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ABSTRACT
Given the academic diversity of today’s classrooms, elementary
teachers engaged in computer science (CS) and computational think-
ing (CT) instruction must create CS/CT experiences that are acces-
sible and engaging to a broad range of learners, including those
with disabilities. One method of developing inclusive instructional
experiences is through the Universal Design for Learning (UDL)
framework, wherein teachers proactively design instruction for the
broadest range of learners. Doing so may be challenging as elemen-
tary teachers may not be familiar with the UDL framework or may
not have experience with applying UDL within CS/CT instruction.
The purpose of this qualitative study was to investigate how four
elementary teachers provided UDL-based instruction to academi-
cally diverse learners during CS/CT instruction. Teachers received
professional development and instructional coaching related to
UDL within CS/CT education. Data included teachers’ lesson plans,
coaching logs, and teacher interviews which were qualitatively
analyzed and triangulated. Data revealed that teachers generally
addressed all three UDL principles, with an emphasis on two of the
principles (multiple means of engagement and multiple means of
representing content) above the third principle (multiple means of
action and expression). They focused on breaking tasks into steps,
emphasizing student choice, and presenting information in multi-
ple ways. Findings revealed nuanced implementation differences
among the teachers as well.

CCS CONCEPTS
• Social andprofessional topics→Professional topics; •Com-
puting education → K-12 education;
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1 INTRODUCTION
When speaking with elementary teachers providing computer sci-
ence (CS) instruction, it becomes clear that they want to reach
all learners. They often describe their desire to increase equitable
access for their learners [6]. However, these same teachers often de-
scribe a lack of information about effective pedagogical approaches
to guide them in including all learners in such experiences. Because
of limited strategies specifically designed to support students with
disabilities in elementary CS, teachers may use strategies that they
find effective in other content areas[15]. One such pedagogical ap-
proach that has been applied in CS education is Universal Design
for Learning (UDL) [13]. The purpose of this study was to investi-
gate how elementary teachers used the UDL framework to meet
the needs of their learners with disabilities during CS instruction.

2 BACKGROUND
2.1 Students with disabilities in K-12 CS

Education
Approximately 6.7 million children in K-12 public schools receive
special education services [11] under the Individuals with Disabil-
ities Education Act (IDEA), federal legislation that ensures that
students with disabilities receive an education tailored to their indi-
vidual needs in the least restricted environment. Another group of
students receive supports under Section 504 of the Rehabilitation
Act of 1973, which is a federal civil rights law that prohibits dis-
crimination against people with disabilities in programs receiving
federal financial assistance (such as schools). Students receiving
Section 504 supports typically require accommodations such as
extended time to complete tasks and technology-supports such as
text-to-speech software for reading. The majority of students with
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disabilities are taught alongside their peers in general education set-
tings [11]. Thus, it is reasonable to expect that these learners will be
included in CS activities available to students without disabilities.

A growing body of literature suggests that with the appropriate
supports, students with disabilities can be successful in CS educa-
tion [9]; [16]; [17]. Snodgrass, Israel, and Reese (2016), for example,
showed that when supports implemented in other content areas
(such as mathematics) were used in CS education, students with
disabilities meaningfully participated in CS activities. These studies
highlighted the need in the CS education research community to
include disability as part of broadening participation discourse. As
K-12 CS education continues to gain momentum, the study of ped-
agogical approaches that result in meaningful inclusion of students
with disabilities is essential [8]; [13].

2.1.1 Theoretical Framework: Universal Design for Learning (UDL).
UDL is often described as a planning process that teachers use to
reduce barriers to learning so that all students, including those
with disabilities, can access instruction [14]; [12]. UDL rests on the
premise that rather than modifying "one size fits all" instruction for
learners for whom that instruction is not accessible, teachers should
proactively plan instruction that is accessible and engaging to a
broad range of learners. UDL is comprised of three broad principles
based on cognitive neuroscience research [4]: (a) multiple ways
for students to engage in learning, (b) multiple ways for content
to be presented to learners, and (c) multiple ways for students to
express their understanding. These principles are further broken
down into nine guidelines (three per principle) and accompanying
checkpoints that provide context for how the principles can be
applied to instructional planning (see http://udlguidelines.cast.org/).
The principles, guidelines, and checkpoints, when viewed together,
can help teachers focus on how to increase access and engagement
within the instructional goals, methods, materials, and assessments
that are used during instruction.

2.1.2 Related and Prior Work: UDL and CS Education. The UDL
guidelines were developed by CAST (i.e., the Center for Applied
Special Technology) and have been widely used as a foundational
document for UDL implementation. Despite the focus on UDL in
other content areas such as K-12 STEM instruction (e.g.,[1]; [7])
and postsecondary computing instruction (e.g., [2]), UDL has not
often been applied in the context of elementary CS instruction.
Hansen and colleagues (2016) found that UDL and differentiation
were necessary to ensure equitable and accessible CS experiences to
academically diverse elementary students [5]. In another study, Ray
and colleagues (2018) investigated how K-8 teachers taught CS to a
wide range of learners, including those with disabilities, through a
UDL-based approach. They found that most of the teachers used
some aspects of UDL, but implementation of UDL was generally
limited to either offering students choice in projects (an aspect of
multiple means of engagement) or project planning supports (an
aspect of multiple means of action and expression). This limited
interpretation of UDL leads to multiple questions about how much
support teachers require in order to more fully implement UDL in
the context of CS education. Beyond these studies, little is known
about how to implement UDL in the context of early CS education.

Table 1: Teacher Information

Name Grade Class Setting License Years
teach-
ing

Lester 2 Inclusive
co-taught

Special and
General Ed

4

Rios K-3 Self-contained
special ed

Special ed 4

Aldridge 3 Inclusive
co-taught

General Ed-
ucation

2

Robinson 4 Gen Ed and Eng.
as a New Lan-
guage (ENL)

General Ed 3

2.1.3 Purpose and ResearchQuestions. The purpose of this paper
was to investigate how elementary teachers who received pro-
fessional development and instructional coaching in UDL-based
instruction implemented UDL within their inclusive CS classrooms.
The research question that guided this study was: What does UDL
look like in the context of elementary CS education?

3 METHODS
This study utilized a basic interpretive qualitative research design
[10] to examine the degree to which UDL was present in teachers’
instruction. Data included (1) lesson plans and instructional artifacts
(e.g., worksheets, anchor charts), (2) teacher interviews, and (3)
instructional coaching logs.

3.1 Setting and Participants
This study took place in a large urban school district in the North-
east that had a K-12 CS for all initiative. In this study, participating
teachers were recruited based on the following criteria:

(1) Teachers signed the informed consent forms,
(2) Teachers had a range of learner diversity in their classrooms

(e.g., students with disabilities, English language learners),
(3) Teachers participated in initial professional development

and a five-week UDL instructional coaching cycle, and
(4) Teachers agreed to implement aspects of UDL in their CS

instruction during the five-week coaching cycle.
Of the available teachers in this school district, four were pur-

posefully selected based on the inclusionary criteria and the student
diversity in their classrooms. Table 1 provides information about
the teachers in this study.

All four teachers could be considered novice CS educators. This
was Ms. Robinson’s first year of teaching elementary CS. The other
three teachers had one prior year of elementary CS. During this
study, all four teachers taught CS once a week for a 45 minute
block of time. The CS teaching activities varied among the teachers
as they taught different grade levels and in different contexts. All
began with unplugged activities such as those in Hello Ruby. With
the exception of Ms. Rios, they then followed a similar trajectory
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Table 2: Computing Activities

Computing activity Lester Rios Aldridge Robinson
Unplugged x x x x
Robotics x x x x
Code.org x x x
Scratch x x x x
Codesters x
Stations x

wherein they transitioned to Code.org Fundamentals for a couple
of months followed by robotics activities with the Dash robot or
Robot Mouse. They then transitioned to open-ended projects using
Scratch. Ms. Robinson, in 4th grade, then moved onto Codesters to
introduce students to Python. Ms. Rios followed a different learn-
ing trajectory wherein she spent approximately two months on
unplugged activities tied to Hello Ruby and then transitioned to
the Robot Mouse followed by Dash robot. In both robotics units,
Ms. Rios explicitly taught the students how to use these devices.
Once students were familiar with the activities, she set up stations
wherein students cycled through different computational activi-
ties. All teachers addressed computational concepts related to se-
quencing and algorithms. Other than Ms. Rios, the teachers also
focused on repetition. Ms. Robinson also focused on general syntax
in Codesters, as well as on strings, integers, and making shapes
using parameters in a function within coordinate plans.

3.1.1 Professional development (PD) and instructional coaching.
Only Ms. Rios had experience with UDL prior to this study. Conse-
quently, before the initial PD, the teachers were asked to complete
a self-guided module that included an introduction to UDL, with
videos and web resources such as an overview of the CAST website,
the UDL guidelines, and materials created by this research team
that connected UDL to CS education. The subsequent face-to-face
PD focused on deeper exploration of how the UDL framework could
be applied in lesson planning and implementation. A major aspect
of this PD included showing teachers examples and providing them
with time to discuss strategies and implementation steps. Next,
the teachers worked with an instructional coach in a five-week
coaching cycle on strategies for including students with disabilities
and English as a new language learners (ENL) in CS education. The
coach met with the teachers weekly to co-plan and co-teach with
the teachers. The structure of this coaching included: (a) time to co-
plan instruction, (b)co-teaching, and (c) lesson debrief. Co-planning
involved a discussion of lesson objectives, ways of increasing the
flexibility of instruction through the UDL framework, and discus-
sions of lesson logistics such as the need for materials and lesson
pacing. Co-teaching involved a combination of modeling pedagogi-
cal approaches by the coach and opportunities for the teacher to
lead instruction. Lastly, lesson debrief included a discussion of les-
son successes and challenges, discussion of strategies used, and
next steps needed for co-planning.

3.2 Data Collection
This study utilized three data sources: (a) lesson plans and accom-
panying artifacts, (b) coaching log notes, and (c) teacher interviews.
All materials were collected during the five-week coaching cycle in
which the teachers participated.

3.2.1 Lesson plans and accompanying artifacts. Lesson plans and
associated artifacts were collected by the instructional coach and up-
loaded to a shared cloud-based account. These lesson plans included
lesson goals, assessments, and necessary materials for implementa-
tion. Lesson plans were collected both during the 5-week coaching
cycle as well as after the coaching intervention ended.

3.2.2 Coaching logs. Weekly coaching logs were conducted across
the five-week coaching cycle. These coaching logs consisted of
Google Forms with prompts for areas of discussion between the
teachers and the coach. Areas within the coaching logs included
general instructional context (e.g., number of students, grade level),
instructional goals, and inclusive strategies discussed or observed
by the coach (e.g., evidence of UDL, differentiation, modeling, for-
mative assessments). Data from these coaching logs were then
exported into a spreadsheet for later analysis.

3.2.3 Teacher interviews. Semi- structured interviews were con-
ducted with the teachers at the end of the school year. Example
questions included: (a) Can you talk a bit about to what extent you
used the UDL framework in your CS instruction, and (b) Can you
talk a little bit about the experiences of your students with disabili-
ties, without identifying specific students? All questions included
follow-up probes to encourage specific examples and additional
information. Each interview lasted between 30 and 60 minutes. All
interviews were audio recorded and transcribed for analysis.

3.3 Data Analysis
This study utilized a basic interpretive qualitative methodology
[10]. A coding scheme was developed based on the UDL guidelines
and checkpoints to ascertain the UDL implementation used by the
teachers. Due to the specificity of the UDL guidelines and check-
points developed by CAST, it was feasible to assign consistent codes
based on UDL in the data. Once initial coding was complete, two
researchers compared codes and clarified areas of disagreement.
Interrater agreement was then computed using Cohen’s Kappa co-
efficient. Cohen’s Kappa is a measure of interrater agreement used
for qualitative/categorical data and is considered more robust than
percent agreement as it accounts for agreement between raters that
might occur by chance [3]. The research team reached an inter-
rater reliability which remained above .98 across all data sources.
Using the Cohen’s Kappa coefficient, scores between .8 and .99,
indicate near perfect agreement. The researchers also tabulated
the frequency of data in each UDL checkpoint and guideline to
ascertain which areas of UDL were emphasized above others. This
analysis was not intended to suggest that more is better. Rather, it
was intended to unpack gaps in UDL implementation.
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4 RESULTS
4.1 UDL Principles in CS Instruction
Data revealed that all four teachers implemented UDL within their
instruction, although implementation varied among the teachers.
Additionally, although tabulating instances of UDL does not corre-
spond to understanding UDL implementation, this tabulation pro-
vided one lens into UDL areas of emphasis. This analysis revealed
145 UDL practices tied to the UDL guidelines and checkpoints. The
distribution of these instances across principle was: Multiple means
of engagement (n=63), Multiple means of representation (n=51),
and multiple means of action and expression (n=31). This analysis
revealed that primary emphasis was on engaging learners and rep-
resenting content in flexible ways, with less emphasis on options
for expression of understanding. Again, this frequency count does
not indicate quality of UDL implementation. Rather, it showcased
UDL checkpoints that were emphasized.

4.1.1 Multiple means of engaging and motivating learners. : Teach-
ers addressed this UDL principle to the greatest extent as compared
to the other two UDL principles. In fact, all four teachers addressed
all components of this principle. First, they all offered choice in the
development of their students’ computational artifacts. However,
the teachers also added a level of accountability to that choice so
that students would need to think about their choices and show
intentionality for those choices. For example, when Ms. Aldridge’s
students worked with peers on Scratch projects, she encouraged
them to express their intentionality for their choices using sentence
starters with four prompts: (a) My goal is to . . . (b) My first step is
. . . (c) My next step will be . . .And (d) My last step will be . . .This
type of activity not only heightened salience, but also helped the stu-
dents with goal setting, which is a critical component of increasing
student engagement.

Second, the teachers attempted to optimize relevance for the stu-
dents by adding several real-world applications that were familiar
to the students within the computing activities. An example of this
approach occurred when Ms. Aldridge taught a lesson using the
Dash Robot (https://www.makewonder.com/dash/) wherein stu-
dents were asked to create a map and develop a story that directed
Dash to go to different areas of the map. Once their stories and maps
were created, the students programmed Dash to follow the map
according to the story they wrote. Many of the students created
maps of their neighborhoods or familiar areas; thus, this activity
was personalized and contextualized in their lives.

Last, all the teachers encouraged sustained persistence. The pri-
mary way that they addressed this UDL guideline was by fostering
student collaboration with their peers as a community of learners.
Collaborative opportunities varied among the teachers, but they
all encouraged collaboration and offered a structure in which the
collaborations should occur. For example, Ms. Lester created an
unplugged activity to teach decomposition wherein students de-
composed the steps to a hand gesture dance. In her directions, she
stated, "Work with your partner to create, decompose and record
the code for a hand jive. One partner will create the hand jive and
the other partner must decompose it and write the code." These
directions were clarified to the students. Additionally, she provided
the students with a template wherein the students would write

Figure 1: Example of Multiple Means of Representation.

their steps. The lesson plans also included facilitated group dis-
cussions and partner/pair programming. Ms. Aldridge introduced
a pair programming protocol in assigned pairs and included ex-
plicit collaboration rules (e.g., when to switch roles), individual
students’ roles as navigator and driver, and explicit directions for
each student’s responsibility (coaching debrief). The teachers also
all indicated that they purposefully paired students. For example,
Ms. Lester initiated peer collaboration as both an instructional
strategy and a classroom management strategy. She explained that
by placing students in small groups that were heterogeneous and
included students of different abilities, she was able to include all
students in the CS activities. Ms. Aldridge, similarly, encouraged
peer modeling and paired students based on knowledge of their
strengths and weaknesses (Teacher interview).

4.1.2 Multiple means of representing content. : All the teachers
recognized the need to present information to students through
multiple pathways. Of the three representation UDL guidelines, the
most common was providing options for perception (e.g., customiz-
ing the display of information) and options for comprehension (e.g.,
guiding information processing and visualization and maximiz-
ing transfer and generalizability). There was less focus on options
for language and symbols such as clarifying syntax and structure,
which is likely a result of greater emphasis on pictorial and auditory
representations of content. Representation options often involved
giving directions orally, providing visual cues, and modeling re-
quired tasks. For example, Ms. Rios explained that when she taught
a CS unit using the Hello Ruby book series, she displayed the book
on the interactive whiteboard and enlarged the text. Similarly, Ms.
Lester taught the students about algorithms through the process
of designing paper airplanes. Her lesson plan began with the fol-
lowing steps: (a) Tell students: We are going to learn an algorithm
today for making paper airplanes; (b) Show students the paper
airplane slides, (c) Demonstrate making a paper airplane under
the document camera; (d) Put all the images up on the board in
random order; (e) Label each step with a number from 1-6. Figure 1
provides images of both the demonstration of the paper airplane
on the document camera and the steps required to create the paper
airplane on the board, once they were placed in correct order.

Additionally, given the large number of ENL learners in the
classrooms, teachers often talked about the need to provide multiple
options for presenting content to address the needs of students’
whose English language skills were still emerging. For example,
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Figure 2: Student Checklist

Ms. Robinson explained, "There’s a lot of translation. I use Google
Translate often. There are visual models. There will be pictures of
certain aspects of the CS project or a demonstration before they do
it, so they can see the project."

4.1.3 Multiple means of action and expression. Of all the UDL prin-
ciples, this principle had the least amount of evidence in the data.
However, of the three guidelines within this UDL principle, all four
teachers implemented checkpoints related to supporting students’
executive function (e.g., guiding goal setting, supporting planning,
and providing progress monitoring). The other two guidelines (op-
tions for physical action; options for expression and communica-
tion) were less prevalent.

First, all the teachers addressed executive function needs by
emphasizing the use of rubrics and checklists for assessment, to
provide students with guidelines and expectations for their compu-
tational artifacts, and to provide feedback to the students on their
progress.

Ms. Lester, for example, wanted her students to program theDash
robots to dance. In her directions and accompanying handout, she
defined the expectations and provided a checklist for the students
(see Figure 2). In this checklist, for example, she wrote, "You must
have programmed at least 3-5 moves. Put a check next to each move
that you programmed to keep track. You do not have to program
your moves in the order you planned them."

The second way that the teachers implemented this principle
was by focusing on progress monitoring as a way to guide stu-
dent progress. All four teachers enhanced capacity for progress
monitoring by providing explicit and directed student feedback
throughout the computational lessons. This feedback was often
tied to the rubrics and checklists discussed above. This aspect was
substantiated as check-ins with students, discussions of rubrics,
and built-in assessment questions into the lesson plans.

Ms. Robinson indicated that she encouraged peer feedback as
part of developing computational artifacts. She hoped to promote

students’ growth mindset among her students. To encourage ef-
fective peer feedback, she uses a peer feedback form with "stars"
and "wishes" so that students can give peers positive feedback and
suggestions. Along with these peer components, she also included a
reflection, so that the students could make a plan for implementing
the suggestions offered by their peers.

Finally, Rios discussed how she used the Dash robot with iPads to
help students with social-emotional communication. She explained:

"One child will say, ’This is my problem’[and
use] the robot to communicate.Wewere shocked
at how they were able to [use the robot to]say,
’Well, you’re not my friend because you didn’t
play with me during lunch.’ They were able to
have back and forth conversations through the
Robot."

In this way, students communicated their understanding through
computing. In another example, Ms. Lester provided English lan-
guage learners with sentence stems to talk about what they were
doing during CS activities. She also encouraged students to act
out code and use pseudocode to demonstrate understanding. She
explained that in an unplugged activity where students filled grids
using arrow pseudocode, "They practiced with their bodies. They
got to design different arrow codes and then perform it with their
bodies...they got to practice with dry erase markers and take turns
in designing arrow code." Thus, both Ms. Rios and Ms. Lester found
ways to increase the flexibility in which students demonstrated
their understanding during computing activities.

4.2 UDL Implementation Differences
Although there were similarities in UDL implementation between
teachers, there were also meaningful differences. Due to the dif-
ference in students in the classes, the teachers emphasized differ-
ent aspects of UDL in their instruction. For example, although all
teachers emphasized engagement, Ms. Lester, had the most even
distribution of UDL practices across the three UDL principles. In-
terestingly, she also had the fewest instances of UDL checkpoints
in her data (n=25), although she implemented the checkpoints that
she utilized consistently throughout her instruction. The teachers
with the largest number of evidence of UDL principles were Ms.
Aldridge (n=42) and Ms. Robinson (n=48). Ms. Rios had 30 instances
of UDL across the data. Again, this tabulation provided an initial
analysis of UDL implementation but was much less useful than the
qualitative analysis of how UDL was implemented. Below are an
example activity each teacher implemented, anticipated barriers,
and UDL practices to address those barriers.

Ms. Lester: Activity: Paper airplane algorithm activity. Antic-
ipated learning barriers: Physically folding the paper accurately;
Following either oral or pictorial directions alone; and High cog-
nitive load in new and challenging activities. UDL approaches: (a)
Options for pre-folded paper for all learners, (b) Modeling along-
side posting pictorial representations, (c) Think-aloud stories about
managing frustration, and (d)Heterogenous collaborative groups
with expectations for peer support.

Ms. Rios: Activity: Robot stations. Anticipated learning barriers:
Understanding abstract concepts; Attention with single-modality
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instructions; Completing complex multi-step activities. UDL ap-
proaches: (a) Station activities with paraeducator support; (b) Social-
emotional learning built into CS activities, (c) Expression options
based on student interest; and (d) Key vocabulary and concepts
reviewed prior to station work.

Ms. Aldridge: Activity: Dash Robot Around Town. Anticipated
learning barriers: Understanding implicit directions; Task comple-
tion with debugging code that does not work as intended; Main-
tained attention during complex multi-step activities; and Limited
English language comprehension for bilingual students. UDL ap-
proaches: (a) Collaboration guidelines sentence stems provided and
modeled; (b) At least two formats for directions (pictorial, auditory);
(c) Team problem-solving protocols, (d) Flexible groupings based
on student choice, and (e) Use of Google Translate.

Ms. Robinson:Activity: Open-ended Scratch. Anticipated learn-
ing barriers: Preference to always work independently; Discour-
aging comments by some students about peers’ activities; Limited
English language for bilingual students. UDL approaches: (a) Col-
laboration guidelines provided and modeled; (b) Pair programming
implemented in homogeneous pairs (so both students fully partici-
pate); (c) Student choice provided; (d) Extension activities provided
for all students; and (e) Model for students toggling Scratch blocks
between home language and English.

There was no "one way" to implement UDL. Rather, implementa-
tion addressed the range of variability in the teachers’ classrooms:
For example, Ms. Lester and Ms. Robinson had ENL learners in
their classrooms. Ms. Robinson and Ms. Aldridge also had students
receiving gifted supports. Ms. Rios had students with more signif-
icant intellectual support needs. Therefore, even the same UDL
checkpoints were actualized differently in different settings.

5 DISCUSSION
The study investigated how elementary teachers implemented UDL
within academically diverse CS classrooms. Findings supported
findings from other studies that investigated the inclusion of stu-
dents with disabilities in CS education. That is, teachers attempted
to support all learners including, students with disabilities, and
attempted to meaningfully include all learners [5]; [15] [16]; [17].
However, in this study, as well as in Ray and colleagues (2018),
doing so in the context of CS education required significant PD and
support from a coach familiar with both CS education and UDL.

A major question answered by this study was how teachers used
the UDL Framework to better engage academically diverse learners
in their inclusive CS instruction. Prior to this study, only one study
examined teacher implementation of UDL in this context. That
study ([13]) showed that teachers interpreted the UDL framework
narrowly. A major implication of that study was that the teachers
required significantly more support to implement UDL-based CS
instruction. This current study attempted to minimize the likeli-
hood of attaining similar results by providing teachers with PD
and coaching in using the UDL framework both in planning and
in implementation. This study revealed that the teachers generally
taught in a manner consistent with the UDL framework. However,
similar to Ray et al., (2018), when looking at which components
of UDL the teachers implemented, some areas were emphasized

above others. Specifically, among the three UDL principles, mul-
tiple means of action and expression was emphasized to a lesser
extent than multiple means of engagement or multiple means of
representation. Second, UDL looked different across the classrooms
as teachers made decisions about the needs of their students. The
three UDL principles (broken into 9 guidelines and accompanying
checkpoints) address different student needs. Hence, when looking
at UDL implementation, teachers had examine the goals for the CS
instruction, barriers to achieving those goals, and which guidelines
and checkpoints might address those barriers to learning. Simply
put, the UDL checkpoints were not intended to hold equal weight
as they are context- and student-dependent. There is no known
"effective proportion" of the three UDL principles and the guide-
lines and checkpoints within them. Teachers should look at the
goals for their CS instruction, possible barriers that students may
face in meeting those goals as well as strengths that the students
bring to the CS classroom, and then choose the checkpoints that
could leverage students’ strengths and minimize barriers to learn-
ing. Lastly, although UDL was implemented in the context of CS
instruction, the implementation of UDL did not look significantly
different than implementation in other content areas. There was
no CS-specific implementation strategies. Rather, teachers applied
UDL based on an understading of their learners and the goals they
had for their instruction. They most often attempted to (a) make CS
content relevant to their learners, and (b) present complex concepts
and academic language to their learners in multiple ways.

5.1 Limitations and Future Research
Findings from this study must be interpreted in light of several
limitations. The primary limitation was the sample size. Although
this study investigated teachers with a broad range of classroom
contexts (self-contained special education, inclusive co-taught class-
rooms, and classrooms with a high number of students who were
ENL learners), there were only four teachers. Additionally, teacher
characteristics such as number of years teaching and licensure were
not studied as part of the analysis. Future research should investi-
gate UDL implementation in a broader range of classrooms and also
investigate to what extent teacher background and licensure might
influence the way they implement UDL within their CS classrooms.
A second limitation of the study was the limited focus on the in-
structional coaches that helped the teachers implement UDL in
their classrooms. Because instructional coaching was the primary
mechanism to help support the teachers in implementing UDL in
their classrooms, future research should investigate the experiences
of the coaches alongside the teachers.
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