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ABSTRACT
While computational thinking has gained popularity in K-12 schools
to increase access to computing tools and practices, there is still
limited understanding on how to broaden participation of students
with disabilities in computational thinking (CT). One approach to
increasing access to computing to students with disabilities is to
educate future special education teachers to bring CT into their
instruction. This study examined the influence of integrating CT
into assistive technology course for special education pre-service
teachers. Our results suggest that integrating CT into special educa-
tion teacher preparation coursework can have a positive impact on
how pre-service teachers see the value of bringing computational
practices to students with disabilities.
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1 INTRODUCTION
While Wing popularized CT [16], the idea of using computers to
solve problems or “thinking with a computer” (Papert, 1993) go
as far back as 1960s when Alan Perlis argued that “designing al-
gorithms to solve problems involved basic thought processes that
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everyone should eventually learn” [3]. Wing argued CT is a funda-
mental skill of analytical thinking for everyone, not just computer
scientists. She described computational thinking (CT) as “solving
problems, designing systems, and understanding human behavior,
by drawing on the concepts fundamental to computer science” [16].
Wing also pointed out the untapped potential of CT for K-12 educa-
tion by stating, “To reading, writing, and arithmetic, we should add
computational thinking to every child’s analytical ability.” A report
on computational thinking by the National Council for Research
advanced a similar idea that CT is a cognitive skill that “average
person is expected to possess.” The National Research Council re-
port highlighted “(1) that students can learn thinking strategies
such as computational thinking as they study a discipline, (2) that
teachers and curricula can model these strategies for students, and
(3) that appropriate guidance can enable students to learn to use
these strategies independently” [5]. Recent educational reforms in
K-12 education, such as the Next Generation Science Standards
(NGSS) and Common Core State Standards (CCSS), either explic-
itly or implicitly also called out the need for students to engage
in computational tools and practices (Yadav, Hong, Stephenson,
2016). A report by Digital Promise (2019) argued CT is “important
to know and know how to do it in a computational world” [12].
Computational thinking in education has the potential to signif-
icantly advance computing skills and ability of K-12 students as
they begin to think and problem-solve in new ways. In one study,
Lewandowski and colleagues illustrated the idea of the “common-
sense programming” found in non-programming students. Students
were asked to propose solutions to avoid selling the same seat twice
at multiple box offices for a theatre [9]. The results showed that 69%
of the solutions obtained were correct, which indicated that the
non-programming students are equipped with the natural under-
standing of some basic concepts to solve problems computationally,
such as the “concurrency” concept applied in this case. Integrating
computational thinking in the K-12 curriculum would certainly
enhance students’ ability to abstract concepts and increase their
problem-solving skills in core content areas.

In recent years, computational thinking has gained tremendous
popularity in K-12 and has primarily been driven by professional
learning opportunities for in-service teachers. For example, in one
study Rich, Yadav, and Schwarz found that elementary teachers see
natural connections between CT and their classroom activities [14].
In particular, teachers focused on the problem-solving aspects of
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CT and made stronger connections between CT and mathematics
than between CT and science. The authors also found teachers were
able to make some connections between their classroom practices
and each of the six CT practices presented to them: abstraction,
algorithmic thinking, automation, decomposition, debugging, and
generalization. As CT continues to gain popularity in K-12 class-
rooms through in-service teacher professional development, we
also need to focus on preparing future teachers in integrating com-
putational thinking in their future teaching.

2 COMPUTATIONAL THINKING IN
TEACHER EDUCATION

There has been emerging research on integrating CT in general
teacher education courses, such as Introduction to Educational
Technology and Introduction to Educational Psychology courses.
For example, Yadav and colleagues examined the influence of the
two-week module in an Introduction to Educational Psychology
course on pre-service teachers’ understanding of CT and attitudes
toward integrating CT in their future classrooms [17]. The authors
found the module significantly influenced pre-service teachers’
understanding of CT as they developed a more nuanced view of
CT and also positively influenced their attitudes towards bringing
CT into teaching.

In another study, Mouza et al. redesigned an educational technol-
ogy course to introduce computing tools, vocabulary, and practices
to pre-service teachers to develop content and pedagogical knowl-
edge to integrate CT in K-8 classrooms[10]. The authors used a
survey to measure per-service teachers’ understanding and dispo-
sitions towards CT and case studies that pre-service teachers devel-
oped after designing, implementing, and reflecting on their own
lessons to support the development of CT in students. Researchers
found integrating CT in an educational technology course can pos-
itively impact pre-service teachers’ attitudes toward CT as well
as improve their understanding of CT concepts. In addition, the
analysis of cases suggested that pre-service teachers recognised the
interacting relationships or fit among disciplinary content, peda-
gogy, and computational tools that support CT knowledge and skills.
Similarly, Chang and Peterson redesigned an educational technol-
ogy course around CT and asked pre-service teachers in the course
to reflect on their CT learning after the in-class CT activities using
open-ended questions. The authors concluded pre-service teach-
ers’ connected CT to their own educational philosophy and how
students could show their computational skills through projects. In
addition, participants developed positive attitudes towards CT.

While there is emerging evidence of how CT influences pre-
service teachers’ understanding and attitudes, it is still primarily
limited to general education courses. Specifically, the majority of
CT integration work has focused on preparing pre-service teachers
for general education settings and there is no work we are aware of
that prepares pre-service teachers to use CT in a special education
context to support students with disabilities. Given the goals of
CSforAll movement include bringing computing to all K-12 learners
including students with disabilities, we need to also prepare special
education teachers to integrate CT into their instruction.

3 COMPUTATIONAL THINKING IN SPECIAL
EDUCATION

There is emerging research on bringing computational experiences
for students with disabilities with teachers and administrators re-
porting student’s disability status as a barrier to full participation in
computing [8]. One means to address the barriers is Universal De-
sign for Learning (UDL), which is a framework to " to improve and
optimize teaching and learning for all people based on scientific
insights into how humans learn" [1]. UDL includes three guide-
lines for learning: (i) providing multiple means of engagement in
learning, (ii) providing multiple means of representation of content
, and (iii) providing multiple means for students to express their
understanding.

Research on UDL in computing context has only been conducted
with in-service teachers and how they believe UDL can support
students with disabilities in learning. In one study on school-wide
implementation of CT, researchers observed that teachers already
use some instructional strategies, such as modeling, explicit in-
struction, and peer collaboration to support struggling learners
in computing [8]; however, teachers use of UDL strategies is lim-
ited [13]. In another study, Israel and colleagues examined how
elementary teachers implement UDL strategies for an academically
diverse group of students in the context of CS [7]. The authors
found teachers taught in ways that was consistent with the UDL
framework, but their implementation was narrow as they empha-
sized some strategies over others. In addition, teachers’ use of UDL
within CS context was not any different than other content areas.
The authors reported teachers needed significantly more support
and professional development from a coach familiar with both CS
and UDL during the planning as well as implementation.

While the work on bringing CT to in-service teachers to engage
students with disabilities in computing is emerging, there are few
studies on how to prepare special education pre-service teachers
in both CT as well as using UDL for teaching CT. There is one
study that we are aware of that examined how special education
pre-service teachers integrate CT in their mathematics lessons [2].
In this study, researchers examined how exposure to CT/CS content
influences the integration of CT concepts into mathematics lesson
plans developed by the special pre-service teachers for students
with disabilities. The authors analyzed lesson plans from 31 pre-
service teachers using a rubric that focused on both CT concepts,
math concepts, and integration of CT into math. Additional data
included reflections on the lessons to measure pre-service teachers’
perceptions about CT and confidence in implementing CT. The
results suggest that overall special education pre-service teachers
were able to integrate CT into their lessons and were positive to-
wards CT; however, they need additional exposure to computing
and experiences with integrating CT/CS into mathematics lessons.
Pre-service teachers in this study did not use UDL to support stu-
dents with disabilities in computing.

Given the limited work on how to prepare special education
pre-service teachers to use UDL to bring CT into their future class-
rooms, our goal in this study was to examine how infusing CT in an
assistive technology course influences special education pre-service
teachers. Specifically, our research was guided by the following
questions:



(1) What is the influence of exposure to computational thinking
on special education pre-service teachers’ attitudes towards
computing for students with disabilities?

(2) How do pre-service teachers use Universal Design for Learn-
ing (UDL) principles to support students with disabilities in
computing?

4 METHODS
4.1 Context
This study was conducted in an assistive technology course within
a special education teacher preparation program at a large Mid-
western University. The course goal focused on understanding how
assistive technologies can improve, maintain, or increase the aca-
demic and functional capabilities of students with disabilities in
K-12 education. The course was 14 weeks in length and occurred
virtually due to the COVID-19 pandemic. We introduced compu-
tational thinking practices and tools during two weeks (Week 10
and Week 11) of the course. The first CT week involved pre-service
teachers reading two articles on computational thinking, exploring
Scratch programming environment, and exploring CT practices
(algorithms, debugging, decomposition, abstraction, and pattern
matching) through unplugged activities. The second week of CT
included exploring Scratch to teach geometrical shapes, readings
on UDL within the context of programming and CT, and applying
UDL principles to a CT lesson.

4.2 Participants
Seventeen special education pre-service teachers complete all as-
pects of the study. Participants included 16 women and 1 man,
which is typical representation for teacher education programs
including special education [11]. Three pre-service teachers were
focused on secondary education and 14 were focused on elementary
education.

4.3 Measures
Survey.

In order to measure the impact of integrating computational
thinking and computer science on pre-service teachers we adapted
the Teacher Beliefs about Coding and Computational Thinking
(TBaCCT) instrument [15]. We changed the items from a focus on
elementary students to students with disabilities. For example, we
changed the item “Learning about computing can help elementary
students become more engaged in school” to “Learning about com-
puting can help students with learning disabilities become more
engaged in school”.

TBaCCT includes three specific beliefs relevant to teaching com-
putational thinking and coding to young children: value beliefs,
self-efficacy beliefs, and teacher efficacy beliefs. The value beliefs
measured the importance teachers placed on computing education
for students, the self-efficacy beliefs measured pre-service teachers’
own efficacy in CT, and the teaching efficacy beliefs measured pre-
service teachers’ efficacy for teaching computing. In addition, we
added four Likert-scale items that measured pre-service teachers’
beliefs about using UDL to teach computing to support students
with disabilities.

Case Study Scenario

In order to measure how pre-service teachers apply UDL princi-
ples to support students with disabilities in computing experiences,
we developed a case study that presented a classroom scenario
where pre-service teachers were co-planning and co-teaching a CT
lesson that used Scratch to teach geometric shapes. The scenario
presented three hypothetical students with different disabilities and
asked pre-service teachers how the three UDL principles (Multiple
Means of Engagement, Multiple Means of Representation, Multiple
Means of Action Expression) could be applied in the lesson. Pre-
service teachers responded to six open-ended questions about what
UDL feature they noticed and what UDL feature they would add
for each of the three principles. Appendix A includes the scenario.

4.4 Data Collection and Analysis
Pre-service teachers enrolled in the assistive technology course
were asked to complete a pre-survey about 2 weeks before the
CT modules were implemented in the course. They received the
post-survey after the CTmodules. We sent two reminders to the pre-
service teachers to complete the pre-service and the post-survey.

The survey items under each of the sub-sections were combined
to give a composite score for pre-service teachers’ value beliefs,
teaching efficacy in computational thinking, efficacy of their own
computational thinking knowledge, and using UDL strategies to
support students with disabilities in computational thinking. We
analyzed the complete scores using the Wilcoxon Signed Rank Test
to check if pre-service teachers’ beliefs were significantly different
between before and after the CT integration in the course. The
Wilcoxon Signed Rank test is similar to dependent paired t-test, but
does not assume that data is normal.

The open-ended responses to the case study scenario were an-
alyzed using the UDL guidelines for computer science and com-
putational thinking framework. The framework provides concrete
strategies for using the three UDL principles within the context of
CS/CT lessons. The goal of the analysis was to identify which UDL
strategies pre-service teachers use to support students in CT/CS
learning experiences. In order to develop a coding scheme, two
coders independently applied the framework to four open-ended
responses for each UDL principle and discussed any discrepancies
to ensure they were applying the framework appropriately. Once
the two coders had established an understanding of how to code
the data using the framework, they independently coding 20% of
the open-ended responses to establish inter-rater reliability. We
used Maxwell RE to calculate the reliability, which was 0.84 and
suggested a strong inter-rater agreement. The two coders, then,
split the remaining data and coded independently.

5 RESULTS
Descriptive statistics from the survey indicated that overall the in-
tegration of computational thinking in assistive technology course
increased pre-service teachers’ value beliefs, teaching efficacy, ef-
ficacy in CT, and UDL strategies. Table 1 shows the pre and post
means and standard deviations for the four survey sections.

A Wilcoxon Signed-Ranks test indicated that pre-service teach-
ers’ value beliefs were significantly higher after the intervention
(mean rank = 8.82) than before (mean rank = 9.83), Z = -2.23, p =
0.03. Results from the Wilcoxon Signed-Ranks test also indicated



Table 1: Descriptive Statistics

Pre Mean (SD) Post Mean (SD)
Value Beliefs 46.06 (5.66) 49.65 (7.06)

Teaching Efficacy 37.53 (10.11) 45.88 (5.67)
CT Efficacy 11.35(1.96) 12.18 (2.20)

UDL 15.64 (2.52) 19.96 (3.10)

that pre-service teachers’ own efficacy beliefs about teaching com-
puting were significantly higher after the intervention (mean rank
= 9.61) than before (mean rank = 6.17), Z = -2.75, p = 0.006. Wilcoxon
Signed-Ranks also test indicated that pre-service teachers’ beliefs
about using UDL strategies to support students with disabilities in
computing were significantly higher after the intervention (mean
rank = 9.14) than before (mean rank = 4.00), Z = -3.11, p = 0.002. It
is interesting to note that pre-service teachers’ own self-efficacy in
CT was NOT significantly different between before and after the
intervention (mean rank = 8.06) than before (mean rank = 6.50), Z
= -1.27, p = 0.20.

Analysis of the open-ended responses suggested that pre-service
teachers’ use of UDL principles primarily focused onmultiplemeans
of engagement with 143 codes emerging from the data. Multiple
means of engagement principle focuses on providing student with
multiple ways to engage in the content given that one way is not
ideal for all learners and include three guidelines: (a) Recruiting
Interest (spark excitement and curiosity for learning); (b) Sustaining
Effort Persistence (Tackle challenges with focus and determina-
tion.); and (c) Self Regulation (Harness the power of emotions and
motivation in learning) [1]. Table 2 shows the number of codes that
emerged for each of the guidelines and example response.

The open-ended responses showed that pre-service teachers in
our study discussed multiple means of engagement most to sup-
port students with disabilities. Within this principle, sustaining
effort was the most suggested strategy. In order to ensure that
students had sustained effort during CT/CS learning experiences,
pre-service teachers suggested using group work or pair program-
ming. Recruiting interest was the next UDL strategy pre-service
teachers suggested as they focused on providing students with
choices within CT/CS activities.

For multiple means of representation, there were 76 codes that
emerged from the data. Multiple means of representation focuses
on providing more than one means of representing information
given that learners perceive and comprehend information in differ-
ent ways. This principles include three guidelines: (a) Perception
(Interact with flexible content that doesn’t depend on a single sense
like sight, hearing, movement, or touch); (b) Language and Symbols
(Communicate through languages that create a shared understand-
ing); and (c) Comprehension (Construct meaning and generate
new understandings) [1]. Table 3 shows the number of codes that
emerged for each of the guidelines and example response.

Pre-service teachers in our study had the least number of re-
sponses that focused on multiple means of representation. Under
this principle, perception had the highest number of codes that in-
cluded providing students with instructions on how to accomplish
the task using a video. Comprehension had the second most codes

Table 2: Multiple Means of Engagement

Guidelines N = 143 Example
Recruiting
Interest

41 This lesson allows for individualiza-
tion through scratch. The students
can change sprites and customize
the movements of their sprites.

Sustaining
Effort

77 I would also create many break op-
portunities where we take breaks
from the code and discuss progress
as a whole group to prevent Connie
from getting too overwhelmed and
frustrated.

Self
Regulation

25 One feature I noticed is communi-
cating clear expectations for com-
puting tasks, collaboration, and
help seeking

Table 3: Multiple Means of Representation

Guidelines N = 76 Example
Perception 35 She can have instruction or com-

puting skills read aloud to her or
provide her with a video to show
her the steps of tasks

Language
and Symbols

16 Post anchor charts and provide ref-
erence sheets with images of blocks
or with common syntax when us-
ing text

Comprehension 25 Encourage students to ask ques-
tions as comprehension check-
points

for this principle as participants responded that using questions
to check for understanding. Language and Symbols was the last
category that emerged from the responses and included providing
anchor charts in the classroom that students could use as references
when coding.

For multiple means of action and expression, there were 114
codes that emerged from the data. Multiple means of action and ex-
pression is about how learners navigate their learning environment
and includes three guidelines: (1) Physical Action (Interact with
accessible materials and tools); (b) Expression and Communication
(Compose and share ideas using tools that help attain learning
goals); (c) Executive Functions (Develop and act on plans to make
the most out of learning) [1]. Table 4 shows the number of codes
that emerged for each of the guidelines and example response.

Multiple means of action and expression was the second most
UDL principle that pre-service teachers in our study discussed
in their responses. Within this principle, physical action had the
highest number of codes with participants discussing physical as-
sistive technologies for students with disabilities. Expression and
Communication emerged as the second most coded strategy under



Table 4: Multiple Means of Action and Expression

Guidelines N=114 Example
Physical
Action

61 Robert would benefit from using
Scratch on a touch screen device
and using a stylus to select the cod-
ing blocks.

Expression
and
Communication

27 Creating physical manipulatives for
the students to use as coding blocks

Executive
Functions

26 Provide graphic organizers to facil-
itate planning, goal-setting, and de-
bugging

this principle as participants suggested using physical manipu-
latives such as cutout physical coding blocks. Finally, Executive
functioning was coded 26 times with pre-service teachers focusing
on providing explicit instruction to students in help seeking and
general problem solving techniques.

6 DISCUSSION
Results from our study show that as a result of introducing com-
putational thinking and coding to special education pre-service
teachers they saw it as being relevant to students with disabilities.
In addition, pre-service teachers’ own self-efficacy teaching beliefs
as well as their confidence in using UDL to teach computing to stu-
dents with disabilities increased significantly. The results suggest
that exposure to CT learning experiences can have a positive impact
on pre-service teachers’ perceptions of the importance of CT/CS for
their students and increase their self-efficacy in teaching it. These
findings are important given that prior work with pre-service teach-
ers has primarily focused on general education study while our
study shows that special education pre-service teachers also see
the importance of bringing computational learning experiences
to students with disabilities. Our results are consistent with prior
work that has shown that general education pre-service teachers
see CT/CS as important for K-12 students [17][10][4].

Given the importance of teacher self-efficacy beliefs in influ-
encing their classroom practice and impact on student outcomes
[6], our findings are important for pre-service teachers to bring
computing experiences into their future classrooms. If pre-service
teachers see the value of CT for students with disabilities and feel
confident in integrating CT, it is likely that they will bring compu-
tational learning experiences to their classrooms. Future research
in this area should examine whether and how pre-service teachers
translate their learning about CT and lessons on CT integration
into actual classroom practice. One potential way to study this
would be to follow pre-service teachers into their student teaching
experience and implement CT integrated lessons that they develop
as a part of their teacher education coursework.

Our findings from the case study scenario shows that pre-service
teachers seem to use certain UDL strategies over others. In par-
ticular, multiple means of engagement had the highest number of
codes, which is not surprising given that it is similar to making

accommodations for students with disabilities and something spe-
cial education programs focus on. In addition, multiple means of
representation was brought up the least. This could be something
because it would require pre-service teachers to change what was
in the lesson considerably. Without a complete understanding of
CT/CS tools, it might be hard for them to come up with ideas on
how to provide multiple means of representation. These findings
are similar to how in-service teachers emphasize some UDL prin-
ciples over others [7]. Israel and colleagues found that in-service
teachers multiple means of action and expression was emphasized
to a lesser extent than multiple means of engagement or multiple
means of representation [7] whereas in this study multiple means
of representation was least emphasized.

This finding that pre-service teachers can apply UDL strategies
to support students with disabilities is promising and needs to be
further explored. As Israel and colleagues have recommended, the
three UDL principles address different student needs and "were not
intended to hold equal weight as they are context- and student-
dependent" [7]. Thus, future work should examine whether and
how pre-service teachers use UDL principles to support different
needs of the students and kinds of support they need to implement
UDL strategies into their own lessons.

CT and CS are increasingly integrated into K-12 education for
students. Yet, insufficient support exists to help teachers support
and engage students with disabilities in accessing and experienc-
ing success with CT and CS principles and activities. First step in
increasing access to computing for students with disabilities is to
educate future teachers on how to integrate computational think-
ing into their instruction. Our results suggest that integrating CT
into special education teacher preparation coursework can have a
positive impact on how pre-service teachers see the value of bring-
ing computational practices to students with disabilities. Future
work in this area should focus on whether and how teacher candi-
dates bring computational thinking into their classroom instruction
and/or different pacing of the curriculum.
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Appendix A : Case Study Scenario
Context: At the beginning of the school year, the elementary and
special education teachers with whom they work attended a work-
shop on integrating computational thinking (CT) and computer
science (CS) into their instruction. In this workshop, you focused
on how to bring concepts such as decomposition, sequencing, and
debugging into instruction.

Your new co-teacher, Ms. Martin, mentioned that she has been at-
tempting to bring CT into her elementary classroom for the past two
years. She confided in you that although she is excited to continue
to explore ways to teach CT this year, several students struggled
and seemed disengaged. Knowing that you will be working closely
together this year, she suggested that you co-plan and co-teach
the lessons. . You both agree that taking a Universal Design for



Learning (UDL) based approach will be key to successfully teach
CS and CT this year!

Your co-taught classroom has a diverse group of learners that
includes students who are bilingual, those who receive Gifted and
Talented services, and students with disabilities who have individ-
ualized education programs (IEPs).

(1) Lauren has a specific learning disability in reading. She often
does not ask for help because she does not want others to know
she struggles. Lauren tended to work for a bit, but then begins
sketching or doing something else that is off-task;

(2) Connie has autism and although she has good communication
skills, she often struggles during collaborative activities. There are
a couple of students in the class that Connie knows well and likes to
work with. On many occasions, though, Connie becomes frustrated
and asked these friends to do her work for her.

(3) Robert has limited mobility and attention issues due to a
traumatic brain injury. He uses an electric wheelchair. He requires
assistive technology including typing instead of handwriting. He
also uses a modified stylus with a larger grip when using touch-
screen devices.

You and Ms. Martin decide to meet during your co-planning
periods to brainstorm some ideas about how to apply UDL to the
Scratch shapes activity

The next step you take is to look at the UDL framework and
the UDL in CS table to brainstorm ways in which the three UDL
principles can be applied within this lesson. For each UDL principle,
find at least one UDL feature that you notice and one feature you
would add. (Re-read the context if needed)

(1) Multiple Means of Engagement (The “WHY” of learning):
What UDL feature(s) did you notice in the lesson?

(2) Multiple Means of Engagement (The “WHY” of learning):
What UDL feature(s) could be added to the lesson?

(3) Multiple Means of Representation (The “WHAT” of learning):
What UDL feature(s) did you notice in the lesson?

(4) Multiple Means of Representation (The “WHAT” of learning):
What UDL feature(s) could be added to the lesson?

(5) Multiple Means of Action Expression (The “HOW” of learn-
ing): What UDL feature(s) did you notice in the lesson?

(6) Multiple Means of Action Expression (The “HOW” of learn-
ing): What UDL feature(s) could be added to the lesson?
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