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ABSTRACT

Motivation: Many university CS programs have begun teaching
various types of CS-related societal issues using approaches such
as ethics, Responsible CS, inclusive design, and more. However,
some recent research suggests that, although these programs have
been able to teach awareness, students often fail to act upon this
awareness. To address this problem, University X’s CS program
tried an unusual approach—integrating hands-on inclusive design
skills in small ways across all four years of the CS major. But did
it work? That is, did the students who experienced this change
across the major actually build more inclusive technology than the
students who did not experience it?

Objectives: This paper aims to answer this through addressing
two research questions: (RQ1): Did students who learned inclusive
design across the curriculum act to create more inclusive software?
(RQ2): How did inclusivity (or lack thereof) manifest in students’
projects?

Method: To investigate these RQs, we conducted a case study
of 22 term-long CS projects built by 22 teams consisting of a total
of 92 3rd- and 4th-year CS students. Half of the student teams had
experienced courses that had integrated inclusive design and the
other half had not. The inclusive design elements University X
taught were those of the GenderMag inclusive design method, so
evaluating the students’ term-long projects was done by Gender-
Mag experts—industry-experienced UX and Software professionals
with real-world GenderMag experience.

Results: The inclusiveness of students’ projects was higher
Post-GenderMag, with fewer reports of inclusivity bugs and higher
inclusivity ratings. Experts’ evaluations also revealed the ways
in which bias (e.g. bias against risk-averse users) and inclusion
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(e.g. inclusion of users with diverse information processing styles)
appeared in students’ projects.

Implications: We believe this to be the first published evidence
that compares student-built technology’s inclusiveness before vs.
after they have been taught inclusive design. These positive results
suggest that teaching inclusive design across the curriculum can
impact students beyond simply heightening awareness—moving
them to act upon this new understanding by building technology
that more inclusively serves a wider spectrum of society.
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1 INTRODUCTION

If you build it, [they] will come—Field of Dreams [38]

The above quote from the famous movie, “Field of Dreams,” tells
a farmer that if he builds a baseball field, a player or players will
come and play baseball in it. Not just watch baseball. Not just “be
aware” of baseball—but actively play it.

This paper considers an analogous scenario for Computer Science
(CS) education by investigating the following take on the Field of
Dreams quote: if CS educators “build it’—i.e., if they teach CS
students concrete skills across the CS curriculum to address CS-
related societal issues—the students will act upon them.

But will they? Already, groups of CS educators have begun to
teach students principles of ethics, Responsible CS, inclusive design,
and so on, with the hope that their students will act upon these new
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principles. However, recent research has indicated that students
struggle to act on their awareness of social issues in computing.
For example, Gray et al. found that students, including UX Design
students, struggled to apply ethical design and decision-making
even when they were aware of the ethical concerns [13]. Similarly,
Oleson et al found that HCI faculty and students reported that HCI
students experienced difficulties in preventing bias in their work
[30].

To begin addressing this problem, we devised an across-the-
curriculum inclusive design approach that aspired to produce stu-
dents who would take action based on what they learned [10]. We
tried it out with the Computer Science Department at University X
[9], an urban Hispanic-Serving university in the Eastern U.S. Under
this approach, 13 CS faculty at University X taught elements of
an inclusive design method (GenderMag, described in Section 2).
However, they did not teach them all at once—instead, the elements
were sprinkled throughout 12 courses in the 4-year CS degree [9].

The results were promising. The field study reported significantly
improved retention, grades, and education climate [9]. However,
in that work, we did not analyze whether the students who experi-
enced this approach acted upon their new knowledge of inclusive
design by building more inclusive software than previous students
have done.

That is the question that this paper aims to answer. To do so,
we gathered student produced data and analyzed it using empirical
case study methodology [46]. Specifically, we collected students’
final deliverables for their term-long projects from offerings of 5
courses that had been offered both the year before and the year in
which the across-curriculum inclusive design approach had begun.
The projects we collected were the work of 92 students, which
they did in 22 teams of about 4 students each. Outside experts
then evaluated the inclusivity of students’ projects, via a rubric we
provided. We used their results to answer the following research
questions:

e RQ1: Did students who learned inclusive design across the
curriculum act to create more inclusive software?

e RQ2: How did inclusivity (or lack thereof) manifest in stu-
dents’ projects?

There were many reasons why the answers to the above research
questions could turn out differently from the ideal. Ideally, the an-
swers to RQ1 would be “yes, students acted” and to RQ2 would
illustrate a variety of students’ inclusivity successes in the context
of the software they built. However, (Reason 1) because inclusive
design was not the main point of any particular course, students
could easily ignore (or memorize and forget) the inclusive design
skills they had been taught. In fact, (Reason 2) the projects were
term-long, so even if a course had a specific inclusive design assign-
ment for the project earlier in the term (with obvious implications
that the students’ grade depended on the use of inclusive design),
the projects were iterative, changing from one deliverable to the
next with no final evaluation of the inclusiveness. Thus, there was
no final grade-connected “reward” for designing inclusively. Further,
(Reason 3) even if students were inspired enough to act (RQ1), they
might not have learned enough inclusive design under this approach
to actually succeed at building more inclusive software.
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Thus, in answering the above research questions, our paper
makes the following contributions:

o The first evaluation of whether an across-curriculum ap-
proach to any form of inclusive design can move students to
act upon their newfound knowledge;

o The first evaluation of whether students experiencing an
across-curriculum approach to any form of inclusive design
gain skills enabling them to succeed at improving the inclu-
sivity of the software they build; and

o The first comparison of the inclusivity of projects designed
and built by students who have learned any form of inclusive
design with projects designed and built by students who have
not learned inclusive design.

Positionality Statement: The authors of this paper span various
races (including Asian, Latinx, and White) and backgrounds, and
experience levels. As some of us are women, including women of
color, members of our team have experienced the lack of diversity
and inclusion in CS education and in technology itself firsthand.
Two commonalities we share are an interest in leveraging HCI
to improve CS education for diverse students, and an interest in
changing CS education to produce software practitioners whose
CS skills arm them to act to produce more inclusive software than
past practitioners have done. In pursuing these goals, we recognize
that our access to higher education and academic research places
us in a position of privilege. These privileges provided us with
the access and influence necessary to complete this work and we
remain committed to using these privileges to make experiences
with CS education and technology better for everyone.

2 BACKGROUND AND RELATED WORK
2.1 GenderMag

The inclusive design elements that students learned in their CS
course(s) came from the GenderMag method. GenderMag is an
existing evidence-based method to identify and fix inclusivity is-
sues within software [3]. GenderMag can be used on any type of
technology in which the user needs to think and problem-solve
[3]. For example, it has been used to find and/or fix inclusivity
issues in open-source software project sites [5, 15, 33], learning
management systems [16, 40], a search tool [44], a digital library
[8], a code review tool [28], a tech support site [16], educational
games and classroom materials [3, 6] and on multiple projects at a
large software company [4].

GenderMag is an analytical method that combines personas with
a variant of the cognitive walkthrough [26] so, like other analytical
methods, it does not require bringing in users to test interfaces.
It uses questions similar to those in Spencer’s streamlined cogni-
tive walkthrough [42], but specializes them by focusing evaluators’
attention on why a particular user might have difficulty with a par-
ticular action, especially focusing on the five GenderMag “facets”:

Before a subgoal/action: Will < persona > have this subgoal/take
this action? Why/what facets?

After taking the “should take” action: If < persona > does the right
thing, will they know that they did the right thing and are making
progress toward their goal? Why/what facets?
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Table 1: Each of the GenderMag persona’s facet value definitions [3].

Abi
Motivations Uses technology to accomplish
tasks
Computer Self-efficacy Lower relative to peers
Attitude Toward Risk Risk-averse

Comprehensive
Process-oriented

Information Processing Style
Learning Style (Process vs
Tinkering)

Pat Tim

Uses technology to accomplish Enjoys learning all available
tasks features

Medium Higher relative to peers
Risk-averse Risk tolerant
Comprehensive Selective

Tinkering, but mindfully Tinkering, sometimes to

€XCess

The five GenderMag “facets” capture five ranges of problem-
solving attributes users bring to their use of technology: (1) Moti-
vations for technology usage, (2) Information Processing Styles, (3)
Computer Self-efficacy, (4) Learning Style!, and (5) Attitude Toward
Risk. These facets have ranges of values, which are captured by a
set of GenderMag personas named Abi, Pat, and Tim as described
in Table 1. For example, Abi’s motivations are to accomplish the
task at hand, which is one endpoint in the Motivations facet; Tim’s
motivations are to explore new technology features, which is the
other endpoint in the Motivations facet. Pat provides a third set of
values that are a mix of Tim’s and Abi’s with some unique values as
well. More details on each facet will be presented in the pertinent
results section.

The central idea behind GenderMag is that if a technology fea-
ture does not simultaneously support both ends of a facet value
range, it is not inclusive—and the feature is said to have an “inclu-
sivity bug.” The bugs are problem-solver inclusivity bugs as they
disproportionately affect individuals with specific problem-solving
styles, but they are also gender inclusivity bugs because the facet
values statistically cluster around genders [3, 43, 44].

2.2 Related Work on Teaching Inclusive Design

Recent research has pointed to the need to teach inclusive design
elements in CS education. For example, Oleson et al. found that
HCI students (and HCI faculty) reported 18 difficulties in learning
design, including difficulties applying design and preventing bias
in their projects [30]. To head off difficulties like these, many edu-
cational institutions have begun to teach forms of inclusive design
to technology students. Much of this research falls under Respon-
sible CS, ethics, and accessibility, all of which can contribute to
building students’ ability to design systems for diverse populations
with stakeholders in mind. For example, many Responsible CS ap-
proaches have the goal of teaching students’ mindfulness of societal
implications of their work, including developing for diverse pop-
ulations [7, 27]. One example of analogous research in the ethics
domain is that of Grosz et al., who presented a new approach to
include ethics throughout the CS curriculum to help students learn
about the social impacts of their work, including inclusive design
and equal opportunity considerations [14]. Similarly, Horton et
al. created ethics modules for undergraduate CS and subsequently

'We use “learning style” to refer to the GenderMag facet about learning new technolo-
gies via process versus via tinkering as opposed to the education community’s use
of the term “learning styles” indicating learning through different formats (auditory,
visuals, etc.).

taught them in Intro CS, Software Engineering, Machine Learning,
and Algorithms courses [17, 18]. Examples abound in the accessi-
bility domain, aiming to raise students’ awareness of barriers faced
by users with challenged motor, cognitive, hearing, etc., abilities,
and/or to teach students’ accessibility programming skills, (e.g.,
(32]).

Research has shown that beneficial outcomes to students often
ensue from these efforts. Some of these positive outcomes have
been in students’ awareness of the need for inclusive design. For
example, researchers have found that including accessibility in CS
courses can help raise student awareness and help students value
the need to design for users with disabilities in mainstream soft-
ware [19, 25]. Similarly, Shapiro et al’s investigation of role-playing
inclusivity exercise in first-year, fourth-year, and online graduate
level CS courses suggested that the approach could help students
identify multiple perspectives [39]. Kuang et al. integrated accessi-
bility assignments into core CS courses and found improvements in
students’ confidence in implementing accessibility [21]. Oleson et
al. developed the new CIDER (Critique, Imagine, Design, Expand,
Repeat) design evaluation method for education settings, and found
that it helped students both respond to bias and value inclusivity
in their design work [31].

Other beneficial outcomes have related to the inclusivity of the
education climate. For example, Blaser et al. proposed that the
inclusion of inclusive or universal design may help include women
and students with disabilities [2], especially as women may be more
drawn to inclusive design [12]. Letaw et al. did an action research
study of teaching small pieces of inclusive design in online database
and software engineering courses, and reported increases in climate,
awareness, and respect for users’ diversity [23]. Our prior action
research study on teaching snippets of inclusive design across the
CS curriculum reported benefits in retention, students’ grades, and
climate [9].

However, reports of skill gains by students have been mostly
informal impressions from faculty interviews or self-reports by
students (e.g. [9, 20, 22, 23, 36, 41, 45]). For example, in Letaw et al’s
study [23], students reported having gained new inclusive design
abilities. Watchhorn et al. investigated outcomes from teaching
inclusive/universal design to architecture and occupational therapy
students, using both online and face-to-face teaching methods,
including virtual and real-life simulation activities [45]. In their
investigation, students self-reported improved new learning gains
related to universal design. Kearney-Volpe et al. evaluated the
use of accessibility modules in technology courses as part of the
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TeachAccess program and found improvements in students’ self-
reports of confidence in applying accessibility principles [20]. Both
the Letaw study and our prior work also produced self-reports and
faculty impressions of newly gained design skills [9, 23].

Still, a few researchers have gone beyond student and faculty
impressions in their reports of students’ skill gains, primarily in
the accessibility domain. Ludi reported on the incorporation of
stakeholder interactions in accessibility related projects within a
requirements and specifications course to improve students’ acces-
sibility skills [25]. To evaluate, they looked at students’ mentions
of accessibility in their final exam questions about example require-
ments and found that students who had stakeholder interactions
mentioned accessibility more. Bar-El and Worsley used a similar
approach for a course on Inclusive Making with qualitative analysis
of students’ design process with and without stakeholders revealing
that the stakeholders helped students improve their process and
projects [1]. In a different approach, Levy and Gandy evaluated the
impact of a 60-minute accessibility lecture on students’ audio cue
design for low vision users [24]. They presented students with a
short pre-recorded recording of a videogame, prompted students
to add audio cues, evaluated the accessibility of students’ additions,
and found that students who experience the lecture added more
accessible audio cues.

Closest to our own work in teaching GenderMag elements is
that of researchers who have begun to investigate how to teach
inclusive design through incorporating GenderMag into CS courses
both online and in-person. The first investigation into teaching
with GenderMag was Oleson et al’s investigation into how to teach
inclusive design [29]. Their action research investigation into how
HCI- oriented faculty teach GenderMag in face-to-face university
CS classes produced 11 elements of inclusive PCK (Pedagogic Con-
tent Knowledge) that can be leveraged to teach inclusive design in
courses. Letaw et al. then leveraged some of these PCK elements to
teach portions of GenderMag in two online CS courses. The results
revealed that learning GenderMag-based material helped students
feel included and improved their interest in finishing the CS major
[23]. We also leveraged Oleson et al’s PCK elements and created a
faculty-oriented curriculum on how to teach GenderMag, termed
the “Matchmaker Curriculum” [10]. The Matchmaker Curriculum’s
goal is to enable faculty to pair up with teaching resources they
deem suitable for their particular courses, their comfort levels, and
their teaching styles.

Our field study into the use of the Matchmaker Curriculum with
CS faculty found that it achieved its Learning Outcome goals with
88% of the faculty [10]. In Patel et al’s interview study with faculty
who had experienced the curriculum, faculty generally reported it
was feasible to apply and had positive impacts on students” work
practices [34]. W investigated several student outcomes from the
courses these faculty members taught, and reported higher grades,
better retention, and a more inclusive climate [9].

However, none of these works have compared whether the tech-
nology products such students created were indeed more inclusive
than products built by students not educated in inclusive design.
That is the gap this paper aims to fill.
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3 METHODOLOGY

To answer our research questions, we conducted an empirical case
study [46], which is a form of field study. In our case study, we
collected student projects that had been created over several terms
in 2020-2022, and asked a group of outside experts to evaluate
the student projects’ inclusivity. The projects were created by
undergraduate CS students between Spring 2020 and Fall 2022 at
University X, a regional Hispanic-serving institution in the Eastern
UsS.

University X was where we used the Matchmaker Curriculum,
so Fall 2021 was when faculty first taught their courses with Gen-
derMag concepts. Thus, the Pre-GenderMag students took these
courses prior to Fall 2021 and had never learned GenderMag. The
Post-GenderMag students were enrolled from Fall 2021 onward and
had learned elements of GenderMag through one or more classes
taught by Matchmaker “alums” (faculty), who had learned how to
teach those elements via the Matchmaker Curriculum.

As is common in empirical case studies [46], we had no con-
trol over what the students learned or which faculty member they
learned it from. In fact, prior to teaching the Post-GenderMag stu-
dents, each faculty member had chosen for themselves the elements
of GenderMag they wanted to integrate into their courses [9, 10].
In total, the Post-GenderMag students were taught by 13 University
X faculty integrating GenderMag elements in whatever ways they
chose, over multiple sections of 12 CS courses spread across all four
years of the CS major.

Still, there was a pattern to these 12 courses, by level. In early
courses, such as CS0/CS1, faculty would introduce one to two el-
ements of inclusive design. For example, an early programming
project may be updated to introduce the GenderMag facets and
ask students to reflect on their own facet values. In mid-level
courses, faculty gradually added more breadth and depth of inclu-
sive design to have students apply what they were learning in new
ways. For example, in the mid-level Web design course, faculty
guided students through GenderMag walkthroughs with pre-set
use-cases/scenarios. Finally, in upper-level courses, such as the
Software Engineering and Capstone courses, the students used
GenderMag hands-on to evaluate the software they were creating
for their courses. The Post-GenderMag students’ projects we col-
lected were from the upper-level integrations of GenderMag, and
the Pre-GenderMag students’ projects came from the same courses
but before the GenderMag elements had been added.

3.1 Participants

92 student participants created the projects in our study. They
were undergraduate students at University X, majoring in either
the Computer Science (CS) department’s CS program or its Infor-
mation Technology (IT) program. These 92 students were enrolled
in one or more of the following junior/senior (3rd- and 4th-year)
courses: Software Engineering, Human-Computer Interaction, Se-
nior Project, CS Capstone, and IT Capstone courses. We collected
their completed projects from faculty who taught these courses
and obtained students’ consent to use their projects with an IRB-
approved consent form. Student participants did not have to do
any additional work beyond the course projects they had already
completed. The 92 students created their projects in groups (22
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groups total) with an average size of 4 students. We describe these
projects in Section 3.3.

The other type of participants was GenderMag experts, whose
task was to evaluate the student projects’ inclusivity. The Gender-
Mag expert participants were UX and Software professionals who
had between 1 and 5 years of experience with GenderMag. We re-
cruited experts through social media postings and emails to known
GenderMag experts in the field. 8 experts agreed to participate and
completed an IRB-approved consent form. One expert was unable
to continue, leaving 7 experts who completed the evaluations. We
detail the rubric experts used for their evaluations in Section 3.2.

3.2 The Experts’ Instructions and Rubric

To familiarize the experts with the projects we assigned them,
we provided the experts with the student-created project names,
student-written descriptions, student-written scenario (the per-
sona’s main task or goal), persona’s “given” current subgoal
(stepping-stone goal that will help accomplish their main goal),
and the next hoped-for action the persona “should” take (specific
action that is the developers’ intended way to progress). We gath-
ered all of this information from students’ artifacts (e.g. from the
problem statements in their documentation or presentations) and
chose the subgoal and action as described in Section 3.3. The in-
structions had experts assume the persona knew the description of
the application, the scenario, and the subgoal—but not had no prior
knowledge of the action to fulfill that subgoal. For example, the
information we gave the experts for Project 12Post (Project number
12 from Post-GenderMag students) was:

“App Name: Recipes 4 You

App Description: A website where users can search
for recipes and submit recipe suggestions.

Scenario (Overall Goal): Find a recipe to make for
dinner

Subgoal: View dinner recipes
Action: Click ‘Recipes™

To maintain consistency between the evaluations completed
by each expert, we created an evaluation rubric by drawing upon
elements of GenderMag and taking inspiration from the Letaw et
al’s methodology [23]. However, Letaw et al.s context was different
from ours: they gathered expert evaluations on projects from a
single Software Engineering course, within-student progress before
vs. after they had learned GenderMag elements. In contrast, our
experts evaluated between-student projects from multiple courses
that occurred in different years, and our investigation had different
research questions, so Letaw et al’s rubric was not entirely suitable
for our projects. We detail the rubric we created below and include
the full version in the Supplemental Documents [11].

Our rubric (Figure 1) was set directly into the standard Inclusivity
Bug Report form used in GenderMag walkthroughs. A GenderMag
walkthrough walks through a scenario with a series of subgoals
and actions. To minimize expert workload and to have uniform
sequences across all student projects, we set up the process to in-
clude only 2 screens from each project, which required experts
to evaluate the project both before (rubric Question A) and after
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(rubric Question B) one action. As mentioned previously in Sec-
tion 2, these questions were: before a user could take the action
(rubric Question A: “Will <Persona> know what to do at this step?
Why/what facets?”) and after taking the action (rubric Question B:
“If <Persona> does the right thing, will s/he know that s/he did the
right thing and is making progress toward their goal? Why/what
facets?”).

To capture inclusivity through the lens of all three personas, we
included Inclusivity Bug Reports for each persona. Each one was
labeled with the persona name and image. Thus, for each student
project, experts answered 3 sets of A+B questions (6 questions per
project), plus the 4 additional questions we describe next, for a total
of 10 questions per project.

For each project, the experts also gave overall ratings of the
inclusivity, via three Likert-scale rating questions and one ranking
question to the end of the rubric. The three Likert-scale questions
prompted experts to rate how well the project worked for each of the
three personas on a 5-point scale from “terrible” to “wonderful”. The
ranking question then asked them to rank the project’s suitability
in terms of which persona the project supported best, from 1-3.
Figure 2 shows these questions, and the Supplemental Documents
provides the full rubric [11].

3.3 Collecting and preparing the projects

We gathered students’ projects from upper-level (junior/senior)
Software Engineering, HCI, Capstone, and Senior Project courses.
We chose these courses because they all included term-long projects
that student teams design and implement throughout the term. The
use of term-long projects was to minimize effects of some partic-
ular assignment emphasizing inclusive design, which might have
caused students to view inclusive design as the “main point” of the
assignment; term-long projects instead tend to emphasize every-
thing taught during the term (e.g., all of the software engineering
practices taught, etc.). The CS Department Chair assessed these
courses’ term-long projects to be of similar complexity:

CS Department Chair (interview): “<The projects are>
about the same <complexity>. HCI might be a little
Jjunior. Capstone might be a little senior. But we’ve
got people taking those courses in both their senior and
Jjunior year”

We collected students’ finalized project submissions from faculty
who taught these courses. The students’ final project artifacts var-
ied, including some or all of presentation slides, presentation video
recordings, documentation, and websites. From all the projects we
received, we reduced to the 22 student projects that were “evalu-
able”—11 projects from Post-GenderMag students and 11 projects
from Pre-GenderMag students. We defined “evaluable” as having
the following characteristics: available consent, having readable
screenshots, having simple contexts, and having Question A/B
screenshots in sequential order.

For each project, the Question A screen we chose was the home-
page of the project. This allowed us to exclude sign-up or sign-in
workflows as not every project had these and to avoid experts need-
ing additional context. Then we chose the scenario and subgoal.
When possible, we used scenarios and subgoals described by stu-
dents in their presentations or documentation. When students did
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E j&- FORM 1: ABI

[Before Action Screenshot]
1. [BEFORE ACTION QUESTION]

0 Yes

. 1b. [AFTER ACTION QUESTION] If Abi does the right thing, will s/he know that s/he did the
right thing and is making progress toward their goal? Why?

Which, if any, 0 Yes

O Maybe | 0 No

O Motivations

Which, if any, of Abi’s facets did you use to answer the question?

O Information Processing Style

O Computer Self-Efficacy

O Attitude Towards Risk

O Learning: by Process vs. Tinkering
[0 None of the above

Why?

0 Motivations

O Information Processing Style

O Computer Self-Efficacy

O Attitude Towards Risk

O Learning: by Process vs. by Tinkering
O None of the above

O Motivations

O Information Processing Style
O Computer Self-Efficacy

O Attitude Towards Risk

O Learning: by Process vs. by
Tinkering

[0 None of the above

O Motivations

O Information Processing Style

0O Computer Self-Efficacy

O Attitude Towards Risk

O Learning: by Process vs. by Tinkering
[ None of the above

What in the Ul helped/ confused

Pat in this step? Pat in this step?

What in the Ul helped/ confused

What in the Ul helped/ confused
Pat in this step?

Figure 1: Rubric: The Inclusivity Bug Report the experts filled out. Snippets of (Left) Question A (labeled “1” in figure), and
(Right) Question B (labeled “1b” in figure), both set up for the Abi persona. Experts could choose multiple facets as needed for
their responses as is done in the full GenderMag method. (Bottom) This section appeared below both Question A and Question
B, encouraging the experts to point to specific Ul components involved in their judgments.

with an ‘X’)

1. This application, scenario, subgoal, and before/after action sequence is... (Mark

Terrible for Abi

Neutral

Wonderful for
Abi

" | 4. For this application, scenario, subgoal, and before/after action sequence, order
the personas based on how well they are supported from 1 (best) to 3 (worst). Ties

are allowed.
___Tim
Pat

___ Abi

Figure 2: Rubric: (Top) The Likert scale rating question for the Abi persona. (Bottom) The persona ranking question.

not demonstrate specific scenarios/subgoals in their artifacts, we
chose them based on students’ descriptions of the primary purpose
of the application. Based on the scenario, we then chose the action
persona “should” take to make progress toward the subgoal. Finally,
we chose the Question B screen to be the screen directly after the
action takes place. For example, in Figure 3, the action is to click
“Recipes” which navigates to another screen which we used as the
Question B screen.

Finally, we redacted any information about the students, Univer-
sity X, or any real-life organization associated with the projects and
filled out 22 rubrics with the project information and screenshots.

All screens, descriptions, subgoals, and actions we provided to
experts can be found in each project rubric in the Supplemental
Documents [11].

3.4 Project Assignment to Expert Evaluators,
Data Collection, and Analysis

After asking the experts how many projects they were willing to
evaluate, we randomly assigned each expert to their desired number
of project rubrics. We provided experts with Google Drive folders
containing the rubrics as Google Docs that they could complete
in any order. We constrained the random assignment such that
each project had two assigned experts, and each expert received
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RECIPES

RecipesdYou delivers tailored recipes for College Students on a budget or with sp( fic dietary or religious constraints. we provide them with recipes and

suggestions to eat healthier and encourage them to cook more.

Recipes4)

i( { g\

Click Above For a list of BreakFast recipes.

Click Here For a list of Lunch recipes

RECIPES CONTACT SUGGESTIONS

A e

Click Here for a list of Dinner recipes

Here's our selection of recipes. Feel Free to browse around.

Figure 3: The Queston A (top) and Question B (bottom) screenshots from Project 12Post made by Senior Project students. They
described their application as a website where students can search for recipes and submit recipe suggestions. We added a green
circle and transition arrow to show that the action of clicking the recipe button navigates to the Question B screen.

approximately half of their assigned projects from Post-GenderMag
students and half from Pre-GenderMag students. Experts did not
know which projects were in which group or how many were from
each group.

Experts returned their evaluations to us, but sometimes pairs of
experts did not agree. We defined non-agreement as: the inclusivity
ratings differing by more than 2 points for any of the three Gender-
Mag personas. In these cases, we then assigned the project to a third
expert from the original pool of 7 experts. By the end of all evalua-
tions, the experts each evaluated 2-18 projects (mean: 8, median: 7),
each expert evaluating approximately half from Post-GenderMag
students and half from Pre-GenderMag students.

Our data analysis used a combination of descriptive statistics
(counts, averages, etc.) and qualitative analysis. Qualitatively, we
considered qualitative data in the form of experts’ open answer
responses to the “Why” and UI component sections of questions A
and B. These data allowed us to understand the experts’ evaluations
and the inclusivity issues or lack thereof in the projects students
created. We did not use inferential statistics because (1) as an empir-
ical case study, our investigation did not use controls, so confounds
abounded; and (2) even if we had wanted to do inferential statistics,
none were suitable for our research questions because answering
them would have mixed dependent data with independent data,
which violates the assumption of inferential statistics. Instead, as

with most case studies, we make extensive use of triangulation to
safeguard the rigor of our results. (We return to these points in
Section 5 Discussion.)

4 RESULTS

4.1 ROQ1: Did learning GenderMag move
students beyond “awareness” to action?

The experts’ Likert-scale inclusivity ratings (recall Figure 2) directly
answered RQ1—whether Post-GenderMag students acted upon their
new inclusive design knowledge by building software that was more
inclusive than that of the Pre-GenderMag students. As Figure 4
shows, the answer was yes: Post-GenderMag students created their
projects more inclusively than the Pre-GenderMag students did for
all three personas. Specifically, the Post-GenderMag projects were
rated to be 10%, 6%, and 8% more inclusive than the Pre-GenderMag
projects for Abi, Pat, and Tim, respectively.

The distribution of the projects’ inclusivity rating scores?,
separated by persona, helped to reveal exactly where the Post-
GenderMag students made progress and where they did not. For
example, although it was already clear from Figure 4 that Abi-like

2As explained in the Methodology section, 2-3 experts evaluated each assignment,
which totaled 30 inclusivity ratings of the Pre-GenderMag students’ projects and 29
inclusivity ratings of the Post-GenderMag students’ projects.
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Figure 4: Average inclusivity rating per project, for the
three personas, on a scale of 1 (“terrible”) to 5 (“wonder-
ful”). For all three personas, the Post-GenderMag stu-
dents’ projects had higher inclusivity ratings than the Pre-
GenderMag students. Patterned bar=Pre-GenderMag stu-
dents’ projects (n=11), solid bar=Post-GenderMag (n=11);
Orange=Abi, Blue=Pat Green=Tim.

users were the least included of the three personas, what the dis-
tributions of the experts’ evaluations (Figure 5) add is whether
students’ projects changed by becoming more/less terrible (e.g.,
moving from terrible to neutral) or becoming more/less wonderful
(e.g., moving from neutral to wonderful).

The Abi (left/orange) portion of the figure reveals that Post-
GenderMag students were able to make progress on reducing the
“terribleness” of the projects for Abi by 16%. Students also increased
the “wonderfulness” of the projects for Abi, reflected by an 11%
increase in “high” ratings. These terribleness and wonderfulness
improvements for Abi of 16% and 11%, respectively, were larger than
improvements for either of the other two personas (Pat: +1%(wrong
direction) terribleness, -5%(wrong direction) wonderfulness; Tim
-13% terribleness, +2% wonderfulness).

That the above inclusivity improvements were strongest for Abi-
like users is important because, as all the figures in this section show,
Abi-like users were the least supported in the Post-GenderMag and

60% 17/30

40% 12/29 12/29
9/30 9/30 9/29
20%
(] 430 5/29
0% .
Low (1 & 2) MNeutral (3) High (4 & 5) Low
Lower is * Higher is Lower is
better better better
Abi

Figure 5: Counts of 59 Likert-scale inclusivity ratings of the student projects

Neutral
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Pre-GenderMag students’ projects alike. The fact that students
struggled most to support the Abi persona was not surprising as
prior GenderMag evaluations of professional software designs have
also found lower support for Abi than for Tim [44]. Still, the Post-
GenderMag Abi inclusivity rating average of 3 was lower than even
the Pre-GenderMag ratings for Pat and Tim. Thus, although the Post-
GenderMag inclusivity for Abi was higher than the Pre-GenderMag
inclusivity, there is still much room for improvement.

For Abi, Post-GenderMag students’ projects vs. Pre-GenderMag
students’ projects followed an “ideal” pattern: less terribleness
and more wonderfulness. However, for Pat, this did not happen.
As the middle (blue) section of Figure 5 shows, Pat’s inclusivity
“terribleness” was much lower than Abi’s, but it was almost identical
between students’ Post-GenderMag and Pre-GenderMag projects—
and the very small change (+1%) was in the wrong direction. The
“wonderfulness” inclusivity for Pat changed by a larger amount
(-5%)—again, in the wrong direction. Our data does not shed light
on why this occurred, but note that the total change for Pat (Figure
4) was small, so the difference may come from combining the Low’s
into a single bucket for Figure 5. Another factor possibly explaining
the smaller change in Pat than in the other two personas is that
the “endpoints” of the facet ranges (described earlier in Section 2),
which are represented by Abi and Tim, were more salient to the
Post-GenderMag students, and thus easier to design for.

For Tim, the increase in wonderfulness was in the right direc-
tion (+2%) but was very small. One interpretation of the Tim re-
sults could be that the wonderfulness score was already fairly high
(nearly 60% “wonderful), so bringing wonderfulness above this level
might require more sophisticated inclusive design skills than stu-
dents had yet gained. On the other hand, the Post-GenderMag stu-
dents’ projects still outshone the Pre-GenderMag students’ projects
on inclusivity for Tim, and the way they achieved this was by
reducing terribleness, which dropped by a full 13%.

These results for all three personas were robust across different
aggregation approaches and different measures. We have previ-
ously discussed the inclusivity ratings in Figure 4 and counts of

17/30 17/29

9/30
7/29
sig ‘gl
High Low MNeutral High
’ Higher is Lower is + Higher is
better better better
Pat Tim

’ “terribleness” to “wonderfulness,” on a scale of 1

to 5 with the labels: 1=Terrible, 3=Neutral, 5=Wonderful. The distributions show that the Abi higher Post-GenderMag ratings
shown earlier came from both less terribleness and more wonderfulness; the Tim higher Post-GenderMag ratings came from
less terribleness (but not more wonderfulness); but where the Pat higher Post-GenderMag ratings came from is not revealed by
these data. Patterned bar=Pre-GenderMag students’ projects (100%=out of 30), solid bar=Post-GenderMag (100%=out of 29);

Orange =Abi, Blue =Pat, Green =Tim.
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Figure 6: Inclusivity Bug Report responses. (Left): Average percent per project of expert’s “no” and “maybe” responses (indicating
questionable suitability to the persona) and (Right): “yes” responses (indicating suitability). For all three personas, Inclusivity
Bug Reports showed fewer inclusivity bugs (left) and higher positive inclusivity outcomes (right) for the Post-GenderMag
students’ projects than for the Pre-GenderMag students’ projects. Colors, patterns: Same as Figure 4.
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Figure 7: For the 11 Pre-GenderMag student projects, percentage each facet made up of the total facets experts used to explain
inclusivity bugs reported on the Inclusivity Bug Reports for each project. 100%= average number of facets for “no”/”maybe”
responses per project. In the Pre-GenderMag students’ projects, the facets most troublesome for Abi (Info: 26%, Risk: 26%) were
different from those for Pat (Risk: 22%, Learning: 22%) and different from those for Tim (Info: 32% and Motivations: 22%).

experts’ high and low inclusivity ratings (Figure 5), the latter of
which was consistent with Figure 4 for two of the three personas.
In addition, averaging inclusivity ratings of the same Likert-scale
questions by expert (not shown) gave nearly identical results to
those in Figure 4’s averages by project. Figure 4’s results were
also consistent with the experts’ No/Maybe/Yes responses in the
Inclusivity Bug Reports (recall Figure 1). Specifically, as the left bar
chart in Figure 6 shows, the percentages of inclusivity bugs for all
three personas were lower for Post-GenderMag students’ projects
than for Pre-GenderMag students’ projects, and as the right bar
chart shows, positive inclusivity outcomes were higher for Post-
GenderMag students’ projects than for Pre-GenderMag students’
projects (4%, 3%, and 8% fewer inclusivity bugs for Abi, Pat, and
Tim, respectively; and 7%, 3%, and 8% more positive outcomes).

4.2 RQ2: Inclusivity and Lack Thereof: The
Facets Explain

4.2.1 The student projects’ inclusivity bugs. In what ways were the

inclusivity bugs problematic? Recall that Questions A and B on

the Inclusivity Bug Report asked experts to report why they chose

their answer and if there were associated facets (recall Table 1).

Their responses included explicit uses of a facet 647 times. Their
“maybe” and “no” responses identified the student projects’ “inclu-
sivity bugs”—aspects of the project with questionable suitability to
one or more of the personas. These “maybe” and “no” responses
usually pointed to the particular facet values that explained why the
inclusivity bug was problematic. Figure 7 shows, by persona, which
facet values students struggled to support in the Pre-GenderMag
students’ projects.

As discussed in Section 4.1, students’ Post-GenderMag project
were also not perfect—they still had a number of inclusivity bugs
for all personas. For these students’ projects, we show the facet
values students struggled with in Figure 8.

Attitude Toward Risk and Information Processing Style were
related to most of students’ inclusivity bugs, as shown in Figures 7
and 8, for the Abi persona. The Attitude Toward Risk facet captures
how people feel about using new technologies. For a variety of
reasons, Abi is risk-averse about using new technologies. The Infor-
mation Processing Style facet captures different ways people collect
information. Abi’s Information Processing Style is comprehensive,
meaning they prefer to form an understanding of the problem by
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Figure 8: For the 11 Post-GenderMag student projects, average per assignment percentage of each facet experts used to explain
their “no” and “maybe” responses. Risk and Information Processing together dominated the unsupported facets for Abi and
Pat, with Motivations rarely mentioned. However, for Tim, Motivations were one of the top two unsupported facets.

[Dosignea by P1Pre-Abi-x7-gA: “No: To view a
list of nearby places, Abi might
want to click on options
“Search”... Abi, after gathering
this information comprehensively
Mo | Waps wae | @ | @nd prefers to click search as it is
closest to their goal”

[ Menu I Maps I Wallet Isearch QJ
N N

P1Pre-Tim-x2-gA: “Maybe: A lectivi
P1Pre-Pat-x1-gA: “Maybe: Pat sees “menu” and UL 5 LERsS DB
“maps” but feels uncertain ... They don’t want to processfor...,Tim Shoﬂld be °"‘.’ty t?l ﬂ: ‘I:I'cbkmg

waste their time. Then again, they might on atew buttons...however NI 22 7l
mindfully tinker to “me'nu"” inefficient and maybe he will get lost...

Figure 9: The Question A screenshot of Project 1Pre (HCI Students’ travel planning application) with quotes from the Inclusivity
Bug Reports>. To answer Question A, the scenario was that the persona was trying to find a nearby point of interest and the
subgoal was that the persona had already decided to find a list of nearby places. Experts reported several inclusivity bugs
relating to the labeling of buttons at the bottom of the screen.

collecting a large batch of the information available before taking Further evidence of students struggling to support risk-averse
action to solve the problem. and comprehensive processing users is given by the high represen-

For example, Project 1Pre (Figure 9) had an inclusivity bug for tation of the Attitude Toward Risk and Information Processing Style
comprehensive information processors like Abi. In this project, stu- in inclusivity bugs for Pat. Recall that the five GenderMag facets
dents implemented an app to help people find places to visit while have ranges of values where Abi and Tim capture the end points
travelling. Students’ button labels on this page were problematic and Pat provides a third set of values. Pat’s Information Process-
for Abi’s Information Processing Style because they would read all ing Style and Attitude Toward Risk are similar to Abi’s: they both
the options, but the label on the button Abi “should” click on did process comprehensively, they read everything on the screen, and

not appear to be the closest option to their goal.

3Quote IDs are as follows: P1Pre-Abi-x7-qA = Project 1 by Pre-GenderMag students,
response about the Abi persona, by Expert 7 on question A
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i

P12Post-Tim-x2-Qa:
“Maybe: As a user who
likes learning all the
functionality... Tim might

large carousel of food
images...and try to click
through that...”

Figure 10: The Question A screen from Project 12Post made by Senior Project students. The scenario was that the persona was
trying to find a recipe to make for dinner and the subgoal was that the persona had decided they needed to view a list of dinner
recipes. While the desired action was at the top (click the “Recipes” button), Inclusivity Bug Reports showed Tim’s attention
may be drawn to the large image carousel in the middle. (We added a red circle around the carousel button)

are risk-averse in part due to a lack of spare time. This similarity
is shown in the way that students’ button labels in Project 1Pre
were also a problem for Pat’s Attitude Toward Risk and Information
Processing Style.

This same inclusivity bug also connected to Pat’s Learning Style,
which was Pat’s other facet value that students especially struggled
with in Pre-GenderMag projects. The Learning Style facet captures
the ways in which people tend to learn new technology. Pat’s
Learning Style is mindful tinkering with new technology (which
differs from Abi’s by-process Learning Style that prefers tutorials
and step-by-step directions and also differs from Tim’s tinkering a
bit excessively).

For Tim, students struggled most in supporting Information
Processing Style and Motivations. Compared to Abi and Pat’s
comprehensive Information Processing Style, Tim is a selective
processor. This means they tend to follow a depth-first pattern,
pursuing the first promising piece of information then backing out
if need be. For example, the same buttons in Project 1Pre that caused
bugs for Abi’s and Pat’s Information Processing were also a source
of bugs for Tim’s Information Processing Style. This is interesting
as it showed students’ struggling with this facet across the entire
spectrum of the Information Processing Style facet values.

An example of a bug associated with Tim’s Motivations arose in
Project 12Post (Figure 10; previously shown in Section 3 as Figure
3). Recall that for this project, students built a website for users to
search for recipes and submit recipe suggestions. The Motivations
facet is about the reasons why people use technology. Tim likes
to use technology to learn all available functionality (whereas Abi

uses technology to achieve a task and Pat learns new technology
when needed).

Finally, Project 2Pre provided an example of an inclusivity bug
for Abi’s Computer Self-efficacy. The Computer Self-efficacy facet
captures people’s self-confidence relative to their peers when using
technology and where they place blame when problems happen.
Abi’s Computer Self-efficacy is lower relative to their peers and
they tend to blame themselves when something goes wrong or if
they do not understand something. As shown in Figure 11, students
added options without indicating their importance or when they
should be used, which may cause Abi-like users to be unsure.

4.2.2  The student projects’ inclusive design successes. In contrast
to the “maybe’s” and “no’s” indicating inclusivity bugs in students’
projects, experts’ “yes” responses to Questions A and B indicated
students’ support for the personas. Figure 12 shows the most suc-
cessful facets per persona for students’ Pre-GenderMag projects.
However, note that we are not comparing the “yes” responses to
the “maybe” and “no” responses as we have determined that it is
not a fair comparison. We will discuss this further in Section 5
(Discussion).

As the Pre-GenderMag averages in Figure 12 show, students were
able to support Information Processing Style more than any other
facet for all three personas. Recall that Abi and Pat’s Information
Processing Style is comprehensive while Tim’s is selective. As the
figure shows, despite students creating many bugs associated with
Information Processing Style, they also frequently were able to
support the whole range of facet values.
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Figure 11: The Question A screenshot of Project 2Pre (HCI students’ food ordering application). The scenario was that the
persona was trying place a food order and the subgoal was to do so by finding the Smashburger menu. Expert 4 indicated that
Abi may be concerned about the options at the top of the screen and if they have made the right choices to find exactly what
they are looking for.
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Figure 12: Average per project distribution of facets from experts’ “yes” responses for each persona for the 11 Pre-GenderMag

project evaluations. Each distribution shows the average percentage each facet represents of the total facets used for each
project. The Information Processing Style facet was most well supported for all personas (Abi: 41%, Pat 38%, Tim 45%).

For students’ Post-GenderMag projects’, there was also support
of diverse Information Processing Styles in the Post-GenderMag
projects as shown by the distributions in Figure 13.

Project 18Post provides an example of students’ support of Infor-
mation Processing Styles for all three personas. Students created
this project, shown in Figure 14, as an inventory management web-
site. On the Question B screen, students’ clear labeling and large

headings supported the Information Processing Style of all three
personas. This success provides interesting contrast with the Infor-
mation Processing inclusivity bugs caused by the unclear labels in
Project 1Pre (Figure 16).

Beyond Information Processing, students in both the Pre- and
Post-GenderMag courses were able to support a variety of facet
values. For example, the students who implemented Project 22Post
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yes” responses for each persona from the 11 Post-GenderMag design

evaluations. Information Processing was the most supported facet, making up more than half the successes for all personas

(Abi: 62%, Pat 53%, Tim 54%).

P18Post-Abi-x6-qB: “Yes: Comprehensive IP, so
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update the stock”

Insert Item Stock

ltem Name: | Select llem

Location:  Select Locason -

Quantity

==
/\

Update Item Stock

ltern Name: | Select tem
Location: | Seiect Location -
Quantity

Add Delete

Delete Item Stock

ltem Name: | Seloct am

Location.  Select Location ~

Insert ltem Stock
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Figure 14: The Question B screenshot of Project 18Post, an inventory management website built by Software Engineering
students. For the evaluation, the scenario was that the persona wanted to log that 2 binders in inventory were no longer
available and the subgoal was to update the stock of binders. At this point, the personas had taken the action to click the
“Manage Stock” which navigated to this page. Inclusivity Bug Reports showed that the labeling supported selective information
processing while the options on the page helped comprehensive information processors.

supported Abi’s Attitude Toward Risk as shown in Figure 15. Abi
is risk-averse about using new features so providing a call to action
may help Abi move forward.

Another example of other successes came from the Question
B screen in the Project 1Pre, shown in Figure 16. Previously we
explained that in the Question A screen, the students’ project lacked
support for all personas (Figure 9). In contrast, students supported
all personas on the Question B screen. Students’ clear label and

simple interface helped Abi, Pat, and Tim. For Abi, the design
supported their Motivations of using technology to complete their
tasks. For Pat, it supported their Learning Style of mindful tinkering.
Finally for Tim, it supported their higher self-confidence when
using technology due to their higher Computer Self-efficacy.

This final example also helps to illustrate how for some students’
support for facet values or lack thereof varied even within a sin-
gle project throughout the project. Though students’ Question A



ICER °24 Vol.

CONNECT

1, August 13-15, 2024, Melbourne, VIC, Australia

Rosalinda Garcia et al.

P22Post-Abi-x6-Qb:
“Yes:...The “Discuss
Privately” CTA
button on the upper
left is also clear -

and would soothe | #
abi’s risk % Following
aversiveness.” ®

) Al Di: r

Private Discussions

Welcome to- Connect

Enjoy your new forum! Hop over to discuss.flarum.org if you have any questions, or tc

join our community!

Private Discussion Test oo

Figure 15: The Question B screenshot of Project 21Post, Software Engineering students’ online university discussion forum.
For the evaluation, scenario was that the persona wanted to send a private message to a friend and the subgoal was to switch
to private discussions. Expert 6 commented that students’ use of a call to action (CTA) button helped Abi know they made

progress toward their goal.

P1Pre-Tim-x7-gB: “Yes: Tim has
high confidence using technology, at
this point they see the option they
were looking for so they are sure
they did the right thing.”

(@) Nearbypl
r @ Nowrtypecm - P1Pre-Pat-x1-qB: “Yes: Pat is feeling pretty
Promo codes \ comfortable now because they see “near by

P1Pre-Abi-x7-qB: “Yes: Learning that there is an
option that says ‘Near by places’ helps Abi as
they use technology only to accomplish their
tasks”

i B s

places” and that matches their task. They feel
they've made progress and can tinker if
necessary”
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Figure 16: The Question B screenshot of HCI students’ Project 1Pre (previously shown in Figure 9) with experts’ comments.
Recall the subgoal was to find a list of nearby places. In contrast to the Question A screen (Figure 9), Inclusivity Bug Reports
showed that the clear labelling of the “near by places” button on the Question B screen worked well for all personas.
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screen from this project demonstrated a variety of inclusivity bugs
(described in Section 4.2.1), students were able to support all three
personas in the Question B screen.

5 DISCUSSION

5.1 Why and why not?

Our results suggest the approach University X followed of teach-
ing elements of GenderMag across-the-curriculum did succeed at
moving students to act on their new knowledge. Post-GenderMag
students demonstrated improved inclusive design skills with better
support for all three personas and support for the full spectrum of
facet values. The faculty had hoped that the approach would move
students from just “awareness” to action for several reasons, and
we believe the following two may have been especially influential:
(1) the actionable nature of the GenderMag elements students ex-
perienced, and (2) the integration of inclusive design into many of
the CS courses, with the goal that inclusive design was “simply”
part of creating high-quality software.

Aspect (1) was a result of leveraging a concretely actionable
inclusive design method, which was GenderMag in this case study.
We believe that teaching an actionable approach helped students
learn actionable skills through the elements of GenderMag embed-
ded in their degree program. We also believe that any inclusive
design method that includes concretely actionable elements could
be substituted for GenderMag, such as concrete inclusive design
guidelines/heuristics.

Aspect (2) was to move inclusive design into the courses and
projects that students are already completing. By doing this, using
inclusive design became part of students’ “day jobs” (the CS work
that they do for school every day). This contrasts with approaches
that add inclusive design to the curriculum through different, iso-
lated courses or modules. When inclusive design is sidelined into
specialized courses or modules, we believe the message this sends
to students is that inclusive design is extra, not a necessary daily
consideration.

That said, there is still room for improvement in Post-GenderMag
students’ inclusive design skills. As Figures 4 and 6 indicated, the
students’ inclusion of Abi-like users was still below their inclusion
of Pat- and Tim-like users in Post-GenderMag projects.

However, there is still hope for CS students to create even more
inclusive project than they did in this case study. Our results
captured only the first academic year in which these across-the-
curriculum changes were implemented. We hope that as time passes
and more students experience the full four-year curriculum with
embedded GenderMag elements they will gain the skills necessary
to close the gap between Abi and Pat/Tim.

5.2 Threats and Limitations

5.2.1 Data Limitations. The first limitation to our work was that
we were not able to use inferential statistics on our data, due to a
combination of the lack of controls, relatively small sample sizes,
and the dependencies within our data. The environment for our
study removed our ability to impose any controls on the projects, so
the many varying external factors alone made statistical analysis in-
appropriate for our case study. Moreover, one statistical assumption
behind many statistical tests is that the data points are independent
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of one another [37], and our data violated this assumption. For
example, Project 1Pre might be evaluated by expert A, B, and C, and
Project 2Pre might be evaluated by expert B and D. We cannot com-
bine these data because both projects were evaluated by expert B,
whose evaluations are not independent from each other. However,
the other experts’ evaluations of the projects would be independent
so we could not use a paired test with an assumption of all points
being dependent. Additionally, we do not know if any students
were involved in more than one of the project groups. If our project
pool had been very large or our expert pool had been very large,
we might have been able to divide up the mapping of experts to
projects to avoid the dependence between evaluations, but as is,
there were no suitable ways to use statistical inference to compare
them. Instead, we used extensive triangulation to safeguard our
results as described in Section 5.3.

Another limitation relating to our data was in the experts’ rank-
ings responses. Recall that the evaluation rubric asked experts to
rank the personas in order of how well they were supported from
1 (high) to 3 (low) (Figure 2). However, the experts appeared to
interpret the way to report edge cases differently. For example,
some reported ties for Abi/Pat/Tim as 3/3/2, as 3/3/1, or as 2/2/1.
Since we had was no way to know if these rankings meant the same
thing, we dropped the rankings. That said, we do not view losing
these data as a serious limitation because all the other measures
were so consistent with one another.

A final data limitation was the difference between experts’ “yes”
responses and their “maybe”/’no” responses. After we compiled the
data, we discovered that experts reported fewer facets associated
with their “yes” answers compared to their “maybe”/“no” answers.
For example, “maybe” and “no” responses for the Abi persona were
on average associated with 2.5 facets per response while “yes” an-
swers were only associated with on average 1.5 facets per response.
While we do not know why this occurred, we concluded this differ-
ence meant that comparing the positive and negative answers in
terms of facet usage was not a fair comparison. Thus, further inves-
tigation is needed to compare the difference in students’ support of
the facets Pre- and Post-GenderMag.

5.2.2  Context Threats. In our case study, we investigated the inclu-
sivity of students’ work products in a specific context over a specific
period of time. Thus, our results are particular to this context of
students at University X in these particular courses. Our results
are also specific to the particular projects and experts that were
included in the study. Had we chosen different projects or different
GenderMag experts, we may have had different results. Because
of this, it is not possible for us to generalize beyond this context
without further investigation.

Because of the timing of our study, it is also likely that we cap-
tured only part of the impact on students’ use of inclusive design.
The University X faculty began teaching with GenderMag in Fall
of 2021 and our data was collected from the first three terms that
students experienced the updated classes. As a result, the students
in our study had not experienced the full scope of the curriculum
changes across all four years of their degree program. Thus, we
cannot conclude that this is the final measurement of students’
inclusivity at University X. Still, our results provide encouraging
evidence that courses with small elements of GenderMag can help
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Evidence Sources: Inclusivity Ratings Evidence Sources: Totals
Inclusivity Bug Reports (Q. A & B)
Avg. Per Project| Avg Per Eval. | Distribution by | % Maybe/No % Yes
Abi v v % v 5
Pat v v v / 4
Tim v v v v/ 5
Total 3 3 3 3 14

Figure 17: Evidence used to triangulate the results of RQ1. For each source of evidence, 14/15 sources of evidence produced the

same conclusions.

students design more inclusively even if they have not been exposed
to it for the full four years.

5.3 Triangulation

As with other case studies, our methodology included extensive
triangulation to identify results in multiple ways through multiple
pieces of evidence [46]. This was done both to safeguard against
threats to construct validity and to add confidence to our results.

As Figure 17 shows, RQ1 was cross-confirmed with 2 sources of
evidence. Within each source of evidence, we also considered multi-
ple perspectives as applicable. For each perspective we considered,
we triangulated further by considering it from the viewpoint of
each of the three GenderMag personas to cover the full spectrum of
facet values. In total, the result that students created more inclusive
projects in Post-GenderMag courses was triangulated by 14 of the
15 total viewpoints.

For RQ2, we did not triangulate a specific outcome or finding
but instead considered the details of students’ support of each facet
through the quantitative perspective of the facets’ distribution and
the qualitative perspective of experts’ responses to Questions A
and B. Similar to our triangulation within each perspective for RQ1,
we also considered students’ support for all three personas through
these two lenses.

CONCLUDING REMARKS

In this paper, we have presented a case study to investigate whether
an approach University X has been trying would move students
to take societal action through the technology they build. Specifi-
cally, University X CS educators engaged in teaching elements of
GenderMag in ways tightly integrated through most courses in
the 4-year CS curriculum—and the Post-GenderMag students who
experienced this curriculum moved to take action, building more
inclusive software than their predecessors did.

These results are very encouraging, because the particular stu-
dent projects in this case study were not specifically inclusive design
projects: they were term-long projects in more general courses,
namely Software Engineering, HCI, Senior Project, and two Cap-
stone projects. Thus, these projects were not tied to a “reward” for
designing inclusively. Further, the projects we collected were after
only one year, so it was far from certain that students would have
learned enough inclusive design skills to succeed at building more
inclusive software than their predecessors.

o Specifically (RQ1:) students who learned inclusive design
across the curriculum did act to create more inclusive soft-
ware. Post-GenderMag student projects received higher rat-
ings for all personas, and the Inclusivity Bug Reports for their
projects had fewer inclusivity bugs that for Pre-GenderMag
student projects. These results were very robust, triangu-
lating to the same conclusion in 14/15 measures (Section
5.3).

RQ2 revealed the students’ biggest challenges. Even the Post-
GenderMag students struggled particularly often to support
all three of Abi’s, Pat’s, and Tim’s Information Processing
facet values—which is interesting in that Tim’s information
processing value is the opposite of Abi’s and Pat’s. Other
particularly challenging facets were Abi’s and Pat’s Risk
values, and Tim’s Motivations (Section 4.2.1).

That said, RQ2 also revealed that the troublesome Informa-
tion Processing facet above was also a strong source of the
students’ inclusivity successes. For all three personas, the
majority of Post-GenderMag students’ successes were tied
with the Information Processing facet. The three personas’
Learning Styles and Motivations were also reasonably strong
sources of inclusivity successes (Section 4.2.2).

These results not only provide encouraging evidence for the
across-the-curriculum inclusive design approach, but also show it is
possible to lead students beyond “awareness” to action. Perhaps this
is the most important result: that it is possible to effectively educate
tomorrow’s CS professionals to build more inclusive technology
than their predecessors have done.
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