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room instruction, there is little research documenting PD pro-
grams that focus on integration in literacy and mathematics 
compared to other subject areas. In this work, we present a 
PD program that integrates CT with disciplinary content to 
support teachers as they integrate CT with literacy and math-
ematics in elementary school classrooms. Using data from 
multiple sources, we present findings from two case studies 
to examine the impact of PD on teachers’ integration of CT 
with content in lesson planning and implementation. Findings 
have implications related to the integration of CT in elemen-
tary school and teacher PD.

Keywords: computer science, elementary school, teacher pro-
fessional development

INTRODUCTION

Recognition of the need for computer science (CS) education in K–12 
schools has driven various reform initiatives and the development of CS 
curriculum standards for many years now, but much of the existing research 
focuses on the role of CS education at the secondary level (e.g., Qian et 
al., 2018; Sadik et al., 2020). Recently, however, there has been increas-
ing attention given to the important role of CS education in the elementary 
grades, frequently by focusing on a set of underlying cognitive skills known 
as computational thinking (CT; Bers et al., 2022). Elementary schools are 
a natural starting point for CT because the early years of schooling play a 
crucial role in developing positive attitudes toward computing among young 
students (Ching et al., 2018). 

Despite the importance of integrating CT in school curricula, teacher 
education programs have not traditionally provided opportunities for teach-
ers to gain CT content knowledge (DeLyser et al., 2018; Mouza et al., 
2021). As a result, incorporating those skills in existing curricula poses 
unique challenges, especially at the elementary level (Rich & Hu, 2019; 
Rich et al., 2021). In order to prepare elementary teachers to integrate CT 
in core disciplinary content, professional development (PD) that directly 
addresses these challenges is necessary (Vivian & Falkner, 2019). For in-
stance, while elementary school schedules dedicate a majority of time to 
high-accountability subjects such as literacy and mathematics, teachers who 
are equipped to integrate CT in core content instruction can overcome lim-
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ited opportunities to incorporate CT in required curricula (Century et al., 
2020; Shehzad et al., 2023; Waterman et al., 2020). 

Despite the crucial role of PD in preparing elementary school teachers 
to integrate CT, there is little research documenting PD programs that focus 
on integration in literacy and mathematics compared to other subject areas, 
such as science (e.g., Coenraad et al., 2022; Waterman et al., 2020). This 
work presents a PD program that integrates CT with disciplinary content to 
support teachers as they integrate CT with literacy and mathematics in el-
ementary school classrooms. Specifically, the structure of the PD delivered 
during one academic year is described and the following research question 
is explored through two qualitative case studies: What depth of CT integra-
tion is evident in teachers’ content area lesson planning and instructional 
implementation?

LITERATURE REVIEW 

Computational Thinking Integration into Core Subjects

CT is often characterized by a set of problem-solving skills and practic-
es (e.g., pattern recognition, decomposition, abstraction, algorithms) com-
monly utilized in CS that could be applied to other situations (Israel et al., 
2015; ISTE & CSTA, 2011; Wing, 2006). Teaching CT skills can help stu-
dents enhance their understanding of disciplinary content and become ad-
ept problem-solvers in various aspects of their lives, both professionally and 
as citizens (Gretter & Yadav, 2016). As such, benefits are not exclusive to 
those who go on to pursue careers in computing (Wing, 2006). Yet margin-
alized students often lack equitable access to CT opportunities (Fletcher et 
al., 2021), which can hinder their sense of belonging in computing (Cheryan 
et al., 2015; Master et al., 2021). In fact, research suggests that as early as 
third grade, students begin to endorse stereotypes of who belongs in com-
puting (Master et al., 2021). Thus, identifying ways to introduce CT in el-
ementary grades is essential for fostering early engagement and helping stu-
dents envision themselves within the field. This approach can set the foun-
dation for CS education in secondary schools and help broaden participation 
in the field. 

A prime obstacle to effectively engaging elementary students in CT 
is time (Feng & Yang, 2022). Research repeatedly demonstrates that time 
constraints hinder elementary teachers’ ability to incorporate CT in their 
required curricula (Repenning et al., 2015; Rich & Hu, 2019; Rich et al., 
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2021). Elementary teachers typically focus on literacy and mathematics due 
to increased accountability in these subjects, leaving less time for other areas 
(Century et al., 2020). Therefore, an effective strategy for incorporating CT 
into elementary schools is to adopt an integrative approach (Waterman et al., 
2020), which allows teachers to leverage their current content and teaching 
expertise (Israel et al., 2015; Rich & Hu, 2019). Moreover, an integrative ap-
proach demonstrates the relevance of CT in other disciplines and in students’ 
own lives, and can thus promote accessibility and transfer (Ryoo, 2019; She-
hzad et al., 2023). Finally, an integrative approach is equitable in that it al-
lows students to access CT even in schools that may not have the resources 
to offer independent computing classes (Yadav et al., 2016).

Much of the existing research related to the depth and effectiveness 
of CT integration focuses on STEM subjects due to the increased depen-
dence on computational tools and methods in contemporary science (Aslan 
et al., 2024) as well as the role of CT in standards associated with science 
and mathematics, including the Next Generation Science Standards (NGSS 
Lead States, 2013) and the Common Core State Standards (CCSS; National 
Governors Association Center for Best Practices & Council of Chief State 
School officers, 2010). Weintrop et al. (2015), for instance, posited a recip-
rocal relationship between mathematics and CT and developed a taxonomy 
of practices that employ mathematics as a meaningful context to situate 
concepts and practices of CT. Other studies have shown that integrating CT 
concepts can enhance students’ interest and motivation in learning mathe-
matics and promote collaboration among students (Ke, 2014; Lambic, 2011; 
La Paglia et al., 2017). Moreover, in contrast to traditional teaching meth-
ods, where teachers primarily deliver information, teachers who integrated 
CT have assumed alternative roles during CT activities, often serving as fa-
cilitators and guides (Ardito et al., 2014; Hershkowitz et al., 2023). 

Although prior work on integrating CT into literacy is limited, studies 
have demonstrated that the integration of CT and literacy activities can be 
beneficial for students (e.g., Bers et al. 2022; Burke & Kafai, 2010, 2012; 
Pektas & Sullivan, 2021; Whyte et al., 2019). Whyte et al. (2019) examined 
the design and implementation of a six-week intervention in the context of 
an after-school program and its role in supporting students’ development of 
both computing and literacy skills. Findings indicated that such integration 
supported novice learners in developing both CT skills (e.g., algorithm de-
sign) and literacy skills (e.g., visualizing narrative structure). A number of 
students, however, did not produce complete stories, suggesting the need to 
carefully consider learning activities and instructions. These findings point 
to the need for more work that examines the integration of CT in elemen-
tary literacy. Our study contributes toward addressing this gap by investigat-
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ing CT integration in elementary literacy, as well as mathematics, through 
teacher PD.

Computational Thinking Tools for Mathematics and Literacy

Other than time, a key barrier to integrating CT within elementary 
grades is teacher preparation, as efforts to introduce pre-service teachers to 
CT through either a standalone course (e.g., Mouza et al., 2017) or integra-
tion in content and methods courses have only recently emerged (Margu-
lieux et al., 2022; McGinnis et al., 2020). Yet, as Jocius et al. (2023) dem-
onstrated, teachers can and do grow in their ability to integrate CT into dis-
ciplinary teaching through effective PD. Our PD program, described below, 
likewise incorporated high quality PD features as well as a variety of CT 
activities and tools, both technological and “unplugged.” A central focus of 
the PD was Scratch, a block-based programming language, which allows 
users to create interactive stories, animations, and games. Scratch was cho-
sen because it is accessible, free, and can be integrated into different core 
subjects. Introducing teachers to ‘low floor’ activities, like block-based pro-
gramming, can alleviate the initial unease or fear associated with CT (Adler 
& Kim, 2018). 

Although Scratch is not explicitly intended to teach mathematics, it 
does incorporate essential mathematical ideas within its programming en-
vironment (Taylor et al., 2010). Scratch can be used to reinforce concepts 
such as geometry, algebra, and problem-solving (e.g., Sjöberg et al., 2018; 
Taylor et al., 2010). Additionally, Scratch works well for literacy due to its 
narrative approach and tools that support the creation of stories, such as 
visual graphics, characters, settings, and programming blocks. Indeed, CT 
concepts inherent in Scratch can be aligned with the CCSS for writing (e.g., 
Smith & Burrow, 2016). For example, the concept of “sequence,” referring 
to identifying a series of steps for a task, is related to the standard for using 
temporal words to signal event order. 

Research suggests that the use of Scratch can positively contribute to 
students’ learning of mathematics and literacy. Calao et al. (2015) found 
that, compared to sixth grade students who received traditional mathemat-
ics instruction, students who used Scratch as part of a mathematics class 
improved their performance of key mathematical processes associated with 
modeling, reasoning, problem-solving, and exercising (i.e., comparing and 
executing procedures and algorithms). The authors argue that exercising is a 
skill that is less developed in traditional math classes, but especially benefits 
by the use of programming. In elementary school specifically, Iskrenovic-
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Momcilovic (2020) found that third grade students using Scratch for learn-
ing basic geometric shapes outperformed students who studied using more 
traditional practices. 

In literacy, studies indicate that the use of Scratch can effectively en-
hance writing skills. Fields et al. (2014) studied how students collaborative-
ly created interactive stories using Scratch, received feedback, and show-
cased their work. They found that this process led to more complex story 
designs and improved coding skills. Similarly, Pektas and Sullivan (2021) 
demonstrated that Scratch supported fourth-grade students in mastering 
their state standard related to narrative writing within a formal school set-
ting. 

Albeit useful, most studies to date focus on students’ learning experi-
ences without adequate attention to teachers’ perspectives. This study aims 
to provide insights into the integration of Scratch in elementary school con-
texts from teachers’ perspectives by examining how they approached its in-
tegration in their content area to support students’ CT development.

CONCEPTUAL FRAMEWORK

Although a number of frameworks have emerged to guide the integra-
tion of CT in content area instruction, they primarily focus on defining and 
synthesizing CT skills for K–12 students (e.g., Mills et al., 2021) or provid-
ing diagnostic tools about educators’ readiness for CT integration (Educa-
tion Development Center, 2024). Our study is informed by a framework for 
examining the depth of integration of CT in elementary content area lessons 
that was proposed by Waterman et al. (2020) and revised by Coenraad et al. 
(2022). We chose this framework because of its direct focus on examining 
depth or levels of CT integration, which provided a valuable data analytic 
lens. Waterman et al. identify three levels of integration that informed their 
efforts to integrate CT in existing elementary science curriculum:

1.	 Exist: At the exist level, CT is already present in the lesson and 
“can simply be called out or elaborated upon” (Waterman et al., 
2020, p. 54). 

2.	 Enhance: At this level, integration is characterized by the “creation 
of additional tasks or lessons to enhance the disciplinary concept 
and provide clear connection to computing concepts that are pres-
ent, but not central, to the existing lesson” (Waterman et al., 2020, 
p. 55).
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3.  E xt e n d: At t h e d e e p est l e v el of i nt e gr ati o n, “ n e w l ess o ns or s e-
q u e n c es of l ess o ns e xt e n d  t h e dis ci pli n ar y c o n c e pt as a b asis f or 
C S e x pl or ati o n ” ( Wat er m a n et al., 2 0 2 0, p. 5 5).

T h e t hr e e c at e g ori es ar e p ositi o n e d i n a hi er ar c h y, wit h e a c h s u bs e q u e nt l e v -
el r e pr es e nti n g a gr e at er d e pt h of i nt e gr ati o n.

C o e nr a a d et al. ( 2 0 2 2) l at er a p pli e d t h e fr a m e w or k t o e x pl or e t h e d e pt h 
of C T i nt e gr ati o n d e m o nstr at e d i n s ci e n c e l ess o n pl a ns cr e at e d b y t e a c h ers 
f oll o wi n g p arti ci p ati o n i n P D, b ut t h e y f o u n d t h at s o m e pl a ns di d n ot fit i nt o 
a n y of t h e est a blis h e d c at e g ori es. T o c a pt ur e t h e d e pt h of i nt e gr ati o n pr es e nt 
i n t h es e l ess o n pl a ns, t h e y a d d e d a f o urt h c at e g or y t o t h e fr a m e w or k, c all e d 
e x hi bit . At t h e e x hi bit  l e v el, l ess o ns “ us e d a C T a cti vit y, t y pi c all y pr o gr a m-
mi n g, t o e x hi bit s ci e n c e k n o wl e d g e g ai n e d t hr o u g h ot h er m e a ns ” s u c h as “ a 
b o o k or o nli n e r es e ar c h ” ( C o e nr a a d et al., 2 0 2 2, p. 1 3). Alt h o u g h Wat er m a n 
et al. ( 2 0 2 0) e x pli citl y arr a n g e t h eir c at e g ori es a c c or di n g t o t h e i n cr e asi n g 
d e pt h of i nt e gr ati o n, C o e nr a a d et al. d o n ot p ositi o n t h e e x hi bit l e v el wit hi n 
t h e hi er ar c h y. I nst e a d, e x hi bit is si m pl y pr es e nt e d as a n a d diti o n al c at e g or y 
i n w hi c h “ C T a n d s ci e n c e ar e b ot h pr es e nt b ut d o n ot o v erl a p ” ( C o e nr a a d et 
al., 2 0 2 2, p. 1 3). T h e y vis u all y s u m m ari z e t h e f o ur l e v els of i nt e gr ati o n as 
s h o w n i n Fi g ur e 1.

Fi g ur e 1

L e v el s of C T I nt e gr ati o n Pr e s e nt e d i n C o e nr a a d et al. ( 2 0 2 2, p. 1 3)

T h e fr a m e w or k ali g ns cl os el y wit h t h e p ur p os e of o ur st u d y, w hi c h e x -
pl or es t h e d e pt h of C T i nt e gr ati o n i n t e a c h er- cr e at e d l ess o ns f oll o wi n g t h eir 
p arti ci p ati o n i n P D. W hil e t h e st u di es c o n d u ct e d b y b ot h Wat er m a n et al. 
( 2 0 2 0) a n d C o e nr a a d et al. ( 2 0 2 2) ar e sit u at e d i n t h e c o nt e xt of el e m e nt a -
r y s ci e n c e, t h e o v er all i nt e nti o n of t h e fr a m e w or k is t o s u p p ort t h e d e v el-
o p m e nt  of  C T wit hi n  dis ci pli n ar y  c o nt e xts  wit h o ut  c o m pr o misi n g  st u d e nt  
l e ar ni n g i n t h e u n d erl yi n g dis ci pli n e. T h us, o ur w or k c a n c o ntri b ut e t o w ar ds 
u n d erst a n di n g  t h e  r ol e  of  t h e  fr a m e w or k  i n  e v al u ati n g  C T  i nt e gr ati o n  i n  
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disciplines outside of science. Further, we extend the framework beyond 
teacher-created lesson plans to explore its application to teachers’ lesson 
implementations, thereby enhancing our understanding of CT integration in 
content area instruction at the elementary level. 

CONTEXT AND METHODS

Description of PD Program

Existing research indicates that high quality PD is characterized by a 
focus on content, pedagogy, active learning, coherence, and sustained du-
ration (e.g., Desimone, 2009; Rich et al., 2021). Our PD program was de-
signed to reflect these characteristics. Specifically, the PD included a si-
multaneous focus on both CT and disciplinary content. As shown in Table 
1, teachers were introduced to CT skills (Mills et al., 2021) and built their 
understanding of block-based programming and physical computing. At the 
same time, the PD included time to explore core content standards (e.g., 
mathematics and English Language Arts [ELA]) and how to integrate CT 
into these disciplines. Additionally, the PD program included exposure to 
and modeling of effective CT pedagogy (e.g., unplugged activities), as well 
as culturally responsive pedagogy (CRP), an asset-based approach that con-
nects instruction to students’ backgrounds, interests, and needs (Gay, 2018; 
Ladson-Billings, 1995). Further, teachers spent time engaging in hands-on 
activities with computational tools, such as Scratch (active learning), and 
were provided with opportunities to connect new ideas and practices from 
the PD to their existing curricula (coherence). 

In terms of duration, the PD spanned six months: November to May. 
It included four two-hour Saturday workshops in the fall and winter and 
monthly individual meetings in the spring. During these meetings, teach-
ers discussed the design of their instructional plans and received personal-
ized support for their lesson implementations. This allowed teachers time to 
build their knowledge and apply new learning to practice. 

Participants

Recruitment for the PD targeted elementary school teachers. The op-
portunity was disseminated to state, district, and school leaders and through 
professional networks (e.g., Computer Science Teachers Association). Five 



Integrating Computational Thinking Within and Across Disciplines 591

teachers attended at least one PD session. This number fell short of the par-
ticipation target; due to the demands on elementary teachers during the pan-
demic, it was challenging to attract them to a weekend commitment. Three 
teachers completed all aspects of the PD: attended face-to-face sessions, 
designed and implemented lessons, and facilitated data collection in their 
classrooms. All three agreed to participate in the research and became our 
focal participants.

Table 1

PD Design

PD Sessions (November – February)

CS Content Disciplinary Content CRP

Session 1 Introduction to comput-
ing tools and unplugged 
activities 

Aligning sample CT les-
sons with mathematics 
and literacy standards

Introduction to CRP: 
Role of personal 
identities in planning & 
instruction

Session 2 Programming in 
Scratch: Remixing

CT-integrated instruc-
tional resources

Modeling CRP in a 
CT-integrated lesson: 
Scratch Animate a Name

Session 3 Programming in 
Scratch: Classroom 
logistics

CT lesson from the 
perspective of a learner

Adapting CT-integrated 
lessons to incorporate 
CRP

Session 4 CT-integrated lesson planning: Exemplars, collab-
orative lesson planning, and whole group share-out

CRP strategies: Review 
& quick reference 
resource

Individual Meetings (February – May)

Teacher Consultations/Support for Lesson Planning & Classroom Implementation
 
Courtney1 was a fifth-grade teacher who taught ELA and mathemat-

ics in a traditional K–5 public school in a diverse suburban setting. In her 
school, roughly three-quarters of the student population were students of 
color, and over a third were classified as low-income. On a pre-workshop 
survey, Courtney reported no prior experience with coding or technology-
related PD. 

Ana and Emma both taught at an independent, secular day school lo-
cated just outside a major city, serving primarily white students (64%) in 
grades pre-K–12. Ana was a fifth-grade mathematics teacher, while Emma 
taught a standalone CS course which all fifth-grade students took as a ‘spe-
1	 All participant names are pseudonyms. 
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cial.’ This meant that all of Ana’s students were also enrolled in Emma’s CS 
class, which was the teachers’ motivation for working together. Emma had 
the most coding background, with “considerable” experience in block-based 
programming and “some” experience in Java and Python. Ana was familiar 
with older programming languages from her previous career in technology.

A multiple case study design was employed, in which Courtney is the 
first case. Since Ana and Emma developed their plans in collaboration with 
each other and taught the plans sequentially to the same group of students, 
they together constitute the second case. Even though Ana and Emma did 
not co-teach, they treated CT and content integration as a joint goal. Case 
study was appropriate for our goals in order to illustrate particular instances 
of integrating CT in elementary content instruction and how teachers expe-
rienced integration (Merriam, 1998; Yin, 2017).

Data Collection

All data collection procedures were approved by the university’s Insti-
tutional Review Board. Qualitative data were collected from four sources 
during the school year: (a) teacher lesson plans, (b) field notes and artifacts 
from lesson observations, (c) teacher interviews, and (d) student interviews. 
Most data were collected by team members who had also designed and fa-
cilitated the PD. This overlap in roles led to deep familiarity with the PD 
and the participants. To address potential bias, two additional team members 
were included in data collection and analysis. Specifically, a researcher not 
involved with the PD conducted all lesson observations, and one of the proj-
ect’s external evaluators participated in biweekly team meetings and con-
tributed to data analysis. 

Lesson plans: Teachers were given a lesson plan template, which 
asked them to identify lesson goals related to content area and CT learning, 
pedagogical practices, and lesson activities and assessments. 

Observations: Unstructured observations (Mulhall, 2003) of teachers’ 
lesson implementations were conducted by a research team member who 
was not involved with planning or facilitating the PD. During each obser-
vation, the researcher recorded field notes, which captured: (a) evidence of 
CT integration, as well as details relevant to sequencing and timing of les-
son activities; (b) student engagement throughout the lesson; (c) teacher and 
student dialogue, including direct quotes where possible; and (d) the overall 
classroom environment, including the physical space, available technology, 
and class routines and expectations. 
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As noted, Courtney constituted one case, while Ana and Emma together 
constituted the second case. In the PD, teachers were asked to design and 
then implement a CT-integrated lesson with considerable flexibility in the 
length of the lesson.2 Thus there are three differences in scope between the 
cases: (a) Courtney alone constituted one case, while Ana and Emma im-
plemented lessons in their respective classrooms but together constituted a 
case; (b) Courtney’s lesson took place on a single day, while Ana’s and Em-
ma’s extended over multiple days; and (c) Courtney was a generalist teach-
er working with a single group of students (n=15), while Ana and Emma 
taught specific subjects (mathematics and CS) to three groups of students 
(n=53). Taken together, these differences meant there were more observa-
tions for Ana and Emma’s lessons (n=7) compared to the single observation 
of Courtney. Nevertheless, the observations in each case were proportional 
to the amount of instruction that occurred and, therefore, to the opportuni-
ties for the research team to observe.

Teacher interviews: Semi-structured interviews (Merriam, 2009) were 
conducted with each of the three teachers and included 12 questions that 
focused on: (a) perceptions of the PD program, (b) experiences of planning 
and implementing CT-integrated content area lessons, (c) student responses 
to the lessons, and (d) needs for ongoing support. Each interview lasted ap-
proximately 30–40 minutes. Interviews were conducted via Zoom, record-
ed, and transcribed for analysis. 

Student interviews: Semi-structured interviews were also conducted 
with a sample of students participating in each lesson. Courtney implement-
ed her lesson with all students in her class (n=15). Of those, four had par-
ent/guardian consent to participate in interviews, and all were included in 
the study. As noted, Ana and Emma implemented their lessons with three 
groups of students (n=53), many of whom returned consent forms. A sample 
of ten students was chosen for participation based on availability (i.e., free 
in the same class period). In her interview, Ana noted that she selected a 
range of students, including some who exhibited increased interest in com-
puting and some who did not complete their work due to a lack of engage-
ment. 

Students were asked nine questions that focused on: (a) overall re-
sponses to the lesson, (b) opinions about using CT in a content area, (c) atti-

2	 This flexibility was provided by design, based on research that elemen-
tary teachers are significantly constrained by time and other curricular de-
mands (Century et al., 2020; Feng & Yang, 2022). The team rationalized 
that if elementary teachers were to integrate CT at all, they needed flexibil-
ity in how they would do so.



594 Nolte, Mead, Mouza, Rolón-Dow, Veng, and Pollock 

tudes toward coding, and (d) connections between the lesson and their own 
lives. Each interview lasted approximately 10–15 minutes. Interviews were 
conducted via Zoom, recorded, and transcribed for analysis.

Data Analysis

Lesson plans and observations were analyzed using a deductive content 
analysis approach (Elo & Kyngӓs, 2008). A deductive approach was appro-
priate given the research questions, which specified core content and CT as 
a priori categories of interest. One author analyzed lesson plans and field 
notes, treating each as a discrete data source. All references to core content 
and CT were annotated, as well as instances in which references to CT and 
core content co-occurred (see Table 2). The author then conducted a com-
parative analysis of corresponding lessons and observations to evaluate 
alignment of CT integration across planning and instruction. For the sec-
ond case study, an additional layer of analysis was conducted to compare 
Ana and Emma’s planning and implementations within the context of their 
lesson collaboration. The author wrote analytic memos throughout the com-
parative analysis and identified notable themes, which were then discussed 
with the research team. 

Table 2

Sample Annotations of Field Notes Recorded During Emma’s Lesson 
Implementation

Field Notes Excerpt Annotation

Emma: “When you are in doubt, look at this [visual 
of geometric shape in the coordinate plane, shown on 
whiteboard]. You see how I draw a dot here? There is 
a little dot on the triangle, like in the math book, which 
shows which side of the shape is showing [when it is 
flipped].”
[Emma] shows a poster and asks if the shape shown is 
a two-dimensional or three-dimensional object, and she 
demonstrates rotation and flipping the object.

Content (reviewing 
concepts related to 
geometric transfor-
mations)
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Field Notes Excerpt Annotation

[Emma] asks a student how they can demonstrate in 
Scratch how we can show the shape is flipped. The stu-
dent says they can use a text box. 
The students will be moving shapes around the coordi-
nate plane, and when it moves quadrants, there will be a 
portion of the animation that explains it. The goal is that 
students who know nothing about the topic create a sort 
of lesson within Scratch to watch this and understand 
quadrants, rotation, angles, vertices, and perhaps more. 

Content + CT 
integration (creating 
animation and expla-
nation of geometric 
transformations in 
Scratch)

“Remember there is only one shape, but it’s going to 
have 4 costumes,” Emma says as she walks around the 
room. She then goes to a student with his hand up and 
shows him how to change backgrounds. 
Emma: “Remember to have your backgrounds named 
and use ‘switch backdrop to.’”
Emma: “Guys, it’s the same shape, but it’s traveling 
right. You need to change costumes in each quadrant.”
Students are asking each other for clarification as to the 
number of backdrops they need.

CT (changing 
backgrounds and 
costumes in Scratch)3

Teacher interviews were coded and analyzed using Dedoose comput-
er software (SocioCultural Research Consultants, 2021). Structured codes 
based upon prior work (Mouza et al., 2022) were used for the parent codes, 
or major ideas (see Table 3). Within each parent code, subthemes were iden-
tified using open coding, and constant comparisons were made within and 
across transcripts (Saldaña, 2021). Analytic memoing was used to distill as-
sertions from the coded data. One author analyzed the teacher interviews 
and wrote memos, which were then shared and discussed with the full team.

Student interview data were organized by case and by question (i.e., 
all responses to each question from the two schools were compiled). Then, 
open coding was used to identify emergent themes. Instances of each theme 
were counted to identify their relative weight within each case. A sample 
excerpt from the codebook is shown in Table 4.

3           While there are references to geometric shapes (content) in the excerpt, the 
content references are secondary to this step, which focuses on backgrounds and 
costumes.	
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Table 3

Parent Codes

Parent Code Definition
Context Information about the participant’s job or school
PD positives Things that participants liked best about the PD
PD deltas Changes that participants recommended to the PD or chal-

lenges/difficulties they had with it
PD implementation Ideas or resources that participants used in their classrooms
Student needs Participant describes the needs of his/her students which 

may or may not be addressed by the PD
Support Participant describes follow-up support received or desired 

from PD team in the past, present, or future

Table 4

Student Interview Coding Sample – Ana & Emma (10 interviews)

Interview Question Codes (Frequency)

Can you tell me about the project you have 
been working on? 

Mathematics content (9)
CT content or tool (Scratch) (8)
Other (1)

What did you like about it?		  Coding/Scratch (4)
Content area (mathematics) (4)
Fun (4)
Creative (3)
Social (2)
Easy (1)	

What did you not like about it?	 Nothing (4)
Time it took (4)
Complicated/hard (2)

FINDINGS

In this section, we describe the depth of integration evident in each 
case, following the Coenraad et al. (2022) framework on levels of CT inte-
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gration. Within each case, we first present the depth of CT integration evi-
dent in the teachers’ instructional planning, as demonstrated by the lesson 
plans themselves and teachers’ accounts of their planning in interviews. We 
subsequently present the depth of CT integration evident in teachers’ imple-
mentations, as demonstrated by observations, teacher interviews, and stu-
dent interviews. 

Case Study 1: Courtney

Planning

While Courtney taught both fifth grade ELA and mathematics, she 
chose to integrate CT in ELA. Courtney’s lesson addressed content stan-
dards that required students to use narrative techniques to demonstrate char-
acters’ responses to situations. Drawing on a book the class previously read 
together, Courtney planned for students to engage with the content objec-
tives by using Scratch to develop and animate dialogue that might occur be-
tween themselves and the main character. Her lesson plan achieved the PD 
goal that teachers integrate CT in content instruction. 

In her interview, Courtney described CT as far “outside [her] comfort 
zone” and identified herself as a total beginner: “I really didn’t know any-
thing about computer science [or] programming.” She chose Scratch as a 
tool to integrate because it was accessible to beginners: “I felt like the day 
[during the PD] we just focused on Scratch and did stuff, I was getting it 
pretty quickly, and I could see my kids getting it.” Courtney also capitalized 
on existing instructional resources for Scratch, available through CS First4, 
which a PD facilitator shared with her during an individual consultation. 
Courtney framed that resource as an effective support: “I wrote the lesson 
plan, but the computer science part was done for me. That’s what I need. 
… You need something that’s fast and easy to use.” The duration of the PD, 
which included individual assistance following the initial PD sessions, fa-
cilitated Courtney’s exposure to additional resources and aided her ability to 
coherently integrate CT in her required curriculum.

Courtney described herself as a teacher who preferred teaching ELA to 
mathematics, but her choice of content area for integration was more prac-
tical. She explained the relative difficulty of predicting her class pacing in 
mathematics, while ELA offered more flexibility in terms of skills and se-

4	 CS First provides CS curricula that make coding easy to teach: https://csfirst.
withgoogle.com/s/en/home

https://csfirst.withgoogle.com/s/en/home
https://csfirst.withgoogle.com/s/en/home
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quence: “I was like, I can’t plan this lesson on volume and then … when I 
go to teach it, we’re in fractions. I felt like pacing-wise, I can always teach 
an ELA lesson, [I] can always do a read-aloud.” Courtney’s lesson included 
a read-aloud of a mentor text, followed by an instructional video about how 
to use Scratch. The next day, students integrated these two strands as they 
created and coded dialogue between characters in Scratch. 

Viewed independently, Courtney’s lesson plan could be seen as rep-
resentative of either enhance or exhibit according to the Coenraad et al. 
(2022) framework. In this case, the level of integration depends on whether 
students continued their ELA learning through the coding activity (enhance) 
or mastered the ELA objective before turning to Scratch (exhibit). How-
ever, Courtney’s implementation, discussed below, clarifies that her lesson 
reflected the enhance level of integration because the CT-related activity 
helped her students develop a deeper understanding of narrative techniques 
used to write dialogue. 

Implementation

Courtney’s lesson implementation demonstrated the enhance level of 
CT integration (Coenraad et al., 2022). In her interview, Courtney discussed 
how CT tasks contributed to, rather than simply reinforced, students’ learn-
ing of the content objective. For example, she recounted a conversation that 
illustrates how the CT activity enhanced students’ understanding of narra-
tive writing: 

My boys were like, ‘I want to write, ‘sup bro?’’ and I’m like, 
‘Okay, that’s fine. Write how you want it, like how would you re-
ally talk to your friend? You don’t go to your friend and say, ‘hello, 
do you want to play with me?’ … Maybe you can’t write ‘sup’ in 
your essay, but you can write ‘sup’ in dialogue.’

Here, students’ reflections on how they animated themselves as Scratch 
sprites prompted deeper understandings of the ways in which narrative writ-
ing techniques differ from techniques employed when writing essays. In in-
terviews, students agreed that the lesson contributed to their ELA content 
knowledge, sharing several ways they felt the project strengthened their 
writing. Specifically, students referenced skills related to planning (e.g., 
mapping dialogue), selecting vocabulary (e.g., to make dialogue interest-
ing), and using appropriate punctuation (e.g., how to use quotation marks in 
dialogue).
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On the other hand, Courtney’s selection of a narrow content objective, 
combined with her assumption about her students’ lack of prior experience 
with Scratch, limited students’ sustained engagement with coding. Although 
content and CT were integrated, students engaged with the coding activity 
for a single class period. Observation of Courtney’s lesson also illustrated 
the impact of her assumption that students had no prior experience with 
Scratch. In her interview, Courtney described how she framed the lesson to 
students: “I’m learning right along with you.” However, observation of her 
lesson revealed that at least two students had prior experience with Scratch, 
and several other students also worked ahead as Courtney guided them 
through the activity using a step-by-step instructional video. Courtney’s 
assumption that students would share her own level of experience with 
Scratch limited opportunities for sustained engagement and more complex 
applications of coding.

Nonetheless, Courtney’s implementation, viewed alongside her lesson 
plan, demonstrates the enhance level of integration (Coenraad et al., 2022). 
While the exhibit level of integration is characterized by the use of CT ac-
tivities to reinforce prior learning, Courtney’s lesson implementation clari-
fied her use of CT integration to build students’ disciplinary content knowl-
edge, a key characteristic of the enhance level of integration.

Case Study 2: Ana & Emma

Planning

As noted, we present Ana and Emma as a single case because of their 
collaborative approach to integrating CT in content area instruction and 
treatment of CT integration as a joint goal. Ana (mathematics) and Emma 
(CS) attended the PD together and taught the same group of fifth-grade stu-
dents; all students who attended Ana’s mathematics class also attended Em-
ma’s standalone CS course. Each teacher developed a three-day plan; Ana 
and Emma then implemented their plans sequentially.

Ana and Emma’s decision to integrate CT in mathematics was obvi-
ous given Ana’s role as a mathematics teacher. First, Ana provided content 
instruction in her mathematics class, and Emma subsequently worked with 
students on a CT application of the content during her CS class. Ana and 
Emma illustrate well the exhibit level of integration; the sequential nature 
of their lessons reflects the use of CT to reinforce previous learning, an ap-
proach that is characteristic of the exhibit level (Coenraad et al., 2022).
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Ana’s plan focused strictly on geometric transformations in the coor-
dinate plane and did not include any explicit CT concepts or vocabulary, 
demonstrating her reliance on Emma for CT-related instruction. In Emma’s 
CS class, students used Scratch to animate geometric transformations. Thus, 
Emma leveraged the mathematical content previously taught by Ana. While 
mathematical concepts appeared in Emma’s lesson plan, they functioned as 
reinforcement of prior learning, rather than integration of CT to advance 
content learning. The collaboration between the two teachers, therefore, 
limited the extent to which integration was apparent within each of their re-
spective classes. In fact, the teachers’ collaboration structure illustrates the 
separation between CT and content characteristic of the exhibit level of in-
tegration, where CT and content “do not overlap” (Coenraad et al., 2022, p. 
13). 

Both Ana and Emma thought that Scratch was an appropriate tool for a 
geometry project. For Ana, Scratch “seemed to be the program that would 
facilitate whatever [math] topic I wanted to teach.” Emma commented, “I 
think that Scratch is the foundation – a logical place to begin with comput-
ing.” In addition, both teachers and their students had significant prior expe-
rience with Scratch: “the kids use it a lot.” Ana had used Scratch the previ-
ous year, and Emma brought over a decade of experience teaching with it. 

This case demonstrates integration across the two teachers, with math-
ematics and CT operating as two independent components yet reinforcing 
one another. The CT activity served as an opportunity for students to dem-
onstrate skills and content learned elsewhere; the mathematics concepts be-
came the “material” for the students’ learning of CT. Thus, the case illus-
trates Coenraad et al.’s (2022) exhibit level of integration.

Implementation

Ana’s lesson implementation focused on mathematics. Although she 
mentioned to her students that they would later use the geometry content 
to complete a Scratch project in Emma’s class, this was the only observed 
connection to CT. Observations of Emma’s lesson indicated her expectation 
that students had a strong understanding of the mathematics content cov-
ered in Ana’s class, as the CT activity required students to leverage their 
prior knowledge to explain geometric transformations to someone unfamil-
iar with the concepts. Although Emma included some mathematics content 
by displaying visual representations of transformations and asking students 
to briefly recall their content learning prior to the CT activity, her lesson 
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did not extend students’ content knowledge. Indeed, she was observed to 
make some inaccurate statements when reminding students of their previous 
content learning (e.g., that only squares or equilateral triangles “remain the 
same shape” when transformed, whereas by definition all shapes do). This is 
further evidence that Emma’s expertise and role lay in CS, while Ana’s lay 
in mathematics. 

Emma emphasized her reliance on Ana to provide the mathematics in-
struction required for students to complete the CT activity during her inter-
view: 

Some of [the students] were mixing up the concepts of math. 
… I told Ana, ‘Ana, there are kids that don’t understand … 
so either you come to my class, and you teach them that or 
I’ll send them individually [to you].’

In practice, Emma’s lesson functioned as an assessment of students’ previ-
ous content learning, which is characteristic of the exhibit level of CT inte-
gration (Coenraad et al., 2022). A three-week gap between the end of Ana’s 
lesson and the beginning of Emma’s underscored the separate roles of each 
teacher in their collaborative integration.

Emma circulated during the lesson to assist students as needed, occa-
sionally addressing an individual student’s question to the whole class. On 
at least one occasion, she clarified a point related to content, stating that 
“the reflection is flipped. When we flip it, it’s the other side.” However, the 
majority of her clarifications addressed CT-related project requirements, 
such as the number of costumes students must include for their sprites. Em-
ma’s lesson plan assumed that students had significant prior experience with 
Scratch and were well-equipped to complete the CT activity, which was 
confirmed during observations of her class and student interviews. 

Both Ana and Emma commented on how much time students spent on 
the CT activity, with some students working beyond the project require-
ments because they were so interested in Scratch. While Emma’s planned 
lesson spanned three days, her implementation stretched across five days. 
Emma’s dedicated CS course and the absence of a required curriculum fa-
cilitated this opportunity for sustained engagement with coding beyond the 
multiple days originally included in her plan. 

Some students appeared to connect their mathematics knowledge to 
coding, as recounted in a conversation Emma had with a student. According 
to Emma, 
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[The student said] ‘Miss E., remember that I was flipping the 
shapes? I learned how I can flip a costume and then animate 
the movement in a different way,’ and [I’m] like, ‘yeah, there 
you go. … Everything is shapes [sic].’

Similarly, another student explained that the CT activity prompted him to 
think about how understanding the positive and negative axes in the coordi-
nate plane helped him correctly code the movement of geometric figures on 
the background of his Scratch project. This student was able to identify how 
content area knowledge acquired during Ana’s earlier mathematics instruc-
tion was reflected in the coding activity. At times, Emma and the students 
made connections between mathematics content and CT. However, the pri-
mary role of Emma’s CT-integrated lesson was to reinforce, rather than ex-
tend, previous learning, which is characteristic of the exhibit level of inte-
gration (Coenraad et al., 2022).

DISCUSSION

Within- and Across-Course CT Integration

In this work, we presented a PD program that prepares elementary 
teachers to integrate CT in content area instruction. The two cases described 
offer contrasting examples of integrating CT in core content in elementary 
school settings. As noted, there were differences in school context, teaching 
structure, content area, and level of integration, while the primary similarity 
was the choice of computing tool introduced during the PD (i.e., Scratch). 
In both cases, however, we found that participants demonstrated integration 
of CT and content in their lesson planning and implementation, albeit at dif-
ferent levels of integration (Coenraad et al., 2022; Waterman et al., 2020). 
In particular, findings indicated that both the context and participants’ relat-
ed instructional decisions during planning and implementation contributed 
to the level of integration achieved. 

The overarching theme that emerged from the two cases centered on 
the contrast between Courtney’s integration of CT within her content area 
class and Emma and Ana’s integration across their respective content and 
CS classes. As a generalist classroom teacher, Courtney leveraged the op-
portunity to integrate CT within core content, specifically ELA. Ana and 
Emma’s course structure, on the other hand, in which all students were si-
multaneously enrolled in both mathematics and CS courses, facilitated an 
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opportunity for them to integrate CT and content across their courses. The 
unique contexts of the two models revealed different affordances and con-
straints, specifically related to time and prior experience with computing.

Affordances and Constraints 

Courtney’s CT integration took place within her existing class structure, 
a necessary response to the challenge of finding time to integrate CT with-
out the assistance of a dedicated CS teacher or class. This finding is con-
sistent with existing research indicating that instructional time constraints 
can pose a significant barrier to the integration of CT in elementary schools 
(Century et al., 2020; Rich & Hu, 2019; Rich et al., 2021). However, Court-
ney’s integration of CT in ELA is consistent with prior research that has 
shown content area CT integration to be an effective way to overcome time 
constraints (Waterman et al., 2020), particularly given her perception that 
ELA afforded more flexibility for CT integration compared to mathematics.

Ana and Emma also integrated CT and content, but the additional time 
provided by Emma’s standalone CS course removed the impetus for Ana 
to integrate CT in her content instruction to the same extent as Courtney. 
Although Ana, like Courtney, was required to cover specific content, her 
reliance on Emma to implement the CT portion of the lesson lessened the 
pressure to integrate CT activities within strict curricular timelines. Rather, 
Emma’s role as the CS teacher established her responsibility to provide all 
instruction that included CT. 

This finding suggests that CT integration can occur both within core 
content classes as well as through collaboration of content area and CS 
teachers. Nonetheless, it is important to note that schools in urban, rural, 
and other under-resourced communities remain less likely to provide desig-
nated CS instruction (Code.org et al., 2022). In order to avoid perpetuating 
inequities, it is therefore critical to continue examining different models of 
CT integration within core content. Further, it is important to identify ways 
in which CT resources could be mapped to content area curricula or stan-
dards (e.g., CCSS). Such efforts are currently underway (e.g., California 
Department of Education, 2021).

Courtney’s lack of prior experience with computing tools also influ-
enced her decisions about how to integrate CT in her lesson. During the PD, 
she found Scratch to be most accessible to her as a beginner and mistakenly 
assumed that students would share her stance as a beginner. On the other 
hand, we observed during her lesson implementation that Courtney’s stu-
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dents demonstrated more proficiency using Scratch than Courtney anticipat-
ed. This finding is particularly revealing because it shows that both teacher 
confidence and predictions about students’ success may inform teachers’ ap-
proaches to CT integration. 

Ana and Emma also cited prior experience as an influential factor in 
their decision to use Scratch in their CT-integrated lesson. Unlike Courtney, 
however, their rationale hinged on their own and their students’ previous use 
of the tool, rather than its perceived accessibility for beginners. Nonethe-
less, in both cases, we observed a level of student comfort and experience 
with Scratch that could have facilitated more complex and deeper engage-
ment with CT than the teachers planned. The teachers’ decisions to integrate 
Scratch based on either prior experience or lack thereof suggests that PD 
should equip teachers new to CT integration with the confidence to integrate 
such tools while also preparing teachers with prior experience to integrate 
varied tools in more complex ways. 

Depth of CT Integration

Considering these cases in the context of the frameworks provided by 
Waterman et al. (2020) and Coenraad et al. (2022), we see Courtney as an 
example of the enhance level of integration and Ana and Emma together as 
demonstrating the exhibit level. As shown in Figure 1, the key difference be-
tween these levels is how content area and CT learning are positioned rela-
tive to each other. At the enhance level, one or more CT activities are added 
to a content area lesson to “enhance the disciplinary concept and provide 
clear connection to computing concepts that are present, but not central, to 
the existing lesson” (Waterman et al., 2020, p. 55).

The need to integrate CT within content area instruction contributed 
to Courtney’s lesson reaching the enhance level of integration (Coenraad 
et al., 2022). As a generalist classroom teacher, time constraints posed by 
Courtney’s curriculum required her to consider CT integration in a way that 
did not treat CT as an “add-on.” Courtney responded to this challenge by 
developing and implementing a lesson in which additional tasks both con-
nected to CT and contributed to students’ mastery of disciplinary objectives, 
thereby reaching the enhance level of integration. 

At the exhibit level of integration, lessons “use a CT activity, typically 
programming, to exhibit knowledge students gained through other means” 
(Coenraad et al., 2022, p. 13). Coenraad et al. (2022) argues that a lesson 
at the exhibit level does not extend and continue disciplinary learning, but 
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rather “can only serve as an assessment of content understanding” (Coen-
raad et al., 2022, p. 16). This distinction may be a helpful way of interpret-
ing how mathematics was incorporated to some extent in Emma’s CS class. 
The additional time and flexibility offered by Emma’s standalone CS course 
allowed Emma and Ana to integrate content and CT collaboratively. Addi-
tional flexibility created less pressure to move students forward in disciplin-
ary learning and provided time for prolonged student engagement with tasks 
that integrated CT and mathematics content. Ana’s frontloading of mathe-
matics content prior to CT lessons and the choice of a computing tool with 
which students were already familiar meant that Emma’s lesson primarily 
served as reinforcement of previous learning, aligning with the exhibit level 
of CT integration. 

Coenraad et al. (2022) avoids positioning exhibit in a hierarchy of in-
tegration. Like them, we viewed exhibit and enhance as different, not bet-
ter or worse, and analyzed our two cases accordingly. Looking at the dif-
ferent contexts, though, we posit that Courtney’s reality is more typical in 
the United States. Few elementary schools have standalone CS courses or 
designated CS teachers like Emma (Code.org et al., 2022). Rather, it is more 
common for elementary teachers to cover multiple subjects and to be new 
to coding (Code.org et al., 2023). Courtney’s case suggests that this context, 
while posing challenges, can actually support and facilitate the integration 
of CT in ways that build students’ content knowledge.

IMPLICATIONS

Findings from our work have practical implications related to PD and 
CT integration, as well as conceptual implications related to frameworks 
that help researchers and PD designers assess the levels of CT integration in 
teachers’ instructional planning and lesson implementations. 

Practical Implications for CT Integration and PD Design

Existing research demonstrates that integration in content area in-
struction is an effective approach to providing CT education to elementary 
students (Waterman et al., 2020). Yet most integration efforts to date have 
focused in STEM areas, such as science (e.g., Coenraad et al., 2022; Wa-
terman et al., 2020). Our work contributes to the literature by illustrating a 
model of integration in ELA. In fact, Courtney identified ELA as the most 
feasible subject area in which to integrate CT, suggesting that further explo-
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ration of CT integration in ELA is warranted. PD designers should help gen-
eralist teachers explicitly consider the affordances and constraints of differ-
ent subject areas, such as flexibility in pacing and time, as teachers approach 
the planning process. Locating and providing examples of CT integration in 
ELA could aid teachers in considering how to best integrate CT while meet-
ing curricular demands.

Our findings also reveal the possibilities that are created by the growing 
repository of existing CT-integrated content area lesson plans, such as the 
resources available via CS First that were introduced in our PD. The align-
ment of many existing resources with content standards can increase teach-
er confidence by identifying concrete opportunities to integrate CT while 
meeting demands posed by required standards and curricula, particularly for 
teachers without prior computing experience, such as Courtney. Findings 
from our work suggest that given the wealth of existing resources, PD fo-
cused on adapting pre-existing lessons, rather than creating new ones, may 
be an effective approach to scaling up teacher preparation for CT integra-
tion. Thus, PD facilitators should dedicate time to exploring these resources 
with teachers, especially resources aligned with local curricula. 

Our work also suggests that extending the duration of PD beyond les-
son implementation may benefit teachers without prior CT experience in 
particular. After gaining confidence from implementing a CT-integrated les-
son, teachers may design lessons that achieve deeper levels of integration. 
The narrow objectives and limited time that characterized Courtney’s les-
son, for example, suggest that she may have been “testing out” the idea of 
integrating CT in her instruction. An iterative PD structure could both im-
prove teachers’ CT integration and increase their capacity to sustain integra-
tion in future instruction.

We also found that including CS teachers alongside content area part-
ners during PD can facilitate collaboration that contributes to CT integra-
tion. However, supporting teachers who work collaboratively requires PD 
designers to differentiate existing PD models that often focus on preparing 
content area teachers to independently integrate CT within their classes. PD 
with an intentional focus on both CT and disciplinary content, therefore, is 
particularly important for CS and content area teacher partners. More spe-
cifically, PD should prepare teacher partners to collaborate equitably in 
both directions; in other words, the content area teacher should integrate 
CT while the CS teacher integrates content. Ensuring that the content area 
teacher actively participates in CT integration, rather than simply providing 
content for the CS teacher to integrate in CT tasks, better aligns with the 
goal that content area teachers provide CT-integrated instruction to reach all 
students.
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Conceptual Implications 

In addition to practical implications related to PD and CT integration, 
findings from this work have implications for expanding Coenraad et al.’s 
(2022) framework to deepen teachers’ efficacy in CT integration. Coenraad 
et al. utilize their integration framework to assess the level of CT integration 
in teachers’ lesson plans following participation in PD. Like Coenraad et al., 
we evaluated teachers’ lesson plans for CT integration, but we also extend-
ed our use of the framework to interpret our observations of participants’ 
lesson implementations. In both cases, we observed that the CT integration 
evident in teachers’ instruction and students’ work extended beyond the in-
tegration evident in their lesson plans. This finding suggests that restricting 
an evaluation of CT integration to lesson plans may not provide the most 
accurate assessment of CT integration as it occurs in practice. Observing 
lesson implementations can provide additional insight and allow PD facili-
tators to increase the efficacy of future offerings. Observations of teachers’ 
lesson implementations could also be used to design targeted follow-up PD 
that supports teachers in reaching deeper levels of CT integration.

Further, findings suggest that the framework itself could be leveraged 
in the design of initial PD, rather than solely as an assessment mechanism 
employed following teacher participation in PD programs. Presenting the 
framework as a tool to guide teachers’ thinking and decision-making as they 
plan CT-integrated lessons, however, would require further discussion about 
how the exhibit level of integration (Coenraad et al., 2022) fits into the hier-
archy. 

LIMITATIONS

There are two primary limitations reflected in this work. First, the 
sample only includes three teachers who, together, provided two cases to 
explore. Although five teachers initially participated in the program, only 
the three teachers included in the study completed the PD, lesson planning, 
classroom implementation, and data collection components of the program. 
The limited sample size and participant attrition was significantly impacted 
by the COVID-19 pandemic. Second, teachers included in the study volun-
teered to complete the program and, therefore, already demonstrated moti-
vation to integrate CT in content area instruction. As a result, the two cases 
do not indicate generalizability of findings. However, our in-depth explo-
ration of each case, particularly given the contrasting contexts, illuminates 
new possibilities for CT integration models and important areas for further 
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exploration. Our analysis of the ways in which teachers integrated CT with 
content in an independent school that offered additional opportunities for 
CS education adds to existing research focused on how to overcome limited 
opportunities for CS education that are more characteristic of public-school 
contexts.

CONCLUSION

The integration models illustrated in our two cases provide insights into 
teacher learning about the integration of CT and content. Future PD should 
attend to the varied contexts in which teachers integrate CT by including 
models for CT integration both within content area classes and across class-
es. In particular, PD designers should differentiate existing PD activities to 
more effectively prepare teachers to implement collaborative CT integration 
in schools with standalone CS courses, while continuing to prepare content 
area teachers to independently integrate CT in their instruction. Additional-
ly, PD should directly address factors involved in teachers’ decision-making 
processes as they plan and implement CT-integrated lessons. Our findings 
indicate that teachers’ decisions during lesson planning and implementation 
are influenced by their familiarity with computing tools, as well as the time 
and flexibility afforded in their specific contexts. PD should therefore be de-
signed to address these various contexts and maximize teacher success in 
developing and implementing CT-integrated core content area lessons. 

Additionally, research that explores whether and how teachers sustain 
CT integration beyond the lessons planned during PD would provide insight 
into how to effectively build capacity for ongoing CT integration. Future 
research that further examines what different levels of CT integration look 
like, specifically in relation to contextual factors such as content area and 
teacher comfort level with computing, might also reveal opportunities to use 
existing frameworks (Coenraad et al., 2022; Waterman et al., 2020) to deep-
en teachers’ CT integration. In particular, future work should consider how 
the application of existing frameworks can be extended beyond the evalua-
tion of instructional plans to gain a deeper understanding of the levels of CT 
integration apparent in lesson implementations. 

Finally, the ultimate goal of teacher PD is to influence student out-
comes; however, this study focuses only on teachers’ lesson planning and 
implementation, recognizing their importance in connecting PD to student 
learning. Future work should explore student outcomes related to both CT 
skills and content area knowledge following lesson implementation, which 
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could further inform understandings of effective CT and content integration. 
Additional exploration of how Coenraad et al.’s (2022) exhibit level of inte-
gration might fit hierarchically in the framework could provide insights into 
its application and the extent to which this level of integration contributes to 
the development of students’ CT skills and disciplinary content knowledge. 
Our ongoing research on the PD program presented in this work will pro-
vide opportunities to continue to explore these questions. 
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