergraduates to CS research.

In order to evaluate the effectiveness of our approach, we
elicited student experience via two anonymized exit surveys.
Students report having a better sense of what is involved in
doing CS research despite not having a clear idea previously.
They found the level of detail involved in the process chal-
lenging but enjoyable.

III. ELEMENTS OF THE PROGRAM

This program was advertised to students towards the end
of a high enrollment upper-level undergraduate course on
Machine Learning taught by one of the authors. The course
was run for a duration of 7 weeks with twice-weekly meetings
for the first six weeks and a final presentation in the last week.
Optionally, students were encouraged to submit a written
report of their work. This was an informal course offering:
in particular, students received no academic credit or grade
for participation in this course.

Elements of this methodology have been used previously in
other institutions to engage students with research. Replication
projects have been used to teach research in STEM fields,
including mathematics, psychology and even computer science
(see, for instance, [1]). Reading groups and seminar-style
courses typically have assigned readings and presentations.
However, we have provided a framework that uses these
elements to introduce students to CS research with low per-
student faculty cost.

The course focused on recent research results in Machine
Learning and Social Computing. A sampling of subtopics
were presented in the kick-off meeting. Students then divided978-1-7281-7172-2/20$31.00 ©2020 IEEE



into self-selected groups of about 3 each based on topic
preferences. If larger groups formed around topics, students
were divided into smaller subgroups.

A. Literature Survey Component

To fully immerse students in the field, students do a
literature survey of different subareas. The faculty mentor
works with each group to pick representative papers for each
subtopic, by pointing out some sample results and relevant and
reputable conferences. The group that selected the subtopic
was responsible for presenting the main results in these papers
to the entire cohort. All groups read papers from every
subtopic. A template is provided to students to guide them
in reading and analyzing the paper, and all groups produce a
written summary of papers that they have read that week.

B. Replication Project Component

To engage students in thinking about research contribu-
tions, we have students design a replication study. The fac-
ulty mentor works with each group to pick an appropriate
(set of) result(s) for replication. For instance, students may
choose a highly theoretical result and design an experiment
to understand the result and test the impact of relaxing the
assumptions in the results. The faculty mentor meets with
each small group on a weekly basis to discuss their progress
and provide feedback on their work. In order to approach this
systematically, the tasks are structured so that each week’s
assignment is of increasing specificity. For instance, one of
the first steps may be to delineate the results for replication.
In a later week, the task may involve specifying pseudocode
to test their hypotheses.

IV. HIGHLIGHTS OF SURVEY RESULTS

There were 22 members of the research group. Two
anonymized exit surveys were administered approximately a
month and 3 months after the final presentation. We received
19 responses to the first survey and 10 to the second. 3 out
of 10 respondents in the second survey were female. As a
point of comparison, the general population of female CS
undergraduate students at our institution is 22%. We do not
have gender data for the first survey.

We elicited students’ interest and confidence in doing
research via a 5-point Likert scale. Students reported an
increased interest and confidence in research. Most students
had some exposure to reading research papers but their under-
standing of what the research process entailed in Computer
Science was vague: “I thought it is involved a lot coding
at least and a lot about implementation in real life.”. They
were surprised the amount of detail and depth involved in
the process: “The research process focuses a lot more on the
thought experiment and ideas behind. The ability of asking
interesting question is crucial in research.”. They noted that
they had a better understanding of the breadth of applications,
likely as a consequence of exposure to interdisciplinary work.
They also report having formed a better understanding of the
research process: “Yes, I have a much better idea. Especially

after working on a replication project I got a reasonable idea
of what CS research looks like.” and indicate that the course
can help other students evaluate whether CS research is right
for them: “Yes I strongly agree that it is helpful regardless of
students research status. In previous courses, I feel majority of
the time was spent on how to implement the code and following
the task instructions. But this reading group really engages
me to think about the reasons and broader picture behind it.
I enjoy this challenging process.”

In particular, 2 out of 3 female respondents reported that
they definitely saw CS research as part of their future plans. All
female respondents also reported having a better sense of what
CS research is about due to the program. They reported that
the program had helped them decide their plans. All female
respondents also report that a student who is not currently
interested in research might benefit from such a program:
“If they haven’t had that kind of exposure being exposed to
research papers and doing these sorts of projects may turn
them around if they discover that they enjoy it”

V. CONCLUSIONS AND FUTURE WORK

After engaging in this program students report that they
developed a better understanding of what research in Computer
Science is. They reported enjoying the course, indicating a
more welcoming environment. Their reported confidence in
their ability to do research was increased. Overall, partici-
pants also reported having an increased interest in research.
All respondents reported that, to varying degrees, it helped
inform their post graduation plans. Not all female respondents
reported that they necessarily saw CS research as part of their
future plans; however, they all reported that the program had
helped them decide their plans. All female respondents also
reported having a better sense of what CS research is about
due to the program and would recommend it to a student who
is unsure about CS research. Given the reported experience
of female students, this program can offer a starting point
for greater diversity in CS research. Ours is an R1 institute
with high enrollments in CS. We would like to evaluate the
suitability of this approach to different departments with po-
tentially different demographics and cultures. It would also be
interesting to explore whether this program can be effectively
adapted to other areas of CS than Machine Learning and
related subfields.
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Abstract—Prior research has shown that students pursuing
Exploring Computer Science (ECS) as their first elective course
were more likely to pursue another computer science course in
high school, as compared to students who took a traditional
course as the first course. This study investigated whether
the results are consistent when students are pursuing ECS
to fulfill the Chicago Public Schools’ graduation requirement.
ECS is designed to foster deep engagement through equitable
inquiry around computer science concepts. It is hypothesized
that students who are fulfilling a graduation requirement will
pursue additional computer science coursework at rates similar
to students who were pursuing ECS as an elective course.

Keywords—Exploring Computer Science, high school computer
science, graduation requirement

I. INTRODUCTION

A key strategy for broadening CS participation in the
Chicago Public Schools (CPS), where a majority of students
are Hispanic or African-American, has been the enactment of
a high school CS graduation requirement in 2016 [1]. The Ex-
ploring Computer Science (ECS) curriculum and professional
development (PD) program [2] serves as a core foundation for
supporting enactment of this policy. ECS seeks to contribute
to broadening the participation of women and minorities and
increasing equity in the field of computer science through
activities designed to engage students in computer science
inquiry around meaningful problems [2]. The genesis of the
work that led to the graduation requirement started four years
earlier in 2012 with a teacher-led initiative bringing together
CPS teachers, CPS administrators, educational researchers,
and university faculty. The partnership, which became known
as the Chicago Alliance for Equity in Computer Science

This research was supported by National Science Foundation grant numbers
CNS-1738572, CNS-1738776, CNS-1738691, CNS-1738515, DRL-1640215,
CNS-1542971, and CNS-1543217.

(CAFÉCS), brought the ECS curriculum and PD program to
Chicago [3]. Implementation of ECS in Chicago started out
as a voluntary program. It quickly grew to include around
4600 students in the year before the graduation requirement.
Almost half of the students who took ECS as an elective class
(43%) went on to take additional high school computer science
coursework, compared to one quarter of the students (26%)
who started with a different computer science class [4].

While the demographics of students taking ECS reflected
the demographics of the district as a whole [5], there was an
uneven distribution of schools that were offering the course,
due to the voluntary nature of participation. The enactment of
the graduation policy had an immediate effect. In the first
year of the policy implementation, the number of students
taking ECS increased to just over 8000. However, the shift
from computer science as an elective course to a graduation
requirement changed the nature of who is taking ECS. A
significant number of the students are taking ECS because
it is a requirement, which could influence their motivation to
take additional computer science coursework.

The graduation requirement has also changed the nature of
who is teaching ECS. Prior to the graduation requirement, the
majority of the ECS teachers had a background or certification
in computer science. Starting in the first year of the graduation
requirement implementation, the majority of the teachers had
a background in other STEM disciplines, such as math or
science [6]. While the ECS PD program is designed to ac-
commodate teachers with little computer science background,
prior research has not examined the extent to which teachers’
backgrounds is related to student success in the ECS course.
Our research is guided by the following research questions:

1) Is the rate at which ECS students take additional CS
coursework after the graduation requirement consistent
with the rate prior to the graduation requirement?

2) To what extent does the teacher’s level of CS background978-1-7281-7172-2/20$31.00 ©2020 IEEE



correlate with the rate at which students take additional
coursework?

II. METHODS/DATA

A. CPS District Data

Through a data sharing agreement with the district, we were
provided with data about the students in this sample. The
district provided the certification area and experience teaching
ECS for teachers who taught ECS, along with students’
cumulative GPA for the year they completed ECS, their ECS
course grade, grade level, and demographic information about
race, gender, and designation as special education, English
Language Learner, and/or free or reduced lunch participation.
The district also provided information about any subsequent
computer science courses students completed in the years after
completing ECS. This last variable will be the dependent
variable for the study to provide evidence on whether future
course taking for students who took ECS as a requirement is
consistent with students who took ECS as an elective.

B. Population

This study took place during the 2016–17 through 2018–
19 school years. Since the freshman class who entered CPS
during the 2016–17 school was the first class to whom the re-
quirement applied, the study focused on students who entered
as freshman in 2016–17 or 2017–18 and examined whether
they took another CS class in subsequent years. The popula-
tion was further narrowed to include only those students at
neighborhood schools that offered additional CS coursework.
In addition, students participating in Career and Technical
Education or the International Baccalaureate program were
excluded since those students were eligible to waive the
requirement. There were 2105 students in the sample. Of the
original 2105 observations, 546 were omitted due to missing
data. Observations with any missing data were removed and
no imputation was performed, leaving 1559 observations for
the analysis. Each observation was a unique student who each
had one of 30 unique ECS teachers.

III. RESULTS

The overall rate at which students took additional CS
coursework during the study period was 13%. Since students
were nested within classes, we conducted multilevel linear
modeling on the probability of taking another CS course using
R version 3.6.2 and version 1.1–21 of the lme4 package.
A Generalized Linear Mixed-Effects model was fit using
a binomial family probability distribution and a logit link
function to predict the log odds of a student taking more than
one computer science course. Fixed effects at the student and
teacher level with random intercepts by teacher were mea-
sured. The results are in Table I. The statistically significant
variables are bolded. All of the teacher level fixed effects were
insignificant, with student gender and cumulative GPA being
the only significant student fixed effects. Students who were
female were about half as likely to take a second computer
science course as males. Students with a higher GPA were

TABLE I
RESULTS OF LOGISTIC REGRESSION PREDICTING WHETHER STUDENTS

TOOK ANOTHER COMPUTER SCIENCE COURSE

Independent Variables Probability of Taking More CS
Constant -1.04*
Teacher Characteristics

CS Background -0.73
ECS Teaching Experience 0.13

Achievement
GPA 0.33*
Course Grade 0.14

Race
African American -0.08
Hispanic -0.29

Female -0.58***
Special Population

Special Education -0.44
ELL -0.32
Free or Reduced Lunch -0.28

Attendance 0.13

Significance Levels: 0.05 = *; 0.01 = **; 0.001=***

about 7% more likely to take additional CS coursework for
each 1 point their GPA was above average.

IV. CONCLUSIONS

The results indicate that students subject to the gradua-
tion requirement took additional CS coursework at a much
lower rate (13%) than students who took ECS as an elective
(43%) [4]. However, the total number of students taking ECS
has significantly increased, so the total number of students
taking additional CS will also continue to increase. As ECS
continues to expand in CPS, an increasing number of teachers
will be teaching ECS with limited CS background. The
background of the teacher did not influence the extent to
which students took additional coursework. The results of this
research will be directly applicable to informing efforts to use
ECS as a means to broaden participation in computer science.
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Abstract— We describe a research study aimed at
understanding the basic code reasoning challenges of
elementary school children. The research targets third to
fifth grade African American students as a step towards
making computer science accessible to all children. The
study was conducted in a summer camp with 40 students
and replicated with 20 new students the following summer.
Also participating in the second summer camp were 19
returning students. For data collection, the study uses
code-tracing activities involving concepts such as variables,
assignments, operators, and sequencing. Performance data
is automatically collected in the background as children
engage in the activities incorporated in a video game
and also through think-aloud sessions. Results include
common code understanding challenges for all children.

Keywords— Broadening participation, K-12 education,
coding, game, summer camp, coding concepts

I. INTRODUCTION AND RELATED WORK

Several efforts have been directed towards strengthening
the computing pipeline, yet under-representation remains a
challenge. As a result, endeavors to include traditionally
underrepresented groups play a critical role in broadening
participation [1]. In this research, we target African American
children not only to include them in the quest to gain comput-
ing knowledge, but also to understand how they reason about
fundamental CS concepts and what their challenges are. Find-
ings from prior studies indicate that most beginning students
struggle with understanding fundamental CS concepts [2]. It
has been argued that if students cannot read and understand
small fragments of code, it is highly unlikely that they can
write comparable pieces of code [3]. Furthermore, if students
are grounded in fundamental concepts, they are more likely
to succeed even if computing paradigms change [4]. In this

study, we explore challenges related to fundamental coding
concepts and tracing snippets of pseudo-code.

Several studies target broadening participation [1] with the
goal of including as many students as possible in computing
education. These endeavors range from direct interventions
in classrooms to extracurricular settings like summer camps,
workshops and roadshows. Studies show that summer camps
can be beneficial in engaging underrepresented groups [5]. Ku-
mar [3] conducted a study to investigate whether solving code
tracing problems could help improve students’ code writing
skills. He observed a statistically significant improvement in
code writing skills when the students first engaged in code
tracing problems. Another study found that practicing line-by-
line tracing helped improved tracing skills for students [6]. We
incorporate code tracing activities in a game, because games
are fun and engaging, and have been shown to be beneficial
in learning [7].

II. RESEARCH EXPERIMENT SUMMARY

In this study, we aim to answer the following question: What
are the basic code understanding obstacles that elementary
students face?

The study was first done in the summer of 2018 with about
40 students from the lowcountry of coastal South Carolina.
The participants were about evenly distributed between males
and females. The students were divided into two groups that
met twice a week for two hours for a total of four contact hours
per week per cohort. In the summer of 2019, another set of
39 students registered to attend the summer camp of whom
19 were returning students. We divided the entire population
into two cohorts with all returning students in one group and
the new students in another. This was done to help us tailor
our curriculum accordingly.

This curriculum was tailored around a detailed taxonomy
which we conceived [8], based on the work of Rich, et al.,
which presents K-8 learning trajectories [9]. The taxonomy
identifies individual coding concepts and is rationalized as
follows. Code containing a single assignment statement is978-1-5386-5541-2/18/$31.00 ©2020 IEEE



introduced first. Then the concept of sequencing of assignment
statements is presented. After that, arithmetic operators and
Boolean operators are introduced.

This study was facilitated by a custom built video game
which we designed [10]. Following the lessons in class,
students played this video game. There were a total of three
modules for both the curriculum and the game. Module 1
was dedicated to assignments, sequence, variables (types) and
operators. Module 2 focused on conditionals, and module 3
on loops. This study reports results based on the data from
the first module only. Each module in the game contained
5 levels and each level had 5 questions that focused on the
specific concepts. The questions were designed to focus on
the specific concept that each level targets. The questions per
level were variations the same concept.

The think-alouds were different from standard think-alouds
in that the students were prompted to explain the reasoning
behind their answer choices as they played a version of
the game. This game version had only five questions which
combined multiple concepts.

III. RESULTS

A. Quantitative analysis of basic coding challenges

Analysis of the game data revealed different mean scores for
different concepts. Sequencing of assignments and operators
were the concepts with the lowest mean scores.

B. Qualitative analysis of basic coding challenges

The think-aloud studies also revealed that students struggled
with operators and sequence of assignments. We illustrate their
reasoning with examples:

Correct thought process (about a sequence of assign-
ments). Amongst the students who answered the sequence
question correctly, some explained that “the second statement
is the only (one) to consider.” This shows that these students
have grasped the concept of order to some extent. Others
explained that “when you put a value in, if you put a different
one in, the first one is gone.”

Incorrect thought process. Some students who did not
understand sequencing of assignments solved a nonexistent
problem, for example, by assuming that the “assignment
statements are cumulative.” For the question shown below, a
student just added or subtracted everything in both assignments
in some order, and picked an answer.

book box ←− 6 + 2;
book box ←− 5− 1;
How many books are in the book box?
A. 8 B. 5 C. 6 D. 4 E. Don’t know
Another student used the process of elimination of choices

and mentioned “round.” When a wrong answer choice which
a student expected was not available, the student decided to
find a choice that was close to their expected answer.

Correct thought process, wrong answer. Some students
thought about the problem correctly, stating that the second
sequence statement is the correct one to focus but choose a

wrong answer. The problem had to do with arithmetic mis-
takes, but not with understanding a sequence of assignments.
For example, for the above question, they picked 6 as an
answer choice because they evaluated 5 - 1 incorrectly as 5 +
1. We noticed this trend in later conditional questions where
the student evaluates the condition correctly but pick the wrong
answer because of arithmetic mistakes.

Finally, in the think-alouds, students also had difficulty with
relational operators and Boolean operators.

IV. CONCLUSIONS AND FUTURE DIRECTIONS

This research focused on understanding basic code reason-
ing challenges for elementary African American school chil-
dren by engaging them in fundamental concepts in a lecture
format and providing an avenue for practice and assessment
via a video game. A key goal in the study was to pinpoint
potential challenges that children might face. We found that
students struggled with sequencing of assignments and all
operators. A continuation of this work will be to carry out
similar studies to pinpoint challenges that middle and high
school students might face with computing concepts.

ACKNOWLEDGMENTS

This work was funded in part by a grant from Boeing
SC and by NSF grant 1738760.

REFERENCES

[1] J. Margolis, J. J. Ryoo, C. D. Sandoval, C. Lee, J. Goode, and
G. Chapman, “Beyond access: Broadening participation in high school
computer science,” ACM Inroads, vol. 3, no. 4, pp. 72–78, 2012.

[2] M. Piteira and C. Costa, “Learning computer programming: study
of difficulties in learning programming,” in Proceedings of the 2013
International Conference on Information Systems and Design of Com-
munication, pp. 75–80, ACM, 2013.

[3] A. N. Kumar, “A study of the influence of code-tracing problems on
code-writing skills,” in Proceedings of the 18th ACM conference on
Innovation and technology in computer science education, pp. 183–188,
ACM, 2013.

[4] A. Schwill et al., “Fundamental ideas of computer science,” Bulletin-
European Association for Theoretical Computer Science, vol. 53,
pp. 274–274, 1994.

[5] K. Sung, K. Gourd, A. McMahon, K. Mansoor, and R. Gaggero, “A
collaborative course for learning how to teach summer java coding
camps,” in Proceedings of the 49th ACM Technical Symposium on
Computer Science Education, pp. 515–520, ACM, 2018.

[6] S. Erete, N. Pinkard, C. K. Martin, and J. Sandherr, “Exploring the
use of interactive narratives to engage inner-city girls in computational
activities,” in 2016 Research on Equity and Sustained Participation in
Engineering, Computing, and Technology (RESPECT), pp. 1–4, IEEE,
2016.

[7] D. R. Michael and S. L. Chen, Serious games: Games that educate,
train, and inform. Muska & Lipman/Premier-Trade, 2005.

[8] O. M. Nche, E. Colbert-Busch, M. Sitaraman, and V. B. Zordan,
“Presenting cs concepts through multiple representations to engage
african-american elementary school children,”

[9] K. M. Rich, C. Strickland, T. A. Binkowski, C. Moran, and D. Franklin,
“K-8 learning trajectories derived from research literature: Sequence,
repetition, conditionals,” in Proceedings of the 2017 ACM conference on
international computing education research, pp. 182–190, ACM, 2017.

[10] O. M. Nche, J. Welter, S. M. Che, E. T. Kraemer, M. Sitaraman, and
V. B. Zordan, “Codetracesure: Combining gaming, cs concepts, and
pedagogy,” in RESPECT 2019, IEEE, 2019.



Educational Initiatives to Retain Hispanic/Latinx
Students in Computing: A Systematic Literature

Mapping
Keishla D. Ortiz-Lopez

Texas A&M University
College Station, TX, USA

keishla.ortiz4@tamu.edu

Maristela Holanda
Texas A&M University

College Station, TX, USA
mholanda@tamu.edu

Richard Furuta
Texas A&M University

College Station, TX, USA
furuta@tamu.edu

Dilma Da Silva
Texas A&M University

College Station, TX, USA
dilma@tamu.edu

II. METHODOLOGY

We used a systematic literature review protocol following
the guidelines presented in [3] with four academic digital
libraries indexing conferences in CSE Education: Scopus, Web
of Science (WoS), IEEE Xplore, and ACM Digital Library. We
chose 76 papers using the search string shown in Figure 1 and
the following inclusion criteria: full papers, US only papers
written in English, higher education level interventions, and
papers including Hispanic/Latinx students.

Fig. 1. Search string components.

III. INITIAL RESULTS

In this section, we present and discuss the results obtained
from the 76 papers that focus on educational initiatives to
retain Hispanic/Latinx students. Table I lists all the conference
names with their abbreviations.

Figure 2 illustrates the frequency of the papers found by
conferences and year (2009-2018), where the colors repre-
sent the years. The top five conference sources are: ASEE,
SIGCSE, FIE, ITiCSE, and SIGITE. 76.92% (50 papers) of
the conference papers are from ASEE, SIGCSE, and FIE,
which provide opportunities to professors in CSE Education
to document interventions at their institutions to retain specific
groups of students, including URM groups.

Figure 3 shows the number of papers per state. The figure
does not include the US territory Puerto Rico (PR), but we

Abstract—Diversity in Computer Science and Engineering 
(CSE) majors has been a challenge in the US. Women, His-
panic/Latinx, Black/African American, and Native American 
students are minorities in CSE majors. Most universities and 
organizations have worked on outreach activities to these under-
represented minorities (URM). In this context, this paper presents 
a systematic literature mapping on educational initiatives in 
higher education for retention of Hispanic/Latinx students in 
CSE majors reported in the last ten years (2009-2018). The 
methodology was based on a systematic literature review protocol 
using four academic databases: Scopus, Web of Science, ACM 
Digital Library and IEEE Xplore. We found 76 papers about 
educational initiatives in CSE majors to retain URM students 
that include Hispanic/Latinx students. We classify the papers to 
get relevant information about institutions, type of educational 
initiatives, main conferences, and present these findings in this 
paper.

Keywords—computer science education, underrepresented mi-
norities, diversity, hispanic, latinx, literature mapping, educa-
tional initiatives, retention

I. INTRODUCTION

Despite all the efforts made to recruit and retain people from
underrepresented groups in Computer Science and Engineer-
ing (CSE) majors in the US, it is still a challenge. Women,
Hispanic/Latinx, Black/African Americans and Native Ameri-
cans are part of the larger groups of underrepresented minority
groups (URM) in CSE majors. According to the CRA Taulbee
survey from 2018 [1], 11.1% of the students enrolled in 2017
in a Bachelors program in CSE are Hispanic/Latinx, but only
8.4% of Bachelor degrees in CSE were awarded in that year
to students belonging to this URM group.

In this context, we present a systematic literature mapping
about educational initiatives in higher education implemented
or proposed in CSE majors and reported in the last ten
years (2009 to 2018, inclusive) focusing on or including
Hispanic/Latinx students, the largest ethnic minority group in
the US [2].

978-1-7281-7172-2/20/$31.00 © 2020 IEEE



TABLE I
CONFERENCES NAMES WITH THEIR ABBREVIATIONS.

Abbreviation Name
ASEE American Society for Engineering Education
CSEET Conference on Software Engineering Education and

Training
FIE Frontiers in Education Conference
ICCSE International Conference on Computer Science and

Education
ICER International Computing Education Research
INTED International Technology, Education and Develop-

ment Conference
ITiCSE Innovation and Technology in Computer Science

Education
RESPECT Research in Equity and Sustained Participation in

Engineering, Computing, and Technology
SIGCSE Special Interest Group on Computer Science Educa-

tion
SIGITE Special Interest Group of Information Technology

Education
TAPIA Richard Tapia Celebration of Diversity in Computing

Fig. 2. Number of papers found by conference and year.

found two papers with educational initiatives implemented in
PR [4, 5]. This is important to mention since in PR 98.9%
of the population identifies as Hispanic/Latinx[6]. We can see
in Figure 3 that these interventions have been implemented
or proposed in states with the highest number of people
that identify as Hispanic/Latinx [2]. In total, 85 institutions
implemented or proposed these educational initiatives, of these
27 (31.76%) are in the top 100 institutions in CSE [7].

Fig. 3. Number of papers per state (all states, except US territories).

Another result worth mentioning is that 15.58% of the
papers focused only in Hispanic/Latinx and the rest of the
papers included all URM groups (i.e., Hispanic/Latinx, Native
Americans and Black/African Americans). However, 23.28%
of the papers did not specify which URM groups they are
referring to. Recall that URM groups, not only include people
from certain race/ethnicity, but also may include people with
disabilities or from the LGBT community. Those papers
instead referred to URM groups using general terms, e.g.,
underrepresented, minorities, non-Caucasian, non-White, non-
traditional CSE students, and other related terms.

Lastly, there are more institutions working on retention of
URM students (possibly including Hispanic/Latinx) that do
not document their interventions in conferences. We believe it
is important to always document any possible intervention so
researchers in CSE Education can be aware of these results.

IV. DISCUSSION

In this paper, we present a literature mapping aiming to
provide an overview about educational initiatives implemented
or proposed to retain Hispanic/Latinx students in CSE majors.
We show that there is recent evidence of these interventions in
states with the highest number of Hispanic/Latinx populations
in conferences in CSE Education. We also identified papers
that did not specify which URM groups they targeted, but
since Hispanic/Latinx are the largest ethnic minority group in
the US [2], we did not exclude them from the results presented
in this paper.

Future work include improving our search string such that
all URM groups are specified and to broader our analysis
to incorporate other URM groups. In particular, we want to
broader the evaluation of interventions to determine if they
were limited based on race/ethnicity or if they also were fo-
cused on any other variable(s) such as gender, socioeconomic
status, etc.
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Abstract- Inequitable STEM participation among minoritized 
girls is a current and critical problem. Prior research has 
highlighted the importance of the middle-school age years as an 
important time for youth for interest identity development in 
science and math. Middle-school is often the stage at which youth 
begin their journey towards STEM careers.  However, girls’ 
STEM participation can be thwarted by gender discrimination, 
lack of external support, and socio-economic factors. Out-of-
school-time (OST) activities are often designed to overcome these 
barriers. While the research on the barriers and challenges to 
participation are clear, less is known about how program 
designers and researchers can act on these insights to design 
individual programs as well as the overall ecosystem.  This paper 
highlights key findings from current research on barriers to 
broadening participation in STEM among minorized girls and 
explores key insights from research for engaging program 
designers and researchers in designing OST experiences that are 
affirming and inclusive for minoritized girls. 

Keywords- Out-of-school-time, equitable participation in STEM, 
STEM engagement, minorities in science, broadening participation 

I. INTRODUCTION  

Out-of-School Time (OST) programs, defined as informal 
learning programs that do not take place during school hours, 
are part of a complex learning ecosystem consisting of formal 
school settings, home, and community experiences [1]. Various 
OST providers across the country are intentionally focused on 
increasing middle-school aged girls’ participation in STEM 
[1,2]. Despite girls achieving better grades in science and math, 
and higher scores in standardized tests [19,36], these 
achievements do not necessarily translate to persistence along 
STEM pathways and women continue to be underrepresented in 
mathematically intensive fields in STEM [3,34]. Many cultural 
and sociological barriers prevent girls from engaging in STEM, 
with patterns of disengagement starting to show as early as 
middle school (self-reports of confidence in science and math, 
course-taking behavior, STEM intent) [3, 4]. Girls of color face 
greater challenges as racial and gender biases intersect [6,16,35]. 
Science identities, confidence and interest formed in middle 

school years are crucial to future pathways [24,33]. OST 
providers are in a key position to: (a) help minoritized girls who 
are disengaged from science and math gain confidence and 
interest in STEM, and (b) build a social support system to 
encourage caring adults’ and community members’ active 
engagement in decision-making around STEM [1,2]. In this 
paper, we sought to understand: (a) what socio-technical barriers 
may affect middle school girls’ STEM engagement, and how, 
and (b) how might OST programs address these barriers towards 
girls’ increased engagement. This paper focuses on insights that 
may apply to the design of OST STEM program offerings.  

We highlight key findings from current research on barriers 
to broadening participation in STEM among minorized girls, 
and share key insights from studies that examine programs 
targeting minoritized girls. Using an integrative literature review 
methodology, we explored research in education, sociology, 
psychology, and learning sciences to form themes based on 
overlapping findings. To explore barriers to learning, we used 
keywords such as “equity in education”, “gender differences in 
learning”, “gender barriers”, “STEM participation”, “racial, 
ethnic inequities”, “discrimination in science education”, 
“Intersectionality in STEM”, “women in STEM”, “STEM 
careers, pathways”, “girls of color”, “gender gap in education”, 
“minorities in science”, “perceived barriers”. We  explored 
equity interventions using terms such as “OST gender equity”, 
“equitable science learning”, “after school”, “informal 
learning”, “science identity”, “agency in STEM”, “minorities in 
science”, “STEM interest”, and “strategies for STEM 
motivation”. 

II. BARRIERS TO GIRLS’ STEM ENGAGEMENT 

The research literature highlights multiple barriers that may 
affect girls’ STEM learning, engagement and interest in 
different ways. We organize these barriers into broad themes: 

A. Effects of stereotyping and discrimination 
Stereotypes suggest that women lack science abilities [7] and 

perceive STEM and engineering as masculine [8]. Assuming 
gender roles leads to seemingly subtle but denigrating 



invalidations and false assumptions of power [9]. Stereotyping 
has negative psychological effects, and affects learner’s 
confidence and perceived support [10]. Furthermore, there is 
risk of conforming to stereotypes, or stereotype threat [11]. 

B. Not acknowledging discrimination 

Invalidating behavior affects peers views due to the social 
learning embedded [9]. In one study, many students reported no 
perceived racial or gender barriers in their peers’ experiences 
[9]. Educational values like “objectivity and rationalism” 
suggest learning accommodations to be equitable, and it is 
falsely assumed that these values are heeded more than 
stereotypical issues [12]. Assumptions about disinterest in 
science among gender and racial minorities are unfounded with 
no evidence of lack STEM aspiration yet affect learners’ 
academic intent and outcome [3,13].  

C. Lack of external support 

Adolescents’ level of STEM engagement is part of a larger 
process of career exploration influenced by external sources 
such as social support [14,32]. Parental styles and expectations 
may be different for girls and boys [15,19], which may 
discourage girls’ interest. Black and Latino students tend to 
report lower perceived support to pursue science than whites 
[10]. Additionally, lack of social interaction with peers leads to 
cultural isolation [16], leading to loss of social support [6,14,17]. 
Lack of historical examples of success also discourage decision-
making in a highly social environment where minoritized girls 
may perceive a lack of fit [16,25]. 

D. Socioeconomic factors 

Students of color may have less access to highly resourced 
schools that may motivate science and math interests, and there 
may be lack of exposure to science outside the classroom 
[16,18].  

E. Learning and teaching styles 

Education theorist Kolb suggests that students tend to move 
towards fields that fit their learning styles best. STEM courses 
are exceedingly competitive and fail to accommodate all 
learning styles [21]. Women may adapt to an “expert” or 
“authoritative role” common in STEM teaching, but tend to 
perform better when educators facilitate learning [20]. 

III. OPPORTUNITIES TO ADDRESS BARRIERS IN THE DESIGN 

OF OST PROGRAM OFFERINGS  

Various design and research efforts are underway to raise 
awareness about gender and racial biases towards more 
equitable STEM learning ecosystems [5]. In this section, we 
present opportunities in research towards addressing barriers 
discussed in the previous section. 

A. Equip stakeholders to address inequity and disengagement 

Many equity-centered design initiatives explore innovative 
ways of engaging stakeholders (eg: Stanford’s d.school, 
Creative Reaction Lab, Civic Creatives). Educators and mentors 
should be equipped to (a) recognize stereotypical behavior 
among youth; e.g. assumptions in the use of everyday language, 
and (b) identify and deal with disengaged youth  [22]. Some 
efforts explore training mentors and facilitators to observe how 
learners engage, and conduct debriefs after programs [31]. 

Research has found that girls who learned about gender 
discrimination and famous female scientists who faced 
discrimination demonstrated increased confidence [23]. 
Mentors, usually young women learning science, act as role 
models [24,25]. Mentors can dispel girls’ negative stereotypes 
about science by showing that they have interesting lives outside 
their work environments [25]. A study has shown success with 
facilitators using stories and narratives from personal contexts 
and relating them to science learning [24]. 

B. Towards continued science learning in the home 

Research has highlighted the importance of engagement in 
STEM across settings to sustain interest [5]. Programs could 
equip parents and caring adults to engage youth in everyday 
science learning by suggesting activities at home related to their 
learning [22]. Programs can also equip parents with resources to 
facilitate science conversations at home. One study reports 
different ways in which parents communicated with youth; ones 
with formal education in science engaged youth in knowledge 
acquisition and concepts, while others used  story-telling and 
personal narratives in conversations about STEM [26]. 
Providing a set of tools and resources to youth, and adults, easily 
accessible at home contexts, may help increase level of 
engagement for those who may not have access to technology at 
home [31]. 

C. Making STEM learning relevant to community’s priorities 

While career readiness is a worthy goal, it is also important 
to address measures grounded in community perspectives [31]. 
Cultural norms and practices of families from non-dominant 
groups may vary [29]. Informal learning opportunities can 
leverage knowledge about their communities’ interests (e.g. 
addressing health disparities, climate change) to help direct 
communities’ and learners’ interest in science learning [26].   

D. Facilitating learning in ways that may not be as formal as 
school contexts 

OST program GET (Green Energy Technology) city 
explored building agency by having girls play the role of science 
experts in their community [27]. Collaborative learning can be 
facilitated by encouraging peer to peer interaction through team 
projects [28]. Learning experiences should highlight forms of 
participation in science that are familiar to non-scientist learners, 
such as asking questions  and drawing analogies [22]. In order 
to garner youth interest, facilitators need to maintain a balance 
between what is “cool/fun” and what is “scientific” in discourse 
[24]. Exploring facilitation of concepts through currently 
relevant topics (e.g. recycling) has been reported to increase 
interest [24]. Research shows that prescriptive and informal 
feedback encourages learning and interest [32].  

IV. CONCLUSION 

OST initiatives and research-practice partnerships [30]  are 
in a unique position to engage girls of color in current and future 
STEM opportunities. Research points to the need for exploring 
revised metrics of program success in the out-of-school space 
[2], focusing the efforts towards increasing minority 
engagement. This review is aimed at a call for action for further 
research to use OST programs’ context in the learning 
ecosystem to build resources, tools, and practices towards more 
equitable outcomes.  
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Abstract—Dr. Bushra Anjum and Mr. Greg Wilcox organized 
a computing camp for 6th graders at the Los Osos Middle School 
in California during the summer of 2019. Though the school has a 
computer lab, it lacks a computing curriculum along with CS-
trained faculty. Dr. Anjum led the camp--- consisting of 5 highly 
interactive training sessions--- to introduce various exciting 
computing concepts to the students. The sessions were conducted 
with the help of the school's STEAM (science, technology, 
engineering, arts, mathematics) faculty and included videos, active 
discussion, and hands-on activities introducing new skills. This 
effort was aimed to inspire young people to step up and contribute 
to the future of technology. 

In this paper, the authors share some of the lessons and insights 
gained from this experience. They also discuss those strategies that 
worked and those that didn't while sharing some 
recommendations for students and faculty interested in 
conducting such outreach. 

Keywords— K-12 education, equity, problem solving 

I. INTRODUCTION  

Data driven decisions in education at the site level include 
thinking outside the box. One such approach featured in this 
experience paper identifies the process and outcomes of a 
computing camp, a pilot program to encourage and engage 6th 
grade students in the study of computer science.  

Gender inequity in the computer science field has been a 
well-known issue in the tech world. The number of women 
enrolled in computer science at secondary schools, universities, 
and employed in the workplace reflects a disparity in our current 
population. According to the United States Bureau of Labor 
Statistics, in 2018, computer occupations employing women 
ranged from 37.5 % for computer systems analysts to 10.3 
percent for computer network architects[1]. Clearly, the United 
States Census Bureau 2018 numbers do not mirror the female 
population, 50.8 %[2]. 

Organizations and programs have historically sought to level 
the playing field for women in computer science. Girls Who 
Code, since 2012 have continued to build the numbers of women 
working in the computer science area. In 1995, 37% of computer 
scientists were women. Today, it’s only 24%. If we do nothing, 
in 10 years, the number of women in computing will decrease to 
just 22% [3] [4].  

The focus of this computing camp was to increase female 
interest in underrepresented computer science fields.  

Equity specifically in underserved minorities and women 
employed in technology fields by companies, big and small, are 
posited as the rationale for the computing camp collaboration 
with Mr. Wilcox and Dr. Anjum. The journey to a computing 
camp section of a 6th grade STEAM course being co-taught by 
an expert in the field of computer science, Dr. Bushra Anjum, a 
data analytics program manager, currently with Doximity begins 
with a visit to Amazon in San Luis Obispo, California.  

II. COMPUTING CAMP AT LOS OSOS MIDDLE SCHOOL 

Los Osos Middle School is located on the Central Coast of 
California, about halfway between Los Angeles and San 
Francisco. The 6-8 middle school, had 599 students in the 2017-
2018 school year, (published 2018-19) per the most recent 
California Department of Education, School Accountability 
Report Card. 61.1 percent of the student population is White (not 
Hispanic), and 49.74 percent are considered socioeconomically 
disadvantaged. There were 184 6th graders in attendance during 
the 2017-18 school year [5]. However, according to the Los 
Osos Middle School registrar, Anne-Marie Hoffman, in 2018-
19, there were 555 students, 297 males (53.51 %) and 258 
females (46.49 %). The STEAM class when the computing 
camp session was introduced had a total of 32 students, 20 
males, and 12 females. The course enrollees were scheduled 
based on a rotational wheel that included 4 other STEAM 
classes; robotics, video production, aerodynamics, and 
transportation. 

The school has a 1:1 ratio of computers to students, yet 
computer science is not a formal part of the course choices. The 
majority of computers are Chromebooks with 2 labs of desktops. 
A degree of computer programming is embedded in the 6th 
grade when all 6th graders learn to use Scratch. Last year one 
class of 8th grade students learned how to create interactive 3D 
images using Unity and GIMP. Some 8th grade history students 
created augmented reality presentations triggered by QR codes 
on a student-created poster. In 2018, Los Osos Middle School 
received a national honor being designated as a “Schools to 
watch,” one 22 middle schools in the state of California [6]. 



A. The Industry-School Partnersihp 

Initially, Mr. Wilcox brought 27 students from Los Osos 
Middle School to visit a variety of local businesses as part of 
career exploration, including Amazon. Dr. Anjum reached out 
to Mr. Wilcox, offering to teach a unit on computer science. 
Later in the school year, Wilcox contacted Dr. Anjum, who had 
moved up to a start-up, Doximity, headquartered in San 
Francisco. She telecommuted from San Luis Obispo County and 
still wanted to teach 6th grade students about computer science. 
Our initial meeting at Los Osos Middle School included 3 other 
STEAM teachers. 

The partnership between an industry expert and the local 
teaching staff has been critical to the success of the camp. It is 
essential to recognize that while the industry expert may know 
their technical craft, it is the teachers that know their students. 
The teachers have been working with these students for months, 
in some cases years, and can advise best on the complexity of 
the content, delivery and presentation style, and identifying and 
following up with the most and least interested students.  

B. Lesson Plans and Execution 

Dr. Anjum decided to make the camp not focused on 
programming, but “problem solving”. The primary goal was to 
introduce the field of computer science to the students and the 
immense potential for good it holds. The secondary goal was to 
inform that programming is just a small part of computer 
science. The bulk of the work that computer scientists do is 
figuring out the right solution, which requires creativity, critical 
thinking and collaboration.  

The first session was focused on what computer science is, a 
brief history of how it came about, and the applicability of 
computer science in every field today, ranging from medical to 
entertainment to agriculture to historic restoration, etc. We were 
able to convert the then recent tragedy of the fire related 
destruction of Notre Dame de Paris cathedral into a teaching 
moment. We highlighted the work of late art historian and 
computer enthusiast Andrew Tallon, who meticulously mapped 
Notre Dame in three-dimensions using laser scanners. Using his 
digital maps, the reconstruction of Notre Dame will be possible 
with an accuracy of 5 millimeters [7]. Students responded to this 
story with awe and delight as they saw how “loosing a historic 
site by a disaster” was a problem and computing provided a 
solution. The students also responded well to the computing 
research and innovation in robotics that provide assistance for 
the disabled, and veterans who have lost limbs in the line of duty.  

The second session was focused on the internet and how an 
army project started in the era of the cold war ended up as the 
biggest communication revolution in the history of mankind. 
The students enjoyed the story immensely, on how the army’s 
intention to create a “resilient interconnected network” became 
the “internet”. Many boosted that they are going to tell their 
parents and friends that “internet” is not really a word, or at least 
it wasn’t a few decades ago. 

Another session was focused on security, where various 
aspects of wired and wireless networks were discussed. The 
notion that “it is easy to bury a wire or lock it in a building, but 
it is impossible to control the air” led to interesting follow-up 
discussions. This led to discussing the Frequency Hopping 

Spread Spectrum work as a means to secure radio 
communication. We also discussed securing the message via 
encryption, and the students were introduced to Caesar Cipher. 
We did a few exercises in the class where students were given 
encrypted messages and a key and were asked to decrypt the 
message. It was one of our highly engaging exercises. We also 
recognized the potential and converted it into a mid-session 
feedback opportunity. More details on it are shared in the next 
section. 

Finally, we had a session dedicated to the Binary encoding. 
We sparked the students’ interest by asking, “Why do we count 
in 10s? Why not 6 or 12?”. It led to a fun discussion where 
students finally narrowed down and tied decimal to 10 fingers. 
We segued into computers at this point and asked, “But poor 
computer have no fingers to count on. What does it have?”. We 
got various answers, circuits, wires, electrons, electricity, 
power! And from there, making the connection from electricity 
to the binary state was straight forward. In that session, students 
also learned to convert decimal numbers to binary using 
repeated divisions and were successfully able to convert 6 digit 
decimal numbers. This actually came as a surprise to the 
instructor as she was expecting the students to convert 3 and 4 
digit numbers easily and struggle with 6 digits. The class, 
however, aced it. A student later shared he is not a big fan of 
math, but he enjoyed doing this exercise as “collecting 0s and 
1s is fun and funny”. 

C. Creative Mid-Session Feedback 

Students were thoroughly engaged in converting encrypted 
messages, given to them by the teachers, to unencrypted ones 
using Caesar Cipher. We recognized the potential here and 
turned it into a mid-session feedback opportunity. We asked the 
students to write an encrypted message to Dr. Anjum and give 
her the decryption key. She will decrypt it later. The message 
could be anything related to the computing camp, what are they 
learning, what are they liking or not linking. Students were given 
the option of not writing their names on the paper so that they 
may express themselves freely. 

Though we were skeptical about the messages we may 
receive, the overall feedback was increasingly positive and 
encouraging. We are sharing a few of the notes below. 

 

 

Fig. 1. Encryption based feedback 1 



 

Fig. 2. Encryption based feedback 2 

 

 

Fig. 3. Encryption based feedback 3 

III. REFLECTIONS AND RECOMMENDATIONS 

One lesson we learned early on is that while numbers, such 
as pay or open job postings, may be of primary importance to 
teens and adults, they matter little to the students of this age 
group (ages 10 to 12). We started the camp by sharing the 
statistic” By 2026, there will be an estimated 3.5 million jobs 
related to computing open in the U.S.” and “The average salary 
of a software engineer is $120,000”. These statements were met 
with neither understanding nor appreciation by the students. 

We quickly revised our strategy and started focusing on the 
impact computer scientists make. They have the potential to do 
what heroes do, act in service of others who are in need, whether 
for an individual, a group, or a community. The idea of heroism 
struck a chord with the student audience.  

Our end of session student evaluations showed that the 
students responded in a positive way to the lessons leading to 
solving problems similar to those of computer scientists. One 
question asked of all students was: “How did it feel about 
learning about some of the problems real computer scientists 
face today?” The following are a few of the characteristic 
responses: “It was fun to learn about it from a woman’s point of 
view. I like the secret code where they used it in the army.” “I 
felt reassured because although they [computer scientists] run 
into problems, they find a way to fix them.” “I remember Dr. 
Anjum teaching us how to code and decode.” 

Below we share some of the handwritten notes received as 
the end of session feedback. 

 

Fig. 4. End of session feedback 1 

 

 

Fig. 5. End of session feedback 2 

It is interesting to note that not all students related to open-
ended problem solving. According to Jean Piaget’s cognitive 
theory, students ages 7 to 11 are in the “concrete operational 
stage [8].” Students are not all alike when it comes to their 
development, both physical and mental. Hence a good mixture 
of open-ended problems and rules-based, if/then types of 
scenarios would have increased the overall students’ interest and 
engagement.  

IV. SUBTLE NUDGE AND ENCOURAGEMENT TO FEMALE 

STUDENTS 

We created flyers to advertise the camp to students. In the 
flyer, special attention was paid to the language, content, and 
imagery to provide subtle nudges to encourage female student 
participation. The image used for the flyer was of a female 
computer scientist guiding with a young female student keenly 
looking at her computer screen. The language used the construct 
“young women and men” to highlight the participation of 
women (Fig. 6). Also, throughout the sessions, the construct 
“she or he” was used in equal proportions to “he or she” to 
enforce the subconscious cues of equality. 

 

 



 

In each lesson, the examples of prominent figures were 
carefully chosen to highlight the contribution of one female and 
one male individual. For example, while discussing the history 
of computers and computer science, Ada Lovelace was 
mentioned alongside Charles Babbage. For the topic of internet 
and communication, Radia Perlman’s spanning tree was 
referred to alongside Vint Cerf internet architecture. When the 
topic of security was discussed, the contributions of Hedy 
Lamarr for Frequency Hopping were examined along with the 
Caesar cipher by Julius Caesar.  

It is paramount that female students identify with the 
pioneers of the field and see that women have been contributing 
to computer science since its inception. We conducted a survey 
3 months after the camp to access the impact of these efforts. 
The results are in the next section. 

A. Anectodal Evidence 

The 12 girls were interviewed 3 months after the computing 
camp was offered. Mr. Wilcox utilized a qualitative 
questionnaire to analyze the aspect of interest effectiveness of 
the computing camp. A conceptual approach to understanding 
computer science was selected based on the rationale that 
understanding variables, expressions, and loops are foremost to 
most computer science careers [9]. 

Figure 7 contains the quotes from the girls in reference to the 
question: Do you think it made a difference having a woman 
computer scientist teaching Computer Camp? If so, how?  

Overall, 6th grade student females responded positively to 
having a woman data scientist teach computer science. 

CONCLUSIONS  

The primary goal of the computing camp was to introduce 
the field of computer science to the students and the immense 
potential for good it holds. The secondary goal was to inform 
that programming is just a small part of computer science. The 
bulk of the work that computer scientists do is figuring out the 
right solution, which requires creativity, critical thinking and 
collaboration. We were able to achieve both these goals using 
interactive sessions, active discussions and hands on exercises. 

Further, we were able to spark female students’ interest and 
curiosity about computer science by carefully choosing 
language, woman pioneer examples, and in person discussions. 

We are also happy to report that a coding class is now 
incorporated in the 6th grade, in part due to the introduction to 
computer science via the computing camp. The new course 
introduces, and is built on, Scratch. 

 

 “Yes, ‘cause it was more inspiring.” 

 “Yes because she would tell us that girls could also do 
anything, so yes.” 

 “Yes, so that more women will want to do that.” 

 “Yes, it showed women empowerment.” 

 “It showed the females in the group that they could 
have very important jobs.” 

 “Yes because she showed it from a different view 
point.” 

 “I think it made a difference having a woman computer 
scientist teach me because she showed her side on 
working in computer science. She also encouraged 
girls that computer science is a great field to work in. 
She shared experiences she has had.” 

Fig. 7. Student feedback 

REFERENCES 
[1] United States Department of Labor, Bureau of Labor Statistics, [Online]. 

Available https://www.bls.gov/cps/cpsaat11.htm.  

[2] United States Census Bureau, [Online]. Available 
https://www.census.gov/quickfacts/fact/table/US/PST045218.  

[3] Girls Who Code [Online]. Available. https://girlswhocode.com/  

[4] R. Saujani, “Turn and Talk/ Reshma Saujani on getting girls into 
computer science,” Educational Leadership, vol. 26, no. 5, Feb. 2019. 

[5] California Department of Education. School Accountability Report Card. 
2017-18. Los Osos Middle School. 
http://sarconline.org/SarcPdfs/10/40688096097349.pdf 

[6] California Department of Education. State Schools Chief Torlakson 
Congratulates High-Performing Middle Schools Selected as 'Schools to 
Watch,' [Online]. Available. 
https://www.cde.ca.gov/nr/ne/yr18/yr18rel06.asp 

[7] “How One Man’s Legacy Could Help Rebuild Notre-Dame Cathedral”, 
https://architizer.com/blog/practice/tools/andrew-tallon-notre-dame-
cathedral/ 

[8] B. Hofer and P. Pintrich, The Development of Epistemological Theories: 
Beliefs About Knowledge and Knowing and Their Relation to Learning, 
Review of Educational Research,  

[9] S. Grover, N. Jackw and P. Lundh, “Concepts before coding: non-
programming interactives to advance learning of introductory 
programming concepts in middle school,” Journal Computer Science 
Education, vol. 29, 2019, 06 Feb. 2019. 

 

 

Dr. Bushra Anjum will lead the camp, consisting of 5
highly interactive training sessions, to introduce various 
exciting computing concepts to the students. The sessions 
will include videos, active discussion, and hands-on 
activities to learn new skills that will help young women 
and men to lead the future of technology. 

Dr. Anjum is originally from Pakistan and has taught and 
mentored internationally. She is currently working 
remotely for a San Francisco based startup as a Data 
Scientist. 

Fig. 6. Text used for flyer 
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time and place [4]. At the core of a STEM ecosystem, are
multiple opportunities for learners to engage in a variety of
activities across diverse settings that enable them to develop
knowledge, interest, and skills in STEM disciplines over the
course of their youth [5], [6]. Students interact with other
individuals (e.g., peers, mentors, teachers, parents) throughout
these experiences subsequently influencing their academic and
career trajectories in, hopefully, positive ways [5]. Learning
can occur across multiple settings including the formal school
environment as well as out-of-school learning opportunities
such as after school clubs, summer camps, and informal home
experiences [6]. When strategically aligned and coordinated,
these opportunities become intentionally designed pathways to
support equitable STEM learning experiences for all students.
Universities, schools, businesses, and community organiza-
tions are all integral stakeholders as they provide critical
resources for authentic STEM learning [7].

II. ECOCS: BUILDING A CS/CT-FOCUSED ECOSYSTEM
THROUGH A SCHOOL-LEVEL RPP

Our team views the STEM ecosystem as a robust framework
for addressing the barriers and necessary support structures
that students encounter within their learning trajectories in
STEM areas, including CS/CT. Therefore, we posit that a
CS/CT-focused STEM ecosystem can be a viable strategy
to broaden the participation of student populations that have
been historically denied access to meaningful CS/CT learning
opportunities and to position them for success along such a
CS/CT learning trajectory.

Our model recognizes that effective CS/CT learning requires
coordinated efforts amongst school leadership, teachers, par-
ents, and other key external constituencies as they work to
design and support computationally-rich educational pathways
for all students. Current research and policy initiatives rec-
ognize that computationally rich experiences can occur not
only across formal STEM subject areas, but also in non-
STEM coursework, elective courses, and informal educational
activities [8]. Outcomes of this coordinated effort will produce

Abstract—STEM ecosystem is an emerging model for identi-
fying the barriers and support structures that students have in 
their learning trajectories in STEM. In this paper our university-
based research team presents a CS/CT-focused STEM ecosystem 
strategy designed to address underrepresentation in computing 
fields. W e d escribe o ur c urrent a nd f uture w ork w ithin our 
school-level research-practice partnership (RPP) with a local 
middle school, used to guide the creation of this ecosystem.

Keywords—Research-Practice Partnership, K-12, STEM Ecosys-
tem

I. INTRODUCTION

Large segments of the U.S. population (e.g., women, 
African-Americans, Hispanic/Latinx), have been historically 
marginalized from participation in computationally-intensive 
STEM professions and in the higher education degree pro-
grams that prepare them for those careers [1]. Efforts to 
broaden participation in these fields a re a  c ritical strategy 
to expand and diversify the talent pool to meet the waxing 
demand for STEM-trained professionals.

Policy makers have recently charged organizations who play 
an important role in preK-12 STEM education with addressing 
this issue by both helping to better understand its root causes 
and developing innovative strategies to address it [2]. Informed 
by these concerns we are establishing a computer science and 
computational thinking (CS/CT) focused STEM ecosystem 
that is cultivated and sustained through an existing Research-
Practice Partnership (RPP) at a middle school with high 
racial/ethnic diversity to address and research the challenge of 
broadening participation in CS focused academic programs.

The STEM ecosystem framework has emerged as a powerful 
strategy for addressing STEM literacy and education [3]. It is 
founded upon the understanding that building student capacity 
and interest in STEM-focused academic activities needs to 
be addressed in a systematic and coordinated fashion over
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teacher and student resources, robust CS/CT learning opportu-
nities, and adequate training that prepares all stakeholders to
broker opportunities directly and indirectly as students grow
their capacity and interest.

Our strategy incorporates a breadth and depth approach in
which breadth refers to exposing the entire, diverse student
body to culturally responsive CS/CT learning experiences
through introductory CS/CT-related activities in core academic
classes (e.g., mathematics, science). Additionally, this broad
exposure to CS/CT, starting in 6th grade, means building a
critical mass of experiences that students can share with their
school peers and build motivation and expertise, accelerating
student preparation for later CS/CT opportunities. Further-
more, intentional outreach to students’ homes and community
are provided by the school to expose parents, guardians,
and siblings to CS/CT activities and help bolster support for
student interest outside of school. Breadth is then coupled
with opportunities for students to deepen their interest through
additional learning endeavors that build their capacity for
success in high school and beyond.

To help realize the potential value of a CS/CT ecosystem,
our research team partnered with practitioner leaders at a
local middle school with a digital sciences magnet theme to
operationalize this model. Using an RPP approach, research
and practitioners collectively identified a problem of practice,
namely how do we broaden participation of underrepresented
populations in CS/CT through its integration into various
elements of the academic enterprise. Then, RPP team members
developed and iteratively refined strategies to address this
challenge.

III. PROGRESS TO DATE AND FUTURE DIRECTIONS

Since the inception of this RPP, university researchers
and practitioner leaders from the local middle school have
engaged in several collective efforts to infuse CT practices
into the school culture. The first major initiative was the
establishment of a digital sciences team (DST) during the
2018-2019 academic year. The DST is tasked with leading
efforts to integrate digital sciences and CT throughout the
school. The team is comprised of researchers, school leaders,
and a representative from each subject area. The team reviews
and plans programs and activities for students and parents.

Researchers also collaborated with the school’s leadership
to assemble a teacher leader cohort charged with leading CT
and CS integration efforts including school-wide professional
development (PD). To become teacher leaders, these individ-
uals were required to attend a weeklong summer training
on infusing computing. In order to build the content and
pedagogical knowledge of other teachers within the school,
the cohort holds monthly PD sessions during their subject-area
planning times. The teachers then offer follow-up support to
their peers as needed.

University researchers also provide direct support to teach-
ers as they co-develop curricular units and implement them
within their classrooms. To date, all students have engaged in
CS practices within their science classrooms to learn important
content standards through computational modeling. Last year,

the research team collaborated with all science teachers to
develop and implement curricular units that provided students
with achievable and relevant opportunities to use, modify, and
create their own computational models to simulate scientific
concepts.

Importantly, effective communication and trusting relation-
ships facilitate the development and maintenance of produc-
tive RPPs. As such, researchers have dedicated considerable
time and resources to designing systems that foster regular
communication and rapport building with school leadership
and staff in an effort to increase buy-in and knowledge about
creating a school-wide CS/CT-focused ecosystem. Members
of the RPP team engage in bi-weekly meetings to review and
resolve teacher issues, and research-practitioner duos attend
professional meetings to deepened their understanding about
navigating a RPP. Notably, the team also hosted a research-
practice partnership kick off meeting to inform all school staff
of the current and future work at the beginning of the 2019-20
academic year. Through this deep and consistent dialogue, the
team builds a common understanding of vision, problems of
practice, and metrics of success. Finally, the ecosystem work
also extends to families and parents as the RPP team co-plans
and supports several outreach events and activities such as
curriculum showcase nights, school-wide magnet fairs, and a
family code night at the school.

Now that we have established the trust and respect of school
leadership, we are planning more intensive and focused data
collection and analysis. These efforts will enable us to study
barriers to developing an ecosystem that supports CS/CT for
every student, factors or interventions needed to support that
development, indicators of success, and an understanding of
how the ecosystem prepares and engages all students for
future CS/CT work beyond middle school. Data collection and
analysis will be iterative as new insights emerge about new
factors pertinent to the ecosystem. Our overarching goal is to
generate new knowledge about how to grow STEM ecosystems
that support CS/CT learning for all students.
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Abstract—This work describes the design, development, imple-
mentation and research of the Cyber Sleuth Science Lab (CSSL),
an innovative educational program and supporting virtual learn-
ing environment created to provide young women and men from
traditionally underserved populations (grades 9-12) with digital
forensic knowledge, skills and career pathways. CSSL combines
online and in-person classroom elements that challenge students
to become cyber sleuths learning to use real-world digital forensic
methods and tools to solve goal-based investigative scenarios, and
to explore complex social issues related to technology. Classroom
activities provide additional support and role model engagement
to encourage youth to consider STEM+C related careers while
improving their cyber street smarts. This research uses a quasi-
experimental, comparison group design combining qualitative
and quantitative methods.

Keywords—Equity, problem-based learning, career pathways,
cybersecurity, digital forensics

I. INTRODUCTION

Cybersecurity and cybercrime are growing rapidly and
present real-world challenges related to technology. In ad-
dition, there is a major shortage of qualified candidates in
Cybersecurity and Digital Forensics. Notably, relatively few
women enter this dynamic workforce sector, which is in stark
contrast to other forensic science disciplines which attract
many more women than men. The primary research questions
in this work relate to effectiveness of instructional methods and
career pathway pursuit. Specifically, we are studying the effec-
tiveness of the CSSL for teaching digital forensic proficiency
that is directly applicable in the workplace, and for inspiring
young women and other underrepresented youth to pursue
STEM+C related careers. An overarching question in this work
is whether young women show interest in digital forensics
and cybersecurity in specific, and computer science education
in general, and related technical skill development when it
is situated within a learning environment that explores the
complex issues associated with cybercrime, such as criminal
justice, legal considerations, and information privacy.

This work is supported by the NSF STEM+Computing Partnership (Grant
No. 1640107).

II. SCIENTIFIC-INQUIRY-BASED PEDAGOGICAL
FRAMEWORK

The Cyber Sleuth Science Lab (CSSL) combines a so-
phisticated virtual learning environment hosted in the cloud
with rich goal-based scenarios and supporting educational
resources to fuel in-classroom instructional activities and ca-
reer pathway exploration. Investigative scenarios in the CSSL
are constructed with input from youth dealing with issues
that are directly relevant to their lives, including cyberbul-
lying, privacy, account hijacking, identity theft, anonymous
harassment, unauthorized sharing of personal photographs.
Computational thinking is codified with the CSSL interface
and instructional activities. For students, learning support
resources are embedded with the CSSL platform. Educators
and students are supported by facilitators who circulate in
classrooms to address technical issues and student questions. A
Teacher Dashboard allows educators to track student progress.
Each student is also able to view personal progress completing
activities through their individual Dashboard.

III. PROGRAM DEVELOPMENT

The CSSL program has a flexible modular design that is
adaptable to different contexts in school and out of school.
Development started in 2017 and pilots were run in Baltimore,
New Orleans and Washington State, summarized in “Table I”.
Embedded assessments, in-person surveys, and automated data
gathering are combined to gain insights into experiences and
outcomes for students and educators and facilitators.

TABLE I: PILOT OVERVIEW

Venue Details
Students Duration Hrs/day Total hrs (est.)

Baltimore 2017 12 1 day 6 6
NOLA 2017 30 (4+26) 1-2 days 6 6

Baltimore 2018 79 4 days 6 24
NOLA 2019 17 1 week 6 30
Everett 2019 12 3 weeks 6 78

Baltimore 2019 32 5 weeks 1 24

Initial focus groups and pilots of the CSSL helped determine
the needs of youth and educators in the target environments.
The initial pilots were structured as a focus group of 12 young
women in Baltimore City schools, and two groups of female
students in New Orleans (4 for 1 day, 26 for 2days), all978-1-5386-5541-2/18/$31.00 ©2020 IEEE



grades 8-12 (most with prior computing education). A pilot
in 2018 was conducted simultaneously in four classrooms,
as part of a larger summer program supporting Baltimore
City Schools. The 79 students (40% female, 58% male from
traditionally underserved populations) ranged from grades 9
through post-graduation with the majority in grades 10-12.
These students completed two investigative missions over three
days, answered formative and summative questions, wrote final
reports, some of which were presented in front of the class
orally. An extra Industry Day brought students from all four
classrooms together with expert practitioners who discussed
their career pathways and then divided into smaller groups for
questions and answers. A final convention of all students was
held to wrap-up the program, announce achievement awards,
and encourage continued pursuit of STEM+C.

In 2019 multiple pilots were held in Baltimore, New Or-
leans (71% female, 29% male) and the Everett (50% female,
50% male), supported by Washington Network for Innovative
Careers (WANIC). The Everett pilot was the most extensive,
requiring the educator and CSSL team to work closely together
to create a complete program for 78 total hours. Students were
able to complete all investigative scenarios, present their work
in class, have structured reflection sessions, and interactions
with multiple guest speakers (practitioner role models). In
addition, a mock trial was held between the second and third
investigative missions, dividing the class into three teams
(prosecution, defense, forensic expert witnesses) to present
evidence-based arguments, with communication focusing on
forensic findings rather than theories of guilt/innocence. The
facilitator was from a local community college enrolled in
a cybersecurity and digital forensics program, and she had
opportunities to present new topics to the students and work
with them on content related matters.

IV. OUTCOMES AND LESSONS LEARNED

Across all pilots, the young women and men who par-
ticipated in the CSSL program were inspired and engaged
by their experiences, and developed an increased knowledge
and interest in Digital Forensics and Cybersecurity. Students
particularly benefited from playing the role of investigators and
getting hands-on experience with real-world digital forensic
tools to help someone recover deleted data or deal with cyber-
bullying. The majority of students indicated that the program
provided them with enough educational supports, and that
they learned skills that are useful for a career, and expressed
increased interest in and knowledge of digital forensics and
cybersecurity.

After the CSSL program, students expressed surprise about
how easy it is to access and recover information from digital
technology, and had a heightened awareness of risks associated
with technology use. In addition, many students had a broader
view of careers related to cybersecurity and digital forensics
and the experiences of professionals in these career, and
wanted to learn more about pathways into these careers.
Overall, across both 2018 and 2019 pilots, young women
developed a slightly higher interest in Digital Forensics and

Cybersecurity than young men. Interestingly, during the 2019
pilots, young women expressed a significantly larger change
in appreciation and interest than young men.

A summary of primary lessons learned through implemen-
tation of the CSSL:

• In-classroom Activities: students benefit from in-
classroom activities, not just online instructional activ-
ities.

• Supporting Girls: girls benefit from special support in
co-ed learning environments.

• Career Quest: youth benefit from a structured approach
to exploring career pathways.

• Super Cyber Sleuths: some students complete investiga-
tive missions more quickly and need additional learning
activities.

• Classroom Management: teachers benefit from an en-
hanced Teacher Dashboard to help them manage class-
room activities, track student progress and performance
more flexibly and effectively. An added benefit of this
tracking mechanism is that educators had students view
their own individual progress and see what they still
needed to complete.

• More Time: exploration takes time, and cannot always
occur within an hour of classroom time.

• Professional Development: educators benefit from more
supports, guidance and time to become familiar with the
CSSL before bringing it into the classroom.

V. CONCLUSIONS

The CSSL program provides a rich multidisciplinary learn-
ing experience, combining STEM+C with social issues. Young
women and young men are motivated to learn more about
cybersecurity and digital forensics, but perhaps with a different
focus. Young women appear to be more motivated by social
issues such as safety and privacy, whereas young men seem to
be more motivated by career choices. Although students enjoy
learning in the digital platform through investigative missions,
they benefit from “outside of the computer” activities such as
structured in-classroom discussions, mock trials, and in-person
interactions with practitioner role models. Young women favor
such in-classroom activities relative to young men who tend
to prefer seeking supports in the digital platform.
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activities such as web development, robotics, flash animations
and games. They also feature mentoring components such
as working with university students and listening to guest
lectures and exploring career paths through industry field trips.
Students in these programs showed increases in school value
perception and computing ability [4] and positive perceptions
of computer use [5]. As we develop programs for marginalized
communities, it is important to understand what factors are
important to students and communities. Below, we discuss the
evolution of Bridge to Computing, a game design camp for
youth at-risk for gang involvement.

II. BRIDGE TO COMPUTING

Year 1 The police and Give Back Organization (GBO)
proposed game development as the focus of the camp as
it is effective for engagement. Utilizing curricula from the
STARS Computing Corps [8], two graduate students alternated
leading the 8-hour day, 3-week camp, with 1-2 undergraduate
volunteers taking shifts to support them. Additionally, an
armed police officer in uniform was present in the on-campus
camp to develop relationships with the campers and assist with
possible behavioral incidents.

The project-based curriculum included four projects, one
each in Scratch, Weebly, and JavaScript, and a final project in
any language. Campers learned to code games in Scratch, then
made a Weebly website advertising their games. We planned
for campers to learn JavaScript through CodeAcademy exer-
cises, and create a JavaScript game by the 4th week. The last
two weeks were spent on final project. Each week campers
learned how to use the relevant tool through an instructor
guided example project. The campers formed pairs to pitch
and develop a game idea, getting feedback from the class.
Finally, campers would present their projects, providing a
demonstration and describing what they learned. Requirements
for final projects were developed with GBO: create a game
that provides players with a sense of the realities of gang
life and demonstrates the campers’ aspirations to escape gang
influence. The final game was to be presented in an expo
attended by faculty, officers, family and friends.

To reduce monotony, project time was interspersed with
free-time as well as other learning and outdoor activities.
We invited various speakers including faculty, researchers,
professional game developers, and college athletes. Speakers

Abstract—In 2017, our police department and the Give Back 
Organization (GBO), a local non-profit, contacted our university 
about hosting a game development summer camp. The camp was 
proposed to keep boys ages 12-15 living in a community with 
high levels of gang enrollment off the streets while providing 
an opportunity to learn about college and computing careers. 
The police also wanted to improve officer-youth r elations. Our 
lab provided camp counselors, space, and content for the camp. 
Each camp supported a total of twelve African-American boys. 
Over three years, we refactored the curricula and organization 
of the camp and present our lessons learned from the experience.

Keywords—at-risk youth, K-12 outreach, computer science edu-
cation, computational thinking, community

I. INTRODUCTION AND BACKGROUND

As computer science (CS) education becomes increasingly 
important for every student, programs to introduce CS to more 
students at the K-12 level are hoping to broaden participation 
by closing the achievement gap. This gap starts early in 
the education pipeline as lower-income and minority students 
receive, on average, far less STEM educational support than 
other students [1]. General purpose K-12 CS programs do not 
sufficiently c lose t he a chievement g ap [ 2]; t herefore, specific 
and targeted after-school programs must also be considered.

Research into designing CS outreach programs for at-risk 
youth is scarce [3]–[5]. Lower socioeconomic status predicts 
that at-risk youth have less access to CS courses and receive 
less encouragement by educators or their parents to study CS 
[6]. This is unfortunate as CS jobs can provide students with 
an opportunity for upward economic mobility.

Resnick & Burt developed a model for categorizing ado-
lescent risk, factoring in environmental antecedents such as 
poverty, neighborhood, and family dysfunction, as well as 
early markers like poor school performance and interactions 
with child services. Potential risk outcomes and behaviors 
include drug and alcohol abuse, crime/imprisonment, school 
dropout and other serious issues. Many children ages 10-15 
do not yet show risk outcomes, but could be classified as high 
risk if they share a combination of factors [7].

Studies have demonstrated that programs focusing on men-
toring and teaching at-risk kids new skills tend to have 
positive outcomes [3], [5]. Programs like KLICK! [4] and 
Launch-It [5] provide at-risk kids access to creative computing
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shared personal experiences, their path to higher education,
and advice. The goal was to introduce role models and
increase interest in higher education. We included field trips
to science labs and local businesses to develop student interest
in academics and STEM careers.

Unfortunately, we did not have a prior understanding of the
campers’ levels of digital literacy. Most campers had limited
access to traditional computers and keyboards, thus having
underdeveloped typing skills. To mitigate this, campers played
typing games and we revised the coding curriculum to use
block-based environments, including introductory lessons from
the online BJC curriculum [9]. In the final week, campers
used the online story-telling tool Twine to make interactive
autobiographies about their communities and personal lives.

Year 2 In spring 2018, we hired a graduate student with
prior outreach experience to develop and teach a modular, co-
hesive curriculum. We also hired two Black recent high school
graduates to act as full-time near-peer mentors, who were from
an at-risk neighborhood and had positive experiences using
Snap!, to provide more consistent role models for campers.
Officers wore plain clothes to be more approachable and had
official police training in youth interaction.

The goal of the 2018 curriculum was to better scaffold
campers as they transition from block-based development
into JavaScript and HTML while also allowing for inconsis-
tent attendance. Based on 2017, we predicted most campers
would miss a few lessons, therefore we created independent
modular assignments that would allow campers to succeed
despite absences. Morning warm-ups for campers were logic
puzzles to facilitate computational thinking. We interspersed
programming with other activities including learning to type,
creating presentations, and content from other STEM fields.
We continued inviting guest speakers from industry and the
police department as students were typically more engaged in
hearing from industry professionals rather than faculty.

During the last three weeks of camp, the lead counselor
introduced campers to classic computer science problems,
including checking for whether Euler paths are possible in
graphs and developing solutions to the travelling salesman
problem. Counselors emphasized that university students were
also learning about these classic CS problems, helping campers
to see themselves as being capable of succeeding in college.

Year 3 For year three, we hosted two three-week camps,
doubling the participation of students and increasing the end
of program retention rates. We also changed the venue of each
camp, as the previously used Linux-based machines required
high digital literacy and campers struggled typing in generic
usernames and complex passwords to login. The first of the
two camps occurred in a collaboration classroom equipped
with Chromebooks. This allowed the students more freedom
to move around. The second session occurred in a computer
lab using new Windows machines.

Four camp counselors were hired from a local historically
Black university. One returned from the prior year and re-
cruited three additional counselors. We greatly diminished
officer presence as their involvement was not as fruitful as

we hoped. Campers persistently challenged directives from the
officers. Officers were only present for one in-class activity a
week to lead discussions on soft skills for personal develop-
ment or participate in recreational activities.

Working with Snap!, campers completed online introductory
lessons in BJC and developed projects in pairs. The new
curriculum emphasized soft skills more than programming.
Students practiced conflict resolution and would talk as a
group about problems facing them and their communities. For
a more meaningful experience with industry tours, both sets of
campers attended full-day field trips to the primary sponsors’
location. The company’s Blacks in Technology group orga-
nized activities and provided campers with the opportunity to
share their personal experiences and talk to a panel of diverse
employees at the company.

III. DISCUSSION & CONCLUSIONS

Generally, our program worked to effectively keep at-risk
youth off the streets and we made large steps towards teaching
CS while developing officer-youth relations. We believe the
transition of the officer’s role from disciplinarians to facil-
itators of leadership training and outdoor activities improved
their engagement with campers by utilizing their strengths. As
the nature of the police officer’s role has changed, so has our
administration of these camps. We realized that having an in-
dividual with shared, relatable experiences was also necessary,
so our HBCU student staff were critical in creating meaningful
bonds and developing relatable and engaging lessons.

Finally, we have also shifted perceptions of educational
outcomes as the years have progressed. By having too many
elements in Year 1 that were perceived as being “school”
to the kids (such as having faculty guest lectures or having
multi-day assignments that are “due” at the end of the week),
campers engaged less with the material. As such, our focus has
shifted towards providing engaging, meaningful, and impactful
activities that inspire students and increase their intrinsic desire
to continue to attend and pursue STEM in school.
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Abstract—This poster describes how we are using research 
to inform the development of a cybersecurity education pathway 
to attract and retain students from groups that are 
underrepresented in computing fields. The partners include a 
non-profit research organization, a community-based tech 
workforce center, a community college, and a K-12 school 
district that serves predominantly Latinx students. The poster 
describes our goals, activities, the data we have collected, and 
how they are being used to create a sustainable pathway from 
high school to college that attracts a diversity of students. We 
describe our stages of research utilization, as well as the 
challenges that we are facing related to using research to ensure 
equity in the cybersecurity education pathway. 

Keywords—equity, cybersecurity education, K-12 community 
college, research-practice partnerships 

I. INTRODUCTION  
Cybersecurity education is a growing area of computer and 

information science. However, there is a global shortage of 
professionals in information security, and companies are not 
staffed by a population that represents the diversity in the US 
(CyberVentures, 2019; Reed & Acosta-Rubio, 2018). Career-
themed pathways that integrate college preparatory 
academics, rigorous technical training, work-based learning, 
and support services can help students get and stay on track 
(Caspary & Warner, 2016). But creating sustainable pathways 
to attract and retain students from groups that are 
underrepresented in computing fields is a challenge. 

This poster describes how we are using research to ensure 
that pathway development and implementation follow an 
equitable and inclusive approach to computing education. We 
are building a cybersecurity-focused computer information 
systems (CIS) pathway from high school (HS) to college in a 
majority-Latinx district. Our cross-institutional partnership 
includes non-profit researchers, a large school district, a 
community-based technology center and a community 
college. 

Data are being used to understand who enters the pathway, to 
monitor student participation in on-ramps and their 
movement along the pathway, and to understand what 
services are needed to recruit and sustain participation as well 
as the structural and cross-organization challenges to 
providing them. The interpretation of local data is guided by 
empirical and theoretical research in the field of computer 
science education, including research on equitable 
approaches to computing education (Margolis et al., 2012). 
Our work is driven by a Research-Practice Partnership that 
aims to ensure that the research addresses both local needs 
and critical research questions (Coburn & Penuel, 2016). 
 

Our process for using research to inform practice is based 
on a multi-stage conceptual framework of research utilization: 
1) identify available and needed knowledge (acquisition), 2) 
create processes and routines to incorporate it into practice 
(assimilation) or new solutions (transformation), and 3) apply 
the knowledge to new problems (exploitation) (Cohen & 
Levinthal 1990; Zahra & George 2002). In this poster, we 
describe our accomplishments to date and how our 
collaboration moves through the stages of research utilization. 
We also highlight the challenges we face with generating and 
using research to ensure that our work maintains an equity lens 
throughout pathway development and implementation. 

II. PATHWAY DEVELOPMENT 

A major focus of our work is on building the pathway. A 
team of teachers, faculty, counselors, and staff from the 
college, school district, and community-based organization 
are working to delineate a series of on-ramp programs after 
school and during the summer, offer high school classes with 
student outreach strategies, build a system of articulation 
from high school to college, provide student supports, 
coordinate implementation across sites, align the pathway 
with district initiatives, and monitor student participation. At 
the end of Year 1, we established key onramps and the first 
pathway class, where enrollment increased from 63 students 
in 2018-19 to 149 students in 2019-20.  In the next sections, 
we describe the stages of research utilization that are 
informing pathway development.. 

III. IDENTIFY AVAILABLE AND NEEDED KNOWLEDGE 
An early step was to create a database of relevant research 

and summaries of existing data. For example, the team used 
publications on Linked Learning pathways (ConnectEd, 2013) 
and Aligning Systems for Equity (SRI, 2019) to identify steps 
for building a path that includes rigorous academics as well as 
real-world technical skills and personalized supports. 
Summaries of existing data from student transcripts were used 
to identify needs, including existing gender imbalances in CIS 
on-ramps and classes at both the high school and college level. 
These data are being used to inform the development of 
recruitment and retention strategies.  

IV. COLLECT AND ANALYZE DATA 
Additional data are being collected to understand students’ 

motivations for entering the pathway, who persists, and what 
kinds of supports, services and systems can help. These 
include interviews with students, school district and college 
administrators, teachers, and counselors. The findings are 
informing student recruitment and class implementation. For 
example, the CIS classes attract students that like math, 
science or technology. They enjoy the hands-on activities, 
learning things they can readily apply outside of class, and 
working with other students. The data show that CIS classes Funding for this research was provided by NSF grant no. 187655. 



attract a range of students when they highlight the hands-on 
and creative nature of the class, give details about what they 
will learn, and help students see that they have the skills to 
succeed in the class. 

Data from the school administrator interviews are 
informing pathway development and system alignment. They 
are helping the team build on school and district priorities for 
career technical education, including certification, dual 
enrollment, and work-related experiences, and connect to 
other subject areas and college and career support systems. 
The data are also being used to identify structural factors that 
will need to be addressed in order to support and sustain the 
pathway. These include helping school staff understand the 
different areas of computing and how they connect to specific 
college majors or careers and addressing both the lack of 
teachers with tech industry experience and inequitable internet 
access. 

V. CREATE PROCESSES AND ROUTINES TO UTILIZE 
RESEARCH 

Our team is utilizing both external and local data to ensure 
an equitable pathway. To make external research accessible, 
we summarized key articles on a specific topic in a “what to 
read” document to provide quick answers to questions and 
share a “research minute” at team meetings. Strategies for 
making local data “actionable” include data visualizations that 
summarize student participation and motivation, and thematic 
summaries about how students have been impacted, with 
illustrative quotes. The Superintendent has asked for regular 
data summaries (what she calls “tidbits”) that she can share 
with various stakeholders. We are also creating longitudinal 
case studies of students to show patterns of course enrollment 
and grades that led them to take CIS classes or on-ramps, as 
well as their current goals and interests. These data are being 
used to identify what services and supports are needed to keep 
them on the pathway. 

 Team discussions explore the application and limitations 
of data. For example, when we found that two thirds of 
students in the first pathway class knew nothing about the 
topic before enrollment, these data were used to show the need 
for the class. Similarly, longitudinal case studies of students’ 
course enrollment and grades led to a conversation about 
which students to target for the on-ramp classes. And our 
summary of course enrollment data led to a consideration of 
whether the next class in the pathway should be dual 
enrollment when we found that most students were just in 9th 
grade and not prepared for college-level work.  

VI. APPLY KNOWLEDGE 
Collecting data is much easier than applying it. One 

challenge is that when new data are collected, analyzed, and 
summarized, they are not always actionable. For example, 
while our data show that the classes and camps attract more 
male students, they do not provide insight into why this is 

happening or what strategies would be effective to address this 
disparity. A second challenge is that institutional data is not 
designed to answer questions about systems or students’ goals 
and motivations. For example, the district’s college and career 
readiness platform produces data to inform the student, their 
family and their counselor. The platform was not designed to 
help researchers track changes in their goals and interests. A 
third challenge is that there is limited external research on how 
to build a coordinated, cross-institutional pathway in 
cybersecurity education that focuses on equity. In particular, 
there is very little research on how to engage and support thigh 
school Latinx students in computing fields. 

VII. CONCLUSION 
 This poster describes how a collaborative of four 
organizations is working together to design and implement a 
cybersecurity education pathway in a majority Latinx 
community. The goal is to recruit and retain a diverse group 
of students from high school into college in a field of study 
that has a growing workforce. The partners have identified 
“research” as an important component to ensure the success 
of a pathway that maintains a lens of equity and inclusion. In 
this poster, we described the accomplishments to date and the 
stages of research utilization that the collaborative is going 
through. We also described some of the challenges to using 
research knowledge as we build an education pathway.. 
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Abstract—The computing education community has 
explored multiple strategies to address the problem of 
underrepresentation of African American and Latino students. 
Recently, the community has started to explore culturally 
relevant pedagogy (CRP) to increase the effectiveness of 
curricula and programs designed to increase participation in 
underrepresented groups. CRP suggests that the use of culture 
can benefit students by providing them with opportunities to 
bring their culture into learning. In this poster paper, we 
explore the use of CRP to introduce 4th and 5th grade African 
American students to computer science in an 8-week summer 
camp through the context of social justice. 

Keywords—computer science education, culturally relevant 
pedagogy, broadening participation in computing 

I.  INTRODUCTION 
Although the enrollment numbers of African American 

and Latino students are low, 5.1% and 11.1%, respectively, 
they continue to grow in undergraduate CS courses [1]. To 
further increase the effectiveness of curricula and programs 
designed to increase the participation of these groups, the 
Broadening Participation in Computing (BPC) community 
has explored using Culturally Relevant Pedagogy (CRP) over 
the past 8 years. In this poster paper, we explore the use of 
CRP to introduce 4th and 5th grade African American 
students to computing in an 8-week summer camp through 
the context of social justice. We also reflect on our 
experiences implementing this CRP curriculum. 

We adopted Gloria Ladson-Billings’ culturally relevant 
pedagogy (CRP) to guide our incorporation of social justice 
into the computing curriculum and pedagogy [2]. Culturally 
relevant pedagogy is a pedagogy that addresses student 
achievement and helps students to accept and affirm their 
cultural identity while developing critical perspectives that 
challenge inequities in society [2]. CRP uses three criteria: 
academic achievement, cultural competence, and 
sociopolitical consciousness to guide teachers into providing 
more culturally rich and engaging student learning. 

However, K-12 computing curricula often prioritize the 
inclusion of students’ interests and culture, but not many 
consider the sociopolitical consciousness criteria. For 
example, Ron Eglash’s curricula on Cornrow Curves and the 
Virtual Bead Loom focused on the academic achievement 
and cultural competence criteria of CRP by using math and 

computing to simulate cornrow braid patterns and Native 
American bead loom art [3][4]. However, neither tool is used 
to bring awareness to issues in students’ own communities. 

II. CURRICULUM DESIGN 
Using CRP in our summer camp, we aimed to provide 

opportunities for 4th and 5th grade African American 
students to learn computer science concepts (academic 
achievement), share their own cultural knowledge in lessons 
and activities (cultural competence), learn from the varying 
cultural knowledge shared by their peers and instructors 
(cultural competence), and develop a coding project that 
brings awareness to a social justice issue that matters to them 
(sociopolitical consciousness).  

Students spent the first 5 weeks learning sequences, 
loops, conditionals, variables, operators, and how to plan, 
code, test, and debug their code in Scratch (see Table 1). The 
last 3 weeks were spent creating an animation on a social 
justice issue of their choice in their communities.  

TABLE I.  SUMMER CAMP CURRICULUM 

Weeks Lessons Cultural Example(s)

1 Intro to Scratch + What 
is CS? 

About Me Slide, Robotics, Black
Panther movie 

2 Problem Solving and 
Sequences 

Problem Solving: Restaurants for a 
friend with gluten allergies. 
Sequences: Morning routine

3 Loops & Conditionals Loops: Drill, laundromat dryer, 
blender, repetition in music. 
Conditionals: Logic playing Uno

4 Coding Process: Plan, 
Code, Test, & Debug 

N/A 

5 Variable and Operators Variable: Values in a video game 
(score, points, health, time, etc.) 
Operators: Comparing money (US 
bills and coins)

6 Reviews Lessons N/A 

7 Social Justice Project Immigration, gun violence, 
bullying, discrimination 

8 Social Justice Project  N/A 

III. PARTICIPANT DEMOGRAPHICS 
All participants in the summer camp identified as African 

American. They were recruited by the summer camp, which 
typically targets people of color communities. We taught 49 
students, but only 26 students’ parents signed the IRB 
consent forms to participate in the study (Table 2). 



 

TABLE II.  SUMMER CAMP DEMOGRAPHICS 
 

Demographic Statistics 

Gender 16 females and 10 males 
Ethnicity 26 African Americans

Grade 12 (4th Grade) and 14 (5th Grade)
Prior Programming Experience 11 (No), 10 (yes), 5 (No response)

IV. SOCIAL JUSTICE FINAL PROJECTS 
The social justice final project operationalized everything 

taught in the camp. To help guide this process, resources 
(worksheets, information handouts, etc.) were provided for 
the following steps: (1) identifying the social justice issue, (2) 
brainstorming an animation story, (3) programming planning, 
(4) coding, (5) testing & debugging code, and (6) presenting 
and demonstrating the project to the class. The instructors 
provided scaffolding and one-on-one assistance for students 
throughout the process. 

The students selected social justice topics that were near 
to their hearts and concerns for their communities. The social 
justice topics students chose focused on: racism (n=7), gun 
violence (n=6), littering (n=3), women’s rights (n=2), equal 
pay (n=2), gangs (n=1), theft (n=1), and bullying (n=1). Fig. 
1 shows a gun violence protest animation created by a 5th 
grade student. 

 

 
Fig. 1. Gun Violence Social Justice Project Example 

V. TEACHING EXPERIENCE & LESSONS LEARNED 
A. Male African American Teacher Perspectives 

As an African American male, I anticipated being able to 
connect with students because I came from a similar culture 
as them and I understood many of the cultural references the 
students used during our class sessions. These references 
included rappers, singers, athletes, movie references, video 
games, dance trends, and slang. In addition, I intentionally 
tried to make connections to students by dressing in casual 
clothing similar to them. Many of them noticed the sneakers 
I wore, knew the brands (e.g., Nike, Jordan, Adidas, and 
Vans), and complimented me on my sneakers throughout the 
summer. However, our cultural similarities alone were not 
enough to have an instant rapport with students, and it did not 
prevent behavioral issues. Thus, I had to take a personal 
interest in students and their work to build rapport. Overall, I 
found implementing culturally relevant pedagogy (CRP) into 
a computer science curriculum for the first time both 

challenging and rewarding. I acknowledged the importance 
of leveraging existing cultural competence while 
intentionally building connections with students.  

B. Female Latina Teacher Perspectives 
 As a Latina woman, I have always had an easy time 
connecting with underrepresented minorities, especially 
female students. However, in implementing CRP, I learned 
that cultural competence requires that teachers understand 
their own cultural backgrounds and actively learn about those 
of their students. 

During Week 3, a male student calmly asked me, “Miss 
Jimenez, where are you from?” I replied back “I am from a 
Caribbean island, do you know the Dominican Republic?”, 
the student responded, “Oh you are going to get deported”. 
At the moment, I was in shock because at 9 to 11 years old, I 
was not politically or socially aware of events that were 
happening around me. Instead of getting upset by his 
comment, I replied back, “No, I cannot get deported. 
Naturalized American citizens cannot get deported.” I 
continued to explain to the class that naturalization is a legal 
process that immigrants do to become US citizens. After this 
discussion, students felt more comfortable and open to 
talking to me about incidents that were happening around 
them and expressed their thoughts aloud. Such examples 
included school shootings, gun violence, and racism. Having 
a medium for students to express their thoughts and worries 
is crucial at this point in time.  

Overall, we found that integrating elements of 
sociopolitical consciousness and cultural competence with 
technology mediums such as Scratch helped students not only 
understand difficult topics, but also use the computer science 
concepts learned in class to build their own social justice 
animations that they were passionate about. Thus, having 
CRP in our implementation of the curriculum provided 
invaluable experiences to help us shape future curricula and 
our approach to teaching diverse students. 
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Abstract�This report highlights evidence from a research to 
practice partnership (RPP) designed to examine computer science 
(CS) integration in rural K-8 schools. The project implements a 
design approach that encourages collaboration between 
educators, tech integrators, and administrators. They act as co-
researchers in identifying and examining connections between 
barriers to integration. 

of practice 

I. INTRODUCTION

 Rural communities across the country are hungry for highly 
engaging learning experiences that integrate computer science 
(CS) across disciplines as more jobs require CS skills and new 
computer science standards come into place. However, existing 
and emerging barriers make integration difficult, particularly in 
rural Maine, where staffing and resources are already strained.  

 The Integrate to Innovate (i2i) project has been using a design 
research framework to co-design a research to practice 
partnership (RPP) to answer the question: What are the key 

CS into math and science instruction? This began with 
identifying barriers, or problems of practice, in integrating CS 
within a rural Maine setting.  

II. METHODS

We have built a rural framework from the design-research 
models and practices developed in the Middle-school 
Mathematics and the Institutional Setting of Teaching project 
[1] to advance providing equitable learning opportunities in
computer science to all students. Our model is place-based,
generates long term relationships with one or a small number of
districts, has a focus on informing research and practice,
emphasizes co-design, and fosters collaboration among all
members at every stage of the process [2]. We have partnered
with 25 current K-8 educators, administrators in three rural
Maine districts, along with STEM business partners to ensure
the problems of practice identified and potential solutions
developed meet the needs of the essential stakeholders.

 At a series of on site visits in the schools of the participating 
rural Maine districts, RPP members were trained by researchers 
to make classroom observations to document CS integration 
experiences, including barriers, within the classroom. They later 
organized in focus groups to analyze the data. 

 Using a combination of survey data and semi-structured 
interviews with all RPP participants, we were able to focus on 
identifying potential problems of practice, followed by applying 
a social network analysis. We examined network measures of 
brokerage [3] between the problems of practice and represented 
these connections in a network graph. Brokerage, here 
represented as betweenness centrality, is an indicator of how any 
one practice or barrier might be related to other barriers through 

centrality and the mapping of these connections not just 
represents the connectivity between barriers but also surfaces 
underlying practices that could represent opportunities for 
training and programming. We used Gephi software to store, 
code, and analyze network analytic data. 

III. RESULTS

The following graphs represent both the culmination of data 
from i2i interviews, survey data, summer retreat artifacts 
(posters), the summer retreat transcripts, and the connections 
between problems of practice (PoP) that were tracked during 
those interviews and events where administration, tech 

produced by either a person mentioning two problems of 
practice being related or leading to one another (in an interview 
or focus group transcript), or if they were represented as being 
related in an artifact. The nodes or points on the graph are sized 
according to the number of ties connected to that practice (larger 
= more ties). The thickness of a tie or link is based on the number 
of ties between those two problems (more links = thicker). 
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Fig. 1. PoP Network Analysis 

TABLE I. Measures of PoP Betweennes Centrality 

Label Betweenness 
Centrality

Common understanding 60.53

Teacher buy-in 33.75

Planning time 20.82

Lacking examples 18.37

Community buy-in 18.01

Collaboration b/w staff 16.47

CS adding to work 12.23

Staffing struggles 7.24

Prioritization of testing areas 4.67

planning time (lack of), common understanding (lack of), and 
lacking examples. While common understanding is still 
important in this graph the other two are not as prominent. 

of more structural barriers related to collaboration between staff, 
funding, professional development and work/staffing struggles. 
Other problems that seem more prominent in this graph, that 
were not previously highly ranked shed light on more specific 
areas of rural problems: teacher buy-in, CS adding to work, 
collaboration between teachers and tech integrators, and 
community buy-in.   

IV. CONCLUSION

 At a gathering of the full RPP in late October 2019, 
participants dug into the data presented here and began 
formulating initial research questions that would help the RPP 
better understand the nuance of each problem set and aid in the 
next steps of designing professional development strategies and 
integration materials to address them.  

 Next research steps include investigating how a rural school 
culture comes to value CS and CT (specifically through common 
understanding of the CS and CT definitions and buy-in), what 
the key components of a CS integration support and coaching 
model would be in order to establish and sustain CS integration 
in rural K-8 classrooms, and what design principles of 
instructional materials are needed to design activities aligned 
with other STEM practices and learning progressions. 

 In May 2020, i2i will hold a symposium to reach Maine 
educators, policy-makers, and business leaders to communicate 
these findings and essential next steps in addressing rural CS 
integration problems. 
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Abstract—In this experience paper we will share the process 
we used within our NSF CSForAll Research Practitioner 
Partnership Network Improvement Community (NIC) to inform 
the creation of two add-on computer science endorsements for 
teachers in Mississippi.  These additions to a standard teaching 
license, a K-8 endorsement and a 7-12 endorsement, are available 
for pre-service teachers to obtain prior to graduation, as well as 
for in-service teachers to obtain through an online program.  
There can be many barriers to developing endorsements in this 
relatively new K-12 education space.  Through the work of our 
NIC we learned that time, cost, location, and relevance were all 
important aspects that teachers were concerned with, while the 
university departments were more focused on capacity, 
enrollment, rigor, and funding.  We will describe how working 
through a NIC smoothed the way to creating endorsements that 
are recognized by teachers as valuable and accessible and by the 
university as rigorous and relevant. 

Keywords—network improvement community, computer 
science, education, teaching license, endorsements 

I. INTRODUCTION 

In 2017, through the CSForAll program, the National 
Science Foundation (NSF) funded the Mississippi State 
University (MSU) Research and Curriculum Unit (RCU) 
project, CS4MS NIC: Growing Teacher Competency and 
Capacity, which focuses on growing teacher competency and 
capacity in computer science education. While the first goal of 
the project centers around professional development for a 
specific high school computer science course, the second goal 
of this project is to work with MSU College of Education 
(COE), the Department of Computer Science and Engineering 
(CSE), and the Mississippi Department of Education (MDE) to 
develop appropriate licensure and endorsement pathways for 
computer science teachers.  This goal led to the collaboration 
between the newly formed RCU Center for Cyber Education 
(CCE) and faculty and administration from both the COE and 
the Department of CSE at MSU to lay the foundation for the 
creation of courses for computer science endorsements. The 
grant project’s NIC played an integral part in providing feedback 
which would impact the ultimate set of courses and time 
commitment required for the endorsement.  Collaboration 
between practicing teachers, post-secondary computer science 
faculty, and COE administrators is a critical component to 
creating an add-on endorsement for both pre-service and in-

service teachers that is rigorous but achievable both in terms of 
cost and time commitment. 

II. COMMUNITY COLLABORATION 

Upon being awarded the NSF grant, the COE math and 
technology faculty along with COE administrators and CSE 
faculty and administrators worked with the members of the 
RCU-CCE at MSU to determine how best to approach the task 
of determining appropriate courses for an endorsement in 
computer science. The group looked at the blueprint for the 
Praxis Subject-Area Assessment for Computer Science, 
College Board standards associated with the newly created 
Advanced Placement Computer Science Principles course, and 
the Mississippi College and Career Readiness Standards 
(MCCRS) for Computer Science to begin considering what 
content was most appropriate for K-12 teachers.  Once content 
objectives were narrowed down, the CSE group looked at 
courses within the computer science curriculum and the COE 
group looked at their courses to identify which, if any, could be 
used to meet the those objectives and best prepare teachers to 
cover the competencies within the K-12 MCCRS for Computer 
Science. 

Ultimately, it was determined that two endorsements would 
be necessary to meet the needs of teachers from kindergarten 
through high school.  The group decided that elementary 
teachers would not need the same level of coursework that high 
school teachers may need in order to be sufficiently qualified to 
teach the state-approved computer science standards.  
Therefore, a K-8 endorsement and a 7-12 endorsement were 
determined most appropriate. The group came back together 
over several sessions to decide upon the best courses for each 
endorsement. 

III. IDENTIFICATION OF COURSES 

It was determined that a course needed to be developed for 
the K-8 endorsement to cover the gap in material that was found 
within the COE courses. Also, there was a course that was co-
taught between COE math faculty and CSE faculty which was 
determined appropriate for the K-8 endorsement. It quickly 
became evident that CSE courses were necessary to cover the 
content of the 7-12, particularly 9-12, MCCRS and thus those 
courses were identified.   

This work was supported by the National Science Foundation under Grant
#1738377 



The course syllabi for the two sets of courses, along with the 
blueprint of the Praxis Subject Area Assessment for Computer 
Science and the MCCRS for Computer Science, were shared 
with the NIC.  Time was given within a break-out session for 
each group to study the materials to determine whether they 
agreed that the courses adequately covered the content. The 
group found an apparent gap in the strand of networking which 
was taken back to the COE/CSE group.  It was then determined 
that the material needed to be placed within the newly developed 
course and that the course also needed to be required for the 7-
12 endorsement as well as the K-8 endorsement. 

IV. APPROVAL OF ENDORSEMENTS 

Once all agreed to the 12 hours that would be required for 
the K-8 endorsement and the 20 hours for the 7-12 endorsement, 
the COE worked to write the proposal to be carried before the 
Certification Commission.  When that day came, Donna Shea, 
Ph.D., NSF grant co-principal investigator and Director of 
Clinical/Field-Based Instruction, Licensure, and Outreach, 
presented the proposal to the Certification Commission and it 
was approved.  The proposal was for the K-8 and 7-12 courses 
for each endorsement, but it was also to ask the Certification 
Commission to add Computer Science as another area of initial 
licensure for the COE’s Master of Arts in Teaching (alternate 
route) program.  The Certification Commission approved the 
proposal and it was sent to the Mississippi State Board of 
Education and approved shortly thereafter. 

The following courses were identified as covering the 
content and pedagogy necessary to teach the K-12 Computer 
Science Standards for each endorsement: 

A. K-8 Endorsement 
• TKT 4763/6763 Digital Tools for 21st Century 

Teaching and Learning 
• TKT 4583/6583 Graphics and Web Design  
• TKT 4333/6333 Introduction to Computer Science 

Education 
• TKB 4543/6543 Advanced Information Processing 

B. 7-12 Endorsement 
• CSE/EDS 4990/6990 Computing and Cybersecurity 

Classroom Integration 
• CSE 1284 Introduction to Computer Programming 
• CSE 1384 Intermediate Computer Programming 
• CSE 2383 Data Structures and Algorithms; CSE 2813 

Discrete Math 
• TKT 4333/6333 Introduction to Computer Science 

Education 

V. METHODS OF COURSE DELIVERY 

The courses for the K-8 endorsements are all split-level 
courses, some of which could potentially be used as electives 
within a master’s degree.  The courses for the 7-12 endorsement 
are all undergraduate courses and would likely only be taken by 
those outside of CSE majors to add on this endorsement.  All 
courses will be offered online, so it would be convenient for 
teachers to take the courses from anywhere in Mississippi.  We 
anticipate that some MSU COE teacher candidates will take the 
necessary courses to graduate with the additional endorsements 
to supplement their initial area of licensure.  Since the courses 
are offered online, we also anticipate that practicing teachers 
will take the courses to add the additional computer science 
endorsements to their standard Mississippi Educator License. 

VI. CONTINUING THE ALIGNMENT OF COURSES AND 

ENDORSEMENTS 

The next step in this process will be working with MDE to 
identify which endorsement is appropriate for each of the current 
computer science courses within their approved course manual 
and to develop a procedure for properly applying the correct 
endorsement to any new courses that may be developed.  We 
will work with the NIC team make a recommendation to MDE 
on which endorsement should apply to which courses.  In most 
cases it will be obvious simply based on the grade level of the 
course in question.  However, for courses offered at the middle 
school level there will need to be some consideration given to 
the competencies and objectives of the course to determine the 
appropriate level of experience for the teacher, since the 
endorsements overlap at the middle school grades. 

VII. CONCLUSION 

Overall, we have learned through this process that 
collaboration is the key to building effective CS endorsements.  
The COE and the Department of CSE must work together to 
develop courses with the appropriate level of rigorous computer 
science content balanced with the pedagogical strategies unique 
to teaching the problem-solving and inquiry skills associated 
with computer science. Practitioners need to be included in the 
process to ensure what is created is relevant to their classroom 
and practical to achieve in terms of their time and financial 
commitment. The state department of education needs to be 
involved to make certain that the endorsements are allowable 
and associated with the appropriate K-12 courses. This project 
has demonstrated what can be accomplished when a community 
of stakeholders work together for improvement.
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Abstract—Representation of Hispanics, and in particular 

Hispanic women, is notoriously low in computer science programs 
in higher education and in the tech industry. The engagement of 
undergraduate students in research, often and early in their path 
towards degree completion, has been championed as one of the 
principal reforms necessary to increase the number of capable 
professionals in Science, Technology, Engineering, and 
Mathematics (STEM). The benefits attributed to undergraduate 
research experiences have been reported to disproportionately 
benefit individuals from groups that have been historically 
underrepresented in STEM. The Interdisciplinary and 
Quantitative Biology Research Experience for Undergraduates 
(IQ-Bio-REU) summer program was created to engage ten (10) 
underrepresented undergraduate students in authentic research 
experiences in emerging fields of biology which integrate 
quantitative and computational approaches to projects ranging 
from molecular biosciences to bioinformatics to ecology to bridge 
the digital and data divide for underrepresented Hispanics and 
women in computing. Our poster speaks to our observations of our 
students, faculty, and trainers after participating in our NSF 
funded summer REU at a Hispanic Serving Institution in a 
predominantly Hispanic, low socio-economic neighborhood in 
Puerto Rico.  

Keywords—interdisciplinary, data science, broadening 
participation in computing, computational biology 

I. INTRODUCTION 
To increase the participation of underrepresented minority 

(URM) students in computational sciences, we created a 
summer research experience for undergraduates (REU) at a 
Hispanic-Serving Institution (HSI) for students from STEM 
disciplines to participate in projects that involve the application 
of computational analysis to biological research. Herein we 
describe the program and the computational and professional 
skill development workshops and other training activities that 
provided support for participants to successfully navigate their 
incursion into computational research. 

According to the National Center for Women in Technology 
2019 Scorecard of the women working in the United States in 
technology in 2017, 12.9% were African American, 19.7% were 
Asian/Pacific Islanders, and only 5.4% of them were Latina. 
Seeing as women occupied 26% of the occupations in Computer 
and Mathematical Occupations, we estimate Latinas occupy

 

about 1% of them [1]. In the high-tech sector,  numbers for 
URMs are even more disproportionate [2]. 

The University of Puerto Rico Río Piedras (UPRRP) is a top 
research institution, categorized as a doctoral university with 
high research activity by The Carnegie Classification of Higher 
Institutions [3]. It is also one of the top producers of Hispanic 
PhDs in Science and Engineering in the US [4], yet it lags behind 
in computational science. In the College of Natural Sciences at 
UPRRP, over 60% of the undergraduate students in Biology are 
women and in Computer Science it hovers around 15%. The 
college’s population is 98% Hispanic. 

Undergraduate research experiences (UREs) have long been 
considered one of the principal reforms that are necessary to 
meet the workforce demands of the 21st century [5,6]. UREs 
have been reported to disproportionately benefit URMs in 
science, a growing segment of the population whose enrollment 
in STEM programs is increasing, but that abandons STEM 
degrees at a high rate [7,8].  

II. PROGRAM DESCRIPTION 
The IQ-Bio-REU was created to engage 10 undergraduate 

URMs (see Table 1) in authentic research experiences in 
emerging fields of biology integrating quantitative and 
computational approaches to projects ranging from molecular 
biosciences to ecology. Throughout the course of a nine-week 
period students were immersed in a mentored research project 
including a wide array of high-impact practices such as 
experimental design, data collection, troubleshooting, data 
analysis, working group discussions and the communication of 
their results to peers.   

Participants also received training and practice for fluency 
in computational skills and data analysis and opportunities for 
professional development. Ultimately, our program aims to 
channel more students into careers at the vanguard of science 
and achieve the goal of promoting participation by URMs in 
computing within scientific disciplines, thus enhancing 
diversity in STEM. 

One workshop presented by members of a Harvard BD2K 
center focused on the development of statistical tools that 
helped students better interpret their data. In the Replicathon, 
students were presented with two different conclusions from 
one dataset and they replicated several statistical analyses to 
present and defend their conclusions to the judges. Another This research is funded by NSF grant #1852259 



workshop was offered by the Center for Brain, Minds and 
Machines at MIT. Postdoctoral and graduate students prepared 
two days of workshops to expose participants to the fields of 
neuroscience, statistical modeling, and machine learning in  
computational neuroscience.   

TABLE I.  PARTICIPANT CHARACTERISTICS 

 
At the end of the summer we organized a mini-hackathon to 

help REU students solidify their understanding of the research 
carried out throughout the summer. REU members lead 
interdisciplinary teams, received feedback from the local 
community of mentors and our collaborators of the REU and  
presented their research to other scientists in the community. 

III. PROGRAM OUTCOMES 
The Software Carpentry workshop included a pre- and post- 

workshop surveys to see participants attitudes and self-reported 
skill levels. The surveys indicated that participants gained 
confidence in their data analysis skills. In response to "I can 
write a small program/script/macro to solve a problem in my 
own work" the pre-workshop survey results showed 46% of 
learners strongly disagreed with that statement, 23% agreed, 
and 0% strongly agreed. Post-workshop numbers changed to 
14% strongly disagree, 43% agree, and 29% strongly agree. 

The Undergraduate Research Student Self-Assessment 
(URSSA) is a self-report survey instrument that is widely used 
for the evaluation of research experiences [10]. It is intended as 
a retrospective self-report of perceived gains in understanding, 
skills and shifts in attitudes of students after participating in a 
research experience. The survey instrument was administered 
to participants on the final day of the REU experience. 
Participants perceived that they had significant gains in 
computational research skills after the program. Notably when 
asked to gauge their skills in “analysing data from patterns” on 
a 5 point scale, where 1=no gain and 5=great gain, the median 
score (M) was 4 (Standard Deviation [SD]=1.12). For 
“Understanding the connections among scientific disciplines”, 
M=4.9 (SD=0.32) with 90% of participants reporting “great 
gain”. With regards to gaining skills “working with computers”, 
M=4.4 (SD=0.84, 60% great gain). Taken together, these 
results suggest that students embraced the interdisciplinary 
nature of the program and perceived that the program had been 
useful for the development of computational research skills in 
an interdisciplinary setting. 

The experiences of IQ-Bio-REU triggered changes in 
attitudes beyond skill acquisition. In an unsolicited email 
months after the REU had concluded, one of our participants 
from the US stated that “Puerto Rico was honestly such a 
transformative experience, I left so prideful of being Latino. 
Really really proud! ...I may not be Puerto Rican, but we share 
so much in common! I think that's what's getting my through 
the hard times here is that I'm not just pursuing my goals for 
myself, but for my family and wider community.”  

The most unexpected outcome was the bond that the trainers 
that came from our collaborators on the mainland made with 
our students and program. Several were moved to return for the 
Hackathon and others were determined to help the university 
after seeing the lack of computational science on campus to the 
point of writing a proposal to develop curriculum for the 
university. It was clear that it had been an eye-opening 
experience for them to witnessing the digital and data divide 
that exists between our university and their own. 

IV. CONCLUSIONS 
The project demonstrated the importance of bringing URMs 

from different disciplines together at an HSI to build their 
confidence, and their computational and research skills. We 
expect that computer scientists from the program will persevere 
in their field and others will integrate computation into their 
future careers in STEM. By opening up our activities to the local 
community in future iterations, we strive to engage more URMs 
in computational science.  
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Demographic Characteristics of 2019 Cohort 
Total =10 

 
Participant Characteristics Number 

Non-CS Major 8 

Hispanic/Latinx 7 

African American 1 

Native American 1 

Female 6 

Rising Junior or earlier 5 

No prior research experience 4 

Non-traditional returning students 2 
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Abstract— Student demographics have been changing on 

college campuses for many years, and to reflect the most efficient 

methods of teaching the current target population, many 

institutions are offering online introductory programming courses 

(CS1). Additionally, due to the increasing number of computing 

jobs and national demands, we are seeing a surge of non-

traditional students (aged over 25), entering the online CS1 

courses. We are at a large metropolitan public research university, 

Florida International University (FIU), where 30% of the students 

are non-traditional students. However, the online CS1 course 

usually consists of 70-75% of non-traditional students. We carried 

out a study in that course for the last 5 semesters where we 

interviewed non-traditional students to better understand their 

characteristics and how those are related to their learning goals 

and performance. This paper is just an attempt to identify the 

unique characteristics of non-traditional students that can help 

Computing-ED researchers and admins to design online CS1 

courses with appropriate pedagogy, so a better learning 

experience can be provided to them and retention rates can be 

increased. Hence, in this paper, we report our preliminary 

findings on characteristics of non-traditional students who enroll 

in CS1 course, what their goals and expectations are-how that may 

differ based on their major (CS majors and non-majors), pre-CS1 

programming experience, gender, and race/ethnicity. 

Keywords— non-traditional; CS1; online course; diversity 

I. INTRODUCTION 

The demographics on college campuses throughout the 
nation have been changing over the last decade, finding a more 
diverse group of students. Modern-day students look for 
academic programs that meet their needs with very full lives, 
time-dependent jobs, and family responsibilities. Many students 
cannot afford to take time away from their jobs or supporting 
their family to go to a brick and mortar classroom [1]. Online 
programs offer the flexibility that students are looking for while 
maintaining universities’ academic commitment. Like many 
other STEM disciplines, computing programs throughout the 
nation have started to offer courses in online format [2].  

Recently there is a surge in online introductory programming 
courses, also known as CS1 courses, where we see a surge of 
non-traditional students (aged over 25), who already have a 
degree in a different discipline and work either full-time or part-
time, enter the CS1 course. We are at a large metropolitan public 
research university where we have a large number of non-
traditional students, who prefer an option for a more flexible 

learning environment and schedule (e.g. online classes) than 
traditional students, and hence they tend to enroll in online CS1 
course at large [2]. For non-traditional students, going back to 
school requires more planning and lifestyle reassessment and 
they may have families, full-time jobs, and/or mortgages they 
are responsible for. Similarly, when they enroll in the CS1 
course, with or without the intention of getting a computing 
degree, we hypothesize that they tend to have differing goals, 
motivations, as well as expectations. Due to age differences, 
varying life experiences and constancy in an academic 
environment, we also hypothesize that traditional and non-
traditional students have varying cognitive levels upon entering 
the online CS1 course. Finally, our observation finds that non-
traditional students are more likely to leave school due to 
conflicting responsibilities (work, parenting, caring for an 
elderly parent), are less likely to complete their degree, and have 
lower retention rates compared to traditional students.  

As online learning continues to see significant growth in 
computing fields, identifying the characteristics of these 
students will have important implications in diversity efforts. 
Computing departments are struggling to provide a good 
experience with limited resources and very little knowledge 
about these set of students. As departments seek to manage 
increasing enrollments in computing courses through online 
CS1 courses, as well as continue to attract and retain diverse 
students to the field, scholars and administrators will need to 
understand the unique characteristics of these students to deliver 
a better learning experience to them. To find answers to these 
questions, we conducted a study at a large metropolitan public 
research university classified as a Hispanic Serving Institution 
(HSI), where 30% of the students are non-traditional students. 
However, the online CS1 course, which took part in our study, 
usually consists of (70-75) % of non-traditional students with 
very low retention (less than 10%) and academic success rate.  

This paper is just an attempt to identify the unique 
characteristics of non-traditional students that can help 
Computing-ED researchers and admins to design online CS1 
courses with appropriate pedagogy, so a better learning 
experience can be provided to them and their retention rates can 
be increased. Hence, in this paper, we report our preliminary 
findings on characteristics of non-traditional students who enroll 
in CS1 course, why they enroll in CS1 course, what their goals 
and expectations are-how that may differ based on their major 
(CS majors and non-majors), pre-CS1 programming experience, 
gender, and race/ethnicity. 



II. THE STUDY 

A. Research questions 

This paper presents preliminary findings from a study 
conducted at FIU, on an online CS1 course largely taken by non-
traditional students for 5 semesters. In total, 282 students 
(traditional and non-traditional combined) participated in this 
study, out of which 209 (i.e. 74%) were non-traditional students. 
This paper will explore the background, demographic 
characteristics, pre-course experiences, motivation, objective 
and mindset of non-traditional students who enrolled in the 
online CS1 courses between Spring 2018 and Summer 2019 
semester (5 semesters including summer ’18 and ’19). The 
questions guiding the contribution of this paper are:  

RQ1. What are the characteristics of non-traditional students 

enrolled in online introductory programming or CS1 courses? 

RQ2. How do these characteristics differ between female and 

male students? 

RQ3. How do these characteristics differ between CS majors 

and non-majors? 

B. Preliminary Results and Discussion 

In this section, we present a preliminary analysis of our study 
on what characteristics are unique for non-traditional students.  

Gender: Even though female makes up close to 28% of the 

online CS1 course, non-traditional female students represent a 

much smaller share in online CS1 courses (12%). There is an 

even smaller representation of non-traditional female students 

among CS majors (21% female) than among those who are CS 

non-majors (51 % female). 

Race/Ethnicity: Close to half (49%) of the students in the 

online CS1 course are Hispanic/Latino/Latino American, 

followed by 27% White/Caucasian, 11% Asian/Asian 

American, 7% Black/African American, 4% Multiracial, and 

2% Other. Racial/ethnic diversity is greater among male 

students taking online CS1 relative to their female counterparts. 

The academic and professional background of parents: A 

large portion of non-traditional students in CS1 courses reports 

that they are first-generation college students (62%). 28% of 

female students and 41% of male students had parents who 

went to college. However, as many as 8% of females and 18% 

of males report that at least one parent has a tech job. 

Major: Contrary to our hypothesis, we found that only 18% of 

students enrolled in the online CS1 course were CS majors, and 

that varied significantly by gender. Only 8% of non-traditional 

females were CS majors and the rest were from very different 

academic majors ranging from education to IT. We found that 

males and females are equally likely to represent majors in 

engineering, business, and the physical sciences, math but 

female are more likely than men to report majors in biology, 

social sciences, and education. 

Lack of belonging and community: These students report to 

often have multiple responsibilities that prevent the possibility 

of full-time enrollment and as a result, they (91%) reported a 

lack of belonging in academic circles and also lacking a sense 

of community with their peers. They can spend very little time 

on campus, which decreases their opportunities to seek support 

and build relationships with instructors and peers. Finally, 

enrollment status affects financial aid eligibility which can 

become a financial burden for the part-time student when 

compared to their full-time traditional counterparts.  

Mindset: Our analysis indicates that non-traditional students 

who enroll in CS1 have more of an "outcome centered" 

mindset. Almost 64.6% of them expected to get into a better job 

with higher pay once they finish their CS major or minor 

requirements. 13.5% of them reported already working in IT or 

software developer position and they enrolled in the CS1 course 

to perform better in their current job.  

Prior programming experience: Our study found that more 

than half of the non-traditional students enrolled in online CS1 

already have little to moderate prior programming background. 

Many of them were already working part-time in development, 

IT, computer maintenance jobs, which required them to know 

programming or some computing logic. 41% students reported 

never taking a STEM course in college before.  

Technology usage: A large population (close to 75%) of 

students expressed their comfort with computer usage as very 

high. However, in contrast, a large population (close to 45%) of 

students expressed they never installed software on their own. 

In a course like CS1, where students were required to set up 

JDK and an IDE, many students seemed to struggle with it even 

though they reported otherwise. 

Reason for enrollment in an online CS1 course: Non-

traditional students of online CS1 provide a range of reasons for 

enrolling in the class, with the most common reason being that 

it was convenient for them considering their lifestyle. More 

than half of the students reported they took the course out of 

curiosity or to make a career change. Only 32% of students 

reported that they took the course because it fulfilled their 

course requirement (close to 18% being CS major and a few 

others from engineering major). Few, 4.2% reported taking the 

class because they were encouraged by an advisor or a peer. 

Environmental factor: Many (72%) students report that stress 

resulting from environmental factors poses one of the biggest 

challenges to success in the CS1 course. These factors include 

finances, domestic responsibilities, housing, childcare, family 

stability, employment demands, and transferring from a 2 to 4-

year college. Close to 60% reported that despite putting 

required hours every week, online CS1 course, being a very 

technical and intensive programming course, required mental 

peace, time and dedication, self-study efforts from students' 

end, which resulted in more stress. Many (over 80%) reported 

that despite being dedicated, the pressure of balancing work, 

family responsibilities, and other circumstances adds a great 

deal of emotional strain to their daily life, that do not allow them 

to put enough effort to succeed. 
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and (2) there is a crisis of resources, particularly of faculty,
as overall demand for computing courses has ballooned in
the past decade. The reports note distinctions between major
and non-major offerings; however the analysis assumes that
credentialed CS faculty teach (or co-teach) courses, and that
offerings for non-majors and majors are distinct, with the
former providing breadth rather than depth.

Small liberal arts colleges, historically black colleges, or as-
sociate degree providers are barely represented in the analysis,
yet suffer acutely from these problems. They are increasingly
the gateway to higher education for under-represented groups
and those with insufficient mathematics background [3], [4].
Of equal concern is evidence that for-profit institutions that
do not provide a liberal education that includes ethical and
social impact of computing make a significant contribution to
the recent increased enrollment of students of color, especially
women [5]. One solution to proposed by the CRA and NA re-
ports is to promote interdisciplinarity. The challenges are well
known, requiring significant changes in academic culture [6],
[5] from silos to collaboration by faculty across disciplines.

III. CODE AS A LIBERAL ART

Our new minor was established by a multidisciplinary group
of faculty to deepen students’ understanding of code and
computational thinking in relation to access, equity and social
justice. Lang College has a tradition of curricular innovation
with strengths in the Arts, Writing, Media Studies and Social
Sciences. It does not offer majors in CS or mathematics. It
employs an open curriculum (with a single first year general
education requirement in writing), and emphasizes interdisci-
plinary seminars. In 2018, a task force drawn from Culture
and Media, the Arts, Anthropology, Philosophy, Music, and
Mathematics was charged: ”to increase coding literacy, and
to foster a new form of civic education in response to the
increasing presence of computational systems in contemporary
life. ”

The Task Force sponsored courses across disciplines.
The courses embedded coding experiences into disciplinary
courses, demonstrating how code is increasingly integrated
into research methodologies of academic practice and tech-
niques for artistic expression. The task force sponsored round-
tables to develop explicit goals for a minor program and

Abstract—We discuss how a minor in Code as a Liberal Art was 
established through novel approaches to curriculum and pedagogy at a 
liberal arts college with a strong commitment to progressive 
interdisciplinary education. Working groups of com-mitted faculty from a 
range of disciplines, outside of computer science, identified a set of core 
learning objectives for coding in the liberal arts. Multiple course offerings 
were developed by faculty with diverse expertise ranging from theater to 
machine learning to address the core learning objectives within the 
context of their discipline. This approach suggests a new avenue for 
broadening participation and increasing equity in computing, especially 
at institutions without programs in computer science, by addressing well-
known challenges such as student prepared-ness and lack of sufficient 
faculty with appropriate expertise. More importantly, it demonstrates 
how, by explicitly avoiding a ‘one size fits all’ model, students from 
diverse backgrounds can become confident and successful coders within a 
liberal arts context.

Keywords—liberal arts computer science, Interdisciplinary 
computer science, computer science minor

I. INTRODUCTION

Reports from the Computer Research Association (CRA) [1] 
and the National Academies (NA) [2] on broadening participa-
tion in computing implicitly focus on institutions with existing 
programs in computer science (CS) for majors and non-majors. 
A broadening initiative started at Lang College in Spring 2020 
is outside the scope of these reports because the institution 
lacked a formal program in computing. Lang is representative 
of other institutions in which access to any computing is
severely limited. This report is a road map for implementing a 
highly interdisciplinary model that respects the significant 
contributions of faculty outside of CS who both designed 
and are implementing this program through the application 
of integrated, cross-disciplinary learning objectives.

II. WHO HAS ACCESS TO COMPUTING

The Code as Liberal Art initiative casts a wide net without 
one-size fits all requirements. Both CRA and NA reports 
highlight two recent phenomena that impede progress toward
diversifying access to computing education. (1) While signif-
icant gains have been made in increasing under-represented
groups into CS, classroom demographics remain significantly
different from those of the undergraduate population at large;
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build interest among faculty at Lang, and the larger university.
Code as a Liberal Art received a substantial financial gift to
support new curriculum development and now offers courses
in Culture and Media Studies, Writing, Natural Science and
Mathematics, Politics, and the Arts. Funding enables non CS-
trained faculty to incorporate coding modules or assignments
in their classes by pairing them with experienced part time
faculty to develop curriculum and lab experiences for the
classroom. The new minor launched in Spring 2020.

IV. STANDARD LEARNING OBJECTIVES

In four semesters (Fall 2018 - Spring 2020), 14 new minor
courses in six disciplines, each met most, if not all, of a
common set of learning objectives:

• Use computation as a tool to enhance liberal arts educa-
tion, to better analyze, communicate, create and learn

• Engage in project-based and collaborative learning utiliz-
ing computational/algorithmic thinking

• Gain a broader understanding of the historical and social
factors leading to the increasing presence of computing.

• Work through the social and political implications
of/embedded within computational technologies and de-
velop an accompanying ethical framework.

• Appreciate the challenges of equity and access posed by
increased reliance on computing as well as their potential
to reinforce existing inequalities in society.

• Think critically about the ways one interacts with compu-
tation including understanding its limits from philosophi-
cal, logical, mathematical and public policy perspectives.

• Understand the intrinsic relationship between the physical
world, analog environments and digital experiences

The depth of coverage of the objectives, and the breadth
of disciplines represented suggests that we are successfully
providing increased interdisciplinary computing opportunities.

The exercise of defining these objectives provides guidance
both for future curricular planning and to help students learn
to code within their educational focus or to broaden their
experiences coding. The collaborative articulation of common
learning objectives across disciplines helps faculty integrate
coding into their offerings, and simultaneously shapes the
minor within the liberal arts. Faculty have opportunities to
share expertise, leading to pedagogical development, over
time.

V. STUDENT ACTIVITIES TO MEET OBJECTIVES

Two courses are summarized briefly to illustrate how a
common thread is the balanced inclusion of key concepts
computing and the complementary discipline.

Digital Creative Writing is a second year level elective with
no coding prerequisite. It is a broad survey of how coding
and digital tools can be applied to the written word, from
generative text and twitterbots, to memes, interactive fiction
and narrative games. Each week students explore a new area of
digital written culture, with new coding techniques introduced
to create new work. Coding skills are introduced primarily
through examples. Students begin by adapting that code,

eventually dramatically restructuring programs to achieve their
creative goals. In the final project students integrate new
techniques into their existing writing practice, to build an
ongoing digital writing practice for future work.

Do Machines Learn? is an elective in Culture and Media
that introduces students to theories of human learning and
contrasts it with artificial intelligence, including knowledge
representation, logic systems, heuristic search, agent theory,
and neural-net based machine learning. Students code a small
simulation in which their intelligent avatar navigates a world
model without human intervention. Through their coding re-
search on human learning, each student answers the question
‘do machine learn?’. (Their answers were all ’NO!’)

VI. CONCLUSIONS AND RECOMMENDATIONS

Student assessment and course evaluations provide prelim-
inary evidence that learning objectives are being met. Equally
significant is that faculty across disciplines are collaborating
to share expertise, identify common and consistent approaches
and identify resources to expand individual expertise. Next
steps and upcoming challenges include: (1) Providing aca-
demic support outside the classroom (coding tutors, facilities,
equipment) (2) developing a detailed curriculum map that
includes identifying specific computing skills and language
choice (3) developing advanced courses (4) support for stu-
dents and faculty to integrate new coding skills beyond the
minor’s course offerings.

The Code as a Liberal Art approach presents one avenue
for broadening participation in computing by overcoming the
shortage of computer science faculty – a challenge facing
many institutions including those with existing CS programs.
Key to its success is the interdisciplinary and collaborative
faculty engagement to determine core learning objectives and
develop curriculum in computing as well as its social, ethical
and intellectual implications.
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