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ABSTRACT

Computing has, for many years, been one of the least demographi-
cally diverse STEM fields, particularly in terms of women’s partici-
pation [12, 36]. The last decade has seen a proliferation of research
exploring new teaching techniques and their effect on the retention
of students who have historically been excluded from computing.
This research suggests interventions and practices that can affect
the inclusiveness of the computer science classroom and poten-
tially improve learning outcomes for all students. But research
needs to be translated into practice, and practices need to be taken
up in real classrooms. The current paper reports on the results of
a focused systematic "state-of-the-art" review of recent empirical
studies of teaching practices that have some explicit test of the
impact on women in computing. Using the NCWIT Engagement
Practices Framework as a means of organization, we summarize
this research, outline the practices that have the most empirical
support, and suggest where additional research is needed.
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1 INTRODUCTION

Computing is a wide-ranging discipline that influences almost ev-
ery corner of our modern world and provides high paying and
influential jobs. It remains, however, one of the least demographi-
cally diverse STEM fields [12, 36]. The exact patterns of exclusion
vary across national contexts but generally those who are under-
represented are women of all backgrounds and Black and Hispanic
men (at least in the workforce, see [12]). That is, in most English-
speaking countries, computing tends to be the purview of White
and Asian men.

Given the ubiquity and power of computing, many have called
for efforts to broaden participation in computing (BPC) [5, 16, 32,
74, 96]. The emergence in the U.S. context of the National Center
for Women & Information Technology (NCWIT), the Computing
Alliance of Hispanic-serving Institutions (CAHSI), the Institute for
African-American Mentoring in Computer Sciences (IAAMCS), An-
itaB.org, and many others were a direct response. The U.S. National
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Science Foundation’s is now requiring "BPC Plans" (i.e., "Broad-
ening Participation in Computing") to be submitted as part of the
formal process of applying for research grants across a wide range of
computing research proposals [22]. A similar movement toward sys-
temic change can be found in the European Commission’s Women
in Digital initiative [42].

While systemic, high-level initiatives are crucial, fruitful work is
also needed "on the ground. In the case of higher education, one of
the most powerful sites of intervention is the classroom. Not only
do pedagogy and curricula impact the recruitment and retention of
women in computing, but the classroom is an important location
where computing culture is created, i.e., where students begin to
establish a professional identity, see what good work looks like, and
internalize norms of how one treats colleagues. That is, students
learn much in college computing classrooms beyond computing.
Will they learn that computing is only for a narrow type of person?
Or can they learn a more expansive vision of computing in society?

Computer science instructors know the content of the subject
they teach. But where do they learn how to teach their students,
especially using techniques and practices that are welcoming and
inclusive to students who-because of cultural stereotypes—might
not see themselves in computing? What can individual instructors
do to recruit and retain talented students from all demographic
groups? The answer may lie in a growing body of research at the
intersections of computer science education and the learning and
social sciences. The last decade, in particular, has seen a prolifera-
tion of research exploring the effects of new teaching techniques,
support strategies, and course sequencing on the retention of stu-
dents who have been excluded from computing. Recent research
suggests there are interventions and practices that instructors can
employ that may positively affect the inclusiveness of the computer
science classroom [8, 10, 47]. In addition, many of these practices
have the additional benefit of improving learning outcomes for
all students. The interdisciplinary nature of this growing body of
research is a strength, as it benefits from varied theoretical frame-
works and diverse methodologies. But this strength presents a prob-
lem, especially for practitioners: How does a Computer Science
(CS) instructor come to know this research as it spans disciplines
distinctly outside their core expertise? And more practically, how
do they effectively apply research findings in their courses?

This report is the culmination of work by a 2021 ITiCSE working
group convened to "chronicle the evidence for broadening participa-
tion" in computing education. Because of the COVID-19 pandemic,
ITiCSE working groups worked as remote teams and the conference
itself was conducted remotely. Under this model, ITiCSE working
groups were required to submit a draft report before the beginning
of the conference (June 27, 2021). Given this extremely accelerated
time frame, we limited our focus to the issue of women’s participa-
tion in undergraduate computing. The working group began work
in early May and completed initial work for a "state-of-the-art"
method of systematic literature review in a little over six weeks.
The group worked an additional eleven weeks to complete a first
draft of the report that was submitted in early September.

We also limited our review to interventions conducted in English-
speaking countries because of the varied ways that gender oper-
ates across different linguistic and cultural contexts. Detailed in-
formation on search criteria and methodology may be found in
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the Methods section. We understand that this produced a more
limited understanding of broadening (or widening) participation,
but we hope the methods modelled here can be used in the future
to expand the scope.

To organize our work, we made use of NCWIT’s 2013 Engage-
ment Practices Framework [83]. The Framework provided much
needed structure and some lightweight theoretical framing. We also
subjected it to evaluation based on the research evidence uncovered
by our work. In summary, we found some support for all aspects
of the Framework but were surprised by the lack of well-designed
interventions that could provide unequivocal support for individ-
ual practices. Many studies implemented multiple interventions
at once and too often the question of the impact on broadening
participation seemed an afterthought. Our analysis did uncover
research supporting the addition of three new practices to the EP
Framework. The Framework is discussed in depth in section 3 and
the suggested additions in section 5.4.

1.1 Women are Underrepresented in
Computing in the English-Speaking World

Similar patterns of marginalisation of women in computing are
seen across the English-speaking world. Consider the U.S. context:
in 2019 women earned 57% of all bachelors degrees but only 21% of
computing bachelor’s degrees [36]. In the U.S. workforce, women
hold 57% of professional occupations but only 25% of professional
computing occupations. Their representation in leadership posi-
tions in computing is even lower, e.g., women hold only 18% of
Chief Information Officer (CIO) positions in the Top 1000 Compa-
nies [36]. Canadian figures mirror U.S. figures fairly closely, with
18% of CS students being women in 2015 (up from only 15.8% in
2010) [24], and women accounting for 21% of people performing
ICT roles in ICT companies. Within the largest 100 Canadian ICT
companies, only five women hold CEO positions with an additional
woman serving as a co-CEO. Only 15% of all leadership roles in
these companies are held by women, with 26% of these companies
having no women in senior management roles [122].

In the UK, while women account for 57% of all higher education
students, their proportion of computing degrees is similar to the
North American context: in 2019 women represented just 19% of
CS students and only 16% of CS graduates [52, 112]. In the same
year in industry, 16% of IT professionals were women - a decrease
both proportionally and in absolute numbers from 2016, when
women represented 21% of I'T technicians. In Australia, women were
awarded 38% of all STEM degrees in 2019 but only 18% of computing
degrees [6]. And while women accounted for almost 50% of the
Australian workforce in 2020, their representation in CS-related
industry was only 21% [7]. The situation in New Zealand is better.
Women make up 43% of the workforce as a whole, 36% of IT and
Computing students, and 23% of ICT employees [81]. Nearly 40% of
technology Small and Medium Enterprises (SMEs) have leadership
boards which are either gender balanced or predominantly female,
which, whilst still some way from gender balanced, is better than we
see in leadership roles in many other English-speaking countries.

The reasons for women’s current underrepresentation in comput-
ing in the English-speaking world are many, and the exact causation
is contested. One potential cause that is easily dismissed is the claim
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that there is an inherent difference in interest for women versus
men [37]. Two main critiques of this perspective are that women
have not always been so underrepresented in computing and the
pattern of underrepresentation fails to hold across cultures. For
example, women accounted for over a third of computer science
graduates in the U.S. in the mid-80s [94] and in countries such as
India, computing careers are seen as highly appropriate for women,
with women accounting for 42% of CS and computer engineering
undergraduates in 2011 [117]. Today, researchers generally point to
a gradual masculinization of computing as a profession, beginning
with the rise of the personal computer [9, 41]. That is, in most of
the English-speaking world, computing has come to be seen as
something that men do and that women do not. Many professions
are gendered (and "raced"). Since this gendering changes across
time and culture, researchers suggest that it is not inherent but so-
cially constructed and socially reproduced [56, 76, 100]. The reasons
for these changes are complex but the mechanisms by which the
gendering is perpetuated—or changed-are well understood. Social
actors and social institutions (such as the media, parents, teach-
ers, and employers) take up and reinforce ideas about who is the
"normal” occupant of a profession and then explicitly or implic-
itly encourage some and discourage others. Those who match the
expected demographics of the normal occupant, not surprisingly,
tend to have a greater sense of belonging, confidence, and interest
in the field [51, 76, 100]. Perhaps most powerfully, the culture and
processes of these fields (e.g., teaching practices) begin to match
the needs and expectations of the dominant group.

2 WHY INSTRUCTORS MATTER

Several large scale interventions have effectively increased the par-
ticipation rates of women or other underrepresented populations
in computing in particular contexts. These tend to be multi-faceted,
highly coordinated efforts. Perhaps the most well-known are those
at Carnegie Mellon University [74] and Harvey Mudd College [63].
These changes required buy-in and commitment from numerous
faculty and administration members. Some interventions, such as
those described in Betsy DiSalvo’s dissertation [35], require signif-
icant resources including faculty time and large sums of money.
But how do these initiatives begin? What can be done with lim-
ited resources and time? And what can a small group or even an
individual do?

Many individual instructors want to make a difference. They
want to recruit more women into their classes and they recognize
that these students deserve welcoming and inclusive classrooms.
Instructors are searching for techniques and practices to implement
within their classroom to ensure the most inclusive environment,
and that recruited students are retained.

The impact individual instructors can have on students is great.
Hattie [50], for example, notes that 30% of the variance in student
achievement can be attributed to individual teachers. Good teachers
can certainly motivate and inspire their students to persevere and
achieve. Positive encouragement from a teacher can literally change
the course of a students’ life by helping them to consider a career
in a field they did not feel possible. In contrast, computing teachers
that, for example, decorate their classrooms with ‘geeky’ cultural
references such as Star Wars and Star Trek can send subtle messages
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to students that only those who like or ‘get’ these references are
welcome in the computing classroom.

This report concentrates on pedagogical practices that are pri-
marily implemented by a single instructor in their own classroom.
Our goal is to provide the individual instructor, as well as other re-
searchers, a guide for actions and interventions that can positively
impact women students’ experiences in their local environment.

3 A PRELIMINARY STRUCTURE: NCWIT’S
ENGAGEMENT PRACTICES FRAMEWORK

A challenge for any project seeking to understand the state of re-
search on a particular topic is how to organize that research into
a coherent structure. In established fields that are less interdisci-
plinary, dominant theoretical concepts are often used. Research on
broadening participation in computing is, however, a relatively new,
interdisciplinary field of study without a shared theoretical frame
or even shared terminology. Another approach is to let the frame
emerge from the research itself via content coding [39]. While this
approach has many benefits, it is notably labor- and time-intensive.
Due to the short time frame for this working group, we chose
instead to begin with an existing framework developed by the Na-
tional Center for Women & Information Technology (NCWIT): The
Engagement Practices Framework (hereafter, "EP Framework") [83].

The EP Framework was developed in 2013 as part of the En-
gageCSEdu project. A collaboration between NCWIT and Google,
EngageCSEdu aims to improve the recruitment and retention of
women in computing by improving teaching at the introductory
collegiate level [38, 80]. It is an open-source repository of high
quality instructional materials (e.g., assignments) for introductory
courses that instructors can access for free. Materials are included
in the collection based on assessed quality and alignment with
practices that research suggest help recruit and retain women in
computing. In 2013, NCWIT and Google convened a team of learn-
ing scientists, social scientists, and computer science educators to
craft an inclusion rubric for EngageCSEdu in order to seed the col-
lection with an initial set of materials. The interdisciplinary team
conducted a limited literature review and reviewed pedagogical and
curricular practices recommended by NCWIT, which were based
on existing research at the time of publication. The resulting set of
practices were content coded into eleven general "engagement prac-
tices," such as "Give Effective Encouragement" or "Use Meaningful
and Relevant Content." (See Table 2 for a full elaboration of the
principles and practices contained in the NCWIT EP Framework.)

These practices are clearly good pedagogical techniques. But
the core question for the EngageCSEdu project was to illuminate
why these practices also appear to effectively engage and retain
women students. Drawing on general literature about the needs and
behavior of marginalized groups in STEM fields, the original team
categorized the practices into three "engagement principles" that
sought to succinctly describe how each practice functions to engage
students who, because of stereotypes about computing, may not see
themselves in the field and may be more likely to leave. For example,
why would having assignments that make explicit interdisciplinary
connections from computing to fields such as biology potentially
engage and help retain women in computing? We do not need to
assume inherent differences in the interests of women compared to
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men. Rather, making interdisciplinary connections in this context
is simply a means of expanding the narrow gendering of computing
by connecting it to fields that are less explicitly gendered. Similarly,
in this context the practice of using "well-structured collabora-
tive learning” is less about the learning gains that can be realized
by practices such as Process Oriented Guided Inquiry Learning
(POGIL) or Pair Programming. These practices, if employed with
an eye to equity and mindful of group dynamics, can help grow a
more inclusive student community, and students who feel that they
are part of a learning community are more likely to be retained
[33, 40]. Collaborative learning techniques also provide experiences
that can help students develop communication and teamwork skills,
and an appreciation of diversity.

The EP Framework is only a starting point. This working group
was convened out of a recognition that the amount of research has
grown significantly since 2013 and that a more systematic review
of the literature is needed. Our analysis of the research begins by
using the categories and definitions of the EP Framework. But an
important goal of this working group is to assess the strength of
support for the Framework’s recommended practices and to identify
promising practices that may be missing from the Framework.

4 METHOD

4.1 Research Questions

The goal of the working group was to conduct a systematic, but
bounded, state-of-the-art review of recent studies into teaching and
related practices that impact women’s participation in computing.
We proceeded with the following research questions:

(1) What empirical, intervention-focused research exists to sup-
port or refute the principles and practices outlined in the
NCWIT Engagement Practices Framework?

(2) What types of outcomes (affective, cognitive, and population)
are represented within that evidence?

4.2 Search Approach

A state-of-the-art literature review aims to provide a critical survey
of recent literature (e.g., produced in the past decade) as well as a
synthesis of the current thinking in the field. According to Grant
and Booth [46], this type of review is appropriate for assessing the
current state of knowledge, and identifying gaps and priorities for
future research. We chose the state-of-the-art method given the
time constraints of the working group format and the proliferation
of research on the topic in recent years. We followed the steps for a
Systematic Literature Review Checklist adapted from the PRISMA
2020 Checklist [87].

After collaboratively articulating the rationale and objectives
for the literature review, we specified the criteria for inclusion and
exclusion of research papers. Aware that the project could quickly
explode in scope, the group sought ways to narrow the search scope
while still meeting our objectives. The working group-with per-
spectives from various disciplines and national contexts—had lively
discussions over what should and should not be considered. We
decided on the following scope parameters. First, given our goal
of assessing the effectiveness of particular instructor practices, we
only considered empirical work (both quantitative or qualitative)
with an identifiable intervention from peer-review publications.
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Second, we only considered work from the last decade. Third, while
it is likely that some teaching practices are effective across different
levels of education and fields, these are questions only answerable
by empirical comparison. Time limitations preclude us from doing
that comparison so we limited the scope of our review to comput-
ing education at the collegiate level. Fourth, we recognized that
the ways in which gender and race/ethnicity play out varies by
social context, including nationality (where, e.g., legal regimes and
cultural histories vary) and this variation may impact how par-
ticular interventions work. For this reason, we limited our search
to papers from English-speaking countries. Lastly, while we had
originally intended to consider research looking at the impacts on
all under-served computing populations, we quickly realized that
the number of search terms grew almost exponentially with the
addition of each sub-group. Because of this, we decided that the
present report would focus on research that assesses the impacts
of interventions on women’s underrepresentation. Where data is
presented intersectionally (which is, unfortunately, not common),
it is described.

4.3 Databases Searched

Given the interdisciplinary nature of the research we were seeking,
we sought to cast the widest possible net. After consulting two
librarians and asking working group members to identify databases
that they regularly use, we identified 15 databases that span the
fields of computing, engineering, education, and the social sciences.
The databases are identified in Table 1.

4.4 Search Criteria

We began with the original inclusion criteria and collaboratively
generated search terms (including synonyms) for each. For example,
for the gender criteria, we settled on the terms "female”, "woman",
"women", and "gender." In addition, where available, one of the
authors researched the associated dictionary (a list of common
terms and organizational classification) for each database or found
existing articles that matched our inclusion criteria and used the
classifications on those papers to inform the search terms used.
Because of the differences in how interfaces and search parameters
are structured across the various databases, the search parameters
we used varied slightly across databases. To limit the search for
only undergraduate education, we excluded the terms "high school",
"elementary school," "primary grades," and "secondary school," and
included "higher education" when needed for specific databases.
The method used to limit the queries to computing education varied
by database. In the ACM Digital Library, which is almost exclusively
computing related, we were able to limit to "cs0", "cs 0", "cs1", "cs
1", and "introductory course". For the Scopus database, we simply
used the term "computing education".

The search queries were conducted by two of the authors be-
tween May 15, 2021 and May 28, 2021. The exact queries for each
database can be found in the appendix. Note that for some databases,
multiple queries were conducted to account for initial limitations.
For example, a second query for the ACM Digital Library was con-
ducted when we discovered that both "CS0" and "CS 0" (with a
space) are used to designate that US-based course type. Because we
assumed that most of the relevant research would be catalogued by
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the ACM Digital Library, we began the search process there to de-
termine the scale of results we would receive. As we queried other
databases, duplicates were removed based on previous queries. The
number of articles included from each database, as listed in Table 1,
represent unique articles not found in previously search databases.
Databases are listed in the order they were searched.

Table 1: Papers retrieved per database

Databases Retrieved Included
ACM DL 1114 58
ERIC (FirstSearch) 108 4
ERIC 189 2
Scopus 56 0
Web of Science 405 9
IEEE 98 1
EBSCO (Academic Search Premiere) 15 0
EBSCO (Education Source) 168 3
Compendex 22 0
Springer 821 1
Science Direct 898 0
ProQuest 1065 6
PsycInfo 251 3
Google Scholar 78 0
CSEd Research 14 0
ProQuest Sociology 13 0
Total 5315 87

4.5 Summary of Inclusion Criteria

The final inclusion criteria were iteratively developed by the team.
The final criteria for inclusion are:

e Empirical works, either quantitative or qualitative, with an
identifiable intervention; no meta-analyses or commentary
Conducted in English-speaking countries
Published between January 1, 2011 and May 28, 2021
Original research published in peer-reviewed publications
Emphasis on activities an individual instructor can imple-
ment within a classroom; however, high quality papers where
the intervention could require decision-making beyond the
individual instructor (e.g., curriculum changes) were ac-
cepted
o Studies that make explicit comparisons between women and
men students or high quality studies of initiatives targeting
only women
o All course levels are included even though the scope of the
searches privileged introductory college computing courses.
e Research is evaluated even if no differences or negative re-
sults are reported since these also inform practice

4.6 Screening

Using the search criteria outlined above, 5315 papers were initially
identified (see Figure 1). After removing duplicates and results
that were obviously outside our scope based on the title, 4332
papers remained for further analysis. In the first stage of the review
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process, group members were assigned sets of papers to assess
for inclusion using the paper title and abstract and by applying
the inclusion and exclusion criteria outlined in section 4.5. Each
paper was categorised as Include, Exclude, and Maybe. From the
4332 papers reviewed, only 313 papers survived this initial review
as "Include" or "Maybe!" These 313 papers were then reviewed by a
second reviewer, using the same criteria and information. The initial
inter-rater reliability was moderate with Kappa = .654 (p < .05). All
disagreements between reviewers were resolved via discussion
(sometimes as a group). After this stage, 133 papers remained.

This set of papers was divided among the authors for a fuller
assessment. The following information was gleaned from each
paper: 1) the context, including nation and course type, 2) the
intervention, 3) the subjects of the intervention, 4) the method
of data collection, and 5) the NCWIT Engagement Practice(s) the
intervention appeared to use (if any). The individual conducting
this review also wrote a summary of the results, with a focus on the
impact on women or gender differences. They then entered this data
into a Qualtrics form (a survey tool) along with its bibliographic
data. This allowed for an annotated bibliography to be produced
and for research to be categorized by Engagement Practice.

At this point a deep dive into each paper was conducted to assess
its findings and applicability for the final report. Outcomes were
assessed by type and direction of outcome. The types of outcomes
were classified as affective (e.g., confidence, belonging), cognitive
(e.g., learning gains), and population (e.g., improved recruitment or
retention). The direction of each outcome (positive, neutral or no
effect, negative) was determined for all students, and for women
or men as a groups. An additional 46 papers were excluded at this
stage when a closer read revealed they did not meet the inclusion
criteria, leaving 87 papers to be fully assessed and summarized
in the final report. (Reasons for exclusion at this stage varied by
paper). Figure 1 provides a graphic depiction of the screening and
inclusion process.

A full list of the included papers can be found in the appendix
in Table 18. Table 2 shows the categorization of papers according
to the NCWIT Engagement Practices Framework, the organization
strategy used to structure our discussion of the results. Many pa-
pers included interventions that implicated several Engagement
Practices so the percentages do not sum to 100%.

5 RESULTS: RESEARCH EVIDENCE

For each Engagement Practice, a synthesis of papers is provided,
including tables summarizing the findings by type and direction
of outcome (affective, cognitive, population). In the synthesis, a
narrative summary highlighting trends is provided. !

5.1 Grow An Inclusive Community

The NCWIT Engagement Practices Framework suggests that stu-
dents who feel they belong to a community they identify with may
be more likely to persist through difficulties [83]. According to the

!In the results section, we use the demographic terminology that the original authors
use. Thus, you will see multiple instances of "female” and "male" used in the context of
the discussion of gender. While gender theory suggests it is not accurate to use these
terms in the context of gender (they are terms related to biological sex, not gender;
appropriate terms are "woman" or "woman-identified"), we felt it was appropriate to
reproduce how authors collected and reported their data.
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Table 2: Categorization of papers accepted for the systematic literature review

Principle / Practice # Papers | % Papers
Grow an Inclusive Community 63 72%
Avoid Stereotypes 5 6%
Use Well-Structured Collaborative Learning 23 26%
Encourage Student Interaction 17 20%
Make It Matter 46 53%
Use Meaningful and Relevant Content 19 22%
Make Interdisciplinary Connections 11 13%
Address Misconceptions about the Field 9 10%
Incorporate Student Choice 7 8%
Build Student Confidence and Professional Identity 25 29%
Give Effective Encouragement 5%
Offers Student-Centered Assessment 5 6%
Provide Opportunities for Interaction with Faculty 14 16%
Mitigate Stereotype Threat 2 2%
Candidates for New Practices 18 21%

Identification of studies via databases

5 Records removed before
= Records identified from screening:
,:;_’ 15 Databases I Duplicate, obviously not
'ag (n=15315) applicable based on title
o (n=983)
3
T l
Records screened Records excluded
(n = 4332) (n=4019) 92.33%
o :
c
s Papers assessed for .| Papers excluded
] eligibility (n = 313) (n=180) 57.51%
@ I
v
Papers assessed for > z’qagri‘rg)excluded.
eligibility — Second
— review (n = 133)
—
3 |
.g Papers of included
© studies
= (n=87)
J

Figure 1: Identification and Screening Process

Framework, educators can encourage an inclusive community in
computing programs by using these three practices:

e Avoiding Stereotypes
e Using Well Structured Collaborative Learning, and
e Encouraging Student Interaction.

5.1.1 Avoid Stereotypes. Five papers, as shown in Table 3, include
aspects of the "avoid stereotypes" practice. Three different ap-
proaches emerged from our analysis. The first approach focused on
addressing stereotypes that exist in course materials such as web
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Table 3: Summary of papers identified within the prac-
tice, "Avoid Stereotypes"”

Paper Intervention Outcomes™
A C P
[27] Presentation of stereotyped F-
models of computer scientists
[29] Presentation of stereotyped F-
models of computer scientists
[64] Incorporation of physical activ- F+ E+?
ity into lecture breaks
[78] Removal of gendered examples F+
in textbooks
[79] Modification of web resource F+
aesthetics

* Outcomes are reported aligned to our research questions. A is
Affective, C is Cognitive, P is Population. E is for everyone, M
is for males, and F is for females. A + symbol means the results
indicated the intervention improved outcomes. A - symbol means
the intervention yielded negative outcomes. An = symbol means
the intervention had no statistically significant effect. A ? symbol
indicates the outcomes is either anecdotal or not statistically sig-
nificant. Presence of multiple symbols (e.g., E+-) indicates mixed
results. A blank entry indicates that aspect was not reported.

interfaces and textbooks. For example, Metaxa-Kakavouli et al. [79]
compared the impact aesthetic features of web pages had on stu-
dents’ interest in computing. Two versions of the website were
compared. Each had identical content and page layouts but the
photos and text style differed. The "masculine” version used a Star
Trek photo and text evocative of old style computer screens (green
on a black background) and the "gender neutral" version used a
photo of plants and white font on a green background. The course
webpage that reinforced stereotypes about computing (e.g., geek
sci-fi culture, only about programming) negatively impacted female
students’ sense of belonging, interest in CS, and self-efficacy.
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Medel and Pournaghshband [78] sought to understand how
women were portrayed in course textbooks in cryptography and
the impact these (often stereotypical) portrayals might have on
women undergraduates in computing. The authors offer an analy-
sis of a classical teaching example used in most textbooks to explain
cryptographic protocols that portrays women negatively, e.g., 13%
of the female characters had a positive connotation compared to
50% of the male characters [78]. The authors created a new version
of the example, replacing human names with animal characters
that maintain the "whimsical" aspect of the original example. An-
imal characters were referred to using the gender neutral term,
"they!" The authors conducted a small pilot study with two classes
of undergraduates with one class using the traditional example and
the other the new version. They found that women exposed to the
gender-free example scored higher on confidence related to under-
standing that particular example compared to women exposed to
the traditional example; no effect for men was noted. The authors
do not, however, provide details on any statistical tests that were
performed.

The second approach was to combat stereotypes through role
models. While there is an assumption that the gender of role models
positively impacts the sense of belonging, these papers examine
how the role models’ beliefs influence students’ interest in comput-
ing [27, 29]. A study of 100 female non-computing undergraduate
students explored the impact of interacting with role models. They
observed that interacting with a role model with stereotypical in-
terests (e.g., favorite magazine — Electronic Gaming Monthly) had a
negative effect on women’s interest in majoring in CS and sense of
belonging [27]. Again studying non-computing students, Cheryan
et al. observed that stereotypical computing role models negatively
affect women’s perceived success in the field [29]. They observed
that regardless of the gender of the role model, stereotypical mascu-
line ideas about computing negatively influence female students’
interest in computing.

The third approach focused on incorporating in-class activities
that went against the stereotype of computer scientists as unfit,
sedentary, and having unhealthy lifestyles. A study of 750 students
across five CS1 sections at the University of Toronto had students
perform ‘fit-breaks’, short sessions of stretching and cardiovascular
exercise, during mid-lecture intervals, and found that female stu-
dents in the sections that used fit-breaks instead of generic music
breaks showed improvements in perception of agency, usefulness,
and enjoyment [64].

Overall, interventions that used gender-neutral course materi-
als demonstrated improvement in women’s interest in computing,
sense of belonging, and confidence.

5.1.2  Use Well Structured Collaborative Learning. Educators who
use well structured collaborative learning opportunities provide
guidelines and structure during a formal learning activity for stu-
dents to work together in class [83]. These guidelines should en-
courage students to work collaboratively and engage in intellectual
discussions with each other. NCWIT recommends discouraging stu-
dents from taking a "divide and conquer" approach since gender and
racial stereotypes can influence group decisions about who does
what (e.g., White & Asian men doing the technical tasks, women
doing artistic or administrative tasks) [9]. While the goal of the
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Table 4: Summary of papers identified within the practice,
"Use Well Structured Collaborative Learning"

Paper Intervention Outcomes™
A C P
[3] Pair programming + E= E=
peer instruction
[17] Pair programming E= E= E=
[18] Linked course learning F+
community
[23] Flipped class F- E-
[25] Group exams F+?
[57] Peer mentoring F+
[59] Having a female part- E+ E+
ner in pair program-
ming
[65]  Formal learning groups F+?
[67] Peer mentoring E+? F+
[69] Flipped lecture + lab E+ F+
[68] Flipped, teams, gamifi- F+?E+ E+
cation
[71] Group projects, pair E+ F+?
programming, home-
work partner option
[72] Pair programming F+?
[82] Peer-led team learning  E+? E+? E+
[92] Peer instruction, media F+? M+
computation and pair
programming
[105]  Peer instruction, media E+ F++ E+ F++
computation and pair
programming
[107] Living learning commu- F+
nity
[111]  Pair programming F-
[119]  Peer mentoring E+?
[124] Peer mentoring + on- F+
line course
[125]  Pair programming F+ E+
[129]  Peer instruction E+
[128]  Peer instruction E+ E=

* For explanation of symbols and abbreviations, see Table 3.

collaboration is generally academic learning, it can also help grow
a more inclusive student community by helping students develop
communication and teamwork skills and an appreciation for di-
versity. However, a potential for microaggression and bias within
teams exists if not carefully facilitated by instructors. Twelve papers
that included this engagement principle involved pair programming
and/or peer instruction and the remaining eleven papers studied
other approaches such as peer mentoring, flipped classrooms and
formal learning groups (see Table 4).

Pair programming is the most commonly studied collaborative
learning practice. In pair programming, students switch between



Working Group Report

"driver" and "navigator" roles as they program together. Five pa-
pers examined the impacts of pair programming, three papers in-
vestigated the effects of adding both pair programming and peer
instruction to an introductory computer science class, and one pa-
per studied pair programming as one element in a shift to a more
collaborative class. When Ying et al. [125] surveyed their students
about pair programming, students reported improved learning ex-
periences, with women more likely to report on the impacts on
class atmosphere and networking, and men more likely to report
on the impacts on productivity. Jarratt et al. [59] found that having
a female partner increased lab attendance and students’ confidence
for both male and female students, with a greater effect for female
students.

Of the papers which concentrated solely on pair programming,
three papers compared exam scores of students who pair pro-
grammed with exam scores of students who programmed alone
and found conflicting results. Maguire et al. [72] reported that fe-
male exam scores increased after adding pair programming to a
CS1 course, and Smith et al. [111] observed that females who chose
to work alone scored higher on their CS2 exams than partnered
females. A third study by Bowman et al. [17] randomly assigned stu-
dents to sections with and without pair programming and found no
significant benefits or detriments of pair programming to women.
These results suggest that the way in which pair programming is
implemented may affect its outcomes. Instructors vary widely in
how they facilitate pair programming in the classroom, with some
regularly reminding students to switch between roles versus others
who offer less guidance. They also differ in how pairings are done
and managed. While it was not the primary focus of their study,
Latulipe et al. [68] found that female students mostly preferred to
work in gender matched pairs during pair programming.

Three papers examined changes in their CS1 outcomes after
adding pair programming, peer instruction (PI), and media com-
putation to their first-year courses. Peer instruction is a strategy
where lectures are interspersed with peer instruction periods where
students first individually answer questions about common miscon-
ceptions before discussing their answers within small groups. Over
17 years, one department found positive effects for all students
after these interventions. In particular, Salguero et al. [105] found
a decrease in failure rates, degree completion time decreased, and
upper-division GPAs increased among female students exclusively.
Another department that made the same three interventions re-
ported that all CS1 students saw an increase in retention, although
the increase by the end of the course was only statistically signif-
icant for male students and not females [92]. Alvarado et al. [3],
working in the same department, found that grouping students
by confidence and prior programming experience had no statis-
tically significant impact on performance, and that high initial
confidence predicted exam performance for male students but not
females. Lewis et al. [71] found no differences in students’ grades in
a CS2 class after shifting to a more collaborative class structure in-
cluding more emphasis on pair programming, more group projects,
and an option for paired homework submission, but did find female
students’ drop rates decreased, although not significantly.

Zingaro [128, 129] reported in two separate papers on the ef-
fects of peer instruction on students’ self-efficacy, performance,
interest, and enjoyment in CS1 classes, finding significant increases
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in self-efficacy but no statistical differences in exam scores (males
continued to perform better than females). He does suggest that
peer instruction may have had some effect against the negative
influences of performance goals on student exam grades.

Seven other papers reported on gains from making other in-
terventions using collaborative learning. Four of these papers re-
ported on an intervention involving peer mentors leading students
through active learning modules to support their learning. Wai-
Ling Packard et al. [119] surveyed students at a women’s college
about their experiences with a peer learning program and found
they generally found it helpful for their learning. At a coed institu-
tion, Jamieson et al. [57] found that a higher percentage of female
students who participated in the interventions went on to CS2. Xu
and Jin [124] compared peer mentoring and collaborative work
in a face-to-face versus an online environment, and found that fe-
male students particularly benefited from face-to-face interactions.
Kulkarni et al. [67] found that peer mentoring on group projects
in a CS course for non-CS majors resulted in better retention rates
than a traditional CS offering.

Three papers examined flipped classrooms, although their em-
phasis on collaboration in the classroom varied widely. In a 2015
study by Latulipe et al. [68], "lightweight teams" were implemented
and student discussion was expected after solo work but otherwise
collaboration was not emphasized. In a later study by the same lead
author, collaboration in the classroom was strongly structured [69].
In the earlier paper [68], the authors reported no statistical differ-
ences between genders. In the later paper with more structured
interventions, they reported that female students in the flipped
classroom were less likely to switch majors, whereas male students
in a traditional classroom were less likely to switch. Performance
for all students in the flipped classroom was higher than in the
traditional class, and one-year retention rates for women and racial
minorities were also higher [69]. In a 2014 study, Campbell et al. [23]
found that female students spent more time on the flipped classes
and found the classes more difficult.

Krause et al. [65] reported that students, especially female stu-
dents, enjoyed formal learning groups in their CS1 class, although
there was no evidence that the intervention impacted their intent
to pursue CS and no statistical analysis was performed. Cao and
Porter [25] conducted an intervention where students took two-
stage exams in a class already using peer instruction. Students who
took a standard individual exam followed immediately by an exam
taken in small groups did better than students who took individual
exams only. The female students benefited more than men on one
topic. However, no gains were present by the end of the term.

5.1.3  Encourage Student Interaction. Encouraging student interac-
tion outside of the classroom is one way to foster inclusive learning
communities. Compared to well-structured collaborative learning,
the primary focus is on encouraging social connections and building
of community rather than improving performance on a specific aca-
demic task. The papers under this practice can loosely be grouped
into three main approaches: learning communities, support ses-
sions, and conference attendance (see Table 5).

Learning communities are cohort-based groups where students
live, study, engage in social activities, or do community service
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Table 5: Summary of papers identified within the prac-
tice, "Encourage Student Interaction"

Paper Intervention Outcomes*
A C P

[1] Conference attendance F+ F+
[18] Learning Community F+
[54] Peer Mentoring E+ E+
[57] Discussion group F+
[58] Conference attendance F= F+?
[67] Cohorting by major E+? F+
[68] Gamification F+?E+ E+
[71] Group projects, pair E+ F+?

programming
[82] Learning Community  E+? E+? E+
[84] Peer mentoring E+ E+?F+
[85] Peer feedback F+
[101] Learning Community  E+ E+? E+
[107] Learning Community = F+
[108] Learning Community  E+? E=
[109] Learning Community E-? E-?
[123] Learning Community  F-
[127]  Gamification F- E+

* For explanation of symbols and abbreviations, see Table 3.

together. The common thread that unites students in these com-
munities is their courses or major. Several papers [18, 107-109]
describe learning communities in which students enrolled in a first-
year programming course, also have at least one other course in
common (i.e., linked). In addition to the linked courses, students also
participate in extra-curricular activities organized by the course in-
structors. In Narayanan et al. [82] students from underrepresented
minorities were grouped based on prior experience, and in [67]
students not majoring in computer science were grouped based on
their area of study.

In general, retention rates varied by cohort. Brinkman and Diek-
man [18] reported that cohorts with more first-generation students
had lower retention rates than the general population highlighting
the impact of intersectionality on diversity efforts. At the same time,
the population outcomes were better for some cohorts [18, 109].
Across multiple cohorts, evidence was found for learning communi-
ties having positive impacts on attitudes and study habits [108, 109],
as well as improved sense of community and improved interper-
sonal relationships [107]. However, these changes did not tend to
persist over time. Wright et al. [123] observed similar phenomena,
noting that students who participated in their learning communities
had a stronger intention to persist in computing than did students
who did not participate in the community. Learning communities
at this institution were characterized by common residence and
mentoring and outreach activities. Over time, however, learning
community students and students in the comparison group were
both negatively impacted by environmental threats as their psy-
chological and aspirational outcomes decreased over time. Rhein-
gans et al. [101] reports on a learning community that was also
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residence-based, noting that students who participated in the learn-
ing communities tended to have more inclusive beliefs about the
challenges and abilities of female students. This observation is im-
portant because as we strive to create inclusive environments we
need to consider how the beliefs (and behaviors) of students in
majority groups can influence the sense of belonging of students
in underrepresented groups.

The second approach includes interventions that were tangen-
tially related to coursework including peer mentoring activities,
workshops, and help sessions. Hug et al. [54] observed the impact of
participating as peer mentors for 1st-year courses. They observed
that leaders had positive affective and cognitive outcomes. No sta-
tistically significant differences by gender were noted, but they
suggested that these findings may indicate that serving as a leader
can improve the retention of peer leaders from minority groups.
Narayanan et al. [82] used several peer enrichment activities cov-
ering CS fundamentals, and found positive impacts on transfer
and graduation rates, as well as a non-statistically significant im-
provement on standardized tests, though the impacts are difficult
to attribute to any specific intervention.

Jamieson et al. [57] reported on a program in which students
were enrolled in a 1-credit seminar that met for two hours twice
a week to discuss programming concepts. These sessions were in
addition to regular coursework but were not considered to be re-
medial sessions. Students were primarily graded on participation
(credit/no credit) and the focus was to provide students from mi-
nority groups with spaces to meet peers and form friendships. The
retention rates for women who completed the program and went
on to take CS2 and CS3 were significantly higher than the general
student population. Newhall et al. [84] provided help sessions with
student mentors for students in CS1 and CS2 and noticed similar
improved population outcomes.

Zahedi et al. [127] and Latulipe et al. [68] used online gamifi-
cation environments to increase student engagement and build
social connections with other students. While the primary focus
was to deliver supplemental content to students, they also included
engagement and social activities designed to motivate students.
Zahedi et al. reported an increase in CS identity development and
self-efficacy for both genders, but it is not clear that this result was
due to the gamification elements. Latulipe et al. [68] found that
gamification resulted in improved future marks for all students.

The third approach focused on conferences and social gather-
ings that occurred outside of the university. Both Alvarado et al. [1]
and Janzen et al. [58] observed that sending students to the Grace
Hopper celebration—a conference for women in technology-had a
positive impact on retention efforts. While we highlight the bene-
fits of this approach, we note that the previous papers presented
multiple interventions, so it is difficult to determine the specific
impact of sending students to such conferences. Janzen et al. specif-
ically asked students to what extent the conference had on them
remaining in the major, and the feedback from all participants was
positive, but not significantly different by gender.

Learning communities seem to have a positive effect on the af-
fective outcomes of students; however, these attitudinal changes
may not persist over time. These communities are also beneficial in
improving the retention of students from traditionally underrepre-
sented groups, including women. Learning support sessions have a
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positive impact on population outcomes and possibly have cognitive
benefits for students. Attending conferences and social gatherings
positively impact retention and the affective outcomes of students
from minority groups. Overall, interventions that encourage stu-
dent interaction are mostly beneficial for students regardless of their
gender, improving affective, cognitive, and population outcomes.
However, it is worth highlighting that many of the interventions
in this section are costly especially given that questionable long-
term impacts. More exploration and research is needed on more
affordable ways to foster student interaction.

5.1.4  Grow an Inclusive Community: summary. There is a large
body of research across this principle, but the evidence is largely
clustered around implementation of a few specific practices. Even
then, the evidence is sometimes contradictory and results are often
difficult to attribute to any specific practice.

The evidence for avoiding stereotype was quite strong, and
mostly involved clear and specific implementations of the practice
of mitigation or direct evidence of the impact of negative stereo-
types. It is clear that the use of materials and activities (e.g., as-
signments, images) that are stereotypically associated with men (or
particular subsets of men, i.e., geek culture, Brogrammers) or that
portray women in a negative light have negative affective impacts
on female students. There appears, however, to be relatively few
studies providing direct evidence of the impact of stereotypes on
cognitive or population outcomes of female students (but see [28]).
While it is natural to link stereotypes with affect, there is clearly
an opportunity to study other areas of impact. As we discuss later
in this report, however, the relative sparseness of studies around
this practice may be an artifact of our method of including and
excluding studies.

By far the most studied practice in our sample was collaborative
learning. The reported outcomes were generally positive. While
the implementations of peer mentoring and peer instruction varied
quite widely across studies—making comparisons difficult—the re-
sults were almost uniformly positive across all types of outcomes
(affective, cognitive, population). Outcomes for pair programming
were more mixed and may hinge on the level of care taken to match
pairs appropriately and to help students learn to work effectively
in pairs. That said, the mechanisms by which the practices impact
women’s participation is unclear. Is it because the practice is a more
effective teaching strategy and boosts efficacy and confidence? Or
does the practice work because it helps students form relationships
with other students who then provide support and encouragement?
Or is it some combination of those elements and others? These are
open questions.

Most directly related to the goal of creating community were
studies of learning communities which groups students into cohorts
across multiple courses. Most of these papers reported positive
overall results for students, but it is difficult to attribute results to
any specific component of the interventions, as these were almost
always very complex interventions that spanned many practices
from multiple principles. In addition, there is some evidence that
the impacts of these communities may not persist.
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5.2 Make It Matter

The NCWIT Engagement Principle, Make It Matter, recognizes
previous research that suggests that students are more motivated,
perform better, and are more likely to persist when they can see how
a lesson connects to their experiences, interests, goals, and values.
In addition, students who do not fit the stereotype of someone who
does computing may need even more explicit connections for them
to envision themselves in the field. Educators are encouraged to
"help students connect to computing by connecting computing to
their students’ lives" [83]. There are four practices associated with
this principle, and papers addressing each of these practices are
discussed in the following subsections:

e Use Meaningful and Relevant Content

e Make Interdisciplinary Connections to CS

e Address Misconceptions About the Field of CS

o Incorporate Student Choice

5.2.1 Use Relevant and Meaningful Content. Students are more
likely to persist in the face of a challenge when what they are
learning is relevant to their life experiences and goals. The practice
“Use Relevant and Meaningful Content" challenges instructors to
find projects, assignments, and examples that are culturally and
personally relevant to their students, to explain to students how
a particular computing idea is relevant in different contexts and
fields, and to broaden students’ understanding of what computing
is and who does it.

A large number of papers address this practice, so we have sepa-
rated the discussion into those that address this practice alone and
those that address this practice along with one or more practices
from another principle. There are also multiple papers that address
both this practice and others within the "Make It Matter" principle.
These are discussed within the sections addressing other practices,
to avoid repetition while keeping the description of the principle
coherent.

Use Relevant and Meaningful Content only. We first consider the
papers that only employ an intervention that falls within the "Use
Relevant and Meaningful Content" practice, as summarised in Ta-
ble 6. It should be noted that some papers explicitly justify why
their interventions should be relevant and meaningful to their stu-
dents. However, some papers refer to capturing students’ interest
and engaging them with novel interventions, while requiring the
reader to infer why the approach may connect with students. This
section includes all papers that express the intention of connecting
with the students’ interests, regardless of how well they justified
the particular intervention.

One key paper by Guzdial [47] reviews evidence for the effec-
tiveness of using Media Computation (MediaComp) as a way to
engage students. This approach "introduces computing through
exploration of data abstraction related to digital media" such as
images, video, sound and web pages. The author considers papers
from over a decade and suggest that there is support for the claim
that "contextualization aspect of MediaComp" effectively connects
with female students’ perception of relevance. This is supported,
in part, by the fact that the course regularly attracts a substantial
number of female students (e.g., the course regularly enrolled more
than 40% women). Female students were also found to have success
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Table 6: Summary of papers identified only within the practice,
"Use Relevant and Meaningful Content"

Study Intervention Outcomes*
A C P
[13] Spiral-based curricu- E+, F+
lum design
[21] Robotics in software sys  E+?, F+?  E+?, F+?
course
[31] Challenging course as- E+-, F+-
signments
[44] Utility value F+ E=
[47] Media computation F+ F+
[48] Physical computing E+ E+ F+, M+?
[53] Using data and real- E=
world problems
[66] Mindset and metacogni- E=, F+?
tion tasks
[70] Combining video E+
games with lectures
[77] Robotics in prog course  F+
[88] Story programming F+?
[97] Food-focused activities F+
[99] Animation and robotics F+
programming
[102]  Animation & roboticsin  E+? E=
CS1
[106]  Using creative videos to E+
teach algorithms

* For explanation of symbols and abbreviations, see Table 3.

rates in the course similar to male students, and across multiple
US-based institutions.

Remshagen and Rolka [99] discuss an intervention where part
of the Media Computation approach had been adopted through
the use of animation to teach programming (Greenfoot) in a CS0
course. Student outcomes, across the board, had been poor, with
a 50% failure rate. To address this, they introduced robotics (IPRE
Scribbler) alongside animation in the course. While female students
were more likely to find robot exercises difficult (by a slight margin),
the intervention did result in a statistically significant difference
between male and female students, with female students performing
better. The paper recommends the use of robots only in "selected
exercises,’ partly because of frustrations that can occur because of
technical problems using robots. They also recommend allowing
students to take robots home for at least a day so that they can
work on them at home and "show off their work to their friends."
Effectively, this is a way to make the work socially relevant to
students.

Another study involving robotics in a U.S. CS0 course (again with
Scribbler) was carried out by McGill [77], specifically to examine
the effect on student motivation and how it varied with gender.
Using Keller’s Instructional Materials Motivation Survey, the author
found no significant difference between male and female students
on measures of motivation. They did find that female students
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were more likely than male students to agree with the statements
"learning how to program with the robot was useful for me to learn
how to program effectively” and "it was a pleasure to work with
the robot to learn how to program. Interestingly, women were
also more inclined to agree that "using the robots to learn how to
program was intimidating to me." (Differences were statistically
significant despite a relatively small sample size of 13 female and
22 male students.) Potential technical problems associated with
robotics were also highlighted in this paper.

Caldwell and Jones [21] adopted Parallax Sumobot kits to en-
gage students in programming their robots in wrestling and dancing
competitions for second-year Introduction to Computer Software
Systems Course with assembly programming. The course was im-
plemented at a Historically Black College or University (HBCU) in
the U.S. with 87% male and 13% female students. The authors report
that female students were initially hesitant to engage in building
the robots but that gradually all of the students grew excited and
engaged with building, programming, and decorating the robots.
The paper reports anecdotal, positive observations from the instruc-
tor as well as nearly unanimous positive responses from student
surveys. Female students averaged 92% and male students averaged
84% on a quiz for assembling the robots, however, no statistical
tests of differences were reported.

A lower-cost approach to physical computing is outlined in Hal-
lak et al. [48] where Raspberry Pi computers were used both in
face-to-face and online contexts. Traditional programming courses
that used C++ were adapted by using colored LEDs (connected via
GPIO) as an alternative output for various algorithmic problems.
Compared with previous offerings of the introductory program-
ming courses, grades are reported to have increased by 25% across
the class (with no gender differences observed), and lab attendance
for female students increased by 10% (the figure for males students
was not reported). Attitudes towards the course improved for all
students. The only gender difference on affective outcomes was
that female students tended to be more positive in their answers to
the question "does the use of Raspberry Pi mini-computer in the
lab as a group project help increase your communication level with
your classmates?"

Integrating programming lectures with virtual robotics using
Cargo-Bot was studied by Lee et al. [70]. Cargo-bot provides a sim-
ple visual programming language with which to control a virtual
robot to solve problems involving stacking crates. Exercises with
Cargo-bot were woven into four lectures on recursion with Java
within a CS2 course, while a control group received the standard
Java lectures only. Performance gains within the intervention group
were greater than for the control group but the difference was not
statistically significant. Students who completed eight or nine Car-
goBot puzzles scored higher than the control group by a statistically
significant margin, but gender was not found to be a significant
factor in the improvement.

Another approach is using creative videos to teach algorithms,
studied by Schreiber and Dougherty [106]. In order to increase
conceptual understanding and confidence in binary search and se-
lection sort algorithms, the authors created a video series for each
algorithm. The researchers were particularly interested in investi-
gating the effects of these videos on students’ technical grasp and
self-confidence about understanding and applying the algorithms.
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They used pre- and post-surveys in which students answered ques-
tions about their familiarity with programming, music, and the
given algorithm, and how confident they were with their under-
standing of the algorithm. Students showed substantial improve-
ment in their knowledge of the complexity of each algorithm but
the authors do not report gender differences. Regarding students’
perceived confidence, there was a significantly positive difference
between pre-survey and post-survey questions for the entire sam-
ple, evident in both genders.

Rolka and Remshagen [102] assessed different contextualized
learning tools in order to explore whether they increased student
performance in introductory CS courses by influencing attendance.
Female students had overall high grades in the course as well as
higher attendance but it is difficult to assess whether the contextu-
alized learning tools are the cause.

Krause-Levy et al. [66] investigated whether combining previ-
ously identified promising intervention techniques within a stan-
dard structure of a CS1 course significantly increased students’
performance and what value, if any, students perceived from these
interventions. The interventions implemented were: 1) mindset
interventions; 2) thinkathons, where on-computer coding exercises
were replaced with paper-based scaffolded code comprehension and
writing exercises targeting the same learning outcomes; 3) metacog-
nitive tasks, used to support study skill development and inclusion
and values reflections to foster growth mindset and belonging. The
interventions did not generally appear to make a difference and
few gender-based differences were observed. The exception was
in exam performance, where the female students showed a small
but statistically significant improvement (7%) while male students
showed a small and not statistically significant decline (7%). The
paper does not provide sufficient evidence to determine whether
these interventions would, in fact, improve performance. How-
ever, the paper provides a basis for further investigation, especially
around how it could potentially improve the performance of female
students.

The potential to leverage programming difficulty to improve un-
derstanding and perceptions of non-majors was explored by Crosby
et al. in [31]. The CSO course for non-majors was redesigned by
replacing the standard intro to CS course — similar but less deep
than that for CS majors — with a course focusing on introduc-
ing Python with a variety of lab assignments that included ASCII
art and games of chance. Analyses of survey data showed that fe-
male students were more likely to dislike the design part of the
assignments, while preferring coding and debugging. Interestingly,
student attitudes towards coding changed from the beginning to
the end of the course in various ways, including by gender. For ex-
ample, female students interest in coding tended to increase across
the course, whereas male student interest tended to drop. However,
it’s not clear whether a more standard course would also have had
this affect on student views.

Story programming, an approach to introduce computing con-
cepts in the context of fictional stories without using a computer,
was explored in Parham-Mocello et al. [88]. An introductory orien-
tation course was redesigned to introduce computational thinking.
No differences by gender were found in dropout rates, grade distri-
bution, or in the ratings of the computational thinking or coding
activities was seen in the different groups. However, when the data
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from all sections were combined, females were significantly more
likely to report higher engagement in coding activities than males.
Overall, it appeared that the choice of programming language had
greater impact on student outcomes than the approach (story pro-
gramming vs traditional approach); students using Haskell had
stronger positive reactions to the CT activities than students using
Python.

Geerling et al. [44] explored how exposure to a topic’s utility
value can lead to positive outcomes for women in computing. In a
small introductory CS course focusing on web programming, stu-
dents were randomly assigned to an intervention or control group.
Students in the intervention group were provided with a list of nine
applications that the course would cover and asked to select the
three that were most personally useful to them. Students in the
control group read only about the general usefulness of the material
and were not prompted to connect the uses to their personal inter-
ests. Students were surveyed throughout the semester asking about
how they were feeling, including interest and confusion. Women in
the intervention reported less confusion than the men, but women
in the intervention that reported high levels of confusion were
more likely to have an increase in interest over time. In contrast,
men exhibited this connection between high confusion and high
interest regardless of being exposed to the treatment. No gender
differences in performance were found between the control and
treatment groups but the sample size was very small.

The impact of using web services to incorporate data and real
world services was explored by Hosack et al. in [53]. Over two years,
586 students participated in the intervention. Each semester, two
sections were offered: the experimental section used web services
problems and the control section did not. Scores on a common final
exam were analyzed, taking into account major, gender, GPA, and
class rank. Gains were observed in three semesters; however, the
poor results of the third semester cancelled out the gains in the
other three. No significant differences were observed by gender.

The use of food-focused activities to improve Computational Al-
gorithmic Thinking (CAT) in a cohort of African-American women
was explored by Rankin et al. [97]. Students participated in a "Dessert
Wars Challenge" designed to support the development of CAT skills.
Thirty-five participants across two years used self-reflection jour-
nals with guided prompts. High retention rate of students — 96%
and 100% for the two experimental semesters — support the authors’
conclusion that the intervention provided motivation and situated
context for students to develop their CAT skills. In contrast, when
the course was taught the following year without the food-related
activities, the retention rate decreased to 79%.

An approach to teaching spiral-theory-based cybersecurity mod-
els within existing CS courses is outlined by Basu et al. [13]. A
pre- and post-course test was used to explore whether students
found the course useful and interesting, as well as evaluating sub-
ject knowledge. The students met the learning objectives of the
course and no difference were observed between men and women,
with the exception of women scoring higher on one learning level.

Use Relevant and Meaningful Content with other principles. In
this section we review papers that use "Relevant and Meaningful
Content," along with other engagement practices from principles
other than "Make It Matter" [83]. These are summarised in Table 7.
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Table 7: Summary of papers identified within the practice,
"Use Relevant and Meaningful Content" also involving prac-
tices from other principles

Study Intervention Outcomes*
A C P

[30] Small CS class with a F+
range of interventions

[68] Gamification F+?, E+ E+

[92] Media  computation, F+?, M+
pair programming, peer
instruction

[105] Media computation, E+,F++ E+, F++
pair programming, peer
instruction

* For explanation of symbols and abbreviations, see Table 3.

Combining the influential Media Computation course with other
practices of pair programming and peer instruction, Porter and
Simon [92] describe the effects on retention after three years of
running the new course, including comparisons with a control
group using the original curriculum and the same instructor. The
authors report positive results on retention and in students passing
the course, which improved from 71% to 89%. Effects were more
positive for male students than for female students but the differ-
ence was not statistically significant. When taking a broader view
of retention, i.e., from all students enrolled at week 1, statistically
significant improvements were noted for students in the interven-
tion section compared to those in the control group; no gender
differences were noted.

A later paper by Salguero et al. [105] examines the effect of
the same changes over a longer period of time, looking both at
retention/failures and GPA. Again there are significant improve-
ments in retention and failure rates among female students in the
intervention group, and these were mirrored among male students.
Interestingly, over the same period there was also a statistically sig-
nificant improvement in the failure rate of female students within
the control group, but no improvement in retention of females. GPA
scores were similarly and significantly improved for female students
in both the intervention and control groups over the same period.
The authors conclude that in "examining the scale of the benefits,
women appear to benefit more for some metrics and men for oth-
ers." They also note that "we cannot distinguish which [practices]
were more important or if they were needed in combination.”

The same trio of practices (Media Computation, pair program-
ming, peer instruction) were also adopted by Latulipe et al. [68],
with the addition of lightweight teams and gamification. Since the
data presented focuses on student opinions about the use of teams,
a detailed discussion of the paper is included in section 5.1.

Cohoon and Tychonievich [30] also explore the impact of a
combination of practices, most significantly in the areas of giving
effective encouragement and providing opportunities for interac-
tion with faculty but also by carefully considering the impact of
different types of application on the interest of students. This new
course (CS1X) had significantly more participation from female
students (64% of the class) than comparable CS1 courses. A detailed
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Table 8: Summary of papers identified within the practice,
"Make Interdisciplinary Connections to CS"

Study Intervention Outcomes*
A C P

[11] Theme-based computing E+ E+
curriculum

[14] Computer Science Princi- E+ E+ F+
ples

[15] Open-ended game develop- F-?
ment project

[58] Multi-intervention effort F= F+?

[67] Cohort-based multi- E+? F+
intervention effort

[86] Writing-intensive CS1 E+-, F+

[93] Personally relevant projects E+, F+

[113]  Animation module E+ E+? E+?

[114]  Serious game development F+

[115] Interdisciplinary problem- F+?
based approach

[120] Music-based programming E+ E+

* For explanation of symbols and abbreviations, see Table 3.

analysis of the popularity of different application topics by gender is
provided, showing marked differences between men and women on
interest, and a general trend of men being "generally more pleased
by applications than were females." The authors conducted focus
groups to garner student reaction to the various practices adopted,
and found that the relevance of the content did not come up often
in students’ comments. No gender differences in this qualitative
data were noted.

5.2.2  Make Interdisciplinary Connections to CS. This practice in-
volves connecting computer science to other fields, such as medicine,
the humanities, and media. By showing how computer science con-
cepts and skills are used in other fields, especially those that tend
to engage a lot of women students (e.g., biology, humanities), those
who may not have considered computer science might find it newly
relevant to their lives and career interests [83]. The papers identified
as testing this practice are show in Table 8.

Integrating multiple other disciplines, Stone and Clark [113]
developed Problem-Oriented Animated Learning Modules for In-
troductory Computer Science (PALMS for CS1)/ a collection of
animated examples of problem solving, algorithms, and C++ pro-
gramming from other disciplines. PALMS particularly featured
examples from multiple areas of the natural sciences to appeal
to non-majors in their CS1 course. The authors report data from
two years where PALMS was adopted, finding no significant differ-
ence in course withdrawal and overall course average for men and
women.

In Sweedyk [114], an existing game development course was
adapted to focus specifically on "serious games", including bringing
in topics from other disciplines e.g. history or physics. Although
the sample size was very small, positives outcomes were reported
for female students including higher engagement, better course
results, and positive attitudes towards serious game development.
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In a CS2 course, Black [15] introduced Android development
with an example application featuring GPS usage. Across seven
semesters, students (n=141) also completed open-ended projects
and the paper reports anecdotal observations of projects that in-
corporated connections to other disciplines. The authors noted
lower than average scores on project completeness and correct-
ness for women and minority men but these differences were not
statistically significant.

Used in both high school and college-level computing courses,
EarSketch is a learning environment that connects music composi-
tion, production, and remixing with introductory computing [120].
Over three semesters from Spring 2016 to Spring 2017, Earsketch
was studied among students at the college-level, with a total of 206
students receiving Earsketch lessons and 163 students in a compa-
rable control group. The intervention had a positive impact on the
students’ intent to persist, but this was independent of gender and
underrepresented minority status. Furthermore, multilevel model-
ing methods showed that attitudes towards computing influenced
students’ intent to persist.

Rader et al. [93] explored differences in interest between male
and female students in a range of topics used in CS1 and Software
Engineering classes. Some topics were game-related and others had
humanitarian or other practical aspects to them. Overall, women
rated the humanitarian projects higher than male students, but the
highest ratings went to the projects they found to be personally
relevant. However, the sample size was small, and no analyses of
statistical significance were reported. Similarly, adding interdisci-
plinary topics to a problem-based Introduction to CS course are
described in Tartaro and Cottingham [115]. Over a period of three
years they achieved much higher female enrollment rates than
the national average by including topics such as bioinformatics,
business analytics and creativity for entertainment.

Papers that investigate this practice alongside other practices
within the "Make It Matter" principle are discussed in the following
section.

5.2.3  Address Misconceptions About the Field of CS. This NCWIT
Engagement Practice focuses on addressing misconceptions stu-
dents have about the field that may prevent them from taking
computing courses or pursuing a career in computer science. Many
students have overly narrow ideas of what computing is about,
what the work is like, and the kinds of people who typically do it.
NCWIT suggests that educators can address these misconceptions
by 1) illustrating the diversity and breadth of work a computer
scientist can do and as well as the diversity of people who can do it,
2) emphasizing that success comes from practice, and 3) discussing
the advantages and rewards of computing careers [83]. Ideally, mis-
conceptions can be addressed by simply showing things counter
to the misconception without actually invoking the misconception
and risk reinforcing a stereotype. The papers identified as testing
this practice are show in in Table 9.

Brinkman and Diekman [18] investigated how to address the lack
of diversity in technology by applying communal goal congruity,
with an emphasis on working with others and in the service of
others. This approach addresses the misconception that computing
is only utilitarian rather than humanitarian, i.e., it is not the kind
of work that can be socially relevant. At a public North American
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Table 9: Summary of papers identified within the practice,
"Address Misconceptions About the Field of CS"

Study Intervention Outcomes*
A C P

[1] Multi-intervention effort F+, E+ F+

[2] Grace Hopper attendance ~ F+ F+

[14] Computer Science Princi- E+ E+ F+
ples

[18] Cohort-based service learn- F+
ing program

[57] Enrichment workshop F+

[62] Research experience for un- E+?, F+? E+?
dergraduates

[67] Cohort-based multi- E+? F+
intervention effort

[86] Writing-intensive CS1 E+-, F+

[123] Living learning community F-

* For explanation of symbols and abbreviations, see Table 3.

research university, the authors implemented a service-learning
program with cohorts in computer science, computer engineer-
ing, electrical engineering, and software engineering. They piloted
the program by partnering with a local service organization that
teaches coding clubs for primary school students. The program
also offered scholarships (with award amounts determined by level
of financial need) as well as counseling and cohort community-
building activities. They found that the matriculating cohort was
more diverse than the admitted cohort and only a weak association
between the amount of funding offered and whether or not the
student matriculated into the program.

Alvarado and Judson [2] report on the effects of attending the
Grace Hopper Celebration (GHC) on female students’ decision to
major in computer science and follow corresponding career paths.
GHC is an annual conference celebrating the accomplishments of
women in CS, combining technical talks, targeted workshops, pan-
els focused on issues facing women in the field, and networking
events. Student participants are exposed to diverse women role
models and provided with networking opportunities with other
women and potential employers. The researchers surveyed 60 fe-
male GHC attendees from Harvey Mudd College before and after
the conference trips in 2009 and 2010. The results indicate that
GHC had a positive and statistically significant effect on attendees,
especially those with previous CS experience or interest. The au-
thors found that students who attended GHC enrolled in a second
CS course at a significantly higher rate than those who did not at-
tend GHC, and 25% of those who were not considering a CS major
prior to attending GHC chose to major in CS after attending the
conference.

Behnke et al.’s [14] work also had positive outcomes on student’s
attitudes towards CS by introducing a curriculum framework of
Computer Science Principles, in which computational thinking is
explored with a focus on creativity and the impact of CS on the
world. Although there are no comparative statistics reported on
how male and female students’ opinions changed, the affective
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outcomes for all students were positive and with female enrollment
at 29%, there were definite gains in participation.

Another approach that demonstrated a positive impact was de-
scribed by Kulkarni et al. [67]. The paper reports on a pilot program,
Promoting INclusivity in Computing (PINC) at San Francisco State
University that aimed, among other things, to improve diversity
in their computing program. PINC is a set of computing courses
for students majoring in other fields such as Biology and Biochem-
istry, majors which enjoy fairly high enrollments by women and
students from underrepresented minority groups. The program
included cohort-based program structure with a dedicated curricu-
lum, near-peer mentoring, project-driven and cooperative learning.
Surveys of participating students showed that the majority felt less
intimidated about computer programming, and felt they under-
stood its utility and necessity. The gender composition of PINC
program was 73% female compared to the corresponding 16% in
the traditional CS course. Moreover, while the dropout rate for
female students in the traditional CS course was 15% by the end of
the program, for the PINC program, it was only 2%. Similar trends
were observed in the numbers of URM students. Given the range
of practices that were adopted it is not possible to pin down the
success of the approach to a single practice, but seems to have a
similar approach to the "Green" curriculum at Harvey Mudd [1].

Another method of addressing misconceptions about computing
is through workshops that complemented a CS1 course [57]. CS1
students were recruited to participate in enrichment workshops-
patterned after those developed by Uri Triesman at UC Berkeley—
which focus on group work and community building more than
technical details. In these two-hour twice-a-week workshops, stu-
dents learned CS1 concepts but in a way that emphasized teamwork
and interdisciplinary skills. Women and non-Asian men of color
who participated in the intervention were more likely to go on to
CS2 than those not in the workshops, but this outcome may be
due to selection bias of who chose to participate in the program.
No changes, or differences with non-participants, in attitudes to-
ward computing or improvements in grades were observed after
participation in the workshop.

Wright et al. [123] evaluates the impact on three cohorts of first-
year women at Rutgers University who took part in a Computer
Science Living-Learning Community (LLC). The participants were
recruited from women who indicated their intent to major in CS
on their admission applications. In the LLC, students live together
as well as study together, and are provided with a range of sup-
port. While the majority of the intervention focused on community
(NCWIT principle 3: Grow an Inclusive Student Community), some
work on addressing misconceptions about the fields of computing
was included. The women involved were more likely to engage in
extracurricular computing activities, but some negative affective
outcomes were noted.

O’Hara et al. [86] evaluated a three-week writing-intensive course,
"Language & Thinking,' required of all freshmen at the liberal arts-
focused Bard College that had newly integrated a computing com-
ponent. The change was made to expose first-year students to
coding and computational thinking with the intent of positively
influencing the attitudes of participating students. Students were
given attitude surveys before and after learning through unplugged
activities and in contexts relevant to the students. The authors
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report "modest changes in attitudes" including female students de-
veloping a greater appreciation of computing. Importantly, a mean
increase in the belief that "computer science is just learning how
to program in different languages" was observed. The authors at-
tribute this to holding coding sessions outside of the normal class
period. We suggest that it may also be due to the coding-intensive
focus of the new material. These findings suggest that the content
of a program/intervention, as well as the way it is structured, are
important considerations when attempting to increase interest in
computing. Some interventions may, in fact, reinforce stereotypes
about computing rather than dispel them.

5.2.4 Incorporate Student Choice. The final engagement practice
within the "Make it Matter" principle—incorporate student choice—
suggests that allowing students to choose from among a set of
problems or assignments, or to choose the topic area to be ad-
dressed in a particular assignment helps make computing topics
more relevant by allowing students to make the connection to their
own interests [83]. Seven papers, as shown in Table 10, included
aspects of this practice.

Table 10: Summary of papers identified within the prac-
tice, "Incorporate Student Choice"

Study Intervention Outcomes*
A C P
[11] Theme-based CS1 courses  E+ F+
[15] Open-ended game develop- F-?
ment project
[58] Multi-intervention effort F= F+?
[67] Cohort-based multi- F+
intervention effort
[86] Writing-intensive CS1 E+-, F+
[110] Open-ended assignments F+
[116] Robot-based CS2 course E+ F+

* For explanation of symbols and abbreviations, see Table 3.

One approach to student choice involves allowing students to
choose a recurrent theme to explore throughout a course. For ex-
ample, Barr [11] describes CS0 and CS1 courses where students
choose from themes of big data, robotics, game development, artifi-
cial intelligence, media computation, and engineering applications.
A study of 58 sections across six years found an increase in overall
enrollment in intermediate courses, in general, as well as an in-
crease in the percentage of women in the major. Surveys revealed
that 57% of students enrolled in themed courses expressed interest
in CS or applications of computing while 58% indicated they may
take additional CS courses.

Overall, interventions that highlight students choosing between
alternative themes or offerings for introductory courses consistently
highlight improvements in recruiting female students. However,
more work is necessary to reconcile potential negative impacts on
students’ performance in subsequent classes, and to gather more
insights into impacts on affective outcomes.

Besides offering students a choice of course theme, several stud-
ies investigated incorporating student choice in course projects. Ina
within-subject, quasi-experimental design , Sharmin et al. compared
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open-ended project assignments to control projects with conven-
tional requirements in a CS1 course [110]. For the open-ended
projects, students were afforded freedom to choose the application
for their assignment. Note, however, that all assignments, regardless
of condition, had to be game-related. The study reports on students’
self-efficacy measured using a pre-test survey and found that it
was associated with higher grades on assignments. While gender
had a significant effect on the assignment grade (female students
scoring significantly higher), there was not a significant difference
between the experimental (open-ended) and control (conventional)
treatments. It may be that confining choice to game design and
implementation may have suppressed the desired effect and that
providing options to, e.g., design an application for social good,
may be more effective.

Ustek et al. [116] describes a robot-based second programming
course designed and developed at Grinnell College with the aim to
increase students’ interest in CS courses. The course was developed
with the assistance of four students; specifically, the students were
responsible for designing, testing and refining the course materials
by drawing on their previous experiences with CS courses. The
evaluation of the new course was based on surveys of the enrolled
students, course performance data, and end-of-course evaluations.
While students’ performance did not significantly change compared
to the previous years, 65% of the students replied positively to
a question on the usefulness of the robot-design course to their
understandings. Course enrollment increased moderately, but no
statistical measures are reported. The authors suggest that a part
of this increase may be due to the enrollment of more females in
the whole introductory three course sequence.

Some papers (e.g., [58, 86]), did include some student choice, but
this was not the only NCWIT practice to be addressed and there
was little or no data on how effective the student choice element
was by itself.

5.2.5 Make it Matter: summary. There is a substantial body of work
across this principle, with a particular focus on using meaningful
and relevant content. Overall, the results are mixed, and one issue
that has become clear is that there is a need for further research
into this principle. Many papers suggest interesting results but need
further work to determine whether these results are statistically sig-
nificant, apply across different student groups, or can be attributed
to the intervention discussed rather than to confounding factors.
Several papers are unclear about reporting the significance of their
results, or were carried out on very small populations. Carrying out
conclusive research in this field is challenging, but we emphasise
the benefits that can arise through doing this.

There was, nevertheless, evidence of significant positive impact
of interventions using the NCWIT recommended practices under
this principle. Twenty-three out of 46 papers reported some form
of positive impact on women’s enrollment and engagement in CS
courses. More than half (26) of the papers noted improvements
in students’ attitudes to CS, split between those that specifically
improved the attitudes of female students and those that improved
it for all. However, several papers reported mixed findings where
attitudes improved in some respects and remained the same or
worsened in others. Fourteen papers reported positive impacts of
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interventions on test and exam scores; these improvements were
frequently observed for all students, rather than only for women.

5.3 Build Student Confidence & Professional
Identity

Because computing has come to be associated with some fairly
strong stereotypes about who does computing (i.e., white and Asian
men), anyone who does not fit the stereotype may have difficulty
seeing themselves in the field. They may also be less likely to have
people supporting them in their pursuit of computing. Instructors
can help by building student confidence, modeling inclusive behav-
ior, and providing experiences that support all students developing
computing identities [83]. The NCWIT engagement principle, Build
Student Confidence & Professional Identity, includes four practices,
and papers addressing each of these practices are discussed in the
following subsections:

o Give Effective Encouragement

o Offer Student-Centered Assessment

e Provide Opportunities for Interaction with Faculty

e Mitigate Stereotype Threat
5.3.1 Give effective encouragement. Effective encouragement is
critical for students’ self-efficacy, and as such, its role in retaining
women in male-stereotyped fields is important. Given the popular-
ity of interventions such as growth mindset in other fields, we were
surprised that there were so few papers in our sample that investi-
gated this practice (see Table 11). We also observed that effective
encouragement was often studied as one intervention among many,
complicating the assessment of this practice.

Table 11: Summary of papers identified within the prac-
tice "Give Effective Encouragement"”

Paper Intervention Outcomes™
A C P
[19] Growth Mindset E+ E=? E=?
[60]  Problem-Solving Strategy De- E+ E+
tection and Development ap-
proach
[104] Learning community F+? F+ E+
[123] Living learning community F-+

* For explanation of symbols and abbreviations, see see Table 3.

One study that explicitly looked at a growth mindset interven-
tion is Burnette et al. [19]. Using a rigorous double-blind experi-
mental design, they sought to understand the impact of a set of
online growth mindset modules on improving performance and
promoting interest in computer science. The content of the modules
included explaining the benefits of a growth mindset, reinforcing
the message that ability for computer science can be developed,
presentations of role models that suggested tips for success and
effective learning strategies, and a "saying is believing" writing
exercise to reinforce the growth mindset message. Introductory
computing students from seven US colleges were assigned to con-
trol or experimental conditions. Of the 500 participating students,
29% identifying as women. Results suggest that the mindset inter-
vention increased students’ career interests and intrinsic value in



Working Group Report

the field but it did not appear to impact final grades. There was
no support for the hypothesis that growth mindset training would
offset women’s tendency to be less interested in STEM fields or
ameliorate performance gaps. However, the authors note that stu-
dents in this sample tended to score highly on growth mindset to
begin with which would limit the impact of the intervention. The
intervention might well be effective for those starting with more
fixed mindsets.

Another more systemic approach to encouragement are learning
communities. Russel [104] studied the effects of a learning com-
munity at MIT, called "an experimental study group" (ESG), on
students’ achievement and major choice. ESG is a multi-faceted
approach, including small classes, mostly female instructors, and
targeted advising and mentoring. No significant benefits to the
general population were noted; however, participating in these
learning communities resulted in an average increase in academic
performance for women. The author, however, is reluctant to make
generalisations due to the small sample size. Also, given the mul-
tifaceted approach, it is difficult to separate the effects of of the
different interventions. The author does suggest that having female
instructors is particularly beneficial to female students but it is not
possible to know whether this is due to the types of encouragement
they may provide, a role model effect, or some other aspect.

A similar study conducted by Wright et al. [123] looked at a
CS living-learning community (LLC) for first-year women. This
LLC also incorporated multiple interventions including mentoring,
academic and professional development activities, a community
of peers for friendship and academic support, and exposure to
the issues and applications of CS. Results were mixed regarding
students’ CS experiences. This intervention could have encouraged
students’ self-efficacy and fostered the development of growth
mindsets; however, their evaluation showed weaker computing
self-efficacy and stronger beliefs that computing ability is innate at
the end of the experience.

5.3.2  Offer Student-Centered Assessment. Student-centered assess-
ment is any practice that helps students examine their own learning
and knowledge. Because of a number of social factors, individuals
who may wonder if they "fit" in a major may get discouraged by
difficult problems and set backs. That is, they may internalize the
difficulty as something about them, rather than see it as a feature
of the task. Providing feedback that is timely, contextualized, and
actionable—and assistance on how to reflect on it-can encourage
persistence [83].

Four papers implemented interventions that highlighted this
principle (see Table 12). First, in a web-based cybersecurity course,
Raina et al. [95] redesigned modules to implement the principles of
segmentation to reduce students skipping the content: this included
breaking the content into sections with checkpoint questions which
provided immediate feedback on submission and students could not
progress to the next section until all the questions were answered
correctly. They also included text-based checklists, multiple choice,
and constructed response questions, for which students received
immediate feedback until the third attempt and immediate elaborate
feedback thereafter. The authors argued that the module led to
significant increase in student engagement, both for women and
men.
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Table 12: Summary of papers identified within the practice
"Offer Student-Centered Assessment"

Paper Intervention Outcomes*
A C P

[95] Segmentation and Feedback E+F+
[113]  Problem-Oriented-Animated E+ E+? E+?

learning Modules
[69] Gamification F+?2E+ E+
[127]  Gamification F- E+
[49] Exam question ordering F+ F+

* For explanation of symbols and abbreviations, see see Table 3.

Stone and Clark [113] report on a two-year approach that in-
volved Problem-Oriented-Animated Learning Modules (PALMs)
for CS1. This is a set of animated learning modules that aims to
enhance students’ engagement, success and retention by includ-
ing animation, video, audio and storytelling. Each PALMs module
included assignments and progress indicators/benchmarks that al-
lowed students to chart their progress and review questions. They
also included a set of graded lab exercises and in-class quizzes. The
students found the built-in review questions—which allowed them
to check their knowledge—to be one of the most helpful compo-
nents of PALM modules. Male students were significantly more
likely to pass the class than other students but no significant gender
differences were noted in course withdrawal and overall course
average. That said, the low proportion of women in the sample
(16%) limits generalizability. Also, given the multiple elements in
this intervention, it is not possible to attribute these findings to the
assessment elements alone.

Also implemented in an introductory course, Harrington et al. [49]
investigated the role of question ordering on students’ performance
and confidence. The authors assigned students randomly to exam
conditions with questions being ordered either from easy to difficult
or difficult to easy. At the end of the exam, the students were asked
to predict their marks. Interestingly, while ordering the questions
from hardest to easiest had a negative impact on the performance of
international students, it significantly raised both the performance
and confidence of female students. The intervention had virtually
no effect on the accuracy of student predictions.

In recent years, "gamification” has been a popular intervention
hypothesized to enhance students’ interest and boost their confi-
dence partially because of the performance feedback it can offer.
The results of these studies, however, are inconclusive and tend to
point to negative impacts for some groups. For instance, in a study
conducted by Latulipe et al. [69], the authors employed gamifica-
tion (e.g., stamps, leaderboard and tokens) in an attempt to improve
students’ motivation, encourage them to work harder, and make
the course more engaging. The results suggest that the gamification
elements had a positive influence on the students’ work ethic and
self-reliance, however, the authors argued that the use of these
elements needs further refinement. Along the same lines, Zahedi
et al. [127] examined the effects of gamification (virtual points and
leaderboard) on women’s CS identity development and self-efficacy.
The authors found no indication that gamification affected com-
puting identity and self-efficacy. The quantitative analysis showed
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that total virtual points positively correlated with students’ grades,
but the qualitative analysis revealed that female participants were
indifferent or negatively oriented towards gamification. Overall,
their results do not provide concrete evidence of positive effects of
gamification on women’s CS identity and self-efficacy.

5.3.3  Provide Opportunities for Interaction with Faculty. The NCWIT
Engagement Practices Framework posits that interacting with fac-
ulty can be a powerful way to give students encouragement and
support, to impart tacit professional knowledge, and to help stu-
dents begin to see themselves as part of a community of computing
professionals. These interactions can take place in a variety of set-
tings (e.g., class or lab, office hours, other informal settings), and
can be important for sustaining student interest in computing [83].
In addition to faculty, interaction with other instructors, such as
teaching assistants, and with industry professionals may be simi-
larly important and so studies addressing these types of interactions
are also considered here.

Sixteen papers tested interventions related to the practice of
"opportunities for interaction" with these types of individuals. An
overview of these papers is provided in Table 13 with papers grouped
by the primary type of initiative. The first set are in-class activities
that are specifically designed to allow more intense interaction
with instructors. The second set are studies comparing face-to-
face courses with online courses and, indirectly, the impact the
latter may have on students-instructor interaction. The third set
are studies of larger educational initiatives, such as Living Learning
Communities. In these studies, opportunities for faculty or pro-
fessional interaction were one part of multi-pronged initiatives
that makes it difficult to assess the independent effect of providing
opportunities for faculty and professional interaction. About half
of these studies also incorporated interaction with industry pro-
fessionals. The last section are studies that looked mainly at these
kinds of interactions.

Table 13 also provides information on who the student is in-
teracting with: teaching assistants (TAs), administrative staff (Ad),
faculty (F) or IT professionals (IT). "Faculty" may be instructors or
other faculty with whom students would encounter (e.g., advisors,
learning community leaders). "TAs" are students who are employed
or receive academic credit to support teaching and learning; they in-
clude undergraduate students who have completed the same course
as those they support to more experienced PhD students. The roles
that TAs play in the initiative are also noted: designing courses (D),
running teaching sessions (T), or mentoring (M) one-on-one or in
small groups.

Interventions that sought, in part, to increase interaction with
faculty ranged from one-off activities such as:

e students visiting instructor’s homes for events [107, 109],

o start of course instructor-student interviews that established
relationships and expectations [26],

o dedicated faculty to support learning communities [82, 91,
104, 123],

e extra academic support sessions [101]

to whole-scale changes such as:

e changing the format of interaction with instructors (from
face to face to online) [55, 124],
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e increasing the amount of contact (by redistribution of time
or changing class sizes) [30, 55, 82],

e teaching and learning activities to women-only classes with
women faculty [126].

In one of the few interventions specially designed to increase
interaction with the instructor, Case et al. [26] describes a one-off,
in-class activity where students engaged in mutual in-class inter-
views with the instructor. The objective was for staff and students
to get to know each other and set expectations. The intervention
was used on the first day of class by four instructors in four differ-
ent fields: education, psychology, women’s studies, and computer
science. Across nine courses, 149 students (73% women) completed
surveys about their experience with the activity. No gender dif-
ferences were found but computer science students tended to rate
the activity lower than students in other fields. Students generally
reported that the exercise increased their knowledge about the
course and the authors suggest it can be an effective starting point
for establishing a supportive classroom community.

In an intervention that redesigned the structure of an entire
course to increase community and interaction with instructors,
Alvarado et al. [4] examine the impact of reorganizing a traditionally
large lecture class into small micro-classes of 25-30 students taught
by TAs. While the primary intent of the intervention was to build
student community, the design also meant that students had closer
contact with TAs. The intervention resulted in more female students
enrolling in the micro-class and in an improved sense of community
for all students compared to those in the traditional lecture class.
No differences in academic outcomes were noted. It is not possible
to know, however, if the outcomes were due to closer interaction
with instructors or to the small class size, or to a combination of
those, and possibly other, factors.

Two papers compare online courses with face-to-face courses—
designs that can shed some light on the impact of interaction with
faculty. Xu and Jin [124] initially set out to incorporate extra interac-
tion with TAs in their pilot study of 4-session Games Development
workshops. But due to COVID-19 they pivoted online partway
through the sessions. This allowed them, unexpectedly, to cap-
ture data comparing face-to-face and online delivery, in addition
to TA-designed and delivered game development courses. From
an analysis of simple end-of-session surveys (between 22 and 34
respondents per session), the authors reported that female partici-
pants had enjoyed the face-to-face peer mentor sessions more than
males. In addition, while students on average reported negative
impacts of moving online, it was more significant for females [124].

In another comparison study made possible by the COVID pan-
demic, Irani and Denaro [55] report that when they migrated a
large-scale discrete math courses online, they saw no degradation
in student academic outcomes and student satisfaction, irrespective
of gender or other demographics. However, the online course was
carefully migrated and heavily scaffolded, and explicit attention was
given to maintaining student-instructor interaction. Interestingly,
in migrating online, the instructor reported spending more time
answering student questions than in the face-to-face version of the
course [55]. However, rather than provide insight into the ways in
which interaction with faculty can positively impact students, this
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Table 13: Summary of papers identified within the practice "Provide Opportunities for Interaction

with Faculty"
Study Intervention® Outcomes™™
Type of Initiative Who is interacting? A C P
TA Ad F IT
D T M
[26] First day instructor-student interview v E+?
[4] TA Led Micro-classes v v E+ E= F+?
[124] TA design and deliver the course & v v F+
face-to-face to online course conversion
[55] Face-to-face to online course conversion v E= E=
[123] Living Learning Community v v v v Vv F-
[101] Living Learning Community v v v Vv E+ E+? E+
[107]  Linked-courses learning community v v F+
[109] Linked-courses learning community v v E-? E-?
[82]  Cohort-based degree (including PLTL) v v v v Vv E+? E+? E+
[67] Cohort-based degree (including PLTL) v v E+? E+ F+
[30] Small CS class with a range of interventions v v v E+? F+
[126] Female taught, all women, small class v F+ F+ F+
[104] STEM Learning Community & v v v F+? F+? E+?
Research Experiences
[91] STEM Learning Community & v v E+? E+? F+?
Research Experiences
[90] Work placements v E+
[61] Industry internships v’ E+? E+?

* Intervention is reported by categories with whom the interaction is with TA = Teaching Assistants, Ad = Admin
Staff, F = Faculty (instructors), IT = IT Professionals. Within TA interaction, TAs take on different roles of D = Course

Designers, T = Teachers, M = Mentors or Tutors.

** For explanation of other symbols and abbreviations, see see Table 3.

study addresses the ways that instructors may mitigate decreases
in interaction that may happen with when courses are put online.

Many of the studies testing the effects of interaction with faculty
were part of large scale department-level initiatives such as learning
communities or cohort-based degrees (see Table 13). Unfortunately,
often insufficient detail is provided about individual component
interventions to allow replication, and given the simultaneous im-
plementation of multiple initiatives, it is not possible to evaluate
the independent effects of initiatives such as increasing interaction
with faculty.

Nine studies incorporated increased interaction with TAs. In
this group two small to medium size studies [67, 82] reported us-
ing Peer-Led Team Learning (PLTL) [45] and one [67] also used
Affinity Research Groups [118]. Another approach was to have
micro-classes, small groups in large classes, led by specially trained
TAs [4]. Within specialist programmes, such as living learning com-
munities, several studies reported selected peers (TAs) also provide
general mentoring and administrative support [101, 123].

A recurrent sub-theme across TA interaction studies was max-
imising TA effectiveness through training. One introductory CS1
course study described how a designated member of the staff pro-
vided weekly training of TA tutors in how to tutor the current
topic and trained PLTL TAs who guided first-year students through
weekly collaborative problem sets [82]. Monthly PLTL TA training
in a different study by Kulkarni et al. [67], describes having the
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following goals: 1) supporting mentor TAs to assume ownership of
their teaching; 2) develop strategies to identify and resolve learning
challenges; and 3) co-discover methodologies to resolve student is-
sues. TAs were also encouraged to share their personal experiences
and struggles of learning CS with their assigned students. As well
as introducing extra TA support in the first year, in the second year
of Kulkarni et al.’s study, a group of more experienced peers, senior
or graduate students, acted as ARG (Affinity Research Groups) men-
tors for capstone projects. In employing TAs to support students, a
key benefit was reported to mitigate stereotypes [67] (see Section
5.3.4). However, what impact each form of TA training or different
intervention is having is not clear; further research is needed.
With regard to administration interaction, a "one-stop-shop”
for all administrative and academic queries is described in one
initiative to give first-generation college students help navigating
their cohort-based CS degree [82]. In other studies, living-learning
communities sometimes provide dedicated support staff [123].
Increasing interaction with IT professionals across the reported
studies was afforded through a range of interventions from optional
employer visits [101, 107, 109, 123], industry networking [101, 123],
industry-supported leadership training [101], female industry pro-
fessionals teaching students [101] to optional [61, 90] or mandatory
internships [82]. All but two of these studies were part of large
scale initiatives. The impact of engagement with IT professionals in
the large scale interventions was not distinctly measured; therefore,
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it is difficult to conclude about the contribution of this component.
Targeted research is needed to investigate the forms of, and impact
of, interaction between students and IT professionals.

In summary, few studies have sought to understand the unique
impact of interactions with faculty, instructors, and other IT pro-
fessional on women’s sense of belonging, performance, and reten-
tion in computing. As such, the role of these interactions is an
open question and more targeted research is needed to evaluate
instructor-student engagement approaches.

5.3.4 Mitigate Stereotype Threat. Stereotype threat occurs when
we fear that our actions will confirm negative stereotypes of an
identity group to which we belong. When activated, stereotype
threat can negatively affect performance and motivation by re-
ducing feelings of competence, belonging, and trust. It has been
suggested that stereotype threat can be mitigated by reframing
tasks to remove associations with stereotypes, by giving effective
encouragement, and with self-affirmations. Only two papers tested
some aspect of stereotype threat mitigation. See Table 14 for a list
of the papers.

Table 14: Summary of papers identified within the
practice "Mitigate Stereotype Threat"

Paper Intervention Outcomes™*

A C P
[28] Classroom environment F+ F+
[114] Game Development F+

* For explanation of symbols and abbreviations, see see Table 3.

Cheryan et al.’s [28] study highlights the way that a traditional
CS classroom may reproduce stereotypes and intensifies stereotype
threat. The authors experimentally examined enrollment intentions,
ambient belonging, and expected success in 3D virtual classrooms.
A total of 159 undergraduates who were not already majoring
in computer science were studied across three experiments. The
"stereotypical” classroom included science fiction books, computer
parts, electronics, software technology magazines, video games,
and computer books. The non-stereotypical classroom included
nature and art posters, plants, lamps, general magazines, and water
bottles. Women who interacted with the non-stereotypical class-
room were more likely to indicate an intention to take CS courses
and to anticipate greater success than those who interacted with
the stereotypical classroom. The women in the latter condition also
reported significantly lower ambient belonging. The different envi-
ronments did not appear to have significantly different effects on
men. The study highlights that the design of learning environments
(their layouts and objects) can affect students’ identities and sense
of belonging.

In a different vein, Sweedyk [114] looked at game development
projects in CS1. While games can be powerful tools for engagement,
they may have adverse effects on non-gamers and the content of
the games may reinforce gender (and other) stereotypes. To this
end, the author changed the focus of the games from types that
traditionally appeal to men to that of serious games for real clients.
For instance, one team of women developed an educational game
to teach Greek mythology to middle school students. Survey results
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indicate that women agreed that serious games made good course
projects and were more involved in these than were men.

5.3.5 Build Student Confidence & Professional Identity: Summary.
There is limited empirical research testing the practices within this
principle, with most of the papers being categorised in the Pro-
vide Opportunities for Interaction with Faculty practice. Nonetheless,
interventions across this principle showed some positive impact.
Particularly in regards to the practice Provide Opportunities for Inter-
action with Faculty, the results highlight that increased interaction
with faculty, including teaching assistants and IT professionals,
appears to positively impact all students, regardless of gender, and
particularly, in regards to affective outcomes. However, quite of-
ten details about implementation were not offered by the authors,
and thus it would be difficult to replicate many of these studies. It
should also be noted that some studies were part of multi-faceted
interventions, and as such, any reported positive impact can not
easily be attributed to these practices alone. Therefore, further re-
search needs to be conducted to investigate the independent impact
of these practices on female students’ outcomes, or whether these
practices act more as supportive mechanisms and should better be
regarded in multi-faceted intervention settings.

Regarding the other three practices, Give Effective Encouragement,
Offer Student-centred Assessment, and Mitigate Stereotype Threat,
empirical research is scarce. The limited existing research paid par-
ticular emphasis on reporting effects on students’ self-efficacy and
confidence, engagement and interest, performance, identity and
sense of belonging, but the results were mixed across all these prac-
tices; some papers noted positive impact on a specific population
and negative or no impact on others. The results from some papers
are not highly generalizable due to small sizes. Overall, computing
education research conducted over the last decade provides little
conclusive evidence for these practices.

5.4 Potential New Practices

In the process of reviewing the literature, some themes emerged
that did not easily fit into the Engagement Practices Framework,
or seemed so important that we felt they should not be subsumed
under a more general practice. In two instances, we recommend
adding a new practice, and in one-lowering risk—the evidence is
insufficient to recommend adding a new practice but the relevant
papers are discussed here.

5.4.1 Provide Practical Experiences. Several papers in our set had
an overarching initiative of a research or practical experience [43,
62, 91, 103, 104]. For example, a study by Kim et al. [62] sought
to evaluate the Research Experience for Undergraduate (REU) stu-
dents. REUs are learning activities that follow a research process,
are intended to increase interest in graduate studies, and usually
involve solving real-world problems. They surveyed 117 NSF REU
program directors, interviewed 20 of those who submitted a sur-
vey, and studied the experiences of 96 students who participated
in evaluations of the program sites through surveys, focus groups,
observations, and journal entries. The assumption is that, given
hands-on experiences and collaboration with faculty, graduate stu-
dents, other undergraduate students, female students in REUs can
understand what a computing career can look like and directly
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experience some of the advantages and rewards of these pathways.
Findings indicate the importance of combining multiple principles
and practices to produce positive outcomes. Qualitatively, several
participants thought that the projects "broke the mold of the ‘typ-
ical’ computer scientist or engineer” by balancing contributions
from students from different disciplines.

Of the other research experience papers, two are components
within large-scale community programs [91, 104], two are synthesis
of courses from many institutions over several years with varying
outcomes [62, 103] and one is a small scale pilot [43]. While these
differences make it is difficult to generalise, studies of REUs (see
Table 15) point to promising increases in affective outcomes and
some evidence of cognitive and population increases, either for all
students or for females.

Table 15: Summary of papers identified within the
practice "Practical Experience”

Paper Intervention Outcomes*
SE C P
[1] Research experiences E+ E= F+?
and a range of interven-
tions
[62] Research Experiences E+?F+? E+?
for Undergraduates
[43] Research Experiences F+ F+
for Undergraduates
[91] STEM Learning Com- E+? E+? F+?
munity and Research
Experiences
[104] STEM Learning Com- F+? F+? E+?
munity and Research
Experiences
[103] Research Experiences E+F++ E+
for Undergraduates
[90] Work placement E+
[54] Leaders of Peer-Led E+ E+
Team Learning (PLTL)

* For explanation of symbols and abbreviations, see see Table 3.

One element of the multi-pronged approach taken at Harvey
Mudd described by Alvarado et al. [1] was a summer research
experience that requires no background beyond CS1. With these
research experiences, the authors aimed to enhance women’s ex-
periences with real computing problems and support the growth
of confidence in their abilities to contribute meaningfully to these
problems. Other interventions (discussed elsewhere in this report)
included taking a broader perspective of CS and including a third
"Green" section of the course focused on interdisciplinary applica-
tions in biology. They also created research projects for students in
early stages of their education to apply their computing skills. The
report could not attribute the impact of each intervention indepen-
dently, but the combination of interventions facilitated a dramatic
increase in participation among women in CS. The multi-pronged
approach taken at Mudd is obviously powerful "on the ground" but
poses difficulties in attributing impacts to any one initiatives.
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Patel et al. [90] conducted an archival study of the impacts of
doing work placements (e.g., an internship or co-op) as part of a
degree course on academic outcomes. The authors analyzed the
academic records of 290 undergraduate CS students in the UK, com-
paring those who did a placement with those who did not. They
found that more of those completing placements achieved a higher
classification of degree (i.e., better performance) than those who
did not take a placement. Analyses suggest that the increase was
not because students with higher academic performance take place-
ments. Gender was a peripheral question for the authors: rather
than considering the potentially differential impacts of placement
on women, the authors considered gender to be a confounding fac-
tor. While fewer women than men participated in work placement,
the difference was not significant and they observed no differences
in outcomes for women.

Another way to provide practical experience to undergradu-
ate computing students is to engage them as teaching assistants
in introductory courses. Hug et al. [54] reported on a Peer Led
Team Learning (PLTL) project where TAs were required to produce
feedback and reflective weekly reports. Analysis of survey data
indicated that undergraduates who served as leaders in PLTL re-
ported improved content knowledge and improved confidence in
computing, irrespective of gender.

5.4.2  Changes to Introductory Curriculum. Several papers described
initiatives that were more curricular than pedagogical, particularly
around the redesign of introductory course sequences (see Table 16).
The existing NCWIT Framework, largely because of its origin as a
rubric for EngageCSEdu, does not include anything around these
types of initiatives. For example, Alvarado et al. [1] discusses a se-
ries of interventions employed at Harvey Mudd College beginning
in 2005 that resulted in almost tripling women’s representation in
the CS major to almost matching their proportion in the overall stu-
dent body ( 50%). One important intervention was a set of changes
to the introductory course sequence, including creating distinct
sections of the course for students with previous programming
experience and for those without. This intervention addressed the
demoralization that can occur when students with a little experi-
ence in computing enter introductory courses with students with
ample experience.

Cohoon and Tychonievich [30] implemented a similar interven-
tion in the context of a US research university where they designed
and offered a computer science course explicitly for students with
no previous programming experience. In essence, the lecture and
lab sessions were combined into a single set of instructional pe-
riods. The course also included more programming projects and
assignments per class period and a smaller cohort of students. As-
signments were smaller and more frequent at the start of the course
with students engaging in two projects per week by the end of
the semester. Simple in-class exercises and homework assignments
were also part of the instructional period with teaching assistants
providing help to students, as needed. The analysis of their find-
ings demonstrates that in semesters when this course was offered,
women and minority students were overrepresented. Additionally,
70% of the students mentioned that the instructor’s role was very
encouraging and all students who intended to major in computing
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argued that they felt confident and sure that they would succeed
(the results were not gender-specific).

Similarly, Parham-Mocello et al. [89] provided options for stu-
dents to choose between three variations of CS0 courses: coding
first, delayed coding, and coding-free. The paper reported that
female students were more interested in the coding-free course.
However, the study (n=191) did not indicate whether the popu-
lation differences in enrollment translated into improved recruit-
ment/retention, nor whether there were differences in cognitive or
affective outcomes.

Dickerson [34] details how a private liberal arts college in the
US implemented an alternate to Python-based CS1 courses that
leveraged the NetLogo programming language to develop multi-
agent simulation and agent-based modeling. The study found that
the NetLogo course (n=37) had a higher proportion of female en-
rollment (49%) than the Python courses (31% and 39%). However,
students in the NetLogo course were less likely to indicate CS as
their intended major and did not perform as well in the subsequent
CS2 course, averaging a grade point average of 3.49 compared to
3.67 and 3.70 from the Python courses.

Ying et al. [126] describe an intervention where women were of-
fered enrollment in an alternative, small women-only class in place
of the traditional large lecture course (with over 600 students). The
curriculum and assessments were the same in both classes and the
instructors for the respective courses were both women. Compared
to the experiences of women in the large lecture course, students in
the women’s class reported greater social connections and comfort
collaborating with their peers, a more enjoyable and welcoming
classroom climate, being more confident in the course material, and
being more supported from the women in the class. Moreover, the
drop rate was significantly lower in the non-traditional class. The
authors suggest that women-only educational interventions can
benefit and support women in CS. Unfortunately, it is impossible
to disentangle the effect of the women-only environment with the
effect of the small, intimate setting.

A few papers fit less well within this new practice category
but deserves mention as a potentially effective technique to use
in introductory courses. Margulieux et al. [75] describe the effects
of including subgoal labels where portions of code within a pro-
gram are labeled with the function that the code implements. In
the large scale study of 256 CS1 students in the US, the authors
showed that the group of students, irrespective of gender, who used
worked examples with subgoals were more successful in formative
assessment tests than students who used worked example without
subgoal labels. However, in the final summative assessment no
difference in performance were noted. With respect to population
effects, students, irrespective of gender, in the subgoal group were
less likely to drop out of the course than the control group [75].
Another paper with a promising practice for introductory courses
described the effects of changing a CS systems module in which
content transitioned from an emphasis on C language mechanics to
systems concepts such as basic computer organisation and memory
management. The authors report that following the change, females
were more likely to major in CS [98]. Finally, through an iterative
Problem-Solving Strategy Detection and Development approach,
Jin et al. [60] improved the performance and students’ motivation
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and confidence in an introductory programming course which was
particularly evident for the female students.

Table 16: Summary of papers identified within the prac-
tice "New Course Structures”

Paper Intervention Outcomes*
SE C P

[30] CS1 course for inexperienced E+ F+

[1] Multi-intervention effort F+ F+

[98] Content change from program- F+
ming mechanics to systems con-
cepts

[34] CS1 course on multi-agent sim- E-? F+
ulation

[89] Unplugged and story-based CS0 F+

[75] Subgoal labeled worked exam- E+?= E+
ples

[126]  Small cohort women’s class F+ F+ F+

* For explanation of symbols and abbreviations, see see Table 3.

5.4.3 Lower the Risk. Another theme that emerged from our anal-
ysis of the literature is the idea of lowering the risk to engaging
with, or trying out, computing as a means of increasing the recruit-
ment and engagement of women. However, the evidence for its
effectiveness in increasing women'’s engagement, performance, and
persistence is not strong, but we include a discussion of the papers
here since they are part of our sample.

One way to lower risk at the course level, is to provide pass/fail
options. Malan [73] presents an alternative grade initiative in which
students, instead of a letter grade, receive a grade of Pass/Fail or
Satisfactory/Unsatisfactory. The authors report their long term
initiative which started in 2010, but it was only when the authors
made Satisfactory/Unsatisfactory the course’s default in 2017 that
the number of students taking the course increased by 31%, with
the number of women in the course rising to 44%. Depending on
institutional context, this intervention simply may not be practical.

At a more micro level, Butler et al. [20] describe using paper-and-
pencil puzzles in Introductory Computer Science (CS1/2) courses
over the span of three years with approximately 500 students. The
proportion of women students ranged from 11% to 15%. The au-
thors suggest that these types of puzzle assignments are a leveling
context for the instruction of CS topics (because no programming
is required) and can be effective in teaching students of varying
experience levels. In this sense, they represent a kind of lower
risk in engaging with computing. However, no gender differences
were observed for grades, student perceptions, or student reflective
thinking.

Another study introduced "Hour of Code" puzzle-based activities
from code.org to undergraduates taking an introduction to com-
puter science course [121]. Wimmer reports that females performed
as well as males, except for one code comprehension question where
females on average performed better than males. However, the ev-
idence for an impact on women’s interest in computing was not
supported with males indicating they were more likely to follow
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the course with further programming activities than were females
[121].

6 DISCUSSION
6.1 Assessment of the Research Questions

In this report we have sought to evaluate the empirical evidence
for the principles and practices outlined in the NCWIT Engage-
ment Practices Framework, as well as determine if there are addi-
tional promising practices. We conducted a systematic review of
the intervention-focused research published in the last decade that
included assessment of impacts on women. To assess the strength of
the evidence in the context of computing, only studies implemented
in the context of computing education were assessed. The impacts
reported for all students and for women, if available, were reviewed
and categorized as affective (e.g., enjoyment, belonging), cognitive
(e.g., improved performance in a course), or population-level (e.g.,
more women taking additional computing courses).

We found general support for the NCWIT Engagement Practices
Framework, with some caveats for particular practices, and with
the suggestion of adding two additional practices. In this section,
we review the general evidence for practices within each principle.

Growing Inclusive Community. Overall, the research supports
that this principle is an important one. In addition, of the three
principles, this principle directly addresses the instructional envi-
ronment rather than the qualities or skills of individual students or
groups of students, and as such, has more potential for resulting in
long term, systemic change. The limitation, however, is that many
of the associated practices—and the related research-are designed to
impact individual learning; the impacts on student community and
culture is considered secondarily, or more problematically, must be
inferred. One exception are studies of learning communities. These,
however, are often so multifaceted that it is difficult to disentangle
independent effects and the research we reviewed showed mixed,
and potentially fleeting, effects. In implementing and researching
collaborative learning, learning communities, and other practices
where students are regularly interacting, more systematic attention
needs to be paid to informal social interactions among students,
including how student microaggressions, "showboating,' and other
power plays can negatively impact the experiences of women and
other students who are in the minority in computing. In tandem, we
need more theoretically informed research that examines directly
how instructors can create structures and cultural practices that
help students learn to work effectively in diverse groups and to
combat sexist and racist beliefs and practices.

In addition, there is a great deal of variety in the way all of these
practices are implemented and evaluated. Avoiding stereotypes has
clear and well supported affective benefits to students, but addi-
tional research by the computing education research community
in needed to understand the impacts on cognitive and population
outcomes. Interventions that promote collaborative learning and
student engagement clearly have benefits when properly imple-
mented, but poorly planned implementations can have negative
impacts on women (and others) students. Further research is needed
that replicates specific interventions so that results can be more
directly compared, and for more established interventions, such
as pair programming, the community needs to develop, test, and
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seriously engage with best practices. Clearly establishing best prac-
tices for interventions would not only allow for replication and
more direct comparison of studies, but also ensure that the negative
outcomes are minimized.

Making it Matter. Our review of the papers that employed prac-
tices associated with "making it matter" indicate that they can result
in significant improvements for women students in terms of chang-
ing attitudes, improving grades, and increasing their representation.
Much work remains, however, to understand more clearly which
interventions are most effective and under what circumstances,
and how to avoid potential negative impacts. Interventions which
intuitively seem very beneficial for women students do not always
have the expected impact, and interventions do not always appear
to have the same impact when done in slightly different circum-
stances. But the crux of it may lie here: few studies attempted to
empirically determine the interests of particular students before
an intervention was designed. That is, interventions were created
based on assumptions instructors made about what might engage
students, e.g., robotics or gamification, with little attention paid to
whether certain groups of students (e.g., women) might actually be
interested in them. One exception is the study by Xu and Jin [124]
where undergraduate TAs co-designed the intervention. But we
urge caution: are the TAs representative of the kinds of students
you are seeking to engage? Students who are currently succeeding
in computing-in the current environment and with the current
pedagogy and curriculum-may not have similar interests to those
who have not (yet) chosen computing. The latter might just thrive if
the environment was also designed for them in mind. Cohoon and
Tychonievich [30] are a model, however, as they have developed a
method for gathering students interests directly.

Building Confidence and Professional Identity. Increased inter-
action with faculty including TAs and IT professionals appears to
positively benefit all students, irrespective of gender, and partic-
ularly with respect to affective outcomes. But targeted research
is needed to investigate the effectiveness of specific interventions.
There were few studies in our sample that tested the effectiveness
of the other practices under this principle. Some of this may be a
function of our search methodology and focus. There is, for exam-
ple, a large body of research on growth mindset, but to date few
studies looking specifically at its impact in computing. Likewise,
stereotype threat and its mitigation is a well-researched area in
social psychology but we found few studies looking at it in the

context of computing.

6.2 Limitations of Our Approach

As an ITiCSE Working Group project, we are necessarily operat-
ing under time and resource constraints. This required limiting
our focus and this means that the conclusions we can draw have
associated limitations. First, we cannot provide evidence for the
effectiveness of these practices beyond the English-speaking world;
in fact, many of the studies were conducted in North America so
even application to educational contexts in, e.g., Great Britain, may
be limited. Second, some of the practices, such as mitigating stereo-
type threat and giving effective encouragement (such as growth
mindset), are general educational practices related to promoting
inclusion and encouraging persistence. Because of our inclusion
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criteria focused on identifiable interventions within computing con-
texts, we missed a great deal of research supporting these practices.
While research within the computing context would be useful, we
may not need it in order to recommend these practices. Third, our
choice to look only at research with specified interventions means
we excluded other research that could have shed light on topics
such as how negative stereotypes impact students’ perceptions of
what computing is and who does it, or the impact of student inter-
action, culture, and community. Lastly, because we privileged the
classroom context we potentially missed research on other forms
of student interaction that might be facilitated outside a formal
classroom but may be equally important (e.g., we likely missed
much of the research on women’s groups).

In terms of our original goal of assessing the evidence for teach-
ing practices that broaden participation, the narrowing of our focus
means that we cannot speak to how the effectiveness of these prac-
tices may vary across ethnic or racial groups, for first generation
students, or for students with disabilities. And because few papers
discussed their data intersectionally (beyond looking for interac-
tion effects), we are unable to assess how these practices might
differentially impact women from various ethnic and racial groups.

Finally, we suggest that the three principles of the Engagement
Framework are useful quasi-theoretical ways of structuring our
thinking about the mechanisms by which the practices instructors
employ work to increase and improve women’s participation in
computing. That said, we acknowledge that our use of the Frame-
work as an organizational tool for our work may have blinded us to
seeing other ways ("principles") that instructor practices may posi-
tively impact women’s participation and experience of computing.

7 RECOMMENDATIONS FOR INSTRUCTORS

Based on this review of empirical studies over the last decade, we
recommend that instructors:

(1) Assess all course materials, webpages, and other student-
facing communication for stereotypes; stereotypes hurt in
multiple ways and can readily be corrected.

(2) Try collaborative learning, especially peer instruction, but
provide structure and training on how to be a good group
member; be attentive to student interaction, in particular, be
on the look-out for microaggressions and biased or exclu-
sionary behavior.

(3) Make connections from computing to your students’ lives
and interests (Make it Matter) but don’t assume you know
what those interests are; find out!

(4) Having meaningful, positive interactions with faculty, teach-
ing assistants, and other computing professionals can power-
fully impact students. Find ways to intentionally bake these
interactions into your initiatives. But make sure these indi-
viduals are educated about the ways that biases and stereo-
types can come into play in these interactions and how they
can be mitigated.
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8 FUTURE WORK

8.1 More Sophisticated Empirical & Theoretical

Approaches are Needed

Intersectional Analyses Are Needed. Few to no studies used an in-
tersectional approach in analyzing potential gender differences (e.g.,
Black women, Asian men, first generation women vs. men). Sexism
and gender stereotypes do not always function in the exact same
way for women from different racial/ethnic and class backgrounds.
We should then not assume that interventions to increase women’s
participation in computing would work in the same way for dif-
ferent women. Granted, the lack of intersectional analyses may be
due to small numbers within subgroups, but we should, at the very
least, report the racial/ethnic backgrounds of the men and women
who are being compared so that context is explicit. Too often White
and Asian women are standing in for “all women" and White and
Asian men for “all men."

Built-in Sampling Limitations. The power of studying practices
in real educational settings is obvious but it comes with a built-in
limitation when the goal is diversifying your student body. If there
are already few women (or, e.g., Black men, etc.) in a course, the
sample size for comparisons will be small which limits the ability to
detect differences. Perhaps more problematic is that we are studying
the minority of women who already are choosing computing. We
do not know if they are representative of the greater population of
women who might be successful in computing if they were encour-
aged, recruited, or given a chance. A few studies did look at students
who were not (yet) computing students and tested directly the effect
of interventions on their interest in computing (e.g., Cheryan et al.
[28]). We are aware that much of the current research in this area
is done with students prior to attending university, however, we
need more of this kind of research at all levels.

In addition, we need many more replication studies that clearly
define the intervention, including details about implementation,
and implement across a variety of educational settings. While there
are notable exceptions, most of the work we reviewed evaluated
interventions implemented at only one institution and many did
not have the detail necessary to implement an effective replica-
tion of the study. Even in cases where the intervention is fairly
well-specified and well-known, such as peer instruction and pair
programming, lack of detail on the exact implementation limits
comparisons across studies. We suggest that the traditional practice
within computing disciplines of publishing research in very short
conference proceedings may be part of the problem. While it may
be appropriate to keep papers to six pages or less for technical
topics, this short format does not provide the space to fully specify
most learning and social science research projects. (Note that most
social science research is published in journals, not proceedings,
with a standard length of 20 pages.)

Theory Helps. Perhaps one of the most oft repeated frustrations
from the group as we reviewed the literature is the difficulty of
disentangling effects. Since many papers described and assessed
multiple interventions at the same time, attributing outcomes to a
particular practices is difficult, if not impossible. We harken back
to Guzdial’s admonition in 2013 for computing education research
to move away from its habit of doing "Marco Polo" style research,
i.e., "the researchers tried something and reported what happened"
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[47] and to move toward more systematic, hypothesis- and theory-
driven research. In addition, while there is value in implementing in
authentic educational environments, we may need more controlled
experimental studies to disentangle effects.

Similarly, research that makes gender comparisons will be im-
proved if it draws more explicitly on existing social science and
learning theories; for example, how professions become gendered,
and how that gendering is reproduced; how microaggressions and
implicit bias work to depress women’s engagement, confidence,
and persistence; and how particular social supports can mitigate
against sexism. More specifically, the field needs to stop the all too
common practice of conflating sex with gender. The vast majority
of studies used the terms male and female (terms related to biologi-
cal sex) when they were really looking at gender (where “men" and
“women" are the correct terms).

8.2 Expanding the Scope

We would encourage future work using a technique similar to the
one used for this report. This work might focus on demograph-
ics other than gender (or be explicitly intersectional with gender),
expand the scope beyond English-speaking countries, focus more
intentionally beyond introductory courses, expand beyond iden-
tifiable interventions to include qualitative and survey studies of
student experiences, or assess the framework for application to the
primary or K-12 context.

The majority of the interventions were carried out in universi-
ties in the United States and it is possible that because of specific
factors in that environment (e.g., academic pathways, the existence
of minors) these practices will not translate into universities in
other countries. Clearly, more research is needed. The field also
needs more research that tests interventions in more than one
environment, be it macro-level differences such as cultural or na-
tional context, meso-level differences such as institutional type, or
micro-level such as the type of course.
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A APPENDIX

Table 17. Database Queries

Database (s) | Date Executed Query
[[All: women] OR [All: female*] OR [All: gender]]

AND [[AIL: cs0] OR [All: cs1] OR [All: cs2] OR [All: "introductory course*"]]

AND [[All: survey] OR [All: empirical] OR [All: interview]
OR [All: "focus group"]]

ACM DL 5/15/2021

AND NOT [[Abstract: k12] OR [Abstract: "high school"]

OR [Abstract: "elementary school"] OR [Abstract: "primary grades"]

OR [Abstract: "secondary school"]]

AND [Publication Date: (01/01/2011 TO 12/31/2021)]

[[All: women] OR [All: female*] OR [All: gender]] AND [[AlL: "cs 0"]
OR [AIL "cs 1"] OR [AlL: "cs 2"]]

5/20/2021 AND [[All: [survey] OR [All: empirical] OR [All: interview]

OR [AlL: "focus group"] OR [All: ]]]

AND [All: abstract:] AND [Publication Date: (01/01/2011 TO 12/31/2021)]
((el= "higher education")) and ((su= "computer science education") or
ERIC 5/26/2021 (su= "computer science" and su= "education"))

(FirstSearch) and (ab: female™ or ab: women or ab: gender) and yr: 2011-

and In= "english" and pr: Yes.

(descriptor:"computer science education”) and (educationlevel:"higher education")
AND (ab: female* OR ab: women OR ab: gender) and peer reviewed only since 2012
( ABS ( "computing education" ) ) AND ( ABS (wom?n )

OR ABS ( female*)

OR ABS ( gender ) )

AND PUBYEAR >2010

AND ( LIMIT-TO ( PUBSTAGE , "final"))

AND ( LIMIT-TO ( DOCTYPE , "cp")

OR LIMIT-TO ( DOCTYPE, "ar") )

AND ( LIMIT-TO (LANGUAGE , "English" ) )

AND ( LIMIT-TO ( SRCTYPE, "p")

OR LIMIT-TO ( SRCTYPE, "j"))

ERIC 5/26/2021

Scopus 5/20/2021

Continued on next page

85



Working Group Report ITICSE-WGR 22, June 26-July 1, 2021, Virtual Event, Germany

Table 17 - continued from previous page
Database (s) | Date Executed Query
TOPIC: (wom?n OR female* OR gender)

AND TOPIC: ("computing education" OR "computer science")
AND TOPIC: (educ”®)

NOT TOPIC: ("middle school" OR "high school" OR "secondary education”
OR "elementary school”)

Refined by: LANGUAGES: ( ENGLISH )

AND [excluding] Databases: ( MEDLINE )

Web of
Science 5/26/2021 AND [excluding] DOCUMENT TYPES:

(BOOK OR ABSTRACT OR BIOGRAPHY
OR EDITORIAL MATERIAL OR DATA SET)

AND COUNTRIES/REGIONS: ( USA OR ENGLAND
OR SCOTLAND OR AUSTRALIA OR UK OR CANADA
OR NEW ZEALAND OR WALES OR IRELAND )

Timespan: 2011-2021.

Databases: WOS, BIOSIS, CCC, DRCI, DIIDW, SCIELO.

Search language=Auto

("IEEE Terms":Computer science education) AND ("Abstract":wom?n

OR "Abstract":female OR "Abstract":gender)
TX (wom?n OR female* OR gender )

IEEE Xplore 5/26/2021

AND AB ( "computing education" OR "computer science” OR "computing course*" )

AND AB students

EBSCO NOT TX ( "middle school” OR "high school" OR "secondary education”
(Academic 5/26/2021 OR "elementary school" OR "K-8" OR "K12" OR "K-12")

Search

Premiere) Limiters - Scholarly (Peer Reviewed) Journals;

Published Date: 20110101-20211231

Expanders - Apply equivalent subjects

Narrow by Language: - english

Continued on next page
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Table 17 - continued from previous page

Database (s)

Date Executed

Query

EBSCO
(Education
Source)

5/26/2021

computer science education
AND AB ( women or female or woman or females or gender)

AND

NOT TI(high school or middle school or secondary education
or elementary education)

Peer reviewed journals

Pub year 2011-2021

Pub type: peer-reviewed journal

Language: english

Compendex

5/20/2021

found in Compendex for 1884-2022: (({COMPUTER SCIENCE - EDUCATION})
WN CV))

Springer

5/26/2021

Discipline: Education Subdiscipline: Educational Technology
Date Published: 2011-2021

Content Type: Article (822)

("computer” or "computing") AND (wom?n OR female OR gender)

AND (undergrad® OR post-secondary) AND (NOT (medical)
OR NOT(tenure) OR NOT(wage))

Science Direct

5/26/2021

Year: 2011-2021

Article Type: Research Articles

Publication Title: Computers & Education (685),
Procedia - Social and Behavioral Sciences (169),
and Computers in Human Behavior (44)

Subject areas: Social Sciences (898), Computer Science (169)

("computer education” OR "computing education” OR "computer science education")
AND (women OR female OR gender) AND (NOT (elementary OR secondary))

Continued on next page
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Table 17 - continued from previous page
Database (s) | Date Executed Query
(wom?n OR female* OR gender)

AND noft("computing education” OR "computer science” OR "computing course*")
AND noft(students)

NOT ("middle school" OR "middle school students" OR "high school"
OR "high school students” OR "secondary education"

OR "elementary school" OR "elementary school students"

OR "K-8" OR "K12" OR "K-12")

ProQuest 5/27/2021 AND noft(course OR class)

Peer-reviewed

English only

Excluded in post-search filters: from “subject”

NOT (middle school students AND high school students
AND secondary school students)

Excluded all non-English speaking countries

computer science education AND
AB ( women or female or woman or females or gender)

Peer reviewed journals
Pub year 2011-2021
PsycInfo 5/27/2021 Pub type: peer-reviewed journal
Language: english

Age groups: Adulthood (18 yrs & older)

Population group: human

Continued on next page
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Table 17 - continued from previous page
Database (s) | Date Executed Query
(noft((women OR female OR gender))

AND noft(("computing education" OR "computer science” OR "computing course™" ))

NOT noft((elementary OR K12 OR primary OR secondary OR "middle school"
OR "high school" OR doctoral)))

AND lo.Exact("US Virgin Islands" OR "Europe” OR "Wales"

OR "England" OR "Scotland" OR "United Kingdom"

OR "Northern Ireland" OR "North America"

OR "New Zealand" OR "Great Britain" OR "Appalachia” OR "Ireland"
OR "British Virgin Islands" OR "Georgia" OR "Australia”" OR "US")

AND cl("Cognitive Processes" OR "Curriculum & Programs & Teaching Methods"
OR "Learning Disorders" OR "Learning & Motivation"

OR "Professional Personnel Attitudes & Characteristics”

OR "Community & Social Services"

OR "Industrial & Organizational Psychology”

OR "Personnel Management & Selection & Training"

OR "Social Processes & Social Issues”

OR "Occupational Interests & Guidance" OR "General Psychology”
OR "Social & Instinctive Behavior"

OR "Classroom Dynamics & Student Adjustment & Attitudes”

OR "Social Psychology" OR "Group & Interpersonal Processes"

OR "Professional Education & Training"

OR "Sex Roles & Women’s Issues" OR "Social Perception & Cognition"
OR "Occupational & Vocational Rehabilitation”

OR "Educational/Vocational Counseling & Student Services"

OR "Social Structure & Organization” OR "Communication Systems"
OR "Engineering & Environmental Psychology”

OR "Educational Administration & Personnel"

OR "Educational Psychology" OR "Organizational Behavior"

OR "Developmental Psychology”

OR "Lifespace & Institutional Design"

OR "Educational Measurement”

OR "Learning & Memory" OR "Management & Management Training"
OR "Culture & Ethnology”

OR "Academic Learning & Achievement")

5/27/2021

DATE: 2011-01-01 - 2021-12-31

Peer-reviewed

Age group: 18+ adults and subcategory “young adults”

English only

women OR OR OR female OR OR OR gender "computer science education”

-secondary -OR -primary -OR -elementary -OR -"high school"
Google Scholar | 5/26/2021 -OR -doctoral -OR -"middle school" -OR -"IGI Global"

English Only

Continued on next page
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Table 17 - continued from previous page
Database (s) | Date Executed Query
First pass filters: Undergraduate; boy/men, girl/women, transgender

Second pass: using filter only for girl/women yielded a couple more items

CSEd Research | 5/20/2021 Conservatively excluded items that were obviously not relevant

per our inclusion criteria

Searched on “women” (without filters) and compared with previous lists, as a check.
noft((gender OR women OR female))

AND noft(("computing education" OR "computer science"
OR "computing course*"))

NOT noft((elementary OR K12 OR primary OR secondary OR "middle school"
OR "high school" OR doctoral))

ProQuest

Sociclogy 5/28/2021

English only
Peer-reviewed

2011-2021

Removed irrelevant subfields
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