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We investigate the degree to which undergraduate computing students in a United States university consider

accessibility several years after instruction. Prior work has found that cultural and ethical norms become

ingrained early in STEM professionals’ careers; so, we focus on students approaching graduation and after

an internship experience, who are just getting started in their career. In semi-structured interviews, a ma-

jority of these final-year computing students (14 of 16) indicated that they were not motivated to improve

their skills in accessibility, attributing this to not being required to consider accessibility in subsequent work

or classes, not seeing accessibility as an essential skill in their profession, and challenges due to a learn-it-on-

your-own approach in computing. Participants suggested instructional methods and topics that they believed

would have better prepared them for considering accessibility. A survey of 114 additional final-year students

revealed similar themes, including that students did not personally view accessibility training as essential ca-

reer preparation. Prior research has largely focused on evaluating short-term changes in students’ knowledge

after an educational intervention. Therefore, by focusing on students several years after an intervention, this

work highlights lingering barriers for university programs in promoting accessibility among rising computing

professionals.
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1 INTRODUCTION

With over 1B people worldwide with a disability [66], educators are seeking to prepare and
motivate future computing professionals to incorporate accessibility within their work. Prior
computing education research on accessibility has largely focused on students’ short-term re-
sponse to educational interventions in individual courses, e.g., References [30, 34, 43]. However,
it is unknown whether experiencing such an intervention has a long-lasting impact on students,
especially as they approach graduation in the final year of their computing degree program.
Other prior research has examined what influencesmotivated computing professionals to con-

sider accessibility in their work, e.g., References [32, 45, 47]. However, research on ethics empha-
sizes the importance of establishing cultural and professional norms as early as possible in an
individual’s career [23, 29]. From this perspective, to provide a baseline for future research on in-
terventions for computing professionals, it is critical to understand the perspective of individuals
at the beginning of their career.
Computing university students approaching graduation with some workplace experience (e.g.,

through an internship) are at a key moment in their professional development. They possess a
unique perspective as both university students and as young computing professionals—thereby
presenting an exciting opportunity for researchers to investigate what topics, resources, or in-
structional methods they believe would have shaped their awareness and motivation in regard to
accessibility.
To understand the perspectives of undergraduate students in their final year, especially in regard

to their awareness and motivation to consider accessibility, the following three research questions
were investigated:

Q1. To what degree do computing university students consider accessibility—several years after
receiving instruction on accessibility—as they approach graduation?

Q2. What do these students believe has motivated or dissuaded them from considering
accessibility?

While university students are not experts in curricular design, it can be important for educators to
consider the preferences and perspectives of their students. In a prior study, Crabb et al. investi-
gated what educational resources university-level students in the U.K. perceived to be important to
create accessible technologies [14]. This study focuses on the educational resources that final-year
computing students in the U.S. express interest in, as their preferences may reveal their attitudes
towards accessibility. All final year students in this study also had prior full-time paid internship
experiences in the computing field. Thus, our third research question regards:

Q3. What educational resources or instructional methods do students wish they would have had
to better prepare them to create accessible technologies, and what does this reveal about
students’ attitudes and motivations about accessibility?

We conducted semi-structured interviewswith 16 university students in the final year of their com-
puting degree programs who had work experience through an internship and who had received
accessibility instruction in a required course several years prior. We asked about their attitudes,
understanding, and motivations in regards to accessibility, as well as any factors they believed
contributed to their perspective. We also asked participants to recommend educational topics, re-
sources, and instructional methods that they believed could have been useful in shaping their
perspective. To make sense of these recommendations with a larger population, we conducted a
survey with an additional 114 university students who were in the final year of their computing
degree program.
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We found that the majority of interview participants did not consider accessibility in their work,
nor did they indicate a motivation to increase their skills in computing accessibility. Participants
attributed this perspective to not being required to consider accessibility in work or classes, not see-
ing accessibility as an essential skill in their profession, and challenges they reported when using a
learn-it-on-your-own approach in the field of computing. Although participants in the survey
showed their preferences towards several of the recommended educational resources or instruc-
tional methods that arose in the interviews, they also indicated they did not believe accessibility
was an essential topic that should be included in their computing degree programs.
The primary contributions of this work are threefold:

• We present findings in regard to students’ self-reported accessibility knowledge and mo-
tivation several years after receiving accessibility lectures in a required human-computer
interaction (HCI) course during their degree program. Our results highlight the difficulty
in achieving long-lasting effects from such an educational intervention and a need for ad-
ditional longitudinal research.

• These final-year computing-degree students also had internship experiences in the com-
puting field, and from their experiences, they identified factors that limited their interest in
and motivation to consider accessibility. For instance, participants indicated that they were
discouraged by the lack of emphasis on accessibility requirements in their work and educa-
tional experiences. These factors suggest possible avenues for future interventions (in both
educational and workplace settings) to motivate early-career computing professionals.

• We found that the participants in our interviews suggested a wide variety of accessibil-
ity topics, educational resources, and instructional methods that they believed would have
been influential in shaping their views on accessibility. A subsequent survey with a larger
number of final-year computing-degree students enabled us to gather judgments from a
larger population, revealing students’ perspectives on accessibility as it relates to their ed-
ucation and career. The findings from this survey may be of interest to accessibility educa-
tion researchers who may consider the opinions of these students as inspiration for further
research.

2 BACKGROUND AND RELATEDWORK

Computing education researchers have identified various motivations for why additional training
in the area of computing accessibility is needed among computing students. In addition to the 1B
people worldwide with a disability [66], accessible technologies are also used by individuals with
temporary and situational impairments, e.g., 8.6M people in the U.S. with sports-related injuries in
2011–2014 [51]. Furthermore, technologies originally motivated by accessibility applications (e.g.,
audiobooks [3], autocomplete [9], video captions [21], or voice-enabled devices [9]) have often
found widespread use, beyond the original intended audience.
The need for accessibility-aware computing professionals is also driven by regulations: In the

U.S. legal context, this includes the 21st Century Communications and Video Accessibility Act [18]
and the Americans with Disabilities Act [60]. Amid this legislative landscape, there has also been a
recent surge in litigation: Website accessibility–related lawsuits more than doubled in 2018 (2,250)
in comparison to 2017 (814) [46].
Today, companies such as Google, Facebook, Microsoft, PayPal, and WordPress have formed ded-
icated accessibility teams to focus on the development of new technologies [7]. Several of these
companies participate in initiatives (e.g., TeachAccess [56]), with the goal of encouraging univer-
sities to include more accessibility instruction in the computing curricula. In response to the need
for accessibility-aware computing professionals, the ACM Joint Task Force Computing Curricula
(ACC) included accessibility as a recommendation within computing curricula [2], followed by the
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Accreditation Board for Engineering (ABET) in 2018, requiring software engineering curriculums
to teach Engineering Design constraints with optional topics such as accessibility and ergonomics
[1]. New textbooks on computer accessibility have been published, e.g., in 2019 [19]. Beyond the
computing field, there are also examples of an increasing focus on accessibility, e.g., national
standards in Russia have made an accessibility course mandatory for transportation-related uni-
versity degree programs [19].
With this motivation outlined above, there has been an interest among computing education re-

searchers to understand the current state of accessibility education in computing degree programs
and the efficacy of various education interventions.

2.1 Evaluation of Accessibility Education Interventions

Several prior research studies have found that computing students often do not consider acces-
sibility when they are designing or creating technologies. In a qualitative study of 236 software
project reports written by teams of computing students in a Human-Computer Interaction (HCI)
course, reports were found to explicitly exclude individuals with disabilities [35], despite lecture
instruction on the topic of accessibility. In a study that focused on a Software Engineering course,
researchers observed similar findings: Student teams did not apply accessibility knowledge to their
course projects, even though they had been exposed to relevant content and had received feed-
back about this issue from classmates [34]. In general, researchers have found a trend whereby
computing students consider accessibility or usability as an “afterthought” [16, 41, 44]. To ad-
dress this, Buckley et al. investigated a user-centered approach for gathering project requirements
to dissuade students from thinking in terms of “coding a solution” and instead develop customer
requirements and design options [10]. In Buckley et al.’s study, students were motivated by the
requirements of the course and the desire to meet end-users’ expectations of the system [10]. How-
ever, no additional study was reported that assessed whether students’ motivation was sustained
after completing the course.
These findings are in contrast to evaluations of accessibility educational interventions highlight-

ing the positive outcomes of instruction. For instance, Poor et al. found that shortly after students
completed an HCI course with lecture instruction, they indicated a heightened interest in “broad-
ening the range of technology users” [43]. Palan et al. found an increase in students’ awareness and
knowledge following lectures on accessibility [40]. Interactions with individuals with a disabil-
ity have also been found to impact students’ short-term prosocial sympathetic attitudes [35] and
general knowledge of accessibility [30]. Incorporating discussion-based instruction has also been
found to be effective in increasing students’ short-term knowledge [12].
Despite this prior work, there is a gap in the computing education literature: The measurements

of the efficacy of accessibility educational interventions among students are typically conducted
shortly afterward. For instance, in some studies, the evaluation is conducted immediately after
a one-time experience [12] or at the conclusion of a course (at the end of an academic semes-
ter or term), e.g., References [30, 35]. While this prior empirical work has provided insight into
students’ short-term attitude changes towards usability and accessibility, it remains unknown
whether accessibility instruction contributes to a long-term commitment to create acces-
sible technologies.

2.2 Social and Extrinsic Motivations

Since the 1930s, psychologists have developed various theories of motivation and applied those
theories to education. We consider that students’ motivation to learn accessibility may be based
on different intrinsic or extrinsic factors rooted in personal perceptions as future professionals, as
outlined in Self-Determination Theory [15]. In particular, although an altruistic desire to “do the
right thing” may contribute to intrinsic motivation, it is yet unclear what extrinsic motivations
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(as driven by the tech industry profession, for example) may move students to become active pro-
accessibility technology advocates [50].
In computing education, substantial research has examined the impact of social and extrinsic

factors on students’ interest in non-accessibility-related computing topics. McCarthy et al. found
that computing students were motivated to apply and expand their knowledge if there was a
strong peer or social influence [36]. Specifically, students were motivated to continue their learn-
ing if they “wanted to belong” to a group that was perceived to have already attained those skills,
because they feared appearing ignorant and because they were attracted to “hip new concepts” that
would contribute to their knowledge [36]. Similar research found that undergraduate computing
students were motivated to learn programming topics if the content was associated with their
career goals [26].
Research in industry settings has also revealed factors that influence computing professionals

to consider accessibility. Computing professionals have been found to maintain a greater commit-
ment to accessibility if there is an inclusive company culture and if top-level management em-
phasizes the need for accessible technologies [8, 22]. Microsoft, for instance, recently began an
initiative to modify its culture and processes with the goal of creating inclusive solutions [67].
This is in contrast to measures of inclusion within university contexts, where most computing
degree programs have been found to not be fully inclusive of underrepresented groups, including
women and minorities [4, 65]. Furthermore, university professors have recognized that a lack of
top-level support is a major barrier in teaching accessibility [53]. It is possible that if computing-
degree students experience a non-inclusive educational environment, or one with little emphasis
on accessibility from administration, they may be less motivated to create accessible technologies.

2.2.1 A Learn-it-on-your-own Approach in Computing. Given the rapidly changing nature of
computing technologies, most students will need to acquire at least some knowledge through self-
directed learning, outside of formal classroom settings [22]. Prior research has identified the need
for students and computing professionals to “upskill” throughout their careers [69]. Themost com-
mon source of training used by professionals is the Internet [17]. Social and extrinsic influencers
have been found to impact how computing students learn new information: Students tend toward
learning behaviors that are introverted [13], choosing to rely on online resources and factual tech-
nical information rather than from people [11].
There may be value in students practicing self-directed learning, since research shows that

computing professionals consider this learn-it-on-your-own ability to be very important for their
prospective employees [69]. However, when it comes to learning about accessibility, a lack of men-
torship may increase challenges and reduce students’ motivation. Current methods used by com-
puting students to learn about accessibility include various self-directed methods such as books,
research, and software applications that simulate accessibility issues [14]. However, prior work
identified limitations in the efficacy of such methods, which may not successfully convey knowl-
edge on how to maximize accessibility [14].

3 OVERVIEW OF OUR APPROACH

To investigate whether there are long-term effects from teaching accessibility topics during a re-
quired course in a computing degree program (and what factors may influence students’ views on
the importance of accessibility), we undertook a three-phase study over three years:

1. We included one week of accessibility lectures during a required Human-Computer Inter-
action (HCI) course that is near the midpoint of students’ bachelor degree program. This
intervention was deployed at Rochester Institute of Technology, a U.S. university with mul-
tiple computing degree programs.
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2. More than two years later, we interviewed 16 students who had previously been enrolled
in courses that received this accessibility-lectures intervention. These students were in the
final-year of their degree program, and all had completed an internship in the comput-
ing field. We conducted a qualitative analysis of the interview transcripts to identify major
themes and to gather a set of recommendations from these students about educational top-
ics, resources, and instructional methods that they believed would have further promoted
their motivation to consider accessibility in their career.

3. To understand students’ preferences in regard to a diverse set of educational recommenda-
tions that emerged from the interviews, we conducted a survey of 114 additional final-year
computing degree students (who had not necessarily been enrolled in the specific HCI
course two years prior). Participants evaluated various topics, resources, and instructional
methods, as well as indicated how important they believed accessibility skills and knowl-
edge were to their future career. These findings provide further insight into the perspective
of these students in regard to this topic.

4 PHASE 1: INTERVENTION DURING A COURSE

Although Waller et al. [62] successfully incorporated accessibility throughout multiple courses in
the curriculum of a degree program in the U.K., such efforts had less traction in the U.S, as curricu-
lum guidelines do not require instruction on accessibility [1, 44], and there are limited computing
instructors that teach accessibility [53]. Incorporating accessibility throughout a curriculum in the
U.S. therefore presents multiple practical challenges that may not be easily reproducible at other
universities. In selecting an education intervention to examine in our work, we considered prior
work that found that professors in the U.S. typically rely on lectures as a method for conveying
accessibility content [53]. The use of lectures as a method for learning about accessibility is also
prevalent in the U.K. [14].
As a baseline to evaluate the effectiveness of accessibility instruction, we elected to evaluate one

week of lectures at Rochester Institute of Technology. This intervention was introduced within a
single, required course for two major computing degree programs. As for the content, we used the
same teaching materials that previous researchers had found to be effective in the short-term [35,
40]. The following topics were covered:

• Prevalence of disability: Statistics on the prevalence of disability, including diversity (e.g.,
difference between individuals with “low vision” who have glaucoma vs. cataracts)

• Physiology and senses: An overview of the sensory systems and the sensitivities of each
(e.g., tactile system is sensitive to both pressure and heat)

• Accessible technologies: Examples of technologies used by individuals with a disability,
such as screen readers, captioning, and so on. How accessible technologies benefit a broad
range of users.

• Web technologies: Information about how to author accessible web pages (e.g., alt tags)
and how to build accessible sites using HTML, CSS, and JavaScript. Online resources and
toolkits are also provided.

• Simulations and automated testing resources: Simulations of varying disabilities (e.g.,
dyslexia, color blindness, glaucoma) and automated testing resources (e.g., WAVE [64],
screen readers, and color invert settings) with a discussion of the limitations of such simu-
lations and the need for actual user testing.

• Guidelines and regulations:Discussion of guidelines and regulations, e.g., the Americans
with Disabilities Act and the Web Content Accessibility Guidelines.

The lectures were integrated within a required HCI course for undergraduate Software Engi-
neering (SE) and Information Technology (IT) degree programs. Courses were held in separate
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sections for SE and IT students housed by their respective departments, but the one week of
lecture content on accessibility topics (outlined above) was the same in both of these courses. All
students took this course during their second or third year of their degrees. At Rochester Institute
of Technology, students typically require four or five years to complete their computing degree
program, and there is a requirement that students do at least one internship (full-time paid work
in the computing field for a period of at least 12 weeks), prior to the final year of the program.
Other than this HCI course, students have limited exposure to accessibility content. Throughout
other courses in their degree programs, students focus equally on topics related to back-end (net-
working, algorithm design, etc.) and front-end (web design, usability, etc.) development. The SE
curriculum adheres to the required Accreditation Board for Engineering and Technology (ABET)
standards, including some coverage of computing ethics.

5 PHASE 2: SEMI-STRUCTURED INTERVIEWS

As part of the longitudinal evaluation of the addition of accessibility lectures to those courses, we
conducted interviews with a subset of students who had taken the course described above. At the
time of the interview, these students were in the final year of their degree program. Participants
were recruited through emails and flyers. The specific inclusion criteria were: students in a Soft-
ware Engineering or Information Sciences & Technology degree program, with prior internship
experience (lasting three to five months), who were in the final year of their degree program, and
who had been enrolled in the aforementioned HCI course with accessibility instruction. This study
design allowed us to investigate how their internship experiences and the time that elapsed since
the course impacted their impressions on learning the material.
These semi-structured interviews were conducted with 16 participants from October 2018 to

February 2019. Three out of sixteen participants were female, consistent with the gender ratio
of the university. The interview consisted of questions about students’ background knowledge
on computer accessibility, their exposure to diverse end users, and experiences learning about
accessibility. For example, we asked participants, “Can you recall a time when you saw someone
using an accessibility feature or technology that you were not exposed to?,” “When was the first time
that you considered creating software for individuals with different abilities from your own?, What
motivated you to consider the solution?,” “What type of information would you need to feel prepared
to create accessible technologies? ” Participants were also asked to describe courses, resources, or
activities that furthered their knowledge in accessibility and usability. At the conclusion of the
study, participants were compensated with $20 cash. All interview procedures were approved by
the university’s Institutional Review Board. The 45-minute interviews were audio-recorded and
later transcribed for analysis.

5.1 Analysis and Findings

Following the Grounded Theory methods of Strauss and Corbin [54], three researchers conducted
in vivo open, axial (via constant comparison method), and selective coding to qualitatively analyze
the interview transcriptions, their memos, and eventually existing literature. Interview transcripts
were reviewed in two to three intervals, providing the researchersmultiple opportunities to discuss
their labels, memos, and assumptions. Sample participant quotes, initial open codes, and axial
codes are summarized in Table 1 below.
In the next two sections, we describe the findings of the interview study, focusing on the factors

that dissuaded and motivated students when considering accessibility.

5.1.1 Detractors from Learning Accessibility. In this section, we describe how a learn-it-on-your-
own approach in computing—bolstered by a perception that accessibility is not important for a
tech-focused career and not required for computing degrees—dissuaded 14 out of 16 students
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Table 1. Sample Axial Codes Informed by Participants’ Quotes

Sample Participant Quote
Researcher

Interpretations
Combined Category

Definition Final Category

Well, I’m going to do the requirements for the
class project and I’m not going to try to go super
above and beyond. Like, it’s not going to matter.
Just as long as you get the A, a 96 or a 99, it
doesn’t matter either way.- P7

Not a
requirement

A motivation to create
accessible technologies in course
projects only if it is required

Not required to
consider
accessibility

[Participant asked, “What motivated you to
consider the solution?”] It was my job.- P14 Motivation- Job

A drive to create accessible
technologies due to a job
requirement

Not required to
consider
accessibility

That’s not really in our cycle. . . The design of
what it looks like isn’t in our cycle. . . whether it’s
a waterfall or spiral. . . - P11

Software process
does not
consider
accessibility

No accessibility considerations
within software engineering
development cycles

Not required to
consider
accessibility

I mean, I would say if it was a real-world project,
then yes. I would be more motivated to make sure
that it is accessible. - P8

Motivation- not
real-world
project

A lack of motivation to integrate
accessibility if the project will
not be used by individuals with
a disability

Not required to
consider
accessibility

While they are minor implementations of
accessibility within the backend, it tends to be a
front-end focused discipline. At least that is my
view. - P5

Minor
implementation
of accessibility
in backend

Accessibility considerations
would mainly be relevant to a
career in front-end development

Not important
for career
preparation

Seeing that a lot of deaf people have potential but
are limited by their English. Because of that, they
are not given a shot, even though it has nothing to
do with their English. This app is a way to help
them to move up somehow. - P8

Personal
experience-
Observation

A desire to create accessible
technologies due to observed
experiences with individuals
with disabilities

Strong
interaction with
individuals
with disability

I would probably just Google it and go online to
see what other people are saying or what they are
doing to address it. - P7

Self-taught;
Google

Rationale for using online
resources due to them being
more updated or more accurate

Learn-it-on-
your-own
approach

There are actually a lot of great online resources
that have the hex codes for color combinations
that are more usable for people who are color
blind. That’s what I primarily rely on. I just try to
inform myself with online resources. - P9

Self-taught;
online resources

Choosing to learn
independently through online
resources due to convenience or
additional features

Learn-it-on-
your-own
approach

I think kind of the culture is that professors are
very hands-off for the most part. That is how I’ve
always seen it. Even in some experiences that I’ve
had, it’s been like, “well you can look for it on
your own, I don’t have the time, I don’t have to
tell you the solution.” - P3

Professor
hands-off

Perception that professors or
managers are not interested in
helping

Learn-it-on-
your-own
approach

from incorporating accessibility in subsequent technical projects and implementations. Only 2 out
of 16 participantswere self-motivated to continue improving their skills in accessibility after taking
the HCI course with the accessibility-lecture intervention, as will be discussed in Section 5.1.2.

Challenges arising from the learn-it-on-your-own approach in computing: Participants de-
scribed professors and managers as “hands-off” or whose primary role was to give requirements,
and these requirements generally did not relate to accessibility. P3 explained their hesitance in
approaching professors to learn more about accessibility topics due to the trend of using the learn-
it-on-your-own approach in computing:

I think kind of the culture is that professors are very hands-off for the most part. That
is how I’ve always seen it. Even in some experiences that I’ve had, it’s been like, “well
you can look for it on your own, I don’t have the time, I don’t have to tell you the
solution.” Like the solution may be somewhere that you just have not looked.
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Students relied on online resources to learn specific content required of them and expressed feeling
discomfort or embarrassment in asking professors for help, such as P11:

I try to learn it on my [own] first . . . I think most of the time, I am embarrassed
that I don’t know it and so I try to get as much information as I can before asking
professors. But whereas, with my colleagues, like my student peers, I would probably
just ask them. . . I would Google it, and Google it, and Google it. . . and then maybe ask
a close peer and then a professor.

In work environments, students also relied on online resources to complete their tasks. When P16
was asked where they learned how to implement required accessibility features for their work
deliverables, they mentioned the use of online sources due to their manager’s unavailability:

Our mentor wasn’t available to help us all that much, but they were like, “you have
to have this done by a certain date” so, we spent a lot of time on Google.

Participants also expressed discomfort in interacting with individuals who used accessible tech-
nologies. Students had little knowledge of what people with disabilities actually needed and how
to communicate with them. This information could not be easily found in online resources, for
example. P15 shared that they were interested in the communication between students who were
deaf and hearing, but that doing a project on the topic would be difficult because of the unknown
etiquette:

I don’t really know how to label how deaf a person is. What do I talk to them about?
How would I communicate with them?. . . So, kind of on that level. If I need to take out
my phone to write a message to them, or if I need to mouth words, if they can read
lips really well, then sometimes things like that we can work out. . . I guess I would
want to know how comfortable the deaf or hard of hearing person would feel in that
case.

The assumption that accessibility should be learned on their own was further reinforced by the
lack of accessibility requirements throughout the curriculum, as will be discussed next.

Not required to consider accessibility: Participants also held the self-expectation that accessibil-
ity should be learned on their own due to a lack of emphasis on person-centered topics (accessibil-
ity, usability, etc.) within educational and workplace settings. Participants indicated that they only
considered accessibility when it was required of them, and they noted that there was no explicit
mention of accessibility within any software development process (e.g., waterfall, agile), whether
in coursework or in internships. Instead, there was a focus on meeting functional requirements
and satisfying the needs of stakeholders. For instance, P7 indicated that they were not driven to
apply accessibility in course projects when it was not required:

Well, I’m going to do the requirements for the class project and I’m not going to try to
go super above and beyond. Like, it’s not going to matter. Just as long as you get the
A, a 96 or a 99, it doesn’t matter either way.

Similarly, in workplace environments, students did not create accessible technologies unless it was
explicitly required. Seven out of fifteen students considered accessibility during their internship,
and all of them did so because it was required of them. For example, when P14 was asked what
motivated them to consider accessibility during their internship, they replied, “It was my job,”
and that they had to follow their manager’s instructions. P16 also explained how they created an
accessible website during their internship because:
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We had to create a website with 508 compliance1 in mind which is like dealing with
screen reader technology.

Outside of compliance, participants mentioned that they did not tend to think about
accessibility, nor did they see it as a high priority issue. P1 described how accessibility was
not fundamental for the software development process:

Probably because we just don’t really think of [accessibility]. When we are going to
create those applications, it’s easy to [have] tunnel vision with what you know. Like,
I don’t have disabilities, so I don’t think about it. I feel like that is the main issue, that
a lot of people don’t think about the situation of others.

In fact, P3 self-disclosed as having a disability and shared a similar view:

Well I know because I am color blind, like red green deficient, I do look out for those
things only because it helps me also.

Overall, the consideration of accessibility was encouraged in coursework and internship expe-
riences. Students also did not consider accessibility-related skills as necessary for their career
prospects, as we show next.

Not seeing it as important for career preparation: The third major factor that dissuaded stu-
dents from learning about accessibility was the impression that accessibility was not an essential
skill for a career in computing. Twelve of the sixteen participants expressed that accessibility was
necessary in select “front-end” development roles or domains only, e.g., healthcare, government, or
access services. When P5 was asked whether they thought that all their peers would be applying
accessibility in their careers, they replied:

Probably not, only because there are a lot of people who have a strong focus on backend
implementation. While there are minor implementations of accessibility within the
backend, it tends to be a front-end focused discipline. At least that is my view.

Participants also explained that accessibility would not be a priority in startup companies or in-
dustry sectors where they anticipated few users with a disability. When P3 was asked whether
they foresaw themselves applying accessibility in their future career, they explained:

I would say yes, but only when it is specifically asked for or necessary. In terms of cost
of a project, when it comes to time and how it relates to money, the core requirements
are usually going to be to get the project done first, and secondary would always be
the accessibility to it. If it was designed specifically for a type of user, then it would
be designed to be dedicated for that specific user.

Students who had participated in internships—even if they were required to include accessibility—
conveyed similar impressions. Participants noticed that their co-workers did not have skills in
accessibility, nor did they appear to place a high value in implementing it. P5 described that their
co-workers did not know how to use screen readers:

I had to Google it because all the other coworkers on my team were like, “I don’t know,
we just Google it every time we need to do it too.”

1Section 508 pertains to the United States Rehabilitation Act of 1973, which requires Federal agencies to procure and

develop accessible technologies when they are available.
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Overall, participants observed that accessibility was not a necessary skill to complete many on-
the-job tasks.

5.1.2 Motivators for Learning Computer Accessibility. Although most of the participants did not
indicate motivation to learn about or apply accessibility concepts, 2 out of the 16 participants (P8,
P9) mentioned experiences that motivated them to do so. Both students weremotivated to continue
considering accessibility due to strong interactions with individuals with a disability and
mentorship in accessibility.

Strong Interactions with Individuals with a Disability: Both participants were motivated by
their in-depth interactions with individuals with a disability. Through observation and interactions
with deaf individuals, P8 learned that a limited fluency in English contributed to some having
fewer professional opportunities. P8 aimed to design an application that could help deaf individuals
improve their English:

Seeing that a lot of deaf people have potential but are limited by their English. Because
of that, they are not given a shot, even though it has nothing to do with English. This
app is a way to help them to move up somehow.

Similarly, P9 grew up around individuals with disabilities and was driven to create accessible tech-
nologies:

I grew up in an environment that had people from many different backgrounds and
disabilities . . . [T]hinking about them now, makes me want to make sure that I can
account for them.

Mentorship in Accessibility: The other major motivator for both participants was having men-
torship in accessibility. P8 completed a Research Experiences for Undergraduates (REU) summer
research program sponsored by the U.S. National Science Foundation (NSF) where accessibility
was required. During the program, multiple computing professionals discussed the role of acces-
sibility in their careers. The program also matched them with research mentor(s) who guided
them through the process. At the conclusion of the program, P8 was provided additional support
from the college to continue implementing the project, including support for pairing with other
students. This additional support from the university reinforced the importance of accessibility
within the computing domain. P9 was required to complete an independent-study course when
they transferred into the major. They were matched with a professor who had experience in acces-
sibility and who highlighted the role of accessibility within software development. This experience
made P9 more interested in the experiences of individuals with low vision after the course:

I have actually tracked a few academic papers but those primarily talk about inter-
active Braille pad, which is still not perfected [as] far as I understood from [the] user
testing. . . I have kept an eye on it though. I hope that it gets produced

These findings suggest that practices that personally engage students, and run counter to the learn-
it-on-your-own education approach, may leave a lasting impression on students (e.g., one-on-one
assistance from instructors). In addition, these results highlight the role of extrinsic and social
motivations in students’ decision to further their skillset in accessibility (building relationships
with established professionals who apply accessibility, university encouraging accessibility, etc.).

5.2 Student Preferences towards Accessibility Computing Education

During the interviews, we also asked students to reflect on their educational experiences, re-
sources, or training on particular topics that might have contributed toward increasing their
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Table 2. The 21 Recommendations on Accessibility Education Assembled from 16 Interview Transcripts

Category Recommendation from Participants in Our Study RelatedWork on this Topic

Topics for
Learning
Accessibility

Gathering software requirements related to accessibility [34]

Disability etiquette [34]

Incorporating accessibility in the software development cycle [44]

Deaf culture [33]

Accessibility devices [40]

Authoring website content [25, 49, 63, 68]

Testing software for accessibility [44]

Communication preferences of different individuals with a
disability

[34]

Resources Examples of accessible technologies or past projects [31]

APIs or programming frameworks with accessibility features [57]

Books or websites on accessibility [24, 39, 44, 61]

List of professors that specialize in accessibility -

Guest speakers with a disability [62]

Inclusive design and assistive technology as part of the HCI
curriculum

[42, 48, 63, 68]

Online courses or tutorials [56]

Organizations that support individuals with a disability [28]

Course

Structure

Add accessibility requirements within my existing
coursework and classes

[38, 43, 44, 62]

Add a required accessibility course for my degree [19, 44]

Create an elective course that counts towards my major [6, 44, 52]

Ability to take courses outside the college that count towards
my major

[48]

motivation to apply and learn more about accessibility. Students provided a total of 21 recommen-
dations: 8 topics for teaching accessibility, 9 resources for learning accessibility, and 4 ways to
structure accessibility within the curriculum. These 21 recommendations also aligned with prior
studies on accessibility education, as outlined in Table 2.

6 PHASE 3: SURVEYS

The 16 interview participants mentioned a variety of topics, resources, and course structures
that they believed would have engaged them in topics of accessibility. Of course, students are not
experts in designing university curricula, but educational researchers may find it useful to under-
stand the opinions and perspectives of students about various topics or educational interventions.
While our interview methodology in Phase 2 had enabled us to collect these various suggestions
from a small number of participants, we believed that these findings may be more useful for the
research community if we could reach out to a larger number of students who could indicate their
interest in these suggestions. To investigate this, we conducted a survey of 114 additional final-year
computing students. The 16 interview participants did not participate in the survey.

6.1 Methodology

Survey responses were collected from 114 undergraduate students during March and April 2019
at Rochester Institute of Technology at which the prior phases of the study had occurred. For
participation, students were required to bewithin one year of completing their degrees. The survey
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participants had not necessarily been enrolled in the HCI course two years prior, but may have had
other relevant experiences or other forms of instruction (e.g., online tutorials, external accessibility
training), whichwe could not control. Participants were recruited through email and tabling events
on the university campus, and participants were compensated with $10 for completing a 10-minute
survey. During the tabling events, multiple laptops were made available for students to complete
the survey in-person.

6.1.1 Analysis of Surveys. During six pilot studies, we found that participants ranked and scored
items differently. For instance, participants would assign high scores for multiple items but only
include two items within their top ranked choices. As such, our final analysis triangulates Likert-
scale, ranked, and open-ended questions:

• Likert-scale items:We collected Likert-scale responses (range: 1 = strongly disagree, 3 =
neither agree nor disagree, 5 = strongly agree) of agreement with the statement, “I believe
this [Topic/Resource/Course structure] would be important in preparing me to create ac-
cessible technologies in my career.” To minimize ordering effects, all suggestion items were
randomized per participant. In analyzing these responses, we conducted three Kruskal-
Wallis H Tests for each category (Topic, Resource, Course Structure). A follow-up pairwise
Dunn’s post hoc analysis, with a Bonferroni correction, was also conducted to isolate the
items that were significantly different from one another.

• Ranked questions:After students assigned Likert-scale agreement responses to each item,
they were asked to indicate their top three choices: “Please indicate the top three items
above that you believe would best prepare you in creating accessible technologies in your
career.” A weighted average was calculated to identify the overall top choices among the
survey respondents. The lowest rankingwas assigned a weight of 1 and the highest a weight
of 3. As a result, the range of possible weighted average scores was a minimum of 0 and a
maximum of 3.

• Open-ended responses: Two researchers independently coded the open-ended responses
to “Please explain why you chose the three items above” through descriptive annotations
[40]. The findings were discussed and compared by the researchers to further understand
students’ preferences.

6.2 Results

A total of 114 students (96 male, 16 female, 2 non-binary) completed the survey. The majority
of survey participants (78.9%, n = 90/114) indicated that in the past, they had an opportunity to
interact with someone with a disability. The questionnaire did not ask about the strength or du-
ration of the relationship/interaction. Of the respondents, 75 were majoring in Computer Science,
19 in Software Engineering, and 20 in Information Science & Technology. It is important to note
that the backgrounds of Computer Science and Software Engineering students overlap, as 3 out
of 7 core first-year courses are the same. Furthermore, the Information Science and Technology
degree shares instruction on overlapping concepts to the Computer Science and Software Engi-
neering curriculum, such as courses in object-oriented programming, web and mobile computing,
and data modeling.
In an analysis of students’ Likert-scale preferences, we found that all categories resulted in

significant differences between at least one pair of items (Table 3). In the next subsections, we
analyze students’ preferences in detail.

6.2.1 Topics for Teaching Accessibility. Of the eight student suggestions for topics for teach-
ing accessibility, the top three items were: testing software for accessibility (x̄ = 1.377), gathering
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Table 3. Kruskal-Wallis H Test Found All Categories

Contained a Significant Difference between

at Least Two Items (α = 0.05)

Category Test Statistic p-value
Topic χ 2(7) = 76.004 p<0.001*

Resources χ 2(8) = 197.740 p<0.001*
Course Structure χ 2(3) = 62.692 p<0.001*

Table 4. Dunn’s Test Indicated That the Top Four Resources Preferences Were Significantly

Different from Most Lower Ranked Items (α = 0.05)

APIs Examples Guidelines
Evaluation

Tools Professors Tutorials Books Speakers
Local
Orgs.

APIs p=1 p=1 p=0.208 p<0.001* p<0.001* p<0.001* p<0.001* p<0.001*

Examples p=1 p=1 p<0.001* p=0.516 p<0.001* p<0.001* p<0.001*

Guidelines p=1 p<0.001* p=0.163 p<0.001* p<0.001* p<0.001*

Tutorials were not rated as significantly different from examples and guidelines on accessibility.

software requirements related to accessibility (x̄ = 1.298), and incorporating accessibility in the soft-
ware development life cycle (x̄ = 0.833). A Dunn’s test of the Likert-scale responses indicated that
there were significant differences in the satisfaction scores between testing software for accessibility
and every Topic category except gathering software requirements related to accessibility (α = 0.05).
These results corroborate the interview findings, whereby students mentioned a lack of prioriti-
zation in identifying and incorporating accessibility requirements into the development process,
as well as a lack of detailed guidance on what is necessary to accomplish this.
In the open-ended question, students explained that they desired “practical learning” tools that

could be directly applied to software. Students were not as interested in reasons behind acces-
sibility practices, instead wanting vetted tools that could be used in development. One survey
participant explained:

As important as understanding disability background and culture is, Software Engi-
neers need to rely on development tools to create technology that the disabled can use.
It is easier to follow specifications than to understand the reasons behind the inclusion
of said specifications.

Students also explained that lower ranked Topics would be “unnecessary and unproductive,” be-
cause they (1) can be “learned outside of the classroom” and (2) would not produce more tangible
results, because “merely examining these topics without applying them to software requirements and
testing would not result in better technologies for those with disabilities.”

6.2.2 Resources for Learning about Accessibility. The top three preferred resources among stu-
dents were: APIs or programming frameworks with accessibility features (x̄ = 1.535), examples of
accessible technologies or past projects (x̄ = 1.246), and accessibility guidelines and regulations (x̄ =
0.877). The Likert scale responses supported the ranked findings, whereby there were significant
differences between the three top rated choices and the five lower rated choices. As seen in Table 4,
there was no significant difference between the fourth-place option, evaluation tools, and the top
three ranked items.
The top choices were consistent with the interview findings: Students preferred resources that

could support them if they had to learn content on their own. Students preferred quick solutions,
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Table 5. Dunn’s Test Indicated That the Top Course Structure Preference (an Elective

on Accessibility) Was Significantly Different than All Other Options (α = 0.05)

Elective Existing Coursework External Course Major

Elective p = 0.001* p = 0.006* p<0.001*

Existing Coursework p = 1 p<0.001*

External Course p<0.001*

The second highest-ranked choices (existing coursework and an external course) were not significantly different.

such as “built-in accessibility features” in APIs or programming languages, “online simulators,”
guidelines, and automated evaluation tools that would diminish the need of having “someone [with
a disability] there to evaluate it for you.”
Some participants also viewed the lower-ranked, more human-centric, items as backup or sec-

ondary resources. They did note these resources were “good and important to have” but believed
that “students [would] not use them or not be as interested in them, preferring to learn by example
and documentation, as well as having online validators.”

6.2.3 Course Structure. For the Course Structure category, the top three items were: create
an elective course on accessibility that counts towards my degree (x̄ = 2.266), add accessibility
requirements within existing coursework and classes (x̄ = 1.706), and ability to take courses outside
the college that will count towards my degree (x̄ = 1.422). In the Likert-scale responses, the option
for an elective course on accessibility was significantly different from all other options, as seen in
Table 5 (α = 0.05).

In the open-ended questions, participants explained that they would want to take a class
on accessibility only if they were “truly interested” in learning more and did not want
to be “forced to learn more about it.” Participants indicated that accessibility was “irrelevant to
their majors” and that an elective would allow their peers to learn more if they wanted to. One
participant explained:

Requirements get pretty iffy, personally I don’t like required courses when they are
absolutely irrelevant to my degree/major. However, if someone was passionate about
creating accessible technologies, and it was within the scope of the field they want to
work in, [then] they would “want” to take these courses.

Another participant mentioned:

As important as accessibility is, not everyone is planning to work in jobs or fields that
work with accessibility technologies, so I would err on the side of making the course
materials an elective rather than required.

These results are accordant with the interviews: Participants were not motivated to learn about
accessibility, because they did not see accessibility as an essential skill in all computing careers.

7 DISCUSSION

In this section, we describe the results for each of our research questions (R1, R2, and R3) in the
context of prior research literature.

R1:Towhat degree do computing university students consider accessibility—
several years after receiving instruction on accessibility, as they approach
graduation?
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In interviews, we found that the degree to which students considered accessibility, several years
after instruction, was low: students did not tend to think about accessibility and the only tem-
porary change to this phenomenon was when accessibility was required. When accessibility was
not required, students reported choosing to create technologies for individuals with similar char-
acteristics to themselves.
There were two exception cases, however: One student worked on a project targeted at individ-

uals who were deaf or hard of hearing, and the second student completed a project considering
individuals with low vision. Although their projects were initially required for their internship or
degree, both students continued their learning by collaborating with other students or researching
articles online.
Our findings are consistent with prior work reporting a prevalence of computing students con-

sidering accessibility as an afterthought [10, 16, 41, 44], in addition to short-term studies where
students did not apply accessibility knowledge when it was not required [34, 35]. Whereas surveys
of university professors indicate that lectures are predominantly used for accessibility instruction
[53], our findings suggest that these methods may not be effective at motivating students to con-
sider accessibility beyond satisfying compliance standards when required to do so. Addi-
tional research is needed to ascertain how other types of educational interventions can build upon
the findings from this study, such as how integrating accessibility more substantially throughout
a computing degree curriculum could shift expectations among future members of the computing
profession as to the need for considering accessibility in their work.

R2: What do these students believe motivated or dissuaded them from con-
sidering accessibility?

There were three main “detractor” factors that prevented 14 out of the 16 interview participants
from considering accessibility: challenges from the learn-it-on-your-own approach in computing,
not being required to consider accessibility, and not seeing it as important for career preparation. Stu-
dents did not indicate that internships on accessibility nor short-term experiences with
individuals with a disability motivated them to broaden their skillset in accessibility.
Students described an expectation that computing students and professionals needed to learn

things on their own; many perceived that the primary role of professors (in an educational con-
text) or managers (in a work context) was to give requirements. Students expressed discomfort in
approaching others for help, especially professors and individuals with disabilities. Without men-
torship, students sought accessibility-related information through online resources that lacked the
human perspective. The use of online resources is in line with prior work on computing students’
and professors’ tendency towards introverted learning strategies [11, 13] and the use of Internet
sources [17, 37]. Prior research indicates that relying solely on online accessibility resources can
be problematic, since guidelines may provide limited insights [27, 58] and automated evaluation
tools may be unreliable [59].
Students were also dissuaded from considering accessibility due to a lack of requirements and

emphasis on the topic. Such discouragement has also been found in prior surveys of computing
instructors, who report a lack of emphasis on accessibility in U.S. curriculums and limited support
by administration [53]. Instead of focusing on user needs, computing topics are more likely to
emphasize functional requirements to optimize the system [10]. The participants of our study also
focused on functional requirements, prioritizing what was in the rubric without allocating addi-
tional time for accessibility features. This approach continued into internships, where participants
indicated that they did not apply accessibility unless it was explicitly required.
The final major factor that dissuaded students from considering accessibility was that they did

not see it as an important skill in preparing them for their careers. The participants of our study
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saw accessibility as a specialization that would be used in select computing sectors. Even when
accessibility was required in internships, students described their co-workers placing a low value
in accessibility-related tasks. Students’ prioritization for learning job-related skills has also been
identified in different university settings [26, 36]. Theories on engineering students’ motivation
further support these findings, emphasizing the importance of targeted learning for perceived
career value [55].
The importance of personally engaging students in an environment where accessibility was em-

braced, was underscored by the experiences of the two participants who were exception cases in
our study. Both students had experiences that ran counter to a learn-it-on-your-own approach:
They reported having mentors with knowledge of accessibility and in-depth interactions with in-
dividuals with disabilities. Although both students were required to apply accessibility for their
work, they continued to boost their knowledge in accessibility after project requirements were
met. We note that their specific experiences may have facilitated a sufficient combination of ex-
trinsic (i.e., mentor support, reinforcement of career roles [15, 32]) and intrinsic (i.e., meaningful
personal interactions with disabled individuals [10]) motivators to encourage the students to keep
integrating accessibility. Whereas motivation theories indicate that extrinsic motivation
may be less effective than intrinsic motivation [5], our findings suggest that extrinsic
factors must be addressed first (e.g., survey participant noting “As important as accessibility is,
not everyone is planning to work in jobs or fields that work with accessibility technologies.” ).
In summary, our findings suggest that the current computing profession relegates accessibility

as an afterthought, and this played out in students’ understanding of what was expected of them: to
seek solutions on their own, working independently from others; to develop optimally performing
solutions, absent human considerations. Above all, these expectations aligned with students’ brief
experiences of the “real world” when their internships modeled similar cultural aspects: little was
expected of them to include accessibility beyond compliance, and even then, seeking accessible
solutions was an isolating and ad hoc task.

R3: What educational resources or instructional methods do students wish
they would have had to better prepare them to create accessible technologies,
and what does this reveal about students’ attitudes and motivations about
accessibility?

From our analysis of the interview transcripts, we had observed that our 16 participants had of-
fered a wide variety of suggestions in regard to which accessibility topics they would have liked to
learn more about, to which types of information resources they would prefer, and to which course
structures they preferred. To help us to make sense of these recommendations and to determine
how prevalent these views might be among computing students, we had decided to reach out to a
larger number of students through a survey. Although students are not experts in curriculum de-
sign and their preferences do not necessarily represent what future accessibility education should
follow, asking their opinions about how accessibility should be taught can serve as a useful probe
for understanding their perspective. We therefore conducted a survey of 114 senior-level students
to investigate their agreement with suggestions about educational topics or resources that had
been raised by the interview participants.
The results of the survey indicated students were most interested in accessibility topics that

could be readily applied to software and that would support them in a learn-it-on-your own ap-
proach. The top three topics suggested by studentswere related to testing software for accessibility,
gathering software requirements, and incorporating accessibility in the software development cy-
cle. These results are consistent with the recent work of Crabb et al., which indicates that students
in the U.K. wanted simple methods to implement accessibility, such as having accessibility “baked
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in” to software libraries [14]. Students were less interested in topics that were not hands-on or that
focused on motivations for accessibility, as students believed those topics could be learned outside
of class. Hands-on projects may be one opportunity for students to interact with individuals with
disabilities, e.g., with instructors introducing end-users with a disability to students [20, 34].
After suggesting resources and topics on accessibility, survey participants indicated their opin-

ion that accessibility should be taught as an elective course (significantly preferred by students
to other options, as had been shown in Table 3). This preference for accessibility to be taught as
an elective may reveal something about students’ attitude toward this topic, i.e. suggesting that
they did not consider accessibility as a necessary skill. In an analysis of the open-ended responses,
students indicated that accessibility would not be relevant for all computing students. They ex-
plained that if accessibility were to be offered via an elective course, then a subset of their peers
who wanted to specialize in accessibility would have an opportunity to study the topic.

It is important to note however, that these educational resources and instructionmethods
do not address the root issue.Although students (in our survey) indicated a preference for infor-
mation resources for self-learning and for having accessibility as an elective course, each of these
preferences actually relate to two factors identified in our interview study as detractors from stu-
dents considering accessibility: the learn-it-on-your-own approach in computing and not seeing it as
important for career preparation. This contrast between what students are asking for and what may
actually positively influence their long-term views on the importance of accessibility is striking.
This suggests that to engage students in instructional content on accessibility, instructors must
first address social and extrinsic factors that reinforce the importance of accessibility in comput-
ing. The impact of such extrinsic factors may explain why in prior work, instructors have found
accessibility lectures to be effective at imparting knowledge and skills in the short-term [26, 30,
37], but have also found instances in which students did not apply accessibility concepts without
having been required to do so [30, 32]. These social and extrinsic factors may also contribute to the
well-established phenomenon of students considering accessibility as an afterthought [16, 41, 44].

8 LIMITATIONS AND FUTURE WORK

One limitation of this study is that it has only been conducted at one university in the northeast-
ern U.S., and additional research would be needed to replicate this study at other universities to
determine the degree to which the findings should be generalized. In addition, while it may be
interesting to consider which topics or educational interventions students express an interest in
(as in our survey study), this should not be taken as a specific recommendation for instructors
to follow. Instead, additional research is needed on the efficacy of these various intervention op-
tions, but future researchers may find inspiration or guidance in their selection of interventions
to evaluate, based on the results of this survey.
There is also additional information that, in retrospect, we would have liked to have captured

from survey participants: For instance, it may have been interesting to ask about the nature of prior
internship experiences (e.g., whether it tended to focus on front-end or back-end technologies).
Gathering a wider set of information about the prior experiences of respondents to the survey
may have enabled an analysis of responses partitioned on sub-groups who had shared common
workplace or educational experiences. In future work, a larger analysis could be conducted to
better understand whether particular previous educational or internship experiences may shape
the opinions of students about various accessibility educational interventions.
Although the analysis of interview data in this study revealed some extrinsic factors that may

have influenced (both positively and negatively) students’ motivation to consider accessibility, a
future study could specifically focus on such factors. For instance, a future study may examine
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some of the types of experiences identified among the exception cases in our interview study (the
students who reported strong motivation to consider accessibility in their work), e.g., whether
participation in a project mentorship activity (e.g., NSF Research Experiences for Undergraduate
Students) influences students’ interest in maintaining their knowledge of accessibility.

9 CONCLUSION

In summary, this mixed-methods study investigated the degree to which university students
considered accessibility, several years after completing a required Human-Computer Interaction
course in their degree program. While use of accessibility lectures during a required course in
this study is consistent with educational guidelines [2], ABET requirements [1], and short-term
recommendations of researchers [35], our study has revealed that, in the long-term, this type of
educational intervention does not motivate students to further their knowledge in accessibility. In
the long-term, multiple social and extrinsic factors may dissuade students from further developing
their skills in accessibility.
In addition to transferring technical skills to students, this study suggests computing degree pro-

grams should foster an environment in which accessibility and inclusion is prioritized, to engage
students in the topic (e.g., through 1-1 support, requirements throughout the curriculum, exposure
to computing experts on accessibility, gaining meaningful relationships with diverse populations).
Prior work has focused largely on the short-term analysis of interventions in individual courses,

and the findings of this study provide a longer-term analysis of accessibility teaching methods
across multiple courses, which contributes to the existing literature on accessibility in computing
education. Our findings provide a baseline for future research considerations to understand how
factors outside the classroom may shift students’ attitudes and understanding about accessibility.
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