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While efforts are being made to integrate coding and
computational thinking into K-12 teacher training, instruction
on designing accessible software is often overlooked. To
introduce accessibility into training for future teachers, the
authors modified a 1st-year seminar for education to include the
topic of accessibility through simulation games in a digital
literacy module. They tested their approach using a quasi-
experimental pretest-posttest nonequivalent groups with
additional comparison groups. They surveyed 25 students
across two sections of the course (one experimental and one
control) and analyzed assignment data from 70 students across
five sections (the original experimental and control groups along
with an additional control group of three more sections). They
found that preservice teachers who learned about accessibility
developed greater empathy for people with disabilities and a
better understanding of the software challenges they face. This
was not true for the control group. Similarly, preservice teachers
in the experimental group showed an increased desire to teach
both accessibility and digital literacy. There was a significant
difference in their inclusion of accessibility features in their final
project, suggesting that accessibility training can influence
education students to prioritize accessibility for an extended
period.
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Teaching kindergarten through 12th grade (K-12) students in the digital
age has brought about radical changes in the ways both teachers and
students utilize technology. As a result, teacher education must prioritize
preparing teachers to effectively utilize technology in their teaching
practices (Nelson & Voithofer, 2022). One framework for achieving this is
the International Society for Technology in Education (ISTE) Standards
(Crompton, 2023). A recent emerging objective within the ISTE standards
as well as the standards released by the Computer Science Teachers
Association (CSTA) is to ensure that all learners in grades K-12 acquire
computational thinking and computer science (CS) skills necessary to
contribute in an increasingly digital society as designers of technology
(Madkins et al., 2020). Initiatives such as Computer Science for All
(CsforAll; Smith, 2016) have been instrumental in supporting these
endeavors.

An important goal in software design today is to address the challenges
that people with disabilities face while using technology. This need has led
to the incorporation of software accessibility education into university and
college courses (e.g., Kearney-Volpe et al., 2019; Shinohara et al., 2018),
ensuring that future software developers have the skills needed to design
accessible software. However, as with initiatives such as CSforAll, we
learned that waiting until students reach the university to introduce new
topics can be too late.

K-12 education can lay the foundation for cultivating students’ interest and
skills in emerging areas, such as computational thinking and
programming (Chen et al., 2017) and can, similarly, introduce students to
the concepts of software accessibility. Just as preservice teacher education
programs are adapting their curricula to incorporate computational
thinking (Adler et al., 2023; Adler & Beck, 2020; Adler & Kim, 2018; Bean
et al., 2015; Chang & Peterson, 2018; Papadakis & Kalogiannakis, 2019),
accessibility can be integrated as well. However, while ensuring accessible
technologies is becoming an important goal in K-12 (Shaheen & Lohnes
Watulak, 2019), only a few studies to date have examined the success of
training teachers or students in accessibility at the K-12 level (Adler &
Kletenik, 2023; Kelly & El-Glaly, 2021).

To incorporate accessibility into teacher preparation for future teachers at
the university level, computer and information science professors
collaborated with education professors to integrate accessibility into a
digital literacy module for a 1st-year education seminar (FYS). This
integration involved simulated gaming experiences to illustrate barriers in
digital designs. The partnership between computing faculty members, who
include accessibility in their own courses, and education faculty, who have
expertise in K-12 pedagogy, initiates the integration of accessibility
content into a preservice teacher course and serves as a model for other
education courses.

The current research takes place within a FYS at an urban community
college in New York State. The FYS is a foundational, introductory course
required for all new education majors. It combines elements of
educational foundations, digital fluency, and college success, with the goal
of helping students navigate college resources, explore the field of
education, and begin building the skills they will need as both students and
future teachers.
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One focus of the FYS is developing digital fluency and computer science
skills, as outlined in the New York State K—12 Computer Science and
Digital Fluency Learning Standards, which all in-service teachers are now
expected to meet (New York State Education Department, 2020).
However, many teachers do not have background knowledge or a thorough
understanding of such concepts (Chang & Peterson, 2018; Yadav & Berges,
2019; Yadav et al., 2014).

To better prepare in-service and preservice teachers to integrate these
concepts and skills into their current and future classrooms, this
community college education program designed activities that introduce
these concepts and skills, including computational thinking, object-
oriented programming using Scratch (https://www.scratchfoundation.
org/), and digital literacy across the curriculum. In particular, in the FYS,
students complete a module on digital literacy during the 2nd week of the
12-week semester and a module on computational thinking and Scratch
during the 5th week. A more detailed description of the course and its
major assignments is provided in the Methodology section.

Background

Accessibility Training in CS Classrooms

Given that over 1 billion people live with disabilities worldwide (World
Health Organization, 2011), it is imperative for software developers to
learn how to incorporate accessibility in their design of software.
Inaccessible software poses barriers for users with disabilities, hindering
their ability to accomplish tasks effectively or at all.

For instance, software lacking alternative text may hinder individuals with
visual impairments from interpreting graphics; videos without closed
captions may not be comprehensible to users with auditory impairments;
and websites that rely solely on mouse navigation can exclude people with
physical or motor impairments from accessing their content. The impact
of inaccessible software on people with disabilities can be profound,
potentially leading them to forgo the use of computing devices altogether.

Designing accessible software ensures that individuals with disabilities
can fully engage in digital platforms. Many researchers have advocated for
the inclusion of accessibility training in computer science and engineering
programs at the university level, either as standalone courses or integrated
into existing classes (Carter & Fourney, 2007; Kearney-Volpe et al., 2019;
Keates, 2015; Kletenik & Adler, 2022, 2023; Kurniawan et al., 2010;
Martin-Escalona et al., 2013; Wald, 2008).

At the university level, there are a number of initiatives such as Teach
Access (Kearney-Volpe et al., 2019) that provide resources to help faculty
members include accessibility in their courses. Common pedagogical
approaches for teaching accessibility include in-class activities, hands-on
projects, and traditional lectures. Few, however, argue that educators can
begin preparing students in accessibility even earlier, starting at the K-12
level (Adler & Kletenik, 2023; Kelly & El-Glaly, 2021).
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In this work, we argue that it is vital to include accessibility topics within
K-12 education. By doing so, students can learn to prioritize accessible
design from the outset, recognizing it as a fundamental component of
software development.

Currently, students tend to regard accessibility as an afterthought in
software projects (Conn et al., 2020; Edwards et al., 2006; Patricia, 2011),
an attitude that is exacerbated by the fact that often students learn about
accessibility long after they have learned to program. Consequently,
students may find themselves needing to unlearn poor habits related to
inaccessible design. Furthermore, because research indicates that no
single intervention effectively changes student attitudes toward
accessibility in the long term (Conn et al., 2020; Zhao et al., 2020),
accessibility must be taught early and consistently to impact students. For
these reasons, including accessibility in K-12 CS education is essential for
training future software developers in accessible design. Yet, a survey of
over 2,000 preK-12 teachers found that the computing topic taught least
often was accessibility (Blaser et al., 2024).

A number of initiatives have recently been developed to introduce
accessibility within the K-12 space. For example, Kelly and El-Glaly (2021)
implemented an online accessibility module for high school students using
interactive lectures and quizzes. They found the module to be effective not
only in raising students’ awareness of disabilities and knowledge of
accessibility, but also in maintaining a high interest in pursuing a
computing degree.

Zhou et al. (2024) targeted students in grades 8-12 with a focused
accessibility module. This was followed by the work of Liu, Wang et al.
(2025) and Liu, Zhou et al. (2025), who targeted mostly middle school
students. However, to bring about true change in this area, the focus
should shift from teaching individual groups of K-12 students to
integrating accessibility directly into preservice preparation for K-12
teachers.

Teaching Accessibility vs. Teaching Accessibly

The topics of accessibility and universal design may in fact be familiar to
preservice teachers. The Universal Design for Learning (UDL) principles
(CAST, 2018) currently guide K-12 teachers to create learning experiences
that are accessible and inclusive of all learners. The UDL framework
establishes that variability is typical in learning environments and
underscores the importance of designing educational settings to cater to
the needs of diverse learners. Thus, the topic of accessibility extends the
universal design practices that teachers are already using in their
pedagogic practices.

Some studies discuss the importance of teaching computer science
concepts accessibly — that is, to students with disabilities — in K-12
(Ladner et al., 2019; Sentance et al., 2023; Stefik et al., 2019). Our goal is
to take this one step further and not only introduce the topic of
accessibility to preservice teachers so they may teach accessibly, but also
to focus on how to teach accessibility to K-12 students — that is, how to
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teach K-12 students to design software that is appropriate for the needs of
people with disabilities.

Teaching Accessibility Through Empathy

In teaching university computing students about accessibility, a major
pedagogical focus that has been identified is to help students empathize
with people with disabilities (Putnam et al., 2016) and to enable them to
comprehend the software barriers faced by people with disabilities
(Shinohara et al., 2018). The same goal manifests in teaching K — 12
students and preservice teachers. Some instructors attempt to foster
empathy using simulations, videos, and interactions with people with
disabilities (Baker et al., 2020).

Other engaging techniques include using people with disabilities as
external stakeholders on projects (Ludi, 2007; Zhao et al., 2020), persona
cards (Genaro Motti & Dura, 2021), social media posts (Motahar et al.,
2023), and even a virtual reality escape room (Mateen et al., 2023).
Empathy serves as a crucial means to heighten awareness of diverse
experiences and to contemplate perspectives that may lie beyond the
typical experiences of the designer (Zwolinski et al., 2023).

Simulations, in particular, can inspire empathy and make otherwise
unrelatable topics more understandable. Simulations have been used
successfully in K-12 computing education (Adler & Kim, 2018; Musicant &
Guzey, 2015), and accessibility simulations can help demonstrate the
challenges people with disabilities face when using technology that is
inaccessible. To ensure the effectiveness of disability simulations in
enhancing attitudes toward people with disabilities (see Nario-Redmond
et al., 2017), it is advisable to illustrate accessible design solutions, thereby
avoiding a sole emphasis on the challenges experienced by people with
disabilities (Burgstahler & Doe, 2004). Indeed, some studies have
effectively used simulations to educate university students about
accessibility and to introduce design solutions (El-Glaly et al., 2020).

Gaming too has proven to be an effective approach for teaching concepts
in K-12 education (Olano et al., 2014; Thomas et al., 2019). In fact, some
scholars have suggested leveraging gamification as a method to teach
accessibility (e.g. Lorgat et al., 2022; Spyridonis et al., 2017). In this work,
we chose to use a series of accessibility simulation games to teach a class
of preservice teachers. This approach was selected because it is an
engaging method that these future educators can later implement in their
own K-12 classrooms, fostering empathy and promoting accessible design.
These games have already been evaluated directly with K — 12 students by
Zhou et al. (2024), Liu, Wang, et al. (2025) and Liu, Zhou, et al. (2025)
and were found to be engaging, useful and instructive. They have also
previously been used in teacher education. For instance, Adler and
Kletenik (2023) integrated the games into a web development course for
in-service teachers. The teachers thought that the games would be an
effective way to teach about accessibility in K-12 education.
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Integrating Accessibility Training in Classrooms for
Preservice Teachers

In our preservice teaching, we used the accessibility games we developed
and described in Kletenik and Adler (2022, 2023). In Adler and Kletenik
(2023), the games were used by in-service teachers, who reported strong
support for including accessibility — and in particular, these games — in
elementary, middle school, and high school classrooms. We expand on this
work by (a) examining the inclusion of the games with preservice teachers;
(b) using a control group to examine accessibility differences between
those who played the games and had accessibility education and those who
did not; and (c) comparing whether the inclusion of accessibility education
and games results in more significant accessibility inclusion in students’
digital literacy assignments. Our research questions are as follows:

1. Does learning about accessibility through games result in greater
increases of preservice teacher empathy towards people with disabilities
and consideration of disabilities when designing software, compared to
those who do not receive accessibility education?

2. Will preservice teachers have a stronger desire to integrate accessibility
and digital literacy into their future classrooms after completing these
games, compared to those who do not receive accessibility education?

2a. Will preservice teachers consider including interventions to
teach about accessibility in their future classrooms?

2b. Will preservice teachers consider including digital literacy in
their future classrooms?

2c. Will preservice teachers consider the use of games to teach
about accessibility in their future classrooms?

3. Does learning about accessibility and playing accessibility games result
in increased desire for accessible teaching in K-12 classrooms, compared
to those who do not receive accessibility education?

4. Does learning about accessibility and playing accessibility games result
in increased consideration of disabilities in practice, compared to those
who do not receive accessibility education?

Methodology

To help us understand the impact of accessibility education on preservice
teachers, we introduced accessibility games at the university level in a
digital literacy module for a FYS at a public community college in New
York State. In this section, we present the methodology of our study,
including background on the 1st-year seminar, an explanation of our study
design, a description of our participants, and a discussion of our measures.
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Context

The education program at this college offers an associate in arts degree in
education with concentrations in bilingual, childhood, early childhood,
and secondary education. The program has a dual mission of preparing
students for careers and/or transfer in education and serves
approximately 580 students yearly. The FYS is required for all 1st-year
education students, and the program typically runs five sections of the FYS
each semester.

This course introduces students to college life, college resources (e.g.
advising, transfer, and cocurricular events), the field of education, state
certification requirements, the liberal arts, digital communication skills,
and integrative learning. As part of the program, students are to maintain
a core electronic portfolio (ePortfolio), which they create in the FYS and
continue to develop while in the program.

This course is also supported by a Studio Hour, a lab where students
receive support creating and developing their ePortfolio. The education
ePortfolio template consists of several web pages, some of which are blank,
and some contain pregenerated structure and prompts, such as
placeholders for images or adding text. One of the first assignments that
students complete in the FYS is the creation of an About Me web page,
through which the students introduce themselves to the ePortfolio reader.
They include attributes such as their major, their hobbies, and their
favorite quote. Students are graded on their ability to use multimodal
design elements, such as the use of images, captions, texts, text color,
background images, and links to convey and/or support a message.

The final assignment in this course is an integrative digital project, called
a Dream Deferred. In this assignment, students are asked to reflect on key
assignments related to the social justice theme of the course. Students are
also required to use multimodal elements, such as links, images, and
videos, and to personalize the background using color or images. The
assignment measures two key skills: (a) integrative learning, the ability to
apply knowledge to new situations by reflecting on how ideas and
experiences connect and (b) digital communication, the ability to use
multiple forms of media to communicate effectively.

Accordingly, one of the modules that was specifically designed for all
sections of this course is a 3-hour digital literacy unit. In this module,
students are introduced to equitable access to digital information, the
importance of understanding digital literacy, digital fluency, and digital
communication to their careers and academic development at the college.

Research Design

We used quasi-experimental pretest-posttest nonequivalent groups design
for our study. In the semester in which we ran this study, five sections of
the FYS were offered. For the purposes of this study, one section of this
course served as an experimental group, in which the instructor was
trained in software accessibility and included concepts of accessible design
in the digital literacy module. The other four sections were left as the
control group.
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Instructors of all five sections of the FYS (the four control and one
experimental) were instructed to give the preservice teachers a survey
before and after the digital literacy module, which assessed their empathy
toward people with disabilities and attitudes regarding teaching
accessibly, teaching accessibility, and teaching digital literacy. However,
instructors of three of the sections did not administer the postsurvey due
to scheduling issues and time constraints. We, therefore, exclude students
in those sections from the pretest-posttest portion of our study, but reserve
them as an additional comparison group for the analysis of their design
artifacts (see Figure 1 for a timeline of the events).

In addition, the experimental group responded to several posttest-only
questions that assessed reactions to specific elements of the intervention
(i.e., the suitability of the games for K-12 students and modifications
necessary to make them useable in a K-12 setting). These questions were
not asked of the control group, as they were only relevant for participants
who experienced the simulation game intervention.

Figure 1
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Timeline of Events, including the pre/post-surveys given to preservice
teachers (n=25) and the student artifacts analyzed from all five sections of
the course (n = 70).

Participants

A total of 70 preservice teachers across five sections of the course in one
semester were recruited to participate in this IRB-approved study,
consented to participate, and completed the presurvey. One of the
sections, with the instructor trained in accessibility, was the experimental
group (for a total of 51 preservice teachers in the control group and 19 in
the experimental). Of these participants, only 25 preservice teachers,
across two sections of this course, completed both the presurvey and the
postsurvey (11 in the control group; 14 in the experimental). These 25
preservice teachers comprised our participants for the pre- to postsurvey
analysis, which we used to answer Research Questions (RQ) 1-3. (See
demographic characteristics of these participants in Appendix A.) To
answer RQ4, we directly analyzed participant projects and did not rely
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upon survey responses. Therefore, for this question, we included all 70
participants. (See demographic characteristics of these participants in

Appendix B.)
Measures

In addition to asking about basic demographic information about the
participants, the pre- and postsurveys consisted of 13 closed-ended 5-
point Likert scale questions (1 = Strongly Disagree; 5 = Strongly Agree)
designed to assess participants’ attitudes toward people with disabilities
and software accessibility. Seven out of the 13 pre- and postsurvey
questions around empathy were taken or modified from instruments by
Kletenik and Adler (2022, 2023), which were, in turn, modified from
Carmichael et al. (2007). Six questions pertained to teaching intentions,
such as whether participants planned to teach accessibly, teach digital
literacy, or use games in teaching; the first and last of this group were
modified from Adler and Kletenik (2023).

Items were grouped into constructs based on thematic domains to derive
five measures, and internal consistency was assessed via Cronbach’s alpha
(reported in the discussion of each measure). The full text of the 13
questions is displayed in Table 1, labeled by the corresponding measure.

The postsurvey for the experimental group asked for general comments
about the activity, along with two additional open-ended questions
designed to capture preservice teachers’ reflections on the game-based
accessibility activity: “Please explain your thoughts about using this game
to teach about accessibility to K-12 students,” and “What modifications do
you think would be necessary to make this game more suitable for K-12?”
Responses were analyzed using the thematic analysis approach of Braun
and Clarke (2006), reviewing and coding the data to identify recurring
patterns and themes. Two coders independently reviewed and coded the
data and discrepancies were discussed and resolved through consensus.

Empathy

The Empathy measure consisted of the average of the responses to the first
seven questions and measured the preservice teachers’ empathy toward
people with disabilities, understanding of the challenges that they face,
and intent to design accessibly. These questions and this measure were
based on previous work examining participants’ attitudes toward
accessibility (Kletenik & Adler, 2022). However, to improve internal
reliability, we modified some of the statements so that they were all
worded in the same positive way, such as “People with disabilities are
interested in new technology,” rather than “People with disabilities are not
interested in new technology.” Cronbach’s alpha for our Empathy scale for
the pre- and postsurvey were .725 and .877, respectively.
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Table 1

Pre- and Postsurvey Questions and Their Corresponding Measures

Measure

Question

Empathy

Many current software applications are difficult for
people with disabilities to use.

People with disabilities are interested in new
technology.

Software developers should provide technology
suitable for use by people with disabilities.

A person with disabilities should not have to rely on
someone around who can help.

People with disabilities are likely to face challenges
when interacting with many applications.

People with disabilities are likely to feel frustrated
while interacting with many applications.

When I create designs, I will try to keep in mind people
with disabilities.

Teach Accessibly

Teachers should incorporate accessible designs when
creating materials for their classroom.

Teach Accessibility

K - 12 teachers should include topics on accessibility.

As a K - 12 teacher, I would likely include topics on
accessibility.

Teach Digital Literacy

K - 12 teachers should include topics on digital literacy.

As a K - 12 teacher, I would likely include topics on
digital literacy.

Teach with Games

If T were to teach K - 12, I would likely use a game to
teach about accessibility.

Teach Accessibly

The Teach Accessibly measure consisted of the response to a single
question examining preservice teachers’ attitudes toward ensuring
accessible teaching within K-12 classrooms: “Teachers should incorporate
accessible designs when creating materials for their classroom.”

Teach Accessibility

The Teach Accessibility measure consisted of the average of the responses
to two questions examining preservice teachers’ attitude toward teaching
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accessibility in K-12 classrooms: “K - 12 teachers should include topics on
accessibility,” and “As a K - 12 teacher, I would likely include topics on
accessibility.” Cronbach’s alpha for the Teach Accessibility measure for the
pre- and postsurvey were .654 and .823, respectively.

Teach Digital Literacy

The Digital Literacy measure consisted of the average of the responses to
two questions examining preservice teachers’ attitudes toward teaching
digital literacy in K-12 classrooms: “K-12 teachers should include topics on
digital literacy,” and “As a K-12 teacher, I would likely include topics on
digital literacy.” Cronbach’s alpha for the Teach Digital Literacy scale for
the pre- and postsurvey were .821 and .783, respectively.

Teach With Games

The Teach With Games metric consisted of the responses to a question that
focused specifically on the use of games to teach about accessibility: “If I
were to teach K-12, I would likely use a game to teach about accessibility.”

ePortfolio Metrics

A separate set of metrics was derived from submissions to two e-portfolio
projects and apply to a wider pool of 70 participants. For each of two
preservice teacher e-portfolio submissions, About Me and Dream
Deferred, two reviewers coded submissions as 0, 1, or 2 corresponding to
their inclusion of accessibility elements, where 0 = does not contain
evidence that accessibility has been considered; 1 = contains evidence that
accessibility has been considered in at least one of the following ways:
usage of color, captions, links, and alt-text.; and 2 = contains evidence that
accessibility has been considered in at least two of the following ways:
usage of color, captions, links, and alt-text.

Scoring

The assignments were scored by two reviewers. Prior to initiating the
scoring process, the reviewers engaged in a norming session. During the
norming session, the reviewers coded five of the assignments
independently and then discussed responses. Reviewers agreed on the o—
2 coding. If the assignment could not be opened or was missing, it was
coded as not scorable. After the norming session, each reviewer
independently coded all the assignments. Both reviewers then met once
more to compare scores. There was no disagreement between the
reviewers’ scores.

Implementation of Accessibility Intervention for Experimental
Group

Preservice teachers in the experimental group took part in a 3-hour digital
literacy module, where they were provided with opportunities to consider
accessibility as it relates to digital literacy. In the 1st hour, participants
were asked to reflect on what they knew about digital literacy and complete

450



Contemporary Issues in Technology and Teacher Education, 26(2)

the presurvey. Then, they were introduced to games that they were told
related to digital literacy and played the games. After they completed the
games, they engaged in a class discussion about their experience playing
the games, followed by a class discussion in the 2nd hour about the reasons
for accessible design. Participants were then asked to consider the
relevance of digital literacy to the field of education and to their learning.

In the final hour, the preservice teachers participated in a class discussion
beginning with a series of prompts, including, “What is something new you
learned? What is something that surprised you? What questions do you
have?” Discussion also centered around a digital literacy related podcast
the participants had watched. The preservice teachers were then told
about their first ePortfolio project, the About Me web page, and given time
to create a storyboard drawing of their page (e.g., what the various sections
would include such as text, pictures, media, etc.). They then posted
pictures of their storyboard on an online platform, Padlet
(https://padlet.com/), used to share files among students and faculty
members. Participants then completed the postsurvey before leaving class
for Studio Hour, where they received support creating an ePortfolio and
beginning their About Me ePortfolio page.

Accessibility Games

We used accessibility games created by Kletenik and Adler (2022, 2023)
that simulate five disabilities (i.e., color blindness, auditory impairments,
blindness, low vision and physical/motor disabilities). For each disability,
the game proceeds in four rounds:

Round 1: Game mode: Players play with no simulated disability.

Round 2: Simulation mode: Players experience the game with one
of the simulated disabilities. For example, in the physical
impairments game, the mouse action shakes as though because of
a tremor.

Round 3: Game + Accessibility mode: Players experience the game
with no simulated disabilities and with an accessibility option
enabled. For example, keyboard support is present in the physical
impairments game.

Round 4: Simulation + Accessibility mode: Players experience the
final round with a return of the simulated disability, this time with
the accessibility option to mitigate the challenges posed by the
simulation. For example, the mouse is once again shaky but the
keyboard support offers an alternative modality for selection.

After completing each game, the player is given information about how to
make software more accessible for someone with that disability, including
ideas such as not using color alone for feedback and enabling keyboard
support.

As mentioned earlier, when developing accessibility simulations, it is

crucial that the focus should be on providing practical ideas on how to
ensure accessibility and incorporate universal design principles. A
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simulation that focuses just on the challenges that a person with
disabilities might face may leave participants “with the notion [that] the
disability causes lack of access” (Burgstahler & Doe, 2004). If, however,
the simulation shows how accessible design can make navigation
smoother and easier, participants learn that “the web page designer, not
the disability, created barriers through poor, inaccessible design”
(Disability-Related Simulated section, para. 5). For that reason, Rounds 3
and 4 and the accessibility information page are crucial parts of the
simulation games that help inspire awareness of the drawbacks of
inaccessible design and the drive to remedy them.

Results

RQ1: Preservice Teacher Empathy Toward People With
Disabilities

In our first research question, we examined whether teaching about
accessibility and playing games increased preservice teacher empathy and
understanding of the challenges that people with disabilities face. To
answer RQ1, we compared the presurvey responses of the Empathy
questions with the postsurvey responses of the control and experimental
groups using a two-tailed Wilcoxon signed-rank test, with a = .05, since
our data was nonparametric.

We found statistically significant changes from the presurvey to the
postsurvey responses for the Empathy questions in the experimental
group: presurvey mean and median for the Empathy questions were 3.8
and 3.6, respectively; postsurvey mean and median increased to 4.5 and
4.5,p < .01, 1 =.86.

Based on the conventional classification of effect sizes, where .1 < r < .3 is
considered small, .3 < r < .5is medium, and r > .5 is large (Cohen, 1988),
we noted statistically significant changes and a large effect size for
participants in the experimental group increasing their empathy for
people with disabilities and understanding the challenges that they face.
In contrast, we found no statistically significant changes in the control
group: presurvey mean and median for the Empathy questions were 3.5
and 3.4, respectively; postsurvey mean and median were 3.7 and 3.6,
respectively, p = .07.

We also directly compared the Empathy measures between the two
groups, using a Mann-Whitney U test, because the ordinal data is
nonparametric. As would be expected, there was no statistically significant
difference between the Empathy scores for both groups on the presurvey
(W = 49, p = .13). However, the experimental group had significantly
higher Empathy scores on the postsurvey compared to the control group
(W =20, p < .01), with a large effect size (r = .63). Figure 2 depicts the box
plots of the pre- and postsurvey Empathy metric for both groups. Thus,
findings related to our first research question indicated that preservice
teacher empathy for people with disabilities and understanding of the
challenges that they face increased with accessibility education and
interacting with accessibility games.
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Figure 2
Pre- and Postsurvey Empathy Metric, for Control aAnd Experimental
Groups
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RQ2: Intent to Teach Accessibility and Digital Literacy

To answer our second research question, we evaluated preservice teacher
attitudes toward topics that K-12 teachers (including themselves as future
teachers) should cover. We examined the Teach Accessibility (RQ2a) and
Teach Digital Literacy (RQ2b) metrics for each group, experimental and
control, as measured on both pre- and postsurveys.

Using a Wilcoxon signed-rank test, we once again found statistically
significant increases with a large effect size for the experimental group for
the Teach Accessibility metric from the presurvey results (mean = 4.4,
median = 4.5) to the postsurvey results (mean = 4.7, median = 5.0, p = .01,
r = .65), as well as for the Teach Digital Literacy metric (presurvey mean
and median: 4.3; postsurvey mean: 4.7, postsurvey median: 5.0; p < .01, 1

=.72).

No such significant changes were found for the members of the control
group (Teach Accessibility: presurvey mean: 4.2, presurvey median: 4.0;
postsurvey mean: 4.2, postsurvey median: 4.0; p = .86; Teach Digital
Literacy: presurvey mean: 4.0, presurvey median: 4.0; postsurvey mean:
4.2, postsurvey median: 4.0; p = .22).

Once again, a direct comparison between the control and experimental
groups revealed no statistically significant differences in the presurvey
metrics of Teach Accessibility (Mann-Whitney U test, W = 65.5, p = .53)
and Teach Digital Literacy (W = 53, p = .18), but significant differences
were found for the both postsurvey metrics: Teach Accessibility, with a
medium effect size (W = 38.5, p < .05, r = .45); Teach Digital Literacy,
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with a large effect size (W = 34, p < .05, r =.5). The metrics are displayed
in box plots in Figures 3 and 4.

Figure 3
Teach Accessibility Metric
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Furthermore, we examined preservice teacher attitudes specifically
toward using games to teach about accessibility (RQ2c) by analyzing pre-
to postsurvey differences of the Teach With Games metric. Once again,
statistically significant differences were found only for the experimental
group (presurvey mean: 4.4, presurvey median: 4.0; postsurvey mean:
4.8, postsurvey median: 5.0; p = .02, with a large effect size of r = .62), but
not for the control group (which revealed no change , with pre- and
postsurvey means both of 4.3 and pre- and postmedians both of 4.0, p =

1).
This difference was further supported by a statistically significant

difference between the two groups on the postsurvey Teach With Games
metric, reflecting a medium effect size (Mann-Whitney U test, W =43, p <
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.05, ' = .43). No significant difference was found in the presurvey metric
(W =74, p = .88). Thus, findings related to the second research question
indicate that accessibility initiatives increased preservice teacher
perceptions of both the importance of teaching accessibility and that of
teaching digital literacy, as well as their own plans to teach these subjects.
They also increased preservice teacher interest in using games to teach
about accessibility.

Our analysis of the experimental group’s open-ended questions sheds
additional light on their thoughts about the use of the games in K-12
education. For the first open-ended question on the use of games in K-12
education, the most frequently appearing theme was that of how the games
helped improve preservice teacher empathy toward people with
disabilities (expressed by nine participants, or around 64% of those in the
experimental group). One student commented, “Before these games I
didn’t really understand how upsetting it may feel for people with
disabilities to use certain computer software when they are not
[accommodated] in the software.” A second pointed out, “This game will
teach perspective to students. To actually make them walk a mile in
someone else's shoes. That is better than telling anyone anything.”
Another student wrote, “The game really taught me and helped me
understand how many different disabilities there are and everyone needs
different help and therefore people need accessibility to learn better.”

Two participants (14%) reflected specifically on the use of games to teach
about accessibility, with comments such as, “Using a game is the best way
to keep kids intrigued and make them want to interact and conversate.
Even spark a little competition among each other.” One participant said
that it “is very important for young kids to learn” about but thought that
the games are too complex for young children and suggested another
approach to teach accessibility: “I feel as though using this game to teach
preschool - fifth grade is unnecessary only because they are little and it
may be a lot and difficult for them to understand.” Finally, two participants
did not leave any comments.

Participants in the experimental group were also asked to reflect on
modifications necessary to make the games more appealing to K-12
students. The most frequent theme included integrating more engaging
interactions. Six participants (43%) included a suggested modification.
Some thoughtful and interesting ideas included the following: “I think it
would need more sorts of childish imaging. For example, maybe instead of
balloons it could be animal heads, or cookies versus cupcakes, something
like that which will excite the K-12 kids more than the basic.” Another
suggested, “a small video in the beginning to kind of introduce a bit of it
and a video at the end to summarize what happened and further explain
the disabilities in more detail.”

Three participants did not think that the games needed any modification
to make them useful for the K-12 audience, or for a select part of the
audience: “I actually think the game is perfect in my opinion. It has simple
and clear instructions and it seems fun for children.” One of the three was
the participant quoted earlier, who thought it was too complex for
elementary school-aged children, but commented that the game is “perfect
for 6th grade - 12th grade.” Five participants (36%) did not leave a
comment.
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RQ3: Increased Desire for Accessible Teaching

Although learning about accessibility and playing accessibility games
increased preservice teachers’ desire to teach about accessibility, there was
no significant change in their desires for accessible teaching. A Wilcoxon
signed-rank test found no statistically significant changes from pre- to
postsurvey for the Teach Accessibly metric for either the experimental
Group (presurvey mean: 4.6, presurvey median: 5.0; postsurvey mean:
4.7, postsurvey median: 5.0; p = .59) or the control Group (presurvey
mean: 4.3, presurvey median: 4.0; postsurvey mean: 3.8; postsurvey
median: 4.0; p = .28). Our data suggest that the reason for the lack of
significant change for the Accessibility group was because their presurvey
scores were already so high for this metric, leaving little room for
improvement, even after learning more about accessibility. In contrast, the
control Group scores for this metric actually decreased from pre- to
postsurvey.

This hypothesis is supported by the fact that we found a statistically
significant difference between the postsurvey Accessible metric for the
experimental and control groups, with a large effect size (W = 25, p < .01,
r =.63) but not for the presurvey metric (W = 52, p = .13).

RQ4: Consideration of Accessibility in Practice

In this section, rather than examining preservice teachers’ beliefs or
perceptions on accessibility, we examined preservice teachers’ inclusion of
accessibility principles in practice, by analyzing student artifacts in their
ePortfolios. We used the About Me and Dream Deferred metrics, which
tabulated the inclusion of accessibility elements in e-portfolio projects.

About Me

Submissions from 14 preservice teachers in the control group and one in
the experimental group were excluded because they had either not
completed their assignments or had not published them. The remaining
55 submissions (37 control, 18 experimental) were graded from 0-2, as
discussed in the Measures section. Since a Shapiro-Wilk test indicated that
the data are not normally distributed, we used a Mann-Whitney U test to
compare the About Me metric for the control (mean = .22, median = 0)
and experimental groups (mean = .22, median = 0). We found no
statistically significant differences between the two groups (W = 331, p =

.97).
Dream Deferred

Sixteen submissions from the control group and six from the experimental
group were unable to be graded. The remaining 48 submissions (35
control, 13 experimental) were graded on a scale of 0-2. Once again, we
used a Mann-Whitney U test to compare the metric of the control group
(mean = .2, median = 0) to the experimental group (mean = .92, median
= 1), this time finding a statistically significant difference with a medium
effect size (W = 87, p <.001, r = .46).
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We also directly compared each preservice teacher’s About Me metric to
the Dream Deferred using a Wilcoxon signed-rank test for evidence of
progression over the course of the semester. We found no statistically
significant differences between the two metrics for the control group (p =
.82) but we did find statistically significant increases from the About Me
metric to the Dream Deferred metric for the experimental group, with a
large effect size (p < .05, r = .56).

Thus, findings related to RQ4 indicated mixed evidence: While there were
signs that accessibility education informed participants’ considerations of
accessibility in practice, the evidence was not comprehensive. We discuss
these findings in the next section.

Discussion

Similar to previous work that modified existing courses for preservice
teachers to include coding and computational thinking (Adler & Kim,
2018; Jaipal-Jamani & Angeli, 2017; Kim et al., 2018; Yadav et al.,
2014), we modified a digital literacy module in a seminar for preservice
teachers, which already includes computational thinking and coding with
the Scratch visual programming language, to include accessibility
education. The goal of this addition was to increase preservice teachers’
empathy for the barriers that people with disabilities face when using
software and to strengthen their commitment to inclusive design.

The inclusion of accessibility topics and games appeared to positively
impact preservice teacher attitudes. Preservice teachers reported
increased empathy, a stronger understanding of the challenges faced by
people with disabilities, and a greater intent to integrate accessibility into
their future K—12 teaching. Many participants also expressed interest in
using the games in their own classrooms. Interestingly, the introduction
of the accessibility topic also heightened preservice teacher interest in
teaching digital literacy; that is, learning about accessibility concurrently
strengthened preservice teacher interest in the learning goals of the
module itself.

In this study, we extended the work of Adler and Kletenik (2023) by
applying their techniques to preservice teachers, rather than in-service
teachers. We also extended this work by comparing an experimental group
of preservice teachers who were exposed to an accessibility module, to a
control group who were not. We further examined whether the attitudinal
shifts we observed in the experimental group translated into observable
differences in preservice teachers’ work.

Our most surprising findings pertained to the practical inclusion of
accessibility in artifacts. In the early e-porfolio About Meassignment,
preservice teachers in the experimental group were explicitly informed
that they would be graded on accessibility and given a rubric outlining
expectations. Yet, preservice teachers in this group were no more likely to
include accessibility practices than those in the control group, and
accessibility implementation rates were low across both groups.

Anecdotally, we observed that barriers to accessibility inclusion at this
stage of the course were too high. Participants were required to submit
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their About Me project only 7 days after creating an e-portfolio and while
they were still struggling to learn how to use the digital platform. These
first-order barriers — tight timelines and limited digital fluency — seemed
to overwhelm their ability to apply what they had learned, even with a
grading incentive.

In contrast, in a final assignment due 11 weeks later, with no grading
incentive or accessibility reminder, preservice teachers in the
experimental group showed increased inclusion of accessibility practices.
This finding suggests that the intervention had a lasting impact on
preservice teacher attitudes, even in the absence of extrinsic motivators.
However, their median grade of 1.0 out of 2 indicates that implementation
remained limited.

These results align with Ertmer’s (1999) distinction between first-order
barriers (e.g., time, experience, and tool fluency) and second-order
barriers (e.g., beliefs and attitudes). Our module appears to have reduced
second-order barriers — preservice teachers expressed empathy and intent
— but first-order barriers persisted and interfered with early
implementation.

Our findings are also consistent with research by Tondeur et al. (2012),
who argued that embedding theoretical understanding within practical
experiences is essential for meaningful technology integration. Similarly,
Luo et al. (2017) found that preservice teachers’ comfort with web-based
tools developed through scaffolded, authentic application, not passive
instruction. These findings suggest that preservice teachers need time and
opportunity to build fluency with the tools before they can successfully
apply abstract concepts like accessibility.

Vallera and Syed (2020) showed that well-designed disability simulations
can enhance empathy and awareness, though they also cautioned that
long-term impacts are difficult to determine without repeated exposure
and contextual support. Taken together, our findings suggest that
accessibility training can shift attitudes, but sustained practice, platform
fluency, and reduced cognitive load are necessary for these shifts to
manifest in observable teaching practices, especially early in the course.

Lessons Learned From This Study

These lessons emerged directly from our experience designing and
delivering accessibility instruction in a preservice technology teacher
education context. They reflect internal takeaways we would apply to
future iterations of this work:

1. Preservice teachers were generally open to accessibility once
introduced. Despite some initial hesitation or confusion, most
preservice teachers engaged thoughtfully with accessibility
content once it was embedded in their work. We learned that early
exposure, even a single module, can activate interest and
reflection, especially when tied to real design decisions.

2. Technical readiness matters more than expected. Preservice
teachers in the experimental group struggled with implementing
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accessibility features primarily due to technical limitations, not
lack of motivation. In future versions of the course, we would
frontload relevant technical skills before introducing accessibility
content.

Don’t mistake early resistance for failure. Initial preservice
teacher resistance did not predict long-term outcomes. While
accessibility was not immediately evident in early assignments,
many preservice teachers integrated it meaningfully into final
projects. The module was still impactful, just not on the timeline
that we had envisioned.

Many preservice teachers showed intent to carry accessibility into
their future teaching. Many participants expressed a desire to
teach accessibility to their future K—12 students. This was a
notable outcome: not just technical adoption, but a willingness to
become advocates. We learned that accessibility instruction can
inspire preservice teachers to think beyond themselves.

Implications for Technology Teacher Education and Policy

Our findings have several implications for instructors, curriculum
designers, and policymakers engaged in technology teacher education. In
particular, we recommend the following;:

1.

Scaffold  technical  skills to  support  accessibility
learning. Accessibility cannot be taught effectively without a
technical foundation. Technology teacher education programs
should ensure that preservice teachers build technical fluency
early, so they are better positioned to grasp and implement
accessibility features later. This may require adjusting course
sequencing or providing supplemental technical support.

Evaluate long-term learning, not just immediate gains.
Accessibility learning gains may not manifest immediately.
Educators should have assess preservice teachers’ accessibility
competencies across multiple assignments and time points to
capture deeper shifts in thinking. Programs should also reinforce
accessibility topics throughout the curricullum to promote
retention and transfer.

Integrate accessibility across courses and clinical experiences. A
single session or module is likely insufficient. As Kletenik and
Adler (2023) argued about integrating accessibility into
computing education, a single session or module is likely
insufficient. Accessibility principles should be woven across the
technology education curriculum, from instructional design
courses to practicum experiences. Program-level planning is
necessary to ensure sustained and meaningful exposure.

Prepare teachers to teach accessibility, not just understand it. The
ultimate goal of teaching future teachers about accessibility is for
the preservice teachers to use this knowledge to teach their future
K-12 students how to design accessibly. Other studies have shown
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that when teaching future teachers’ computational thinking, the
preservice teachers sometimes mistook the goal to be the
improvement of their own computational thinking knowledge,
rather than that of their students (Adler et al., 2023). Similarly, it
is critical to ensure future teachers understand their ultimate goal
is to introduce accessibility to their students at a young age. We
found significant results in future teachers’ desire to teach about
accessibility after learning the accessibility module, which holds
promise. More research is necessary to investigate whether this
module actually influenced participants’ inclusion of accessibility
in their own classrooms. Technology teacher education should
include instructional strategies for introducing accessibility at the
elementary and secondary levels, so that inclusive design becomes
a core value passed on to the next generation of learners.

5. Link computer science education with accessibility in program
requirements. As computer science training becomes a
requirement in more science, technology, engineering, and
mathematics K-12 teacher programs, accessibility should be
treated as a parallel competency. Certification requirements,
accreditation standards, and curricular frameworks should be
updated to reflect the joint importance of computer science and
inclusive design.

Limitations

Our largest limitation was our small sample size. With only 25 preservice
teachers (from two sections of the course) submitting both pre- and
postsurveys, and 47-55 gradable portfolio assignments, it was difficult to
extrapolate or generalize from our results. Additionally, participants were
assigned to control and experimental groups based on course enrollment
rather than through random assignment. Specifically, one of the author’s
seminar sections served as the experimental group and the others as
controls. Although presurvey responses did not show significant
differences between groups, we cannot exclude the possibility of
unmeasured differences influencing the results.

Third, while our focus was on K-12 education, a notable portion of
participants (seven out of 25, or 28%) expressed interest solely in teaching
early childhood education. This divergence limits the direct applicability
of our findings to K-12 contexts and suggests that future studies might
tailor interventions more specifically by intended teaching level.

Fourth, while we observed a lasting effect of the accessibility module over
an 11-week period, the durability of this impact beyond the course remains
unknown. Previous longitudinal research (Zhao et al., 2020) has indicated
that single interventions may not yield sustained gains over multiple years,
highlighting the need for further long-term study.

Finally, since the control group did not receive any accessibility education,
we cannot isolate the effects of specific components such as the
accessibility games. Future work should consider providing both groups
with baseline accessibility instruction and varying only the game-based
intervention to better understand its unique contribution.
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Conclusion

This study explored the impact of incorporating accessibility games into
preservice teacher education on future teachers’ empathy, understanding,
and intentions regarding accessibility in K-12 classrooms. Our findings
highlight that experiential, game-based learning can effectively enhance
preservice teachers’ awareness of the challenges faced by people with
disabilities and foster greater empathy.

Participants who engaged with the accessibility module expressed a
stronger desire to integrate both accessibility and digital literacy into their
future teaching. Many also indicated interest in using the games as tools
to teach these concepts, pointing to the potential for such approaches to
shape future classroom practices.

Although early assignments did not demonstrate immediate gains in the
practical application of accessibility features, likely due to limited
technical familiarity, later work showed that preservice teachers who
received accessibility training were more likely to incorporate these
features in their final projects. This finding suggests that sustained
exposure and practice are crucial for translating empathy and
understanding into concrete design actions.

Importantly, the results suggest that accessibility education combined
with simulation experiences and gaming can increase preservice teachers’
commitment to fostering inclusive learning environments in K-12 settings,
which is a key goal given the growing emphasis on equitable education.

While these outcomes are promising, the study’s limited sample size and
duration underscore the need for larger, longitudinal research to assess
the persistence and generalizability of these effects. Nonetheless, as
science, technology, engineering, and mathematics teacher preparation
programs increasingly include computer science education, integrating
accessibility training through engaging methods like simulation games
offers a valuable pathway to prepare educators capable of teaching and
designing for all learners.
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Appendix A
Demographic Characteristics of Experimental Group
(N = 14) and Control Group (N = 11) for the
Presurvey-Postsurvey Analysis

Characteristic Experimental Control Total
Gender
Female 10 10 20
Male 4 1 5

Disability status (multiple selection)

Learning disability 1 2 3
Neurodiversity 0 1 1
Visual disability 3 o) 3
None 5 4 9
Prefer not to say 6 3 9

Knowledge of someone with a disability?

No 6 3 9
Yes, acquaintance/ 1 1 2
colleague

Yes, close family/friend 5 3 8
I'm not sure 2 4 6
Race

Asian o) 1 1
Black or African-American 3 0 3
Hispanic or Latino 6 8 14
White 2 1 3
Two or more races 2 1 3
Prefer not to say 1 o] 1

Grades planned to teach (multiple selection)

Early childhood (birth through second grade) 10 8 18

Elementary school (grades 1-6) 6 2 8
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Characteristic Experimental Control Total
Middle school (grades 6-8) 1 o) 1
High school (grades 9-12) 2 o) 2
I'm not sure 0 1 1
Early childhood (birth through second grade) 10 8 18
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Appendix B
Demographic Characteristics of the Wider Pool of
Participants, Including the Additional Comparison
Group, Used in the Analysis of Student Artifacts (n = 70)

Characteristic Number
Gender
Female 62
Male 7
Prefer not to say 1

Disability status (multiple selection)

Learning disability 11
Neurodiversity 1
Visual disability 4
Epilepsy 1
Heart problem 1
None 33
Prefer not to say 20

Knowledge of someone with a disability?

No 23
Yes, acquaintance/ colleague 9
Yes, close family/friend 26
I'm not sure 12
Race

Asian 4
Black or African-American 8
Hispanic/Latino 41
White 9
Two or more races 6
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Characteristic Number

Prefer not to say 2

Grades planned to teach (multiple selection)

Early childhood (birth through second grade) 44
Elementary school (grades 1-6) 23
Middle school (grades 6-8) 14
High school (grades 9-12) 7
I'm not sure 2
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