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Abstract
TPACK (technological pedagogical content knowledge) has been widely used as a frame-
work for understanding and creating teacher professional development experiences with 
technology, including teacher learning about programming and computational thinking 
(CT), which refers to the set of problem-solving practices inherent to the computer science 
discipline. However, one persistent gap in the knowledge base is the need for research that 
examines teachers’ development of new pedagogical practices over an extended period. 
This study contributes a longitudinal perspective on teacher learning about computational 
thinking in relation to three TPACK domains: pedagogical content knowledge, technologi-
cal content knowledge, and technological pedagogical content knowledge. Qualitative data 
from a five-year study of teachers’ CT integration, including interviews, surveys, program-
ming products, pedagogical artifacts, and practitioner research projects, were analyzed to 
unpack how two case study teachers (secondary math and science) came to understand CT 
and coding concepts, as well as how they utilized CT-infused teaching practices in their 
classrooms. Findings suggest that as teachers developed clear understandings of CT and 
more sophisticated knowledge of programming concepts, they were able to design scaf-
folded and sequential CT learning experiences for students and colleagues.

Keywords  Computational thinking · Teacher learning · Computer science education · 
Professional development

1  Introduction

Over the past two decades, as many K-12 schools have shifted to one-to-one device models 
and new technological tools have made more personalized and responsive learning possible, 
there has been growing interest in teachers’ professional learning experiences related to 
technology-based practices (Harris et al., 2009; Sauers & McLeod, 2018). More recently, as 
COVID-19 shuttered schools across the globe, there was a rapid acceleration in technology 
use that has fundamentally changed how we think about teaching and learning with tech-
nology (Ferdig et al., 2020). To ground understandings of how teachers grapple with new 

1 3

http://orcid.org/0000-0002-9846-9995
https://doi.org/10.1007/s10758-025-09886-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s10758-025-09886-y&domain=pdf&date_stamp=2025-8-12


R. Jocius et al.

and yet-unknown technologies, like programming environments, generative AI (artificial 
intelligence) tools, and virtual reality, Koehler and Mishra (2008) proposed the TPACK 
(technological pedagogical content knowledge) framework, which focuses on the different 
components of knowledge teachers need to teach with technology. Specifically, for educa-
tors interested in computational thinking (CT), or the set of problem-solving practices that 
relates to disciplinary practices in computer science (Wing, 2006), TPACK has served as a 
theoretical framework and analytic lens to develop effective professional learning experi-
ences for teachers (Kong & Lai, 2021; Mouza et al., 2017). 

Despite increasing attention to teacher learning and use of technology for pedagogical 
purposes, particularly considering new advances in online and hybrid teaching and gen-
erative AI tools (Whalen & Mouza, 2023), one persistent gap in the knowledge base is 
the need for research that examines teachers’ development of new pedagogical practices 
over an extended period of time (Rodriguez Moreno et al., 2019). A longitudinal approach 
allows researchers to trace how teachers come to know a new practice, how they imple-
ment the practice with students, and how they transform that practice in light of their own 
experiences and perspectives (Hofer & Grandgennet, 2012). Longitudinal analyses are rare 
in the teacher education literature for a variety of reasons–schools and districts tend to 
offer teacher learning programs that are often brief; researchers often have limited access to 
teachers at the end of research projects; and teachers are leaving the profession at high rates, 
which can restrict access to long-term follow-up studies (Mouza et al., 2009).

This article contributes a longitudinal perspective on teacher learning about CT and 
the adoption of new pedagogical practices over time. In examining data from a five-year 
study, we unpack how two content area teachers (math and science) came to understand CT 
and how they gradually adopted CT-infused teaching practices. Our work addresses three 
research questions:

	● Pedagogical Content Knowledge: How does teachers’ understanding of computational 
thinking infusion change over time?

	● Technological Content Knowledge: How does teachers’ understanding of coding con-
cepts and practices change over time?

	● Technological Pedagogical Content Knowledge: How does teachers’ classroom imple-
mentation of computational thinking infusion change over time?

Qualitative case study methods were used to analyze teacher surveys, interviews, reflec-
tions, pedagogical artifacts, and CT infusion projects. After examining the two cases and 
providing a cross-case comparison, we discuss implications for teacher professional devel-
opment (PD) on CT, as well as the need for more longitudinal work on teacher technology 
learning more broadly.

2  Theoretical Framework

This study is grounded in a constructivist framing of the TPACK model (Olofson et al., 
2016), which was initially conceived as TPCK (Mishler & Koehler, 2007). Drawing from 
Shulman’s (1987) conceptualization of pedagogical content knowledge, which describes 
an amalgam of knowledge bases that teachers draw from to teach effectively, Koehler and 
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Mishra (2008) argued that successful technology integration requires more than just techni-
cal skills or subject matter expertise. They described a complex interaction between three 
core knowledge domains: technology knowledge (TK), pedagogical knowledge (PK), and 
content knowledge (CK). In Koehler and Mishra’s (2008) revised TPACK model, there 
are seven components in total: content knowledge (CK), technological knowledge (TK), 
pedagogical knowledge (PK), pedagogical content knowledge (PCK), technological content 
knowledge (TCK), technological pedagogical knowledge (TPK), and technological peda-
gogical content knowledge (TPACK). TPACK represents the intersection of these domains; 
Koehler and Mishra (2008) emphasize the need for teachers to develop a nuanced under-
standing of how technology can enhance teaching and learning within specific content areas.

TPACK has been used to document and unpack teacher learning in a variety of contexts 
(Yeh et al., 2021), including pre-service teacher education (Chai et al., 2011; Lachner et al., 
2021), graduate coursework for in-service teachers (Shin et al., 2009), and in-service teacher 
PD (Koh et al., 2017). In an effort to foreground the interactional components of technology 
integration, Olofson et al. (2016) reconceptualized TPACK as “an active process carried 
out by the teacher in which s/he constructs knowledge for teaching in the technology-rich 
setting” (p. 189). This framing recognizes that teachers’ abilities to use new technologies, 
pedagogies, and content is relational and dependent on context. Others have used construc-
tivist TPACK framings in order to examine teachers’ perceptions of academic technologies 
(Koh et al., 2014) and beliefs (Dong, 2015), as well as the influence of social and contextual 
factors (Lai et al., 2022) on their technology integration practices. For the purposes of this 
study, we take up the constructivist framing to unpack how in-service teachers’ TPACK 
changed over time as a result of ongoing PD and support.

Researchers have documented how in-service teacher PD and how the TPACK frame-
work can ground studies in which teachers learn how to integrate technology, STEM con-
tent, and design thinking (Chai, 2019, p. 12). Research on TPACK and STEM PD has 
highlighted its potential for supporting instructional decision-making (Dalal et al., 2017), 
developing personalized learning PD (Chaipidech et al., 2021), and evaluating curriculum 
(Pareto & Willermark, 2019). While these studies suggest that TPACK can guide PD design 
and help teachers make decisions about technology-enhanced pedagogies, others caution 
that it is not a comprehensive PD program. Koh (2017), for example, argues that TPACK PD 
should be supplemented with activities to support teacher self-efficacy and collaboration. 
Similarly, Jaipal-Jamani and Figg (2015) found that teachers need professional learning 
experiences that introduce theoretical knowledge and opportunities to engage in classroom 
experimentation and reflection to employ TPACK in their classrooms.

It’s important to note that there have been numerous critiques of and revisions to TPACK 
since its introduction. One of the major critiques is that by parsing out teacher learning 
into seven categories, the model is too convoluted for use in both practice and practice 
(Archambault & Barnett, 2010). Brantley-Dias and Ertmer (2013), for example, suggest that 
the model is both too “vague and too intricate” and that researchers, teacher educators, and 
teachers might choose to focus specifically on the components that best match their goals (p. 
123). Further, in a critique specific to the ways in which researchers have employed TPACK, 
Saubern et al. (2020) suggested that studies have tended to focus on validating individual 
components rather than examining “holistically how the program helped teachers use tech-
nology more effectively to achieve teaching and learning goals” (p. 5).
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So, for the purposes of this study, we specifically examine three elements (PCK, TCK, 
and TPACK) of the TPACK model in connection with teacher learning about CT infusion. 
Focusing on these particular components enabled us to better trace teacher learning across 
time and through multiple data sources. We have also carefully designed our study to ana-
lyze the interactions among TPACK elements, particularly in regard to teachers’ implemen-
tation of new pedagogical practices over time.

3  Review of Related Literature

3.1  Computational Thinking Infusion in K-12 Education

Across the United States, national initiatives such as CSforAll (Wang, 2017) have aimed to 
broaden participation in computer science in the P-12 grades. As a result of greater attention 
to CS education, many states have adopted computer science standards for high, middle, 
and elementary school students (Code.org, CSTA, & ECEP Alliance, 2022). A critical com-
ponent of these standards, and the foundation of CS education, is computational thinking 
(CT), which is an approach to problem-solving that builds specific knowledge and skills 
that can be utilized in both plugged-in and unplugged contexts (Shute et al., 2017; Wing, 
2006). CT involves the development of content knowledge (pattern recognition, abstraction, 
decomposition, and algorithmic design), skills (debugging, remixing, and collaboration), 
and dispositions (perseverance, response to ambiguity, and creativity) (Dong et al., 2019; 
CSTA & ISTE, 2011).

Though CS education is a relatively new field, the cognitive framings of CS have 
been well established, and the social and cultural framings are expanding (Jacobs & 
Warschauer, 2018; Kafai et al., 2020). In an effort to encourage earlier and diverse experi-
ences with CS and CT for all students, some states have adopted K-5 or K-8 Computer Sci-
ence standards that are meant to be applied alongside disciplinary content in an integrated 
way. CT has transdisciplinary applications and, when taught in concert with content area 
objectives, can strengthen student understanding of disciplinary concepts (Grover & Pea, 
2018; Jocius et al., 2022; Wing, 2006). In addition, CT concepts are woven within the Next 
Generation Science Standards (NGSS) and many states’ math standards (NGSS Lead States, 
2012; Weintrop et al., 2016).

Research has begun to explore the potential benefits of embedding CT concepts and prac-
tices into non-STEM content areas, including English Language Arts, social studies, art, 
world language, and dance (Jocius et al., 2021; Li et al., 2020; Yadav et al., 2016). Research 
suggests that CT integration, or infusion, can broaden participation and access to founda-
tional computer science skills (Yadav et al., 2017), develop problem-solving and critical 
thinking skills (Burke et al., 2016), prepare students for participation and content creation 
in a digital world (Kafai et al., 2020), and support students’ critical computational literacy 
skills (Hutchinson et. al., 2016; Kafai & Proctor, 2022). One challenge has been designing 
and developing professional learning supports for teachers so that they can implement CT 
infusion in their classrooms.
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3.2  Professional Development on CT Infusion

Researchers (Hestness et al., 2018; Ketelhut et al., 2020; Li et al., 2020; Rich et al., 2021) 
have called for studies of teacher PD to identify models and best practices that can support 
successful CT integration. Initial studies have identified several features of PD that have 
shown promise in helping teachers develop self-efficacy in teaching CT-infused lessons: 
examining CT frameworks and modeling CT-infused learning practices (Hestness et al., 
2018), engaging in discipline-specific tasks that connect CT to existing content standards 
(Blanton et al., 2023; Ketelhut et al., 2020), participating in a community of teachers and 
experts in CT integration (Caskurlu et al., 2021), and collaborative integration planning 
and lesson co-design (Biddy et al., 2021). Researchers have also pointed to the potential 
of sustained PD efforts that position teachers as co-designers of learning experiences. For 
example, in a study of CT infusion into upper elementary inquiry-based science lessons, 
Yadav et al. (2018)  found that collaborative lesson planning and intensive PD increased 
teacher knowledge of CT skills and enabled teachers to seek CT “glimmers” as they inte-
grated CT into appropriate lessons and activities (p. 377).

As Kong et al. (2023) argue, a critical next step for building sustainable professional 
learning experiences about CT is to investigate mechanisms for providing long-term teacher 
support to develop teacher knowledge over time and at scale. Others (Mouza et al., 2017) 
have called for more longitudinal work that attends to CT infusion across content areas and 
teaching contexts. Our work builds upon the existing research on TPACK, CT infusion, and 
CT PD to examine the development of teacher knowledge over time, in multiple content 
areas, and across multiple forms of knowledge (PCK, TCK, and TPACK). In their seminal 
study on teachers’ learning to integrate technology-based practices, Harris and Hofer (2011) 
recommend centering the disciplinary curriculum, with the digital tools serving as a sec-
ondary consideration. We take a slightly different view in that we see CT (with or without 
the use of digital tools) as a thinking practice that can strengthen both teacher and student 
knowledge of disciplinary content. Specifically, our study is grounded in the premise that 
teachers need to experience CT infusion to think computationally using both unplugged and 
plugged methods. By strengthening a teacher’s ability to think computationally and under-
stand CT knowledge, skills, and dispositions, they can better make disciplinary connections 
and see disciplinary applications. Thus, grounded in the TPACK framework, we situated 
computational thinking at the forefront of professional learning experiences and aimed to 
support teachers’ discipline-specific development through a CT lens.

4  Method

4.1  Context

Infusing Computing was a five-year grant project designed to support 360 middle and high 
school teachers from two Southeastern states as they learned to integrate CT into their class-
rooms (Jocius et al., 2022). Teachers represented various disciplines (math, science, ELA, 
social studies, and related arts) and could choose to attend the PD as individuals or part of 
school-based teams. The overarching aim of Infusing Computing was to broaden participa-
tion in computing by building a community of practice of teachers interested in CT and CS 
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infusion (Lave & Wenger, 1991). In terms of defining CT, we utilized the PRADA model 
(pattern recognition, abstraction, decomposition, and algorithms), which is a mnemonic 
device to make specific CT concepts more understandable for both teachers and students 
(Dong et al., 2019). From 2017–2021, in summer workshops and monthly academic-year 
activities, Infusing Computing teacher partners connected CT to disciplinary standards and 
teaching practices, created CT-infused lessons and units, and documented how they used 
and adapted lessons in their schools and classrooms. In the final year of the project (2021–
2022), teachers applied for funds of 5,000-10,000 to implement their own CT infusion proj-
ects in their classrooms, schools, or communities (see Fig.1).

4.2  Participants and Case Selection

The goal of this qualitative study was to learn about changes in teachers’ TPACK for CT 
infusion over time. A descriptive multiple case study methodology was chosen for the fol-
lowing reasons: the context of the Infusing Computing PD was of critical importance to 
understanding participants’ experiences, the aim of the study was to address how and why 
questions about current classroom practices, and the phenomenon (CT infusion) and the 
context were inextricably linked (Yin, 2009). In order to trace teacher learning across the 
five years of the project, we decided to select cases from the group of teachers (n = 18) who 
participated in the final summer of Infusing Computing PD and received teacher-partner 
funds. Of the 18 teachers who completed practitioner inquiry projects, 13 had participated 
in at least three of the four summer PDs, and 7 had participated in all four summer sessions. 
Using purposive selection (Merriam, 1998), we chose two teachers who had participated in 
at least three summer PDs, successfully completed practitioner inquiry projects, represented 
different content area backgrounds and grade levels (middle and high school), and had vary-
ing levels of previous experience with CT prior to attending the PD (see Table  1). Ana 
(all teacher names are pseudonyms) attended four summer PD sessions (2018, 2019, 2020, 
2021) and Charlotte attended three summer PD sessions (2019, 2020, 2021).

Fig. 1  Overview of infusing computing project
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4.3  Data Sources

4.3.1  Pre-PD and Post-PD Surveys (2018, 2019, 2020, 2021)

 Pre-PD surveys were administered prior to summer PD each year and were used to gather 
demographic data (e.g., years of teaching experience, degree information, teaching con-
texts), document information about teachers’ previous experiences with CT and program-
ming, and track their goals for PD and CT infusion over time. We utilized validated items 
from the Pedagogical Discontentment Survey (Southerland et al., 2011) and open-ended 
items related to teachers’ goals for attending PD. Returning participants also responded to 
questions about their implementation of CT-infused lessons. Pre-PD and post-PD survey 
items remained the same for each year, with minor adjustments made for returning partici-
pants, to enable longitudinal comparison.

4.3.2  Content Knowledge Assessment (2018, 2019, 2020)

 For the first three years of summer PD, teachers completed a content knowledge assess-
ment. Items were selected from the Exploring Computer Science Computational Thinking 
assessment, which was developed and validated by SRI (Snow et al., 2017). The assessment 
included 13 questions (12 multiple-choice or multiple answer and one open-ended ques-
tion) and focused on teachers’ knowledge of CT concepts (pattern recognition, abstraction, 
decomposition, and algorithms) and programming concepts (loops, variables). The assess-
ment was administered at the beginning of the 2018 and 2019 PD sessions and at the con-
clusion of the 2020 session. It was not administered in 2021 due to the fact that all teachers 
were returning participants and the focus of the PD for that year was on curriculum creation.

Name Ana Charlotte
Content Area and Teach-
ing Placement

8th grade math High school sci-
ence (2019)
Instructional Coach 
(2020–2022)

Self-Identified Race, 
Ethnicity, and Gender

White Hispanic 
female

White female

Years of Classroom 
Teaching Experience 
when Beginning Project 
(2018 and 2019)

11 24

Years of Classroom 
Teaching Experience at 
End of Study (2022)

15 27

Education B.A., 
Communications

B.S., Secondary 
Education

School Context STEAM focus Computational 
Thinking focus

Previous CT Experience None Prior experience 
with coding in 
Scratch and limited 
experience with 
Python

Table 1  Overview of case study 
participants
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4.3.3  Lesson Plans, Programming and Pedagogical Artifacts, and Director’s Cuts (2018, 
2019, 2020, 2021)

 Lesson plans, programming and pedagogical artifacts, and director’s cut videos, in which 
teachers unpacked their lessons in 2 to 15-min videos, were used to examine growth of 
teachers’ technological pedagogical content knowledge over time. Ana created materials for 
all four years, while Charlotte created materials for three years.

4.3.4  Practitioner Inquiry Project Artifacts (2022)

 As previously mentioned, the culminating activity for the final year of the project was a 
teacher grant project (Jocius et al., 2024) in which teachers applied for funds to complete CT 
infusion projects of their choice. Numerous project artifacts, including grant applications, 
teacher-collected data, showcase presentations, infographic overviews, and implementation 
materials (PD activities and slides, resources used with students in after-school programs), 
were collected and analyzed.

4.3.5  Interviews (2019, 2020, Summer 2021, Fall 2021, 2022)

 Semi-structured interviews were held at five points in the project–following the summer 
PD in 2019, 2020, and 2021, prior to practitioner inquiry project implementation, and fol-
lowing practitioner inquiry project implementation. Interviews were conducted by various 
members of the project team. Post-PD interview questions focused on teachers’ definitions 
of CT, personal goals for CT infusion, experiences with CT-infused lesson implementa-
tion, barriers and accelerators for CT infusion, and PD experiences. Pre-practitioner inquiry 
project interviews focused on teachers’ initial plans and questions about logistics, while 
post-practitioner inquiry projects centered on teacher reflections, research processes, and 
project impact.

4.4  Data Analysis

This study utilized a longitudinal case study design that focused on identifying patterns to 
build explanations of teacher learning and CT infusion practices over time (Merriam, 1998). 
First, all data were transcribed using multimodal transcription techniques (Bezemer & Mav-
ers, 2011). Data analysis proceeded in four phases, with the first three phases aligned with 
the research questions and the fourth phase focusing on a holistic and cross-case comparison 
among teachers. Table 2 includes an overview of the phases of data analysis.

4.4.1  Pedagogical Content Knowledge

The primary sources of data used to respond to the first research question were open-ended 
survey response items and interviews collected at five points, after each summer PD and 
prior to and following the completion of practitioner inquiry projects. All interviews were 
transcribed and broken into idea units (Gee, 2011). Then, using line-by-line open qualita-
tive coding techniques (Charmaz, 2015; Saldaña, 2021), two members of the research team 
independently coded the data, engaged in relating to teacher goals for the PD and imple-
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mentation experiences over time. Recursive cycles of open and axial coding resulted in five 
themes: programming tools, CT as a thinking practice, discipline-specific CT infusion, bar-
riers to CT infusion, and collaboration. We then created charts to map teachers’ responses to 
enable longitudinal comparisons.

4.4.2  Technological Content Knowledge

To answer the second research question, we investigated teachers’ content assessment 
responses and block-based (Snap! and Python) programming products created by the teach-
ers during the PD. For the content assessments, we conducted item analyses for each teacher 
to detail the number and types of questions answered correctly and incorrectly. To analyze 
the programming products, we examined the CT concepts used in the Snap blocks, such as 
pattern recognition implemented through the use of loops, abstraction with the use of vari-
ables and user-defined blocks, and decomposition with the use of if-else blocks. Also, we 
paid attention to the complexity of the project by measuring the total number of blocks used 
and the categories of blocks.

4.4.3  Technological Pedagogical Content Knowledge

The primary sources of data for the analysis of technological pedagogical content knowl-
edge were lesson plans and artifacts teachers created during the PD and refined over the 
course of classroom implementation. The focus of analysis was on teachers’ conceptualiza-
tions of CT integration, their analysis of student and teacher learning as a result of their les-
sons or practitioner inquiry projects, and their reflections on how their pedagogical practices 
changed over time. After creating comparison charts for each teacher, we used thematic 
analysis and constant comparative methods (Charmaz, 2015), which resulted in six themes: 
lesson focus, use of CT concepts, disciplinary concepts, programming tools used, collabo-
ration with other PD participants or school-based colleagues, and scaffolds for student CT 
learning. Then, we triangulated this analysis of artifacts with post-PD interview responses 

Research 
question

Focus of 
analysis

Data sources

RQ1 Pedagogi-
cal Content 
Knowledge

● Pre-PD and Post-PD Surveys
● Post-PD Interviews (CT definitions, 
PD goals)
● Pre- and post-practitioner inquiry 
project interviews (project goals)

RQ2 Technologi-
cal Content 
Knowledge

● Content knowledge assessment 
(Snow et al., 2017)
● Programming products

RQ3 Technological 
Pedagogi-
cal Content 
Knowledge

● Lessons and artifacts (slides, pro-
gramming products, student handouts, 
Director’s Cuts) created during the PD
● Practitioner inquiry project artifacts
● Post-PD interviews (lesson imple-
mentation experiences, barriers and 
accelerators, PD experiences)
● Pre- and post-practitioner inquiry 
project interviews (project experi-
ences and outcomes)

Table 2  Overview of data 
analysis
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related to lesson implementation experiences, barriers and accelerators, and PD experi-
ences, as well as the pre- and post-inquiry project interviews.

4.4.4  Data Analysis Matrices and Cross-Case Comparisons

In a method similar to Mouza et al.’s (2009) work on longitudinal analysis of teachers’ 
technology integration, we created matrices for each teacher that displayed features of their 
pedagogical content knowledge, technological content knowledge, and technological peda-
gogical content knowledge at five points in time: Summer 2018 (Ana only), Summer 2019, 
Summer 2020, Summer 2021, and May 2022. Then, we looked across the matrices to enable 
comparisons of the two case studies.

4.4.5  Trustworthiness

Throughout each phase of data analysis, members of the research team met to discuss emer-
gent themes and the use of data sources. As the data were collaboratively analyzed by all 
members of the research team, inter-rater agreement was not calculated. We did keep audit 
trails in reflective journals, triangulated multiple sources of evidence to analyze data in rela-
tion to each research question, and conducted member checks with teachers and asked them 
to reflect on their own learning.

5  Findings

5.1  Ana

5.1.1  Pedagogical Content Knowledge

Ana began attending Infusing Computing in Summer 2018 and had no previous experience 
with coding or CT as either a learner or teacher. Analysis of her survey responses across 
the four years of the project mark a definite shift in her thinking about the generic use of 
coding tools to intentional infusion of CT concepts and practices. For example, in a 2018 
pre-PD survey, her vision for infusing CT was vague: “We are planning a ‘getting to know 
you’ to start the year off.” As she came to better understand CT, her focus shifted from using 
the technology to leveraging the practices for content instruction. For example, in her 2019 
pre-PD survey, she said, “I want to be able to use this to teach my content, not just as a wrap 
up to a unit like I did last year.” She also mentioned that one of the barriers that she had to 
overcome was learning how to “use it to integrate into my curriculum instead of using it 
for the sake of using it.” So, there was growth from 2018 to 2019 in the specificity of her 
response, as well as her apparent comfort with CT terms such as “debugging.”

Prior to her third summer of PD participation in 2020, she began focusing more inten-
tionally on the CT concepts, with an aim of “helping students use the CT concepts in solv-
ing math problems.” By 2021–2022, Ana’s final year of the program, she had sought out 
numerous opportunities to infuse CT and had even developed an after-school Coding Club 
for students. Her 2021 pre-PD survey outlined the various ways she had used CT in her 
classroom and school during the previous year: “hour of code, coding club, used the sum-
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mer lessons.” She noted that viewing students’ growth in Coding Club was “awesome” and 
that students “went so far with it.” These responses demonstrate how Ana came to see the 
balance between helping students learn how to use the technology and coming to understand 
CT as a process for thinking.

5.1.2  Technological Content Knowledge

On the initial content assessment administered in 2018, Ana scored 10.5 points out of a 
possible 13 points (80.8%), which was higher than the average overall teacher score (7.49 
points; 57.6%) on that year’s assessment. While she scored on all items focused on program-
ming components correctly (one of just three teachers to do so), she missed items related 
to defining and operationalizing CT concepts such as pattern recognition and algorithms. 
In 2019, Ana scored 11 of 13. While still higher than the teacher average for that year, she 
missed two of the same items related to algorithms and pattern recognition. In 2020, she 
scored all questions correctly.

Growth in Ana’s technological content knowledge was also evident in analysis of the 
programming products that she created over time (see Fig. 2 for timeline and focus of Ana 
and Charlotte’s work in each year of the project). In 2018, Ana created a Snap! narrative 
program to introduce herself to her class. It included animations that developed interactions 
with the user by soliciting feedback through questioning. Her program, which incorporated 
images of her family, utilized four variables and three different types of blocks, including 
multiple examples of “when” blocks, but included very little variety in terms of custom 
block types, loops, or other more complex programming concepts (see Fig. 3).

In 2019, 2020, and 2021, Ana worked with colleagues from her school and/or others that 
she met at the PD to create interdisciplinary lessons and programming products. In 2019, 
she collaborated with an ELA teacher from her school, Hazel, to create a Snap! program to 
introduce students to STEAM. As compared to her 2018 product, changes in her approach to 
the task, as well as the types of programming concepts represented, demonstrate her increas-
ing knowledge of programming features and scaffolds. For example, rather than asking stu-
dents to interact with the completed project, her 2019 project required students to debug and 
modify code. Using the Snap! annotation tool, which allows users to mark particular blocks 
with notes, she tasked students with editing, removing, and reordering blocks; identifying 
loops; and creating their own custom blocks (see “Fix Me” exercises in Fig. 4). In total, she 
used seven categories of blocks, including two loops, four custom blocks, and five if/then/
else blocks.

Fig. 2  Timeline of Ana and Charlotte’s programming projects over time
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Fig. 4  Code Snippet from Ana’s Snap! Project Created During the 2019 PD

 

Fig. 3  Code Snippet from Ana’s Snap! Project Created During the 2018 PD
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In 2020, Ana worked with two colleagues to create an interdisciplinary Snap! program in 
which students decomposed code to review parts of the coordinate plane and break down CT 
concepts. The program includes seven sprites with code blocks associated for each sprite, 
different variables to capture the coordinates and other pieces of information, 13 custom 
blocks, and a Boolean operator. By including several sprites (see Fig. 5) and new custom 
blocks, she was able to create a scaffolded learning experience for students that integrated 
CT, programming, and disciplinary knowledge.

In 2021, Ana created a narrative Snap! program and matching game to explicitly intro-
duce students to four CT concepts: pattern recognition, abstraction, decomposition, and 
algorithms. Her goal was to use these concepts to guide them through the process of modify-
ing and creating code to develop their own introduction programs. Using nine sprites, several 
types of programming blocks, including custom blocks (see Fig. 6) that used parameters to 
develop flexibility in the use of algorithms, students are tasked with using multiple sprites, 
recording sounds, and developing their own custom blocks to create narrative stories.

5.1.3  Technological Pedagogical Content Knowledge

In 2018, after completing her first year of PD, Ana was able to successfully use her model 
introduction to share an example of programming, but she wasn’t able to implement the 
component where students coded their own introductions due to time constraints. However, 
as she reflected in a post-PD interview in 2019, she decided to build additional coding proj-
ects into her “curriculum to have them create a Snap! presentation about polynomials. And 
they had to teach me something about polynomials, but it had to be interactive. So they had 
to have questions and then a certain response to go to each type of answer.” She noted that 
she struggled due to her own lack of technological knowledge:

The struggle was when I taught my segment on polynomials. It was around the Febru-
ary, March timeframe. So, it had been a while [since the summer 2018 PD]…and I 
kind of knew what I was doing, but I totally forgot some of it and I’m sitting up there 

Fig. 5  Code Snippet from Ana’s Snap! Project Created During the 2020 PD

 

1 3

2161



R. Jocius et al.

trying to show them little things and I’m like, crap, I don’t remember how to do this, 
so I look like a ding dong.

As she moved into her second summer of PD in 2019, her aim was to grow more confident 
with coding and to create a lesson that would introduce rather than review content. In the 
post-PD interview, she described the greatest growth as being in her understanding of the 
CT concepts. As she said following the 2019 summer PD, “I’ve got the experience behind 
me, I feel more confident with coding. I love the way they [project facilitators] have pre-
sented the lessons and the different ways to teach it. And that’s given me more to take back.”

In 2020, her third year with the project, Ana incorporated a series of CT activities to 
help students learn how to “decompose a script of code to review the parts of the coordinate 
plane and technical terms.” In a series of lessons, students participated in scaffolded paired 
programming activities, including recognizing patterns in the coding of sprites and complet-
ing a Parson’s problem, which is an activity common in computer science that tasks users 
with blocks that are out of order. Within the Snap! interface, she included notes for students 
to guide their thinking, demonstrating pedagogical uses of built-in Snap! features.

During the Summer 2021 PD, in addition to the Snap! narrative introduction to the four 
CT elements, Ana worked collaboratively with Hazel to develop a lesson that tasked stu-
dents with identifying CT concepts in the world around them. The lesson plan also incorpo-
rated small-group discussions for students to make interdisciplinary connections and aimed 
to set a foundation for later content-specific, CT-infused lessons. This work was critical 
for the development of their collaborative practitioner inquiry project; several elements 
that they created for students, such as introduction PPT slides and small-group discussion 
prompts, were also used within the PD they created for teachers. In her final interview fol-
lowing the practitioner inquiry projects, Ana reflected on her desire to continue to build her 
knowledge and comfort with CT infusion: “I want to continue to build my personal bank of 
lessons with my students and be more purposeful, like with making sure to repeatedly talk 
about PRADA throughout the school year.”

Fig. 6  Code Snippet from Ana’s Snap! Project Created During the 2021 PD
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6  Summary

As Ana developed pedagogical content knowledge, her focus shifted from more generic 
forms of CT instruction to more content-specific ways of infusing CT into her math instruc-
tion. As she noted in her surveys and reflections, a big piece of this work was to think 
critically about ways to enhance existing instruction using CT, rather than using it as a 
standalone piece or an “add-on” activity. Growth in her technological content knowledge 
aided her abilities to infuse CT into her instruction and the development of her technological 
pedagogical content knowledge. As she described, rather than focusing on the “little” com-
ponents of Snap!, she was able to instead devote more time and energy to developing mean-
ingful learning experiences that co-develop both content and CT in a symbiotic process.

6.1  Charlotte

6.1.1  Pedagogical Content Knowledge

Charlotte, who began attending Infusing Computing PD in 2019, had previous experience 
with programming tools like Scratch and Code.org curriculum components. At the onset 
of her participation in the project, she was working as a high school science teacher and 
had also taught one semester of an AP Computer Science course. Like Ana, Charlotte’s 
responses to surveys detailed how her thinking about CT changed over the course of her 
work with Infusing Computing. She attended as part of a school-based team, and her initial 
description of goals for CT infusion in the 2019 pre-PD survey focused generally on imple-
menting lessons: the “team and I will be co-teaching several lessons in the fall.” In 2020, 
she accepted a new role as an instructional coach, and her primary responsibilities included 
supporting teachers with technology. Her goals for that second year were primarily focused 
on the use of coding tools: “Although we use code.org curriculum, I want to add SNAP and 
Python this year to give the kids a little taste of the different languages and relate it back to 
the pseudocode they will see on their exam.”

Like Ana, in her 2021 pre-PD survey, she described a shift in focus from tools to CT as 
a thinking process. She also described supporting others in bringing CT to their classrooms 
through “multiple lessons, CT vocab, infused projects with students, present[ing] PRADA 
to admins” and said that she had come to see CT as “a powerful tool to facilitate higher-
order thinking.” In addition to growth in her knowledge about CT as a tool for engendering 
disciplinary thinking, she referenced the importance of sharing the benefits of CT infusion 
with multiple stakeholders, including school and district leaders. This desire to help others 
build expertise with CT content, which was likely influenced by shifts in her role, led to her 
choice of practitioner inquiry projects (after-school coding club to build a pipeline of middle 
and high school students interested in CT and CS).

6.1.2  Technological Content Knowledge

Charlotte entered the PD with prior experience in CS education and one semester of teach-
ing an AP CS course, but she scored a 5.5 out of 13 on her content assessment for 2019, her 
first year with the project. This was two points below the average teacher score for that year, 
and she missed items related to both CT concepts (algorithm, pattern recognition, decom-
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position) as well as programming items (variables, functions, repeat blocks). In 2020, she 
scored 8.5 of 13, which was again slightly below the teacher average for that year. While she 
did better with CT concepts, only missing one item related to algorithms, she still missed 
three items related to programming concepts and applications.

Over her participation in the project, there were shifts in the type of programming prod-
ucts Charlotte created, both in terms of the content focus and sophistication of programming 
concepts (see Fig. 2). In 2019, while serving as a science teacher, Charlotte collaborated 
with colleagues from her school to develop an interdisciplinary lesson sequence taught in 
both the biology and CS classrooms. She built upon a Snap! contagion simulation developed 
by the Infusing Computing team. In her adapted lesson, students were asked to examine 
patterns in the code and solve a Parson’s Problem, in which they had to put the blocks in the 
correct order (see Fig. 7). She also developed a series of supplemental materials to address 
science standards related to population growth and the impact on the biosphere. The result-
ing program included two different types of custom “when” blocks, an “if” block, and a loop 
used to create clones that spread a contagion across the United States.

In 2020, Charlotte attended the Python sessions, which were added to the PD that year 
to give experienced participants an opportunity to explore a different programming lan-
guage. As she mentioned in her final interview, she had very limited previous experience 
with Python, so the experience and resources were crucial to developing her lesson. In her 
lesson reflections, she referenced her shift to an instructional coach role as being one of 
the primary determining factors in choosing to complete a lesson focused on programming 
concepts. Her final product was a scaffolded Google Colab lesson in which students worked 
through existing code to practice programming concepts (e.g., adding logic using if/then 
statements and exploring loops). She used several components of Colab notebook exercises 
used within the PD, but incorporated annotations and support for students throughout her 
work. In 2021, Charlotte refined the 2020 introduction to Python lesson, and then developed 
multiple lessons that leveraged Python to help students explore more complex programming 
concepts like lists, mathematical operators, and decision structures (see Fig. 8).

Fig. 7  Charlotte’s Snap! Contagion project
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6.1.3  Technological Pedagogical Content Knowledge

In Charlotte’s 2019 project, her students were tasked with using Snap! to develop models 
for the spread of a zombie contagion using exponential functions. In the math classroom, 
after creating tree diagrams in response to a contagion scenario, students interacted with 
the Snap! simulation that Charlotte and her colleagues modified (see Fig. 7). The biology 
component involved the investigation of different variables that affected the growth of the 
contagion. Then, as part of a computer science lesson, students examined patterns in the 
code and solved a Parson’s Problem. However, as her team planned for implementation of 
the contagion-focused lesson in early March of 2020, COVID-19 began to spread across the 
globe. Although she wasn’t able to implement the lesson in full due to the switch to primar-
ily asynchronous remote teaching in Spring 2020, several of her colleagues were able to 
implement it in future years, as the content was participant relevant during the pandemic.

In 2020, her second year with the project, Charlotte was preparing to take on her new role 
as a district instructional coach. For the summer 2020 PD, in addition to her participant role, 
she helped to facilitate small-group discussions for the science teachers. This experience 
helped her to better understand CT infusion and to get ready to take on a similar role in her 
district. As she said in a post-PD interview,

I think a light bulb went off for me when we went through the PRADA. And they 
say that the highest level of learning is teaching something and while I was learning 
something to teach it to someone else or to pull information out of someone else, I 

Fig. 8  Charlotte’s Python coding introduction lesson
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think that helped me take it to a level where, hey, this can fit anywhere. It doesn’t 
matter who you are.

In Summer 2020, Charlotte also participated in Python bootcamp sessions and collabo-
rated with four other teachers that she had met the previous year at Infusing Computing to 
create a lesson introducing students to Python. In addition to introducing each of the CT 
elements and giving students opportunities to reflect and identify real-world examples, the 
lesson highlighted conceptual understandings of programming and distinguished Python 
characteristics from those found in other programming languages. Students came to define 
pseudocode, which is the scripting language used on the AP exam to make sure that students 
are understanding programming concepts. In an interview, she talked about incorporating 
reflective activities “to pull out any misconceptions that they may have or to have them 
explain in detail certain parts of the problem to make sure they completely understand it,” 
which connected to the shift in her definition of computational thinking and the importance 
of unpacking the differences between programming and CT.

Her 2021 PD project built on her 2020 lesson to create a “working understanding of 
loops, functions, operators, IF/ELSE conditionals.” She collaborated with one colleague 
who had also worked on the 2020 lesson. In her Director’s Cut, Charlotte said,

We wanted to incorporate more problem-solving skills, and we wanted these problem-
solving skills not to be just something that we touched on and then ran away from for 
the rest of the year. We wanted it to be something where it’s shown to them, it’s mod-
eled for them, and then they get to reflect on their thinking.

The lesson goals aligned with Charlotte’s shift in focus from CT tools to problem-solving 
processes; as she mentioned in the director’s cut, “We wanted to make it a habit for these 
children, and a habit in that they think about their thinking and their problem-solving prac-
tices every day.”

Charlotte’s practitioner inquiry project aimed to expand access to CT and CS for students 
in both middle and high schools within her school and district. As she described in her 
application for the project, “My mission is for every student to have at least some coding 
experience prior to leaving high school. I want them to see, control, and understand the 
power of thinking like a computer can have in almost all aspects of life.” She built an after-
school robotics program that integrated engineering practices and provided a scaffolded 
introduction to both CT and CS. As she mentioned in her final presentation, the club drew 
on disciplinary practices developed in STEM classrooms. In the club sessions, after Char-
lotte taught mini-lessons that introduced the PRADA concepts, students experimented with 
different programming tools, such as Misty and Sphero robots. The club, which served 80 
students, also helped students to “make computer science creative” by having students “use 
robots to draw a picture or do a short play or dance.”
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7  Summary

Charlotte began the Infusing Computing PD with more experience than Ana with both com-
putational thinking and programming. However, she followed a similar trajectory in that her 
thinking shifted away from focusing on programming tools and languages toward focusing 
on the thinking processes involved with CT. As she moved from a role as a disciplinary 
teacher to instructional coach, there were corresponding shifts in the focus of her instruc-
tional design from discipline-specific lessons to materials that would support teachers and 
broaden participation through the robotics program. Unlike Ana, Charlotte participated in 
sessions that expanded her existing knowledge of multiple programming languages (Snap! 
and Python). She was able to leverage this knowledge to focus on CT and programming 
concepts and skills that are not specific to one particular knowledge, but instead build a 
foundation for students to utilize across multiple contexts and with multiple tools.

8  Discussion

Using TPACK as a theoretical lens, this study examines two longitudinal case studies of 
teachers’ CT infusion practices over a five-year project. We analyzed teacher growth in 
three primary areas–content knowledge, technological knowledge, and pedagogical content 
knowledge, in line with previous research on teacher learning about new pedagogies involv-
ing technology (Mouza et al., 2017). We also compared teacher learning across cases to 
describe how teachers coming from different content area backgrounds (math and science) 
and with different levels of programming experience developed expertise in CT infusion 
over time.

In relation to pedagogical content knowledge, we found that both teachers demonstrated 
shifts in their thinking about CT as related to coding tools to CT as a thinking practice with 
value for supporting students’ development of disciplinary thinking. This is in alignment 
with previous research demonstrating that teachers must have sufficient knowledge about 
CT to consider how to integrate it with existing practices (Hestness et al., 2018). This study 
shows that teachers’ understandings may gradually develop over time. Ana, for example, 
started the PD with general goals for using coding tools with students; in the initial years of 
the project, she planned activities to introduce students to coding tools, whereas in the later 
years, she focused on full integration of CT concepts and practices with disciplinary learn-
ing goals. Over time, her focus shifted toward the introduction of CT concepts to promote 
content area learning. This perspective gave her the confidence to share her knowledge with 
colleagues in the Infusing Computing project and within her school. Charlotte, who came 
into the PD with previous coding knowledge and skills, as well as experiences in teaching 
AP computer science, also began the PD with a focus on coding tools, which shifted to a 
focus on CT as a thinking practice and a commitment to building a pipeline of students 
interested in CS.

Both teachers also demonstrated growth in terms of their technological content knowl-
edge and abilities to use coding tools, which prior research has recognized as a critical com-
ponent of teacher learning about CT infusion (Caskarlu et al., 2021). Ana, who began the PD 
without prior programming experience, improved over time in her ability to recognize and 
connect to CT concepts and their use of increasingly complex programming components 
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in their Snap! programs (e.g., if/then/else blocks, custom blocks, variables, and operators). 
Charlotte, who learned to code in Snap! during her first year and then took the Python ses-
sions in her final two years, developed the ability to use more complex concepts like loops, 
operators, and variables. Importantly, as each teacher’s technological content knowledge 
increased, they also developed increasingly complex activities for students to engage in. In 
their first years in the PD, both focused on the development of interactive simulations or 
narratives for students to interact with. Over time, they incorporated student coding activi-
ties, such as solving Parson’s Problems, debugging code, and coding.

Finally, we examined shifts in teachers’ technological pedagogical content knowledge 
and found differences in how they conceptualized and implemented CT-infused practices. 
Ana began the PD by focusing on generalized CT and programming skills. For example, in 
the first year of teaching lessons, she asked students to create content-agnostic Snap! narra-
tives that introduced themselves to the class. As they developed greater familiarity with CT 
and coding tools, she developed both plugged-in and unplugged lessons that fully integrated 
CT with disciplinary learning goals. Her practitioner inquiry project, a PD retreat that intro-
duced CT to their colleagues, utilized unplugged lessons and activities to build a foundation 
for CT infusion at their school. Charlotte, who began the PD with more experience with 
both CT and CS, initially focused on collaborating with other teachers to build an interdis-
ciplinary lesson. As her role at her school changed from teacher to instructional coach, the 
lessons and activities she designed during the PD also changed to focus on CT as a thinking 
process with broad applicability for multiple disciplines. In the final year of the project, like 
Ana, she aimed to broaden participation in CT infusion, but her focus was not on teachers, 
but on building an after-school robotics program for students across middle and high school.

Our analysis of Ana and Charlotte’s cases also helped us to consider how professional 
contexts can shape the form and function of disciplinary CT infusion. For her first three 
years of participation, Ana represents a fairly straightforward example of disciplinary infu-
sion in the mathematics classroom–she was able to embed CT concepts like pattern rec-
ognition, abstraction, and algorithms to support students’ understanding of mathematical 
practices and processes. Charlotte’s case is more complex. In her first year of PD participa-
tion, she focused specifically on science content standards. However, as she moved into 
her coaching role, her instructional focus shifted to more general CS and CT activities that 
could be implemented in a variety of classrooms and informal learning contexts. While the 
lessons Charlotte created in her second and third years lack a discipline-specific lens, her 
work does help us understand how CT can be infused in adjacent disciplines, including 
engineering and CS, particularly when teachers assume leadership or coaching roles that 
transcend a single content area. Interestingly, in both Ana and Charlotte’s final year of par-
ticipation, as they developed practitioner inquiry projects, both chose to focus on broaden-
ing participation in CT infusion, which may have led to more content-agnostic approaches 
that focused on CT and coding knowledge rather than direct links to disciplinary standards. 
This suggests that disciplinary CT infusion isn’t a static process, but one that interacts with 
evolving professional responsibilities and institutional contexts.

Examining teacher learning across time also forced us to confront some of the assump-
tions we had made at the outset of the study regarding how teachers learn to “do” CT infu-
sion. For example, we initially thought that having teachers design their own CT infusion 
lessons would provide a more authentic context for teacher learning; this is a common 
practice in in-service teacher PD (Coenders & Verhoef, 2019) and has been proposed by 
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other researchers as one potential strategy to mitigate elementary teacher concerns about 
connections between disciplinary content and CT (Ketelhut, 2020). We purposefully chose 
to provide a small set of sample lessons in the first year so that teachers would have models 
for designing their own lessons, but quickly found that they often preferred to adapt lessons 
taught during the PD. This was reflected in Ana’s use of PD activities and materials in her 
classroom and eventually in her practitioner inquiry projects, as well as Charlotte’s adapta-
tion of CT introduction materials. As we’ve talked as a project team about how we would 
structure similar projects in the future, in the early years (Y1 and Y2), we would instead ask 
teachers to take a pre-existing, field-tested lesson, adapt it for their teaching contexts, and 
then reflect on the experience with colleagues who implemented the same lesson. As we’ve 
begun to test this model in related projects, we’ve found that providing common experi-
ences with particular lessons can be a positive experience (Blanton et al., 2023).

We also found that the process of building deep understandings of CT infusion takes 
much longer than we originally believed. While some teachers were ready for classroom 
implementation in Y1, others took two or three years to build core content understandings 
of CT, which impacted their abilities to successfully implement CT-infused lessons. Even 
teachers like Ana, who felt comfortable with implementing lessons in the first year, noted 
that continued participation in PD and work with students caused them to question nascent 
understandings of CT infusion. In some cases, this caused teachers to forego classroom cod-
ing activities in favor of unplugged lessons that featured CT concepts. Ana, for example, 
started in Y1 with comprehensive coding projects, and then decided to do unplugged lessons 
in Y3 and Y4 due to the need to slowly build a strong foundation of CT.

CT infusion is not “one size fits all.” Each teacher brings different lived experiences, 
pedagogical practices, and disciplinary norms with them to any professional learning expe-
rience and PD must provide opportunities to draw on teachers’ existing knowledge as well 
as introduce new ideas. CT infusion, which bridges familiar disciplinary practices with 
often unfamiliar computer science concepts, practices, and dispositions, requires teachers 
to navigate the alignment of CT-infused curriculum with disciplinary standards, available 
technology, their own developing understandings of CT, and pedagogical approaches.

9  Conclusion

Examining teachers’ journeys to CT infusion over time has allowed us to examine the inter-
relationships of content, technological, and pedagogical content knowledge. Seeing how 
teachers take up these new practices, and how their understanding of CT as a tool for sup-
porting disciplinary learning, highlights the potential of CT infusion in a variety of content 
area classrooms. We also believe it highlights the need to prioritize future research that 
examines teacher learning not just immediately following a PD experience, but that follows 
teachers as they grapple with new learning and implement new pedagogical practices in 
their classrooms, schools, and districts.

In order for CT to be fully embedded into disciplinary classrooms, to create spaces where 
terms like algorithm and decomposition and debugging are used frequently and accurately, 
and where students have chances to experience both plugged-in and unplugged CT learning 
experiences that help them build a strong foundation in both CT and content knowledge, 
teachers need meaningful and sustained learning experiences. While stand-alone workshops 
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of a brief duration can introduce teachers to CT and expose them to new tools, it’s in the 
messy middle of PD, teaching, and reflection that teachers can do the work needed to build 
self-efficacy and pedagogical content knowledge for CT infusion.
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