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Abstract

This paper reports on the results of a design-based implementation research study
examining how participation in the Inclusive Computer Science professional development
program influences teachers’ self-efficacy for teaching computer science, especially to students
with disabilities. The paper describes the components of the Inclusive Computer Science
program, with special emphasis on a collaboratively-designed technology-based graphic
organizer that integrates key computational thinking skills with writing instruction and scaffolds
students’ coding processes in Scratch. Preliminary results show 1) the professional development
model and its accompanying resources improved teachers’ teaching self-efficacy for coding and
2) the CoCo platform, specifically, increased teachers’ confidence because it illustrates the
connection between coding and the writing process.



Purpose

This paper reports on initial results of a design-based implementation research study
examining how participation in the Inclusive Computer Science Professional Development (ICS
PD) program influences teachers’ self-efficacy for teaching computer science (CS), especially to
students with disabilities. Now in its second year, the ICS PD program was designed around a
newly developed digital learning platform, called Compose and Code (CoCo). CoCo is designed
to be used with a pre-developed set of lessons that integrate key computational thinking (CT)
skills with writing instruction and scaffold students’ coding process in the popular program
Scratch. After a round of iterative refinement and data collection, researchers sought to better
understand:

RQ1: In what ways does participation in the refined ICS Model of Professional

Development and instruction with the Compose and Code platform influence teachers’

self-efficacy for teaching CS to all learners, and particularly students with high-incidence

disabilities?

Perspectives or Theoretical Framework

Inclusive CS education, Universal Design for Learning (UDL), and self-regulated
learning (SRL) are foundational to all components of the CoCo platform and the ICS PD model.
First and foremost is an axiological commitment to the inclusion of students with high-incidence
disabilities (e.g. learning disabilities, emotional or behavioral disorders, mild intellectual
disability, high functioning autism, and attention-deficit hyperactivity disorder) in CS education.
Over 30 states in the United States have adopted formal education standards related to the
instruction of CS in elementary schools meaning that there is a growing need to integrate CS and
computational thinking (CT) skills with content area instruction in ways accessible to students
with high-incidence disabilities (Authors, 2021). While there are few empirical studies
examining precisely the intersection of inclusive classrooms, STEM integration, and CS
(Snodgrass, Israel & Reese, 2016; Israel et al., 2022), our PD model draws heavily on best
practices identified for developing PD programs to support students with disabilities (Lawless &
Pellegrino, 2007).

Students with high-incidence disabilities often face communication challenges including
difficulty in processes such as attention, memory, sequential processing, higher order cognition,
visual-spatial functions, and language (Baker et al., 2003; Graham et al., 2017; Gregg & Mather,
2002), which they are likely to also face in learning CS. These students may also have difficulty
planning, generating text, and making meaningful revisions (Graham et al., 2011). Our PD model
and the CoCo platform and its accompanying lessons are designed to address these challenges
through the incorporation of UDL principles (CAST, 2020; UDL4CS, 2022) and self-regulated
learning strategies (Graham & Harris, 2000; Zimmerman, 2008). UDL is a scientifically-based
framework that guides the development of flexible curricula which supports learner variability
without needing individualized accommodations. Self-regulated learning strategies are



instructional strategies that enable students to analyze task requirements, select work goals, and
adopt strategies to achieve their objectives (Graham & Harris, 2000).

This year, UDL was embedded in the design of the digital platform for coding and
composing writing and the accompanying lessons. Many features of the CoCo platform were
altered based on teacher-user feedback, including a name change and the creation of a mascot.
Additionally, the professional development approach supporting teachers’ use of the CoCo
platform and instruction was modified based on teacher feedback and participation. The CoCo
platform embeds UDL supports such as audio comments, video models, text hints, text-to-
speech, and embedded videos. These and other scaffolds were built into the design process to
support the learning of students with high-incidence disabilities. The CoCo platform also
scaffolds students’ writing and coding processes by integrating SRL strategies such as goal
setting, self-monitoring checklists, and self-evaluation (e.g. Gillespie & Graham, 2014; Taft &
Mason, 2011; Graham & Rigby-Wills, 2017). Figure 1 provides a screenshot of CoCo that
illustrates these supports.

Figure 1

Methods

This study was conducted using a design-based intervention research (DBIR) approach,
which leverages iterative and collaborative design and implementation (Penuel et al., 2011). The
current iteration of this ICS PD model included: (a) online modules covering the topics of CT
and UDL; (b) scripted lesson plans and ready-made slide decks for easy adoption into
instruction; and (c) supplementary video lessons explaining core CT skills and the features of the
CoCo platform.

In the second iterative design phase of this project, our research team developed and
piloted the use of CoCo and revised the four instructional units. In total, the team developed 13
lessons across four units focused on explanatory writing, CT, and coding. In response to real-
time teacher feedback, the team created video-recorded lessons so that teachers could act as
facilitators rather than direct instructors. Video use tapered off as teachers progressed in the PD
and gradually began to take on more autonomy in delivering the lessons.

The research team conducted over 30 classroom observations of teachers using CoCo.
Observations and surveys, administered to the teachers, provided immediate, real-time feedback
and suggestions on how to improve and modify the program. Upon completion of all lessons, the
research team conducted exit interviews with 14 teachers who participated in this year’s PD. The
questions prompted responses on the usefulness of the PD for supporting students’ literacy skills,



the relationship between programming and writing, and asked for comments on which part of the
PD they found most useful.

Data Sources and Analysis

Participants included 14 elementary teachers in four elementary schools in a mid-Atlantic
state. Teachers belonging to professional learning communities (PLC) voluntarily self-selected
from a range of options to participate in the study. Data sources include 11 transcripts of post-
participation interviews conducted by members of the research team. The research team analyzed
participant interviews to understand how teachers’ self-efficacy for teaching coding and CT
skills may have been influenced by participation in the ICS PD model and CoCo Digital
Platform.

The data analysis approach followed the steps of thematic analysis laid out by Braun and
Clarke (2006) as a common qualitative method applied in psychology research. Step two of
thematic analysis is to “generate initial codes” (Braun & Clarke, 2006, p. 87). First, co-
researchers conducted multiple readings of the data and openly coded using emic codes (Ravitch
& Carl, 2021). To ensure that the codes were both systematic and relevant, co-researchers met
after individually coding all the data. After collaboratively generating an initial set of codes, co-
researchers independently coded a subset representing ~10% of the data and met to ensure there
was strong agreement in the application and interpretation of codes. Co-researchers had strong
overlap in the application of codes and refined the code system to further strengthen agreement.
Finally, co-researchers re-coded the entire data set independently and openly until all meaningful
bits of data had been coded. Once codes reached saturation, the research began grouping them
into categories and categories into themes. Finally, researchers reviewed codes, categories, and
themes multiple times to ensure that themes worked both on the level of the coded extracts and
on the level of the entire data set (Braun & Clarke, 2006).

Results
Two major findings surfaced via thematic analysis both related to teachers’ self-efficacy.
For the purpose of this investigation, teacher self-efficacy (TSE) is conceptualized, in light of
Bandura’s (1977) sociocognitive framing, as the ways in which teachers’ judge their own
capabilities and influence on classroom quality. Furthermore, we recognize that TSE is task- or
situation-specific (Zee & Koomen, 2016), meaning that teachers may be more or less efficacious
in varying instructional situations. Our initial findings highlight this distinction.

Teacher self-efficacy for coding vs. coding self-efficacy

First, teachers demonstrated keen, implicit awareness of the difference between their self-
efficacy for teaching computer science to all students in inclusive settings and their own ability
to code and think computationally. That is, teachers repeatedly expressed interest in developing
their own computer science skills only insofar as it improved their ability to teach the content
more effectively to all students, including those with disabilities. Such behavior is supported by



established theorizations of TSE, which hold that the ability to actually and effectively instruct
students provides teachers with reliable information of their own capabilities (Schunk, 2012).

Participation in the PD offered teachers ways to increase both their self-efficacy for
teaching CS and for their own ability to engage in CS practices, but teachers were most
interested in developing their self-efficacy for teaching CS. Importantly, participation in the PD
gave teachers the hands-on applied experience and ready-made resources necessary to feel
confident in teaching CS to students with a range of learning needs for the first time, even
without extensive previous experience. Accordingly, throughout the interviews, teachers
repeatedly negotiated between developing their own coding and CT skills and using the ready-
made resources to meet the goal of teaching their students. While increasing coding literacy (in
Scratch) was important to teachers, its importance was directly tied to increasing their teaching
self-efficacy for CS. Three themes emerged in the data set to support this finding and can be seen
in Table 1, along with sample quotes from the post-participation interviews.

Table 1

CoCo and self-efficacy for teaching coding

Second, the CoCo platform increased teachers’ confidence because it made clear the
connections between coding and the writing process, the former being a topic that participating
teachers expressed confidence in teaching. CoCo illustrated the relationship between the two
domains and increased teachers' confidence to teach CS and coding skills in direct relation to
traditional literacy instruction, even for students who have traditionally had difficulty with
writing. Furthermore, CoCo provided a form of scaffolding for teachers as well as students,
including students with disabilities. Even teachers who expressed low confidence in coding were
able to rely on the CoCo platform, which built upon teachers’ experience in instructing students
in planning and organizing a piece of writing to guide students in planning and coding in
Scratch. Due to CoCo’s leveled, scaffolded instructions for how to use Scratch, teachers could
facilitate and guide all students through the learning process for writing and coding even if they
were not as familiar with the affordances of the Scratch platform. In fact, many teachers
specifically cited having previously been unsure of how to incorporate Scratch into their teaching
due to not being able to offer the level of support that they would like for all students, especially
those with disabilities. CoCo provided this support and allowed teachers to better support and
assess their students’ projects in Scratch.

Three themes repeatedly arose in the data set to support this finding: 1) teachers in this
study expressed a high degree of agency when discussing and teaching traditional writing and
reading (literacy) instruction, 2) the more confident teachers were about the connection between
coding and literacy, the more confident they were in their teaching of the CS content to all



students, and 3) Scratch also motivated students, even reluctant writers, to write, so it benefitted
the teacher to integrate the two subjects.

Discussion of Significance

The ICS PD model and CoCo platform used in this project reveal new insights in training
and supporting teachers in developing knowledge, skill, and efficacy for teaching coding and
integrating CS into literacy. This model provides researchers and educators a new format of PD
to explore that worked well for elementary teachers. The findings from this study are relevant to
educational researchers who are interested in how to develop teachers’ self-efficacy for teaching
CS to elementary teachers. Teacher educators and researchers can benefit from the discussion
and findings related to coding and literacy integration, through the CoCo platform.
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Table 1

Emergent Themes for Connection Between Coding Literacy and Teaching Self-Efficacy for CS

Theme

Exemplary Quote

Teachers found the practical resources

1 (i.e. lessons, instructional videos for
classroom) more useful than the
theoretical online modules

“... I feel like having the lessons in front of me
were able to be like, ‘Oh yeah I can do that’ rather
than the PDs beforehand that were more of like a
theoretical and yeah, you were supposed to do
things along with them, but it was better just to get
my hands on like what are my kids going to do”
(P101).*

2 Teachers repeatedly emphasized that
effectively teaching the content is not
the same as mastering the content

“I feel like those modules are so necessary so that
you understand all the kids are going to be doing,
and that you can really give them the right
language, because just because you know how to
do something doesn't mean you know exactly how
to teach it to somebody else to do it” (P5I).

“I felt like the [online modules] were more just
about like what is computer science and what does
it do and not really like to help you prepare to
teach the unit” (P111).

3 Teachers wanted hands-on experience
with Scratch so they could better teach
their students.

“I would say the most helpful of the
modules...was me going in and practicing on
Scratch, going in and practicing on CoCo, so I
could see what it was like from the students’ point
of view, and I could have that experience” (P1I).

“Definitely the experience of... creating things on
Scratch or looking at Scratch ahead of time that
was important” (P3I).

*The excerpts in the table above come from the interviews of participants in this study. The table

includes excerpts from the participants' responses to questions about their experiences with the
curriculum. P stands for participant and I is for interview. The number corresponds with the
number given to the participant in the data analysis.



Figure 1. Screenshot of CoCo Student View
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