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Abstract 

Although computational thinking (CT) is becoming increasingly prevalent in K-12 education, many teachers find 
it challenging to integrate it with their classroom learning. In this systematic review, we have reviewed empirical 
evidence on teachers’ computational-thinking-focused professional development (PD). The findings depict the land-
scape of what has been done in terms of how PDs have been designed, how CT has been conceptualized, how learn-
ing outcomes have been assessed, and how teachers have been supported in integrating CT into their teaching 
practices. We have further summarized the lessons learned from the PDs and discussed the gaps as the field moves 
forward. These findings shed light on supporting teachers as the first step to creating an effective model for CT learn-
ing and development in K-12 education.
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Introduction
Computational thinking (CT) is increasingly important 
in K-12 education as a set of skills and processes required 
for all students. Despite the prevalence of instructional 
materials designed to teach programming and the read-
ily accessible environments designed to introduce CT 
and programming to K-12 students (e.g., Scratch), broad 
access and adoption of CT teaching and learning still 
faces many challenges. Because CT is a relatively new 
construct in K-12, there are limited support systems in 

place to help teachers and students connect their existing 
knowledge and skills with those needed for CT (Ketelhut 
et al., 2020; Weintrop et al., 2016). As a result, challenges 
persist in reaching all students, including those with 
diverse backgrounds. While there have been various CT 
initiatives such as CT for All by the International Society 
for Technology in Education and the Computer Science 
Teachers Association, National Curriculum of Comput-
ing Programmes of Study in the United Kingdom, there is 
still much unknown about how best to support teachers 
with the integration of CT into their classroom instruc-
tion (Ketelhut et  al., 2020; Kong et  al., 2023). In this 
paper, we aim at investigating what is known about pro-
fessional development designed to support teachers in 
learning and implementing CT, particularly in the STEM 
context in K-12 classrooms.
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Computational thinking in K‑12 STEM classrooms
Although the operationalizations of CT varies in the 
research community (e.g., Grover & Pea, 2013; Israel 
et al., 2015; Kafai & Proctor, 2022; Lodi & Martini, 2021; 
Shute et al., 2017), CT has generally come to refer to the 
ability to analyze and solve various problems “in a form 
that can be effectively carried out by an information-
processing agent” (Wing, 2010, p. 34). As a “universally 
applicable attitude and skill set” (Wing, 2006), CT is not 
specifically about using computational tools or tech. 
Instead, it is focused on cognitive competencies (e.g., 
abstraction) and dispositions (e.g., persistence) that are 
essential for meaningful problem solving. For example, 
the International Society for Technology in Education 
(ISTE) and the Computer Science Teachers Association 
(CSTA) describe CT as a problem-solving process that 
includes characteristics such as (a) problem decomposi-
tion, (b) algorithmic thinking, (c) abstraction and mode-
ling, (d) data analysis, and (e) generalization and transfer. 
Through the development of CT skills, students also 
learn to (a) deal with complex and open-ended problems; 
(b) persist through difficult problems; (c) tolerate ambi-
guity; and (d) communicate and collaborate with others 
(Barr & Stephenson, 2011; ISTE & CSTA, 2011).

These cognitive and social skills are also important for 
STEM learning (Fofang et al., 2020; Scherer et al., 2019; 
Tran, 2019). As a result, researchers and practitioners 
have been pursuing the intersection of CT and STEM 
learning as a way to integrate CT into the classroom 
(Grover & Pea, 2013; Lee et al., 2019; Li et al., 2020; Sen-
gupta et al., 2018). For example, Weintrop and colleagues 
(2016) mapped high school math and science teaching 
practices and CT practices. They identified 22 CT prac-
tices that closely relate to STEM learning (e.g., using a 
computational model to understand a concept, preparing 
problems for computational solutions, and investigating a 
complex system as a whole).

Too often, though, access to CT learning opportuni-
ties has been limited to informal learning settings such 
as after-school clubs (Lye & Koh, 2014) or reserved for 
only particular groups of students such as those with 
access to AP Computer Science courses (Hestness et al., 
2018). These opportunities fail to reach a diverse student 
population, perpetuating the problem of underrepresen-
tation of females and minority groups (Coenraad et  al., 
2022; Joshi & Jain, 2018). Studies have shown that pro-
viding underrepresented populations with CT learning 
opportunities can positively impact their confidence and 
interest in STEM careers (Gomoll et  al., 2016; Leonard 
et  al., 2016; McGonagle et  al., 2014). Thus, there is an 
opportunity to support STEM learning and provide more 
students with access to CT by incorporating it into K-12 
STEM learning (Kafai & Proctor, 2022).

Computational thinking professional learning for K‑12 
teachers
As noted above, one issue preventing integration of CT in 
classrooms is teachers’ limited experience with CT. One 
viable way to address this issue is through the creation 
of effective professional development (PD) experiences 
focused on integrating CT into STEM learning. In the 
past decade, efforts to introduce CT have typically been 
focused on creating prepackaged curricular materials for 
students and teachers to learn to code (e.g., CSforAll, CS 
Unplugged, Creative Computing Curriculum). PDs for 
these materials are typically focused on preparing teach-
ers to implement the curriculum in their own classroom 
by introducing them to new CT-related tools (Curzon, 
2013; Sabin et al., 2018), which often leads to challenges 
in long-term professional development and sustainable 
changes (Brinkerhoff, 2006).

Numerous research efforts have been invested in iden-
tifying the challenges and solutions to teachers’ need for 
PD to effectively integrate CT into regular classroom set-
tings (e.g., Dong et al., 2019; Hamner et al., 2016; Ketel-
hut et al., 2020; Love et al., 2022; Pokorny & White, 2012). 
However, PD designed to support teachers’ CT integra-
tion faces several critical challenges: first, CT has been 
defined and operationalized differently across contexts 
due to varying theoretical orientations and practical con-
straints (Kafai & Proctor, 2022). In one recent paper, Lodi 
and Martini (2021) discussed two views of CT and how 
CT benefits other subjects from a historical perspective 
(i.e., the Computer Science centrality in Wing’s proposal 
versus the constructionism in Papert’s proposal). They 
argued that CT has been abused as a buzzword without 
attending to the educational context and the epistemo-
logical foundations. The ongoing discussion and confu-
sion surrounding the definition of CT have led to varied 
interpretations and operationalization in implementing 
CT in K-12 teachers’ professional learning.

Second, the literature suggests that many PDs for CT 
development have been short and limited to workshop-
style, one-shot experiences (Liu et al., 2012) without clear 
ties to classroom teaching and learning. While several 
practical arguments exist for using workshop formats, 
research has shown that extended PDs are more impact-
ful (Darling-Hammond et  al., 2017). Similarly, research 
has shown (van Veen et al., 2012) that PDs are most effec-
tive when they are relevant to teachers’ classrooms.

Third, research indicates that PDs are most effective 
when they are relevant to teachers’ classrooms (Desi-
mone & Garet, 2015). Although CT does not just mean 
computer science and the ability to code, many CT 
PDs fail to make explicit connections between CT con-
cepts and teachers’ specific subject areas or grade lev-
els. Many CT PDs fail to adequately address how CT 
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concepts can be meaningfully integrated into STEM 
areas (Ketelhut et  al., 2020). Teachers often strug-
gle to see how CT principles apply to their particular 
discipline, making it challenging to incorporate these 
ideas into their existing classrooms. Lane et al. (2023) 
worked with experienced teachers to integrate Python 
in physics classrooms and reported their re-novic-
ing professional learning experiences as they learned 
about programming and CT integration.

Finally, effective PD may have multiple endpoints 
from immediate reactions to long-term student perfor-
mance (Desimone, 2009). Despite the extensive efforts 
in CT PD, there is a lack of consensus on how to assess 
teachers’ CT knowledge and skills, as well as their abil-
ity to integrate CT into their teaching practices. This 
makes it difficult to evaluate the effectiveness of PD 
programs and support teachers’ ongoing teachers’ pro-
fessional learning (Rich et al., 2021).

Research gap and scope of the review
Although the body of literature on CT PD is grow-
ing rapidly, there is a notable lack of comprehensive 
synthesis that specifically examines PD models and 
programs designed to support teachers in this integra-
tion process. While previous reviews have focused on 
introducing CT to teachers (Hsu et al., 2018), teacher 
preconceptions (Cabrera, 2019), or student learning 
(Wang et al., 2022, Zhang et al., 2023), little attention 
has been paid to synthesizing the various approaches 
to teacher PD for CT integration. This gap in the lit-
erature limits our understanding of effective strategies 
for preparing teachers to incorporate CT across STEM 
subjects.

Therefore, this systematic review aims to ana-
lyze existing CT PD models and programs for K-12 
teachers, focusing on their learning goals, practical 
implementation, strategies for CT integration, and 
assessment methods. By examining these aspects, we 
seek to identify past practices in supporting teachers 
to learn CT and integrate CT into their classrooms. 
To that end, the following research questions will be 
answered:

RQ1: What were the learning goals and topics of the 
existing CT PD models and programs?

RQ2: What did CT PD implementations in practice 
look like (i.e., sample size, duration of the PD, and com-
puting tools involved)?

RQ3: How were the PD learning experiences designed 
to support teachers in integrating CT into STEM 
classrooms?

RQ4: How were teachers assessed in the PD models 
and programs?

Method
Literature search and search strategies
This study is a systematic literature review based on the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) protocol, which guides the 
pre-established, systematic, and transparent methods of 
review (Moher et al., 2015). The search strategy, eligibility 
criteria, and data evaluation plan were pre-established. 
We conducted our search across four bibliography data-
bases: (a) ERIC, (b) Web of Science, (c) IEEE Xplore, and 
(d) ACM digital library. We employed a sensitive search 
strategy (Relevo, 2012) to capture any potential candidate 
article. The search keywords used were the topic word 
“computational thinking”, a set of synonyms for profes-
sional development (i.e., “professional development”, 
“teacher development”, “training”, “intervention”, and 
“workshop”) and a set of synonyms for the potential out-
comes of professional development (i.e., “teacher think-
ing”, “teacher perception”, and “teacher knowledge”). The 
search terms combined CT + professional-development-
related terms or CT + outcome-related terms. To cap-
ture a wide range of empirical evidence, our search was 
not limited to peer-reviewed academic publications (e.g., 
books, book chapters, dissertations, and theses). Table 1 
shows the list of the search results from each combina-
tion of the keywords. As a result, the search returns 3203 
unique articles (see Fig. 1 for the PRISMA flowchart and 
details of search results). The search was done in June 
2023.

Eligibility criteria and screening
Eligibility criteria
We pre-established the seven eligibility criteria (i.e., 
content, time, participant, intervention, evaluation, lan-
guage, and publication relevance) for inclusion and exclu-
sion (Table 2). It is worth noting that we did not exclude 
candidate articles based on any specific CT definitions 

Table 1 Number of results from each search term

Search term Number 
of 
results

1 “Computational thinking” + “professional Development” 822

2 “Computational thinking” + “teacher development” 133

3 “Computational thinking” + “training” 1658

4 “Computational thinking” + “intervention” 730

5 “Computational thinking” + “workshop” 1177

6 “Computational thinking” + “teacher thinking” 3

7 “Computational thinking” + “teacher perception” 26

8 “Computational thinking” + “teacher knowledge” 71

Total 4600



Page 4 of 18Liu et al. International Journal of STEM Education           (2024) 11:51 

because we aimed to include a wide range of CT PD. We 
relied on whether the authors identified their PD as CT 
in their titles, abstracts, or keywords. In addition, the 
challenges and needs of in-service teachers and pre-ser-
vice teachers may vary enough that the PD designs and 
learning experiences are heterogeneous. Therefore, the 
data collection only focused on in-service teachers and 
studies with only pre-service teachers were excluded.

Screening process
The authors of this paper participated as coders in the 
screening and data evaluation process. We initially 
assigned each unique article to one coder, and the coder 
screened the articles at the title and abstract level based 
on the first seven eligibility criteria. To ensure standardi-
zation in the title and abstract-level screening, a small set 
of articles (n = 12) were randomly selected to be screened 

Fig. 1 PRISMA flowchart

Table 2 Tentative eligibility criteria

Eligibility criteria Description

Content relevance The candidate study should self-identify as promoting computational thinking (e.g., computational thinking knowledge, skills, 
or practice in teaching) instead of the knowledge only regarding computer science (e.g., programming syntax or computation)

Time relevance The candidate study should be published after 2006 when the concept of computational thinking was coined by Wing (2006)

Participant relevance The participants of the candidate study should be K-12 in-service teachers

Intervention relevance The candidate study should implement one or more professional development modules (e.g., training or workshop) 
as the intervention and should include sufficient design details (e.g., objectives and activities)

Evaluation relevance The candidate study should include quantitative or qualitative evaluation to assess the outcome of the professional develop-
ment intervention

Language relevance The study is reported in English

Publication relevance Both peer-reviewed and non-peer reviewed are included



Page 5 of 18Liu et al. International Journal of STEM Education           (2024) 11:51  

by all three coders. The inter-rater reliability for these 12 
articles was 100%. After the screening, full texts of the 
remaining articles were retrieved. After evaluation, 2961 
articles were removed, and 242 articles were included for 
full-text screening.

We repeated this process when we moved to full-text 
screening. Each coder read a small set of articles (n = 9) 
randomly selected from the candidate articles. The inter-
rater reliability at that training was 100%. Each remain-
ing article was assigned to at least two coders who coded 
independently. The inter-rater reliability reached 88.76%. 
Discrepancies between coders were resolved through dis-
cussions at group meetings. In all, we included 76 articles 
for full-text screening. Details of inclusion and exclusion 
are illustrated in Fig. 1.

Data evaluation
We began with an initial coding scheme that evolved 
through rounds of iterations (shown in Table  3). At the 
initial training session, the lead coder explained the cod-
ing form as well as the descriptions of each coded variable 
to the rest of the coders. Nine articles were used as train-
ing examples and were coded by all coders to establish 

agreement within the group. The coders resolved all 
questions and discrepancies at the training session. Sub-
sequently, each remaining article was assigned to one 
individual coder. The coding results were discussed and 
shared at the weekly group meetings to ensure consensus 
among all coders and to avoid major discrepancies.

Table  3 shows the information extracted from each 
selected study. We first extracted the author-stated 
goal(s) of each PD from the article. Based on those goals, 
we identified various topics of PDs. Ideally, the goals and 
topics of each PD should focus on or contain CT. How-
ever, we recognized that all CT activities are not branded 
as CT in practice (e.g., robotics or CS unplugged). There-
fore, we decided to include a wide range of CT-related 
topical words. Because CT lacks a universal definition 
(Shute et al., 2017) and different conceptualizations may 
lead to different program goals, we coded the main topic 
and goal of each PD as well as how CT was conceptual-
ized and operationalized using Lodi and Martini (2021).

We recorded the basic information from each study 
(i.e., author, year, publication status, sample size, par-
ticipant information, PD duration, and programs/cur-
riculums used). In terms of the implementation, we 

Table 3 The coding scheme

Coded information Description

Study information

 Author Names of the authors

 Year Date of publication

 Published/ unpublished work Whether the study is published or not

Participants information

 Sample size Number of participants

 Participant information Description of the participants (subject and grade)

PD goal and CT conceptualization

 Goal of the PD The goal of the PD

 Goal disposition Whether the goal is CT, pedagogy, or tool focused

 Main topic and conceptualization of CT The main topic of the PD and the words used to define CT

PD implementation

 Duration of the PD The amount of time spent with participants

 Program(s) used in PD Any programs and/or tools (if any)

 Curriculum used in PD The curriculum(s) (if any) used in the PD

Design to support CT integration

 CT integration Whether the PD provided opportunities for CT integration

 PD design features Design features of PD projects to support CT integration (e.g., time and mentorship)

 PD learning experiences Professional learning experiences that are elicited through the design features (e.g., reflec-
tion and teaching practices)

 Implemented and/or recommended Whether the design feature or learning experiences are implemented and/or recommended

Outcome variable

 Evaluation type Specific methods of evaluation(s) used

 Level of evaluation Reaction, attitude, perception, content knowledge, skill and application, and student impact

 Additional information Any other information regarding the PD
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extracted duration, programs/tools, curriculum, and 
whether the PD devoted time and support to engage 
participants with designing or discussing instructional 
activities that employed elements of non-CT or non-CS 
general subjects such as math or science (i.e., CT integra-
tion). Specifically for the PDs that involve CT integration, 
we coded the design features and learning experiences 
to understand how researchers have designed the PD 
to support non-CS teachers in integrating CT into their 
classrooms.

We analyzed the evaluation approach(es) each PD had 
adopted based on the four levels of training evaluation 
in the Kirkpatrick Model (Kirkpatrick, 1996): (1) partici-
pants’ reactions to the training; (2) acquisition of knowl-
edge, skills, attitude, etc.; (3) application of skills at job; 
and (4) target outcomes occurring because of the train-
ing. We further elaborated on these four levels based on 
a conceptual framework for studying the effects of PD 
on teachers and students (Desimone, 2009). Using this 
framework, teachers’ knowledge, skills, and attitudes, 
and perceptions change as a function of the PD (cor-
responding to Level 2 in the Kirkpatrick model). These 
changes are then reflected as changes in instruction (cor-
responding to Level 3 in the Kirkpatrick model) and then 
impact students learning (corresponding to Level 4 in the 
Kirkpatrick model). The outcomes of evaluation are cat-
egorized into six levels: (1) reaction, teachers’ reaction to 
PD; (2) attitude, change in attitudes towards CT (e.g., the 
importance of CT, willingness of adoption); (3) percep-
tion, change in perceptions or willingness (e.g., self-effi-
cacy, teachers’ willingness of adopting CT); (4) content 

knowledge, understandings of CT; (5) skill and applica-
tion, the ability to apply CT in real-world problem solv-
ing or design CT-integrated curriculums; and (6) student 
impact, change in student learning outcomes.

Results
What has been done? An overview
Overall, 76 studies were included in our analysis after 
the screening process (see Appendix). All of the stud-
ies were published in peer-reviewed venues, with most 
appearing in published conference proceedings (n = 46). 
The most frequent source was IEEE Frontiers in Educa-
tion Conference and ACM Technical Symposium on Com-
puter Science Education. The publication dates ranged 
from 2007 to 2023 with the number of publications gen-
erally increasing every year (Fig. 2). As a note, the search 
was conducted in June 2023. Therefore, potential articles 
could have been missed in our search due to (a) the global 
pandemic; (b) the unfinished publication process; and (c) 
the lag in accessing articles from the bibliography data-
bases. The PDs reported experiences in the US, Europe, 
Asia, and South America and covered a wide range of 
teachers (e.g., CS/IT teachers, math and science teachers, 
and teachers who work with vulnerable populations).

CT conceptualization and PD goals
CT conceptualization
Because we decided to use the author-developed defini-
tions for CT, data collection captured a diverse collection 
of operationalizations of CT across settings and contexts. 
Based on the coding of the author-identified topics and 

Fig. 2 Publications by year
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conceptualizations, we found a wide spectrum of defini-
tions for CT and related concepts in the literature. Table 4 
illustrates several different ways these studies described 
and defined CT. These conceptualizations were identified 
as CT by each study’s authors, but there was considerable 
variation in the interpretation of this umbrella term due 
to the differences in contexts and theoretical foundations 
(Lodi & Martini, 2021). We agree with Lodi and Martini 
that Papert’s view of CT differs from Wing’s in that Pap-
ert sees the goal of CT as being able to engage with inter-
disciplinary tools that allow access to big ideas—tools 
to think with. In contrast, for Wing, the goals of CT are 
focused on developing the skills and dispositions to solve 
a variety of problems by programming.

To this end, we arranged the elements on a spectrum 
that ranges from operationalizations that we determined 
to be more focused on the goal of learning CT as engag-
ing with an “interdisciplinary tool for learning” (i.e., Pap-
ert’s constructionism view) on one end to developing 

“computational competencies” with which to solve CS 
problems (i.e., Wing’s CS-centric view) on the other 
end. We placed the operationalizations with a stronger 
emphasis on computing tool usage on the right side of 
the spectrum while the operationalizations with a heavier 
emphasis on thinking abilities on the left side of the spec-
trum (Fig. 3). As consumers of this research, we do not 
place more value on one end than the other of the contin-
uum or attempt to claim that this is the definitive order 
of these conceptualizations. Instead, we offer it as a visual 
tool for organizing different conceptualizations of CT to 
navigate the complex landscape of existing CT PDs.

PD goals
Through our analysis, three foci emerged among the 
PDs: CT knowledge focus, pedagogy focus, and tool 
focus. We defined (a) a CT-focused PD as having explicit 
components that address the development of CT knowl-
edge or skills; (b) a pedagogy-focused PD as introducing 

Table 4 Examples of CT-related terms and conceptualizations

CT‑related terms Conceptualization

Computational thinking (CT) Logically organizing information and data, analyzing data, formulating problems, representing data and problems 
through abstractions, creating algorithms, analyzing possible solutions, and generalizing or transferring problem-
solving process (ISTE & CSTA, 2011)

Computational thinking (CT) Problem decomposition, pattern recognition, abstraction, and algorithmic thinking (Dong et al., 2019)

Computational thinking (CT) CT concepts, CT practices, and CT perspectives (Brennan & Resnick, 2012)

Computer science principles (CSP) Big ideas of computer science such as abstraction, algorithms, programming, Internet, and how computing 
and technology can impact the world (College Board, n.d.)

CS in STEM CS concepts, modeling and simulation, and the study of complex adaptive systems (Lee et al., 2017)

Beauty and joy in computing (BJC) The programming language/environment, growth mindset, pair programming, computing in the news (Garcia 
et al., 2015)

Computing concepts Program structures, objects, methods/functions, conditional branches, variables, loops (e.g., Liu et al., 2015)

CS unplugged Solving problems that use cards, string, crayons, and lots of running arounds (CS unplugged, n.d.)

Robotics Designing, programming, and building robotic systems (e.g., Hamner et al., 2016)

Fig. 3 Spectrum of CT operationalization
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CT-related pedagogies (e.g., teaching strategies, CT-
integration cases, CT curriculums) to teachers; and (c) a 
tool-focused PD as preparing participants for using one 
or more specific tool/skills (e.g., programming language, 
robots). These foci are distinctly different from each 
other and have significant implications on the design of 
the PD, but they are not mutually exclusive. Thus, one PD 
could be categorized into multiple foci.

Overall, the goals of the PDs focused on improving 
teachers’ competence with CT-related concepts, tools, 
and pedagogies. Figure 4 shows the distribution of vari-
ous PD foci. Forty-five of the PDs (59.21% out of 76 PDs) 
had goals explicitly focused on CT. Forty of those 45 PDs 
had both CT and pedagogical foci (88.88%). Although 
we found all 76 studies to be related to CT based on our 
screening process, 31 studies of those 76 PDs (40.79%) 
did not explicitly mention CT in their PD goals. Instead, 
CT knowledge and practices were implied through the 
PD activities. For example, one PD devoted time to train-
ing teachers to identify students’ skills in CT and engi-
neering design (Hamner et  al., 2016). Another PD had 
an activity in which teachers designed a flowchart for a 
subtraction algorithm (Borowczak & Burrows, 2019). The 
PDs that did not explicitly list CT as part of their goals 
were either too specific to tools or too generic in their 
goal statement (e.g., “help teachers improve coding abil-
ity through Scratch” in Lazarinis et al., 2019, or “provide 
teachers with knowledge about digital basic education” 
in Tengler et  al., 2021). Comparing CT conceptualiza-
tions, PD studies that did not mention CT explicitly tend 
to focus more on the computational competencies per-
spective for CT while such perspectives were not present 
in the studies that mentioned CT explicitly. Seven PDs 
explicitly operationalized “preparing teachers to teach 
CT” as teaching programming concepts to teachers. 
None of the seven mentioned CT explicitly in their goal 
statement. We did not exclude them from the dataset 
because (a) these studies explicitly claimed that they were 

teaching CT and (b) we aimed to demonstrate how CT 
PDs may be conceptualized and implemented differently 
from each other.

Fifty-six of the 76 PD studies reported a pedagogical 
focus (73.68%). These PDs focused on teachers’ compe-
tence in using CT-related tools or pedagogies for design-
ing instruction. However, most of the pedagogy-focused 
PDs included an additional focus such as CT or tool 
usage (n = 48). For example, Ketelhut et al. (2020) stated 
that the goal of their PD was to “understand the nature 
of CT, the importance of integrating it into science edu-
cation, and the recommendations for CT integration in 
elementary science classrooms”. This goal reflects the foci 
of both CT and CT-related pedagogy. In contrast, there 
were a small number of pedagogy-only PDs (n = 8). For 
example, Ozturk et al. (2018) stated that their PD aimed 
to support elementary teachers who lacked knowledge of 
computer science (CS), and project-based learning (PBL) 
to develop the skills and understandings to integrate CS 
through PBL within their curriculum. This goal does not 
emphasize CT per se and does not focus on any specific 
computing tools. Regarding the CT conceptualizations, 
all these pedagogically focused PDs viewed CT as an 
interdisciplinary tool for learning more than computa-
tional competencies. The specific operationalization of 
CT within each project varied. For example, some drew 
on the CT definition proposed by ISTE and CSTA (2011), 
while others used the CT concepts, practices, and per-
spectives by Brennan and Resnick, (2012) or the frame-
work for CT for mathematics and science integration by 
Weintrop et al. (2016).

A substantial number of the PD studies reported a 
tool-only focus (n = 15, 19.73%). In those PDs, a specific 
tool, such as a software program (e.g., ALICE in Liu et al., 
2012) or a hardware tool, like a robot, was the main focus 
of the training. For example, Kay and colleagues (2014) 
described a workshop focused on building and using 
LEGO Mindstorm Robots. Their stated goals included 
increasing teacher confidence and using the robot in 
classrooms or after-school clubs. Perhaps not surpris-
ingly, 10 out of these 15 PD studies operationalized CT as 
specific programming skills. While CT typically includes 
competencies beyond the knowledge of specific comput-
ing tools (Brennan & Resnick, 2012), in practice, com-
puting tools—such as programming languages, coding 
challenges, and robots—are still a primary way to engage 
with CT and help novices contextualize the content 
knowledge.

We found 11 studies that included all three foci (i.e., 
CT, pedagogy, and tool). For example, one workshop led 
by von Wangenheim and colleagues (2017) had three ses-
sions: one about computing knowledge where teachers 
assembled a robot, a second one focused on preparing Fig. 4 PD goal foci
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teachers to run lessons by providing instructional mate-
rial, and a third session where teachers learned and 
practiced installing the software and hardware neces-
sary. The other study we found with all three foci was a 
3-year-long professional development (Buss & Gamboa, 
2017). Teachers first spent several weeks in an online 
course learning how to program and how CT skills fit 
into programming. Then, sessions were held to discuss 
how teachers could teach robotics and CT skills in their 
classes and in after-school clubs. There are more such 
examples in recent years (e.g., Biddy et  al., 2021; Jocius 
et  al., 2021b; Kelter et  al., 2021; Kong et  al., 2023; Rich 
et al., 2021; Simmonds et al., 2021), which indicates that 
the PD goals have been evolving.

Implementation of CT PD
We analyzed the implementation of CT PDs from three 
aspects: (1) sample size, (2) duration of PDs, (3) cur-
ricula and programs used. First, the sample size varied 
widely. Some studies reported massive implementations 
of CT PDs involving from 100 to more than 1000 partic-
ipants (e.g., Kay et  al., 2014; Lazarinis et  al., 2019; Sim-
monds et al., 2021). These were typically either regional 
implementations or in the form of MOOCs (Massive 
Open Online Courses). There were also studies that had 
fewer than 10 participants (e.g., Biddy et  al., 2021; Liu 
et  al., 2011; Tsouccas & Meletiou-Mavrotheris, 2017). 
These smaller PDs often reported lower than antici-
pated enrollment of the PD, attrition, or funding limita-
tions. More than half of the PD studies reported in this 
literature review involved fewer than 30 people. Across 
the studies reported here, participants in the PDs were 
typically teachers interested in technology (Lamprou & 
Repenning, 2018), thus, they may be early adopters of CT.

The PD efforts in this review lasted from 1  day (e.g., 
Bower et al., 2017) to multi-year programs (e.g., Buss & 
Gamboa, 2017; Hug et al., 2018). A majority of the PDs 
were called “workshops” by the authors. The term “work-
shop” was never defined, but based on the descriptions 
of the PDs, we took it to mean an intensive seminar-like 
training for teachers. Most of these workshops were 
held on consecutive days during school vacations (e.g., 
Ahamed et al., 2010); a few were held after school during 
the week (e.g., Simmonds et al., 2019). For example, Dong 
et al., (2019) implemented a 5-day workshop on CT and 
CT-related pedagogies. Although CT-integrated STEM 
learning examples were shared at the workshop, teach-
ers seemed to be more enthusiastic about demonstrating 
their understanding of CT in the context of coding rather 
than in their own disciplines when they were creating CT 
lesson plans. Only seven PDs (9.21%) supported teach-
ers through the entire school year or even multiple years, 
and many PDs lasted 5 days or less (n = 34, 44.74%). There 

was one semester-long course (Joshi et al., 2019), and two 
MOOC courses that were available to teachers to com-
plete at their own pace (Kay & McKlin, 2014; Lazarinis 
et  al., 2019). Kong et  al., (2023) engaged teachers in a 
9-month-long continuous PD. A few PDs provided ongo-
ing support by using designs that incorporated both 
online courses and face-to-face sessions (e.g., Hamlen 
et  al., 2018). In another PD (Viera & Magana, 2013), 
teachers participated in a 3-day workshop but then were 
given 2 weeks to write and implement a lesson based on 
what they learned during the workshop.

Our analysis of CT PDs highlighted that a variety of CT 
tools were used and that PDs addressed many different 
curricula. There was notable variation in the program-
ming, robotics, or CT tools used in the PDs, varying from 
free online programming tools such as Scratch (Haden 
et  al., 2016), non-computer-based tools such as “CS 
unplugged” (Curzon et al., 2014), to robotics kits such as 
Lego NXT (Kay & McKlin, 2014). While 28 PDs (36.84%) 
focused on teaching only one tool, there were PDs which 
taught more than one tool during a CT PD (e.g., Kong 
et al., 2023; von Wangenheim et al., 2017). There were a 
few studies that included more than three programs or 
tools taught during the PD (e.g., Biddy et al., 2021; Bower 
et al., 2017; Byrne et al., 2015).

CT integration
Through our analysis of the PDs designed to support 
teachers’ CT integration (n = 38), common design fea-
tures and professional learning experiences emerged. 
“Features” were aspects of the PD designed to support 
teachers’ professional learning “experiences” (Table  5). 
We listed the design features (i.e., time, mentorship, com-
munity support, and pedagogical supports) and the expe-
riences (i.e., feedback, reflection, and teaching practices) 
within the second column. Additionally, we provided 
the studies from our literature review that implemented 
these aspects as well as studies that recommended them.

First, some specific design features were implemented 
and reported to be effective while some were recom-
mended by the authors based on their implementation 
(see examples in Table 5). Consistent with the “consensus 
model” for professional development (Brinkerhoff, 2006; 
Darling-Hammond et  al., 2017; Desimone, 2009; Hill, 
2004; Roth et al., 2017), studies that involved prolonged 
engagement with teachers reported positive outcomes 
in the form of positive attitudes and changes to teach-
ing practices (e.g., Hestness et  al., 2018; Ketelhut et  al., 
2020). However, as previously mentioned, many of the 
reported CT PDs were designed as short, one-shot pro-
grams, which does not fit within the “consensus model” 
for effective PD. Personalized mentoring for scaffolding 
teachers’ experiences was another design feature found 
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to be effective. Such personalization took various forms 
(e.g., tutoring in Liu et  al., 2015, coaching in Hamner 
et al., 2016, consultation in von Wangenheim et al., 2017). 
Researchers also reported that teachers needed both 
technical supports and pedagogical supports to actively 
integrate CT into their classrooms (Dong et  al., 2019; 
Pollock et al., 2017). In addition, it was helpful to develop 
a community of practice that included various stakehold-
ers including teachers of different proficiency levels, stu-
dents, mentors, and administrators (Choate et  al., 2018; 
Hestness et al., 2018).

Second, based on our review of the literature, we identi-
fied specific learning experiences that were implemented 
and recommended for teachers. For example, many stud-
ies addressed the role of feedback and reflection in sup-
porting teachers’ CT integration (e.g., Lehmkul-Dakhwe, 
2018; Ouyang et  al., 2018). According to these studies, 
CT integration involved not only supporting teachers’ 
conceptual understanding, but also providing them with 
practice. Thus, actively planning and teaching CT-inte-
grated classes was an important component of effective 
PD efforts. The practices ranged from experience work-
ing with the tool (e.g., Pokorny & White, 2012), to cur-
riculum planning (e.g., Liu et al., 2015), and to classroom 
implementation (e.g., Tsouccas & Meletiou-Mavrotheris, 
2017). Hickmott and Prieto-Rodrigues (2018) reported 
that teachers enjoyed sessions that had step-by-step exer-
cises because of their limited technology proficiency, 
suggesting that practice may need to be at a basic level 
for some teachers.

PD assessments and evaluations
We coded how researchers in each study evaluated the 
outcomes of their efforts using the Kirkpatrick model 
of training evaluation (Kirkpatrick, 1996) along with 
the conceptual framework for the effects of professional 
development on teachers and students (Desimone, 2009). 
We coded the types of evaluation methods (e.g., survey, 
interview, observation, review of artifacts, scale, and per-
formance-based assessment).

First, 28 PD studies (36.84%) measured participants’ 
reactions. These reactions were primarily measured 
through satisfaction surveys and interviews evaluating 
the extent to which the participants liked the experience. 
These same studies were occasionally measured by facili-
tators’ observation of the participants as they engaged in 
PD. Typical questions included perceived enjoyment (e.g., 
Byrne et  al., 2015), perceived usefulness (e.g., Morais & 
Bachrach, 2019), perceived challenges (e.g., Hickmott & 
Prieto-Rodriguez, 2018), etc.

Second, 15 PD studies (19.74%) measured teachers’ atti-
tudinal change. Like participants’ reactions, attitudinal 
outcomes were also measured by surveys and interviews. 

The attitudes included teachers’ willingness to adopt CT 
(e.g., Haden et al., 2016), motivation to implement CT in 
their classrooms (e.g., von Wangenheim et al., 2017), and 
view on how students are going to benefit from CT as 
well as the future career opportunities (e.g., Mouza et al., 
2016; Simmonds et al., 2019).

Third, 39 PD studies (51.32%) measured teachers’ 
perceptions of CT learning. These efforts also relied on 
surveys and interviews. For example, many studies meas-
ured whether teachers were comfortable with the con-
tent knowledge (e.g., Hoic-Bozic, 2019; Liu et al., 2015). 
In contrast, some other studies measured teachers’ per-
ception of whether they are comfortable or familiar with 
teaching CT or teaching computing technologies (e.g., 
Hamlen et al., 2018; Kong et al., 2020). Some studies that 
measure teachers’ self-efficacy on either technology or 
teaching, asked similar questions (e.g., Borowczak et al., 
2019).

Fourth, in addition to perceptions of competence in CT 
and teaching, some studies (n = 27, 35.53%) also assessed 
the professional development outcomes by measuring 
changes in teachers’ CT understanding (e.g., Blum et al., 
2007; Buss & Gamboa, 2017; Ketelhut et  al., 2020). CT 
understandings were often measured through scales, 
open-ended questions, or interviews. For example, Buss 
and Gamboa (2017) asked teachers to endorse a few pre-
established CT-related statements based on the attitude 
survey developed by Yadav et  al. (2014). Alternatively, 
Ketelhut et al. (2020) asked teachers to complete a writ-
ten reflection at the end of each day’s PD activity or dis-
cuss how the PD had influenced their understanding 
of what CT is. In contrast to conceptual changes, some 
studies measured teachers’ CT knowledge through test 
items (e.g., Liu et  al., 2015). These test items are typi-
cal CT/programming problems that evaluate teachers’ 
understanding of concepts.

Fifth, some studies moved beyond teacher surveys of 
perceptions and knowledge to focus on changes in skills 
and applications. Thirty-eight studies (50%) measured 
teachers’ abilities to apply learning outcomes to solve 
real-world problems. For example, Kong et  al. (2020) 
developed a performance-based measure which used 
question stems based on real-world scenarios and asked 
the teachers to apply what they had learned about CT 
practices to their problem solutions. In addition, many 
studies required teachers to implement CT teaching 
practices. For example, Simmonds et  al. (2019) asked 
teachers to design a CT-integrated curriculum at the end 
of the PD. Because this end-of-PD assessment may not 
be implemented by the teacher, some studies required 
teachers to implement the design so their practice could 
be evaluated either by the research team or through the 
teachers’ own reflection. For example, some studies asked 
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teachers to self-report their teaching practices or behav-
ioral changes after the PD through follow-up surveys 
(e.g., Hoic-Bozirc et  al., 2019; Pokorny et  al., 2012; Pol-
lock et al., 2017). Some other studies chose to interview 
and observe teachers in practice to identify if the change 
has indeed happened (e.g., Hestness et al., 2018; Ketulhut 
et al., 2020).

Finally, a small number of studies (n = 11, 14.47%) 
measured the impact of teachers’ participation in the 
PD on students’ learning. This type of measurement was 
done through surveys and scales and could measure a 
wide range of impacts on students. For instance, some 
studies measured student impact by considering class 
enrollment (e.g., Joshi et al., 2018; Kay et al., 2014). Other 
studies measured student impact by measuring social 
and emotional learning levels (e.g., motivation in Neu-
tens et al., 2018; learner autonomy in Ozturk et al., 2018). 
Some other studies measured student impact at knowl-
edge level through test items measuring students’ under-
standing of the content (e.g., Ouyang et al., 2018).

Discussion
CT objectives of PDs
Addressing our first research question, concerning the 
learning goals and topics of the existing CT PD models 
and programs, our findings suggest that studies men-
tioning CT in their goals often do so in a relatively broad 
manner. Examples of broad CT PD goal statements based 
off an amalgamation of our dataset would be to “help 
prepare teachers to teach computational thinking” or to 
“teach basic computational thinking skills to elementary 
teachers.” Additionally, many PDs that include CT do so 
without explicitly mentioning the term “computational 
thinking” in their goal statement. However, the activities 
of PDs suggest they included CT as an important compo-
nent of the PD. Examples of such goal statements would 
be to “help middle school teachers improve their ability 
to code using Scratch” or “provide teachers new pedagog-
ical techniques in computer science education.” While 
using vague language may make the PD more appeal-
ing to a wider audience or may convey the inclusion of 
an assortment of ideas, such goals are hard to develop 
activities to meet and are even harder to measure. This 
can cause activities or instructional material to appear 
unrelated. Two examples of precise and measurable goal 
statements in our analysis were from Dong et al. (2019) 
and Ketelhut et al. (2020). Dong et al. (2019) broke their 
learning objectives for CT down into four aspects and 
identified the connections between each facet with the 
subject content knowledge (e.g., abstraction in science 
can be taught through simplifying “models of Newtonian 
mechanics or solar systems” and algorithms in math can 
be taught through listing “steps for doing long division or 

integral calculus”). Ketelhut et al. (2020) designed the PD 
objectives based on teachers’ professional growth in four 
domains (i.e., external domain, personal domain, domain 
of practice, and domain of consequence) per Clarke and 
Hollingsworth (2002).

One of the challenges in articulating the CT-related 
objectives is that CT can be operationalized in differ-
ent ways. We identified a wide spectrum of conceptual-
izations of the construct of CT from the RQ1 findings 
(Fig. 4). While CT was formalized over a decade ago (e.g., 
Wing, 2006), researchers and practitioners do not seem 
to operate from one unified definition of CT. We posit 
that this lack of consensus is, at least in part, due to the 
multi-faceted nature of CT. It can be considered as a set 
of competencies (e.g., problem decomposition, systemic 
thinking), a set of dispositions (e.g., perseverance), and 
a set of skills (e.g., knowing how to use programming 
tools to express a solution derived from engaging in CT) 
that can be seen in diverse contexts. For instance, CT is 
involved when students learn the basic computing con-
cepts and programming languages in a CS class as well 
as when they are engaged in embodied activities to solve 
math problems; and when students program robots 
to simulate science phenomena and make predictions 
(Wang et al., 2022).

Although there exist various realizations, many PDs 
continue to regard knowledge and skill acquisition as 
the endpoint of learning CT (i.e., the cognitive framing 
mentioned by Kafai & Proctor, 2022, and Wing’s defini-
tion according to Lodi & Martini, 2021). There are very 
few PDs reviewed in this study that incorporated multi-
ple perspectives in CT such as understanding of learn-
ing as identity formation and how the societal values and 
histories are embedded in a world with computing tech-
nologies (Kafai & Proctor, 2022). Through mapping the 
conceptual spectrum of CT operationalization (Fig.  3), 
we intend to demonstrate that CT is not just about one 
pre-defined concept. It is equally important to support 
teachers’ understanding of the multi-faceted nature of 
CT and explore the contexts where students can develop 
CT in their local settings instead of only relying on pre-
made curricula or packages.

CT PD implementation and CT integration
Addressing what CT PDs look like in practice (RQ2) and 
how PDs support CT integration (RQ3), we found many 
PDs were conducted in the workshop-style and gener-
ally focused on introducing the concept of CT to teach-
ers. Twenty-five of 76 in this study had a brief, intensive 
informational format (e.g., lecture) and took place over 
a few consecutive days. While many teachers know lit-
tle about CT, short workshops are generally not the best 
PD format (Ketelhut et al., 2020; Lehmkul-Dakhwe et al., 
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2018; Pollock et al., 2017; Reding & Dorn, 2017) and have 
been discouraged by previous literature (Bort & Brylow, 
2013; Ouyang et al., 2018; Ozturk et al., 2018; Simmonds 
et al., 2019). If the goal of the PD is to support teachers’ 
CT integration into classrooms, designers of PDs need to 
design learning opportunities that allow sufficient time 
for this change to happen. Research has generally shown 
that engagement over time is more effective for support-
ing changes in teachers’ practice (e.g., Darling-Hammond 
et al., 2017; Desimone, 2009).

Multiple studies identified that a lack of technology 
experiences (e.g., coding skills) may hinder teachers’ self-
efficacy for learning and teaching CT. This can be par-
ticularly intimidating for novice teachers because CT is 
a set of competencies that are often introduced through 
unfamiliar technologies (Hickmott & Prieto-Rodriguez, 
2018), and, past research has suggested that teachers’ 
beliefs can limit their adoption of CT. Further, teachers 
may not see relevance in integrating CT into STEM dis-
ciplines. Based on our synthesis, adequate support from 
both mentors and a community of practice is crucial to 
a successful PD (Choate et al., 2018; Ketelhut et al., 2020; 
Liu et al., 2011; Ouyang et al., 2018; Ozturk et al., 2018; 
Simmonds et al., 2019; Vieira & Magana, 2013). Teachers 
are often new to CT (Yadav et al., 2014), therefore, appro-
priate scaffolds are needed to support them in developing 
the confidence and skills to successfully design CT-inte-
grated STEM lessons on their own. The scaffolds can 
include mentorship from the PD team (Hoic-Bozic et al., 
2019; Lehmkuhl-Dakhwe, 2018; Ouyang et  al., 2018; 
Ozturk et al., 2018) or the development of a community 
of practice (Hestness et  al., 2018; Hickmott & Prieto-
Rodriguez, 2018; Simmonds et al., 2019) that can persist 
beyond the life of the PD. The community should include 
teachers with various levels of competencies, subjects, 
and backgrounds. Further, Simmonds et al. (2019) explic-
itly highlighted how getting buy-in from district or build-
ing administrators is key for building a long-term CT 
program. Through mentorship and community-building, 
teachers can receive formative feedback, which provides 
scaffolds to teachers’ CT knowledge as well as CT-related 
pedagogical content knowledge (PCK) along the way.

Finally, PDs can provide enough pedagogical support 
to support teachers in integrating CT into their class-
rooms. Teachers often lack both CT content knowledge 
and PCK to integrate CT into regular classrooms. There-
fore, support including reflection and classroom practice 
experiences is vital for teachers to develop PCK (Liu, 
2023). Past studies have shown that iterative implemen-
tation experience that involves coaching, reflection, and 
practice helps teachers grow longitudinally (Bort & Bry-
low, 2013; Choate et al., 2018; Dong et al., 2019; Ketelhut 
et al., 2020; Lehmkuhl-Dakhwe, 2018).

Methods of assessment and evaluation
In response to research question 4, we identified a vari-
ety of evaluation methods that have been implemented 
in PDs. They range from teachers’ reactions to PDs to 
impacts on students. Each study reviewed included one 
or more evaluations of outcomes, however, none pro-
vided a comprehensive assessment of the longitudinal 
impacts of the PD on teachers or their students. Most 
studies relied on only one or two measures. For exam-
ple, the researchers may have only measured teachers’ 
perceptions of their content knowledge. The impact of a 
PD contains a series of causal links (e.g., from increased 
teacher knowledge to change in instruction, from change 
in instruction to improved student learning, see Desi-
mone, 2009 and Manizade et  al., 2023) and must go 
through various “barriers” such as structural/administra-
tive issues, acceptance issues, and implementation issues 
(McChesney & Aldridge, 2021). Thus, it can be a chal-
lenge to measure the impact of PD on teaching and learn-
ing. However, we argue that the broad goal statements 
provided by the researchers also obfuscated the ability to 
measure impact. When researchers are not clear about 
the learning objectives of PDs, it is impossible to design 
valid and aligned assessments to evaluate the impact 
(Mohr & Shelton, 2017). Further complicating the issue 
of measurement, even measuring only the impact on 
teacher knowledge would ideally need to measure both 
content knowledge and pedagogical content knowledge 
for teachers (e.g., Shulman, 1987), a difficult benchmark 
to meet in instrument design.

At this point in the evolution of CT, measuring learn-
ing from CT is also complicated by the field’s lack of 
understanding of what a teacher needs to know for 
teaching CT. And, assessment development for CT is 
extremely difficult given the complex landscape of CT 
conceptualizations for K-12 and the diverse contexts 
where CT learning can happen. Therefore, the findings 
of this literature review aim to help future PD designers 
and researchers see how CT professional learning has 
been defined and measured so that they can configure 
specific assessments tailored to their goals, contexts, and 
endpoints.

Limitations
We acknowledge several limitations in our review. 
Many of these limitations come from the criteria we 
set in the screening stage. First, we limited our popula-
tion to K-12 in-service teachers to provide a focused 
scope. We acknowledge that considerable work is 
being undertaken in the pre-service teacher space, 
but that was outside the scope of our review. Second, 
our pre-established review protocol may not have cap-
tured all interchangeable synonyms for our keywords 
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(e.g., professional learning). Third, we relied on four 
bibliography databases to collect data. We acknowl-
edge that the industry (e.g., Google) and professional 
organizations (e.g., ISTE) have initiated and sponsored 
many PDs in recent years. Some science curricula used 
in schools are now starting to include CT elements, 
and their associated PD programs may also address 
CT integration. However, some of the initiatives are 
still ongoing, and scholarly publications are not nec-
essarily a goal for those efforts. Thus, their valuable 
experiences are not included. Lastly, we reviewed only 
articles in which the authors self-identified their work 
as focusing on the topic of CT, and our coding of the 
studies was based solely on the manuscripts and their 
self-identified themes. More than two-thirds of coded 
studies in this review are conference proceedings, 
which do not include rich theoretical discussion or in-
depth implementation details. Therefore, our analy-
sis necessarily relied on each study’s author-reported 
themes to code the studies based on our best judgment 
from the texts.

Future directions
This systematic review highlights several promising 
avenues for future research and practice in CT PD for 
K-12 teachers. First, future reviews could expand their 
scope to include pre-service teachers’ experiences with 
CT integration, research–practitioner partnerships ini-
tiated by the industry, or science-curricula-related CT 
PD. These perspectives could offer valuable insights 
into teacher professional learning and the role of vari-
ous stakeholders in supporting CT integration. Second, 
future professional development (PD) programs should 
explore a clearer, expanded conceptualization of CT. 
This expanded view should emphasize how CT can be 
integrated into diverse STEM classrooms to promote 
equity and inclusion. Third, there is a pressing need for 
research in teacher PD that focuses on building sustain-
able, prolonged, and engaging learning experiences that 
foster communities of practice among teachers. This 
requires PD to extend beyond one-time workshops to 
create ongoing support structures that allow for contin-
uous learning, collaboration, and reflection on CT-inte-
gration practices. Fourth, future research should also 
investigate what constitutes “good CT instruction” and 
how it can be effectively measured. This includes devel-
oping robust assessment tools that can capture teach-
ers’ professional growth longitudinally and its impact 
on student performance. Such assessments should con-
sider not only content knowledge, but also pedagogical 
skills and the ability to adapt CT concepts to various 
contexts.

Conclusion
In this synthesis, we identified empirical studies on CT 
PDs for K-12 teachers. We systematically reviewed 76 
articles that reported on PDs to present what has been 
done in the field to support K-12 teachers’ CT develop-
ment and CT integration. The results highlighted the 
experiences and challenges of current PDs. Based on the 
findings, we suggested various issues to be addressed to 
improve CT PD projects for K-12 teachers with a focus 
on integrating CT into STEM education. The promotion 
of CT started more than a decade ago, but the research 
on sustainable and equitable classroom implementa-
tion has just started. Only with the help from classroom 
teachers, we can eventually weave CT into students’ 
learning in the near future.
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