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Abstract

While more universities are including IT accessibility in their computer science programs for undergrad-
uate and graduate students, there is little accessibility training available for K-12 teachers. We created an
intervention through which postsecondary students had opportunities to experience five computer games
with a simulated impairment (color-blindness, auditory impairments, physical disabilities, blindness, or
low-vision); first they played the game that was inaccessibly designed and then they played a version that
was accessibly designed. The activity ended with a discussion of accessible design techniques. We tested
the intervention with 18 teachers who were students in a university web development course that was part
of their computer science training. Results show that teachers were very receptive to including accessibility
topics in their future classrooms and thought the intervention was an effective method for teaching high

school, middle school, and elementary school students about accessible design.
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Introduction

There are over 1 billion people living with dis-
abilities in the world (World Health Organization,
2011), yet many computer interfaces are inaccessible
(WebAIM, n.d.). Applying web accessibility guide-
lines ensures that “websites, tools, and technologies
are designed and developed so that people with dis-
abilities can use them” (W3C, n.d.). Web accessibility
not only helps those with disabilities but can lead to
better experiences for anyone (Schmutz et al., 2016).

To address inaccessible design issues, accessibility
topics have been integrated into some university-level
computer science (CS) and engineering programs (Car-
ter & Fourney, 2007; Keates, 2015; Kurniawan et al.,
2010; Martin-Escalona et al., 2013; Wald, 2008), and in
particular some are seamlessly integrated in web design
courses (Harrison, 2005; Rosmaita, 2006; Wang, 2012)
in which students are already learning about design.
However, to the best of our knowledge there is a lack
of accessibility modules implemented at the university
level for pre-service or in-service teachers.
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In the United States, in 2016, President Obama
created the CS for All initiative with a goal that all
K-12 students will learn CS (Smith, 2016). Therefore,
more opportunities to learn CS topics were offered to
K-12 students (Chen et al., 2017), and some teach-
ers were trained through professional development
workshops (Pollock et al., 2017). In addition, uni-
versity-level CS courses were developed for future
teachers (Adler & Beck, 2020) and current teachers
(Joshi et al., 2019). We argue that in addition to cod-
ing and computational thinking, the CS for All move-
ment should promote the inclusion of accessibility
topics in the CS curriculum offered to K-12 teachers
as well. Such efforts have the potential to foster a bet-
ter understanding of accessibility barriers and solu-
tions for students in K-12 education.

Including accessibility topics in courses often in-
cludes activities which raise awareness of accessibil-
ity challenges and promote empathy for people with
disabilities (Putnam et al., 2015). One method for in-
spiring empathy while teaching about accessibility is
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through simulations (EI-Glaly et al., 2020; Keates &
Looms, 2014) through which students interact with
software simulating a disability.

However, disability simulations must be carefully
formulated. Some uses of simulations have been crit-
icized because they do not improve attitudes towards
people with disabilities (Nario-Redmond et al., 2017)
and fail to address coping strategies that people with
disabilities have developed and the long-term effects
of facing social and physical barriers (French, 1992).
In addition, while simulations may promote sensitivi-
ty to the limitations people with disabilities face, they
often do not share accessible design practices and
how to apply universal design (UD) principles (Burg-
stahler & Doe, 2004).

We introduce disability simulation games at the
university level for K-12 CS teacher training that not
only simulate inaccessible design for people with dis-
abilities, but also provides tips and suggestions for
good designs for all. In particular, they are geared
toward motivating the application of the basic princi-
ples of universal design for designing for all regard-
less of a person’s ability or other factors (Connell et
al., 1997). They also highlight the specific Universal
Design for Learning (UDL) principles for presenting
content in different ways so it is usable by more peo-
ple (CAST, n.d.). Our simulations, which are present-
ed as engaging and competitive games, demand no
prior CS or HTML knowledge and can therefore be
used to train K-12 teachers and students.

Depiction of the Problem

A lack of inclusion of accessibility training in
K-12 education leads to students learning to pro-
gram without thinking about the needs of their target
users, furthering the development of software that is
inaccessible for people with disabilities that excludes
them from its use. To remedy the lack of accessibility
in K-12 classrooms, we begin with inclusion of acces-
sibility in CS teacher training in postsecondary edu-
cation. We tested disability simulation games, which
were effective in motivating students towards acces-
sibility in CS undergraduate courses (Kletenik and
Adler, 2022), in a university web development course
taken by K-12 teachers who teach or plan to teach CS.

This work is novel with respect to introducing
accessibility topics and training into teacher educa-
tion. Through the inclusion of accessibility topics
in teacher training, teachers will be able to integrate
some of these concepts in their own K-12 classrooms
through age-appropriate activities, such as computer
games and simulations. This advancement will em-
power students to develop empathy for people with
disabilities and to begin to take steps towards making
software more accessible to everyone.

Our research questions are as follows:

1. Does participation in an intervention that in-
cludes disability simulation games increase
empathy towards people with disabilities
and knowledge of accessible design with re-
spect to IT?

2. Will K-12 teachers consider including inter-
ventions that use simulation games in their
future CS classrooms?

3. What changes would need to be made to these
college-level activities to make them fitting
for K-12 classrooms?

4. Is the inclusion of IT accessibility topics ap-
propriate for elementary, middle, and/or high
school students?

5. How do participants feel and perform when
simulating disabilities both with and without
accessibility options?

Setting and Participants Demographics

Eighteen teachers (14 female and 4 male) were
enrolled in a web development course at Northeast-
ern Illinois University that was offered remotely over
Zoom. These teachers (eight elementary, eight mid-
dle school, and two high school) were a cohort taking
18 credit hours of study in CS, which count toward
the state endorsement to teach CS. Ten (55%) were
White, four were Black/African American, three
were Hispanic/Latino, and one was Asian. Fifteen
of the teachers taught various STEM (science, tech-
nology, engineering and mathematics) related cours-
es, one was in special education, one taught English
Language Arts (ELA), and one was a Diverse Learner
Teacher. Twelve of the teachers (67%) currently in-
cluded CS topics in their classrooms. Sixteen (89%)
reported knowing someone with a disability. All par-
ticipants completed each activity on their own com-
puters within a 1 hour and 15-minute class session.

Description of Practice

We created five accessibility games simulating
the following disabilities: color blindness, auditory
impairments, physical/motor impairments, blindness,
and low/blurred vision. Each game has 4 rounds: (1)
Game mode with no simulated disability, (2) Simula-
tion mode, in which the player plays with a simulat-
ed disability, (3) Game+accessibility mode, with no
simulated disability and the game is accessible, and
(4) Simulation+accessibility mode, where the player
plays with a simulated disability and the game is ac-
cessible. Our games are free to the public and can be
accessed at gooddesignforall.com.

The games feature balls of red, green, and yellow
that move across the screen. Players are told to “pop”
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ared or green ball. If they succeed, they get a point; if
not, the computer gets the point and the player loses a
point. After a ball is clicked, another color is chosen
and gameplay continues until the time limit of 30 sec-
onds per round is reached.

Table 1 shows what happens in simulation mode
(Rounds 2 and 4) and with the addition of accessibili-
ty features (Rounds 3 and 4). The purpose of Round 1
is to allow the user to try out the game before entering
simulation mode. Round 3 was included to show par-
ticipants how designs would look with accessibility
features for someone without that disability, and to
counter the misconception that accessibility features
reduce usability for people without disabilities, since
players can observe that the game was just as fun to
play when it is accessible.

Evaluation Measures and Outcomes

We created pre- and post-surveys asking questions
relating to participants’ attitudes about stereotypes to-
wards people with disabilities, whether the teachers felt
the intervention would be helpful for teaching IT ac-
cessibility in K-12, whether they would use the games
in their courses, and any modifications they deemed
necessary to make it appropriate for the K-12 level. We
also collected in-game metrics denoting performance
and sentiment to measure the impact of disability sim-
ulations on the players. Performance was measured
as a binary value where 1 indicates that they won the
round. After each round, participants were prompted

Table 1

Games and Rounds

to select one predefined sentiment that reflected their
feelings about that round. We measured this too as a
binary value of positive vs. negative (e.g., “fun” is pos-
itive while “frustrating” is negative).

After the participants gave informed consent, the
pre-game survey was loaded, followed by the five
games, and lastly, a post-game survey. At the end of
each of the five games, participants were brought to
a tips page which displayed information on creating
accessible content for people with that disability, thus
enabling reflection on the experience and teaching
about designing for people with that disability. Fur-
ther, after completing the activity and post-survey, we
followed up the activity with a short lecture and dis-
cussion on Web accessibility to reinforce the concept
to the teachers, which we encouraged they impart
to their students, on how to create websites that are
usable for people with disabilities.

To address our first research question and exam-
ine whether disability simulation games increase em-
pathy towards people with disabilities and knowledge
of accessible design with respect to IT, we considered
the responses to the pre- and post-survey questions
regarding stereotypical attitudes towards people with
disabilities. The questions, depicted in Table 2, were
asked on a 5-point Likert scale (1 = strongly disagree
to 5 = strongly agree). These questions were adapted
from a survey about stereotypes of elderly people and
technology (Carmichael et al., 2007) and used previ-
ously in evaluating our simulation games on college

Game Simulation Game + Accessibility ~ Simulation + Accessibility
Mode Mode Mode Mode
Colorblind Play the ball Cannot Letter written in each ball ~ Simulates colorblindness.
popping game  distinguish (e.g., R for Red) Letter in each ball too

colors of balls

Auditory  Colortopopis  Cannot hear the
heard instead of color to pop
on screen.
Physical  Play the game Mouse becomes
shaky
Visual Play the game Cannot see the
game. Black
screen
Low Play the game Blurred vision
Vision

Words (e.g., Pop Red) are
written on the screen

Keyboard navigation
included

Keyboard navigation with
audio announcing the color
of the selected ball

Can magnify the screen to
remove bluriness

Simulates deafness. Words
(e.g., Pop Red) are written
on the screen

Mouse is shaking.
Keryboard navigation is
available

Simulates blindness.
Keyboard navigation with
audio is available

Blurry screen. Can
magnify
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Table 2

Pre- and Post-Attitude Questions

Attitude Towards People with Disabilities

Most current interfaces are easy for most people to use.
People with disabilities are not interested in new technology.

If a person with disabilities has difficulty with technology, there will usually be someone around who can help.

Most developers don't need to worry about providing technology suitable for use by people with disabilities.

students (Kletenik and Adler, 2022). We compared
pre- to post-survey results using a two-tailed Wilcox-
on signed-rank test and found statistically significant
changes in the pre- to post-responses for the attitude
questions. The pre-median of the average attitude
response decreased (indicating greater disagreement
with negative attitudes) from 2 to 1.75, p = 0.005,
with a large effect size (r = .66); therefore, we note
statistically significant changes with a large effect
size in improving the attitude of participants towards
people with disabilities.

Student comments that support this increased
awareness of accessibility issues and knowledge of
how IT can be made more accessible to people with
disabilities include the following:

* "l think this game gives insight into situations
that many know about. This allows others to
know and empathize about their concerns and
need to be heard.”

e “This does a great job of putting you in the
shoes of someone with a disability. Once that
happens it give[s] some ideas for solutions
but also opens the door for new and more in-
novative solutions from our students.”

To address our second research question, and
examine whether K-12 teachers will consider using
activities that include these types of games in their
future CS classrooms, we examined survey respons-
es that showed that 16 participants (89%) agreed or
strongly agreed that if they were to teach CS topics
they would likely use a game as part of their curricu-
lum for teaching about accessibility.

In terms of these games, 16 participants (89%)
agreed or strongly agreed that they would use them
in their classroom. In addition, a high percentage of
teachers agreed or strongly agreed that these games
would be useful for teaching accessibility in high
school (n = 17, 94%), middle school (n = 17, 94%),

and elementary school (n = 15, 83%). Supporting
comments included the following:

e “Students as young as K can understand that
students with certain impairments may need
additional resources and accommodations for
successful computer learning.”

We also asked participants what changes we
would need to make to these college-level accessi-
bility games to make it fitting for K-12 classrooms
(see our third research question). While participants
seemed to find the games suitable for K-12, their con-
cerns were primarily in terms of our instructions be-
fore each round. Participants suggested that we make
it easier for children to absorb the instructions, since
they may gloss over the reading. Some responses in-
cluded the following:

*  “There are a lot of instructions and [they] are
very wordy. [L]ittle children may skip the
reading and not get all the instructions.”

« “Everything was pretty clear except students
will need to have the ability for directions to
be read to them...”

*  “YES. | realized that the instructions come
in bulletin form. Nevertheless, | missed the
instruction about what color needed to be
popped under the timer.”

To address our fourth research question, and ex-
amine whether the inclusion of accessibility topics
was appropriate for K-12 students, we looked at an-
swers to survey questions and found that a high per-
centage of teachers agreed or strongly agreed that
teachers who teach CS should include accessibility
topics in high school (n = 17, 94%), middle school
(n = 16, 89%), and even elementary school (n = 16,
89%). Teachers were overwhelmingly positive about
including accessibility topics at all levels.
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In order to examine our fifth and final research
question, how performance and sentiment were im-
pacted when simulating disabilities both with and
without accessibility options, we looked at the num-
ber of wins and positive emotions from Rounds 2, 3,
and 4. Round 1 was removed from analysis since it
was used primarily as a practice round and was al-
lowed to be skipped in later games. Two participants
were removed from the auditory game analysis due to
technical difficulties with audio.

We used the sentiment chosen by the user in each
round to ascertain whether participants had more neg-
ative emotions in Round 2 (simulation mode) than
Rounds 3 and 4. A Cochran’s Q test showed there
were significant differences for emotions for all the
games (p < .0001); follow-up pairwise McNemar
tests showed that this difference was because emo-
tions reported on second rounds were significantly
more negative than in Rounds 3 and 4 (p < .05).

In terms of performance, we similarly compared
participants’ scores in Rounds 2-4 and found sig-
nificant differences in performance for all but the
physical game (p <.0001), with Round 2 having sig-
nificantly lower scores than Rounds 3 and 4 (p < .05).
Note that similar to Kletenik and Adler (2022), par-
ticipants were still able to win Round 2 of the physi-
cal game (with the shaky mouse), and therefore there
were no significant differences in percentage of wins,
though reported sentiment was lower for that round.
In the case of Visual, performance in Round 4 (where
the game was still hidden by a black screen) was also
significantly lower than Round 3. Despite accessibil-
ity options, participants struggled with not being able
to see at all.

Implications and Transferability

The goal of our IT accessibility exercise is for
K-12 teachers who teach (or will teach) CS classes
to learn the importance of incorporating accessibility
content in their own classrooms and give ideas for ac-
cessible design for students even as early as K-12. We
found that participants were overwhelmingly positive
in their support of including accessibility, and of using
games, and particularly these games, when teaching
K-12 about accessibility. A limitation of the evalua-
tion is our small sample size. Future work is needed
to test this intervention with more K-12 teachers and
directly with students in K-12 classrooms to examine
whether accessibility simulation games can be effec-
tive with students as early as elementary school. Our
results suggest that while the games may be suitable
for K-12, the directions should be modified to make
them more age appropriate, perhaps by re-wording
them and offering a read-aloud option.

While our results show promise for including ac-
cessibility in CS teacher training, activities that include
accessibility simulations can also be considered in other
education programs. For example, one teacher wrote:
“It would ALSO be a great game to teach disability in
courses training special education teachers.” We envi-
sion expanding this work into other departments, there-
by increasing accessibility awareness at all levels.
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