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ABSTRACT 
 

Computational thinking (CT) is increasingly recognized as a vital 21st-century skill, necessitating its integration into K-
12 education and, consequently, into teacher preparation. This systematic literature review synthesizes existing research 
on strategies for integrating CT into both pre-service and in-service teacher education programs. Employing a systematic 
review methodology with thematic synthesis, this study analyzed a diverse range of 43 empirical articles published 
between January 2010 and June 2024. The findings reveal various effective approaches, including direct instruction, 
programming-based activities (block-based and text-based), robotics and physical computing, unplugged activities, 
integrated STEM frameworks, and project-based learning. Interventions consistently demonstrated positive outcomes, 
enhancing teachers' personal CT skills, developing their pedagogical content knowledge (PCK) for CT, and improving their 
attitudes and self-efficacy toward teaching CT. The review also identifies common assessment methods, challenges such 
as lack of familiarity and time constraints, and facilitators like hands-on engagement and curriculum connections. This 
study provides important and evidence-based insights for researchers in teacher education and development so that they 
can design more effective teaching strategies in integrating CT into in-service and pre-service teacher education. This 
review offers significant implications for curriculum redesign in teacher education, emphasizing experiential learning, 
PCK development, and continuous professional development to foster a computationally literate teaching workforce. 
Future research should focus on longitudinal studies, the direct impact on student learning, and exploration across 
diverse subject areas and global contexts. 

Keywords: Computational thinking, teacher education, systematic review, pre-service teachers, in-service teachers, 
pedagogical content knowledge, programming, robotics, unplugged activities, STEM education. 

 

INTRODUCTION 
Imagine a world where problem-solving isn't just about 

finding answers, but about thinking like a computer 

scientist to break down complex challenges into 

manageable steps. That's the essence of computational 

thinking (CT), a fundamental skill for navigating our 

increasingly digital 21st century. It's more than just 

understanding technology; it's about developing 

systematic algorithms to solve problems, whether you're 

using a computer or not [71]. At its core, CT involves 

thinking through problems, designing systems, and even 

understanding human behavior using basic computer 

science concepts [86]. While it started in the world of 

computer science [86], its powerful problem-solving ideas 

have since spread across a wide range of fields [4, 68]. 

Leading educational organizations, like the International 

Society for Technology in Education (ISTE), now see CT as 

a must-have literacy for everyone. It rests on four key 

pillars: breaking problems down (decomposition), finding 

patterns, simplifying complexities (abstraction), and 

creating step-by-step instructions (algorithms) [27, 11]. CT 

is essentially about expressing solutions as a clear series of 

steps that can automate a process [27]. Its importance is 

becoming strikingly clear as we face big global challenges 

that demand a computational approach, from understanding 

climate change [69] to tackling public health issues [21] and 

bolstering cybersecurity [25]. CT offers various ways to 

approach problems, including abstraction, problem 

decomposition, algorithms, and data analysis [26]. These 

methods are vital for making sense of scientific and 

mathematical phenomena [26, 83]. It's no wonder that many 

countries, both developed and developing, have recognized 

CT as a crucial part of education, preparing students to 

thrive in our complex digital world [86]. Integrating CT has 

become a common practice across all levels of education—

from elementary schools [5] to secondary schools [72] and 

even higher education [45]—as a strategic move to build a 

generation ready for the demands of a rapidly evolving job 

market [55]. 
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As a skill that fits right into the Next Generation Science 

Standards (NGSS), CT is seen as an essential part of active 

scientific practice [55]. Bringing CT into our schools is 

more important than ever because the future calls for 

individuals who can solve intricate problems 

systematically and creatively [22]. And who is at the heart 

of making this happen? Our teachers! They play a central 

role in ensuring CT is successfully implemented in the 

classroom [90, 88]. Teachers don't just need to understand 

CT; they need to know how to teach it effectively to their 

students [80, 84]. This is why integrating CT into teacher 

education has become a top priority [27, 32]. Teacher 

education programs are expected to equip future teachers 

with the insights and skills they need, not only to grasp CT 

concepts themselves but also to confidently apply them in 

their teaching environments [90]. 

However, despite the growing buzz around CT in 

education, there hasn't been a truly comprehensive review 

specifically focusing on how it's being integrated into 

teacher education. Existing reviews on CT have mostly 

looked at two areas: (1) general education, covering 

elementary [33], secondary [34], higher [20], and K-12 

education [26], and (2) specific subjects like mathematics 

[29], computer science [43], and traditional science fields 

[57]. For example, Lyon and Magana (2020) [46] reviewed 

empirical studies on CT's application in various teaching 

and learning contexts in higher education. Similarly, 

Ogegbo and Ramnarain (2022) [57] reviewed 

interventions, assessment approaches, and outcomes for 

K-12 science education. 

While Yun and Crippen (2024) [91] did conduct a review 

on CT integration into teacher education, it was limited to 

pre-service science teachers. Their work didn't cover 

studies involving teachers of other subjects or in different 

contexts, such as mathematics [28], computer science [23], 

in-service teachers [37], elementary school teachers [75], 

secondary school teachers [90], or teacher education more 

broadly [7]. This gap in our knowledge highlights the need 

to explore CT integration in a wider scope of teacher 

education. We need a more detailed picture of how CT is 

being woven into various subject areas, different 

educational settings, and across different levels of teacher 

training. 

This study aims to fill that void by synthesizing previous 

research on CT integration into teacher education. We 

want to offer a clear, detailed look at how CT has been 

incorporated, paying special attention to the subjects 

involved, the CT framework models used, the types of 

interventions, the tools employed, and the assessment 

methods. Our hope is that this study will provide 

important, evidence-based insights for researchers in 

teacher education and development. This way, they can 

design even more effective teaching strategies for bringing 

CT into both in-service and pre-service teacher education. 

To guide our exploration, we focused on the following 

research questions (RQ): 

● (RQ1) What are the teacher education training phases 

(in-service or pre-service) and subject areas where CT 

research has been conducted for integration purposes? 

● (RQ2) What CT framework models are used in the 

integration process? 

● (RQ3) What types of interventions (plugged or 

unplugged activity) have been used in the CT 

integration process? 

● (RQ4) What are the tools used in the CT integration 

process? 

● (RQ5) What kinds of instruments have been used to 

assess CT in teacher education? 

METHODS 

Study Design 

To tackle our research questions, we used a systematic 

literature review approach. Think of it like a highly 

organized treasure hunt for information, rigorously guided 

by established protocols to ensure our findings are 

comprehensive and unbiased [17, 59]. This method allowed 

us to systematically and transparently examine the existing 

knowledge about how computational thinking is being 

integrated into teacher education. Our goal was to minimize 

any personal biases and make sure our findings are as 

reliable as possible. 

Search Strategy 

Our information treasure hunt began with a comprehensive 

and systematic search across several major academic 

databases. We primarily focused on Scopus and Web of 

Science (WoS) because they're known for housing a vast 

collection of high-quality research articles in education and 

related fields. To make sure we caught all the relevant 

studies, we used a combination of keywords related to 

computational thinking and teacher education, carefully 

linking them with "AND" and "OR" (Boolean operators) to be 

both broad and precise. Our key terms included: 

"computational thinking," "CT," "computation," 

"computing," "teacher education," "teacher," "teacher 

development," "pre-service teacher," "in-service teacher," 

"teacher training," "preservice teacher," "inservice teacher," 

and "prospective teacher," "teacher candidate." For 

instance, a typical search might look something like this: 

("computational thinking" OR "computation" OR 

"computing") AND ("teacher education" OR "teacher" OR 

"teacher development" OR "pre-service teacher" OR "in-

service teacher" OR "teacher training" OR "preservice 

teacher" OR "inservice teacher" OR "prospective teacher" 

OR "teacher candidate"). We specifically limited our search 

to peer-reviewed journal articles published in English 

between January 2010 and June 2024. This timeframe was 

chosen to capture the most recent and impactful 
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developments in the field, especially since the concept of 

CT really started gaining traction and widespread 

discussion in educational circles around 2006 [86, 87]. 

Inclusion and Exclusion Criteria 

To keep our research focused and ensure we were only 

looking at the most relevant studies, we set up clear rules 

for what to include and what to leave out during our 

screening process. 

What We Included: 

● Publication Type: We only considered peer-reviewed 

journal articles. This was important to ensure the 

quality and academic rigor of the information we were 

synthesizing. 

● Language: All publications had to be in English. This 

helped us understand and analyze the content 

consistently. 

● Main Focus: The studies absolutely had to be about 

integrating or developing computational thinking 

skills or pedagogical content knowledge (PCK) 

specifically within programs for pre-service or in-

service teachers. This kept us directly on track with 

our research questions. 

● Study Design: We were open to all kinds of empirical 

studies—quantitative (like experiments or surveys), 

qualitative (like case studies), or mixed-methods. This 

gave us a broad understanding of the topic from 

different research angles. 

● Detailed Content: The articles needed to clearly 

describe specific interventions, programs, or courses 

designed to help teachers develop CT. This way, we 

could identify actionable strategies. 

● Assessment/Evaluation: Studies had to mention how 

they assessed or evaluated CT or related concepts 

within the teacher education context. 

● CT Model/Components: It was crucial that the 

articles explicitly stated which CT model or 

components they were addressing in their teaching or 

assessment. 

What We Excluded: 

● Publication Type: We skipped conference abstracts, 

book chapters, dissertations, opinion pieces, editorials, 

or theoretical papers that didn't present solid 

empirical findings. We wanted to stick to robust, peer-

reviewed evidence. 

● Language: Anything not in English was out. 

● Context: Studies focused solely on preschool or K-12 

students (without a direct link to teacher education), 

or general higher education settings (not specifically 

for teachers) were not included. 

● Review Articles: While we appreciated existing 

systematic reviews, we didn't include them as primary 

studies. However, we did carefully check their 

reference lists for any primary research we might have 

missed. 

● Timeframe: Studies published before January 2010 or 

after June 2024 were not considered. 

● Missing Information: If an article didn't clearly 

describe its interventions, methods, or approaches for 

integrating CT, or if it didn't mention any assessment of 

CT, or if it failed to articulate the CT model or its 

components, it was excluded. 

Data Extraction 

Once we identified the articles that met our criteria, we 

meticulously extracted data from each one. We used a 

standardized form to keep everything consistent, and the 

primary reviewer's work was double-checked by another 

reviewer to ensure accuracy. The information we pulled out 

was then neatly categorized according to our research 

questions and a coding framework we had set up. Here’s a 

peek at the kinds of details we gathered: 

● Who, What, When: Basic publication details like 

authors, year, journal, and DOI. 

● How They Studied It: The research approach used (e.g., 

if it was an experiment, a case study, or a survey). 

● Who Was Involved: Detailed information about the 

participants, including how many there were, whether 

they were aspiring teachers (pre-service) or already 

teaching (in-service), and what subjects they taught 

(e.g., math, science, computer science). 

● What They Did: A comprehensive description of the CT 

intervention or program. This included how long it 

lasted, what content was covered, and the teaching 

methods used (like direct instruction or project-based 

learning). 

● Tools of the Trade: Specific technologies, software, 

hardware, or even non-digital tools used in the 

intervention (think Scratch, Lego Robots, Arduino, 

flashcards, or problem-solving tasks). 

● CT Framework: Which CT framework model (like 

ISTE's or Wing's) guided the study's teaching or 

assessment, and what specific CT components were 

highlighted. 

● What Changed: The specific outcomes they measured, 

such as improvements in CT skills, growth in teaching 

CT knowledge (PCK), shifts in attitudes toward CT, or 

changes in confidence in teaching CT. 

● How They Measured It: The instruments or techniques 

used for assessment (e.g., questionnaires, tests, 

interviews, observations, reflection sheets). 

● Key Discoveries: The main results showing how 

effective the CT integration strategies were. 

● Ups and Downs: Any challenges they faced during 

implementation and factors that helped make the 

interventions successful. 

We also looked for narrative details and grouped similar 

ideas into broader themes, an inductive process that helped 
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us create clear categories from the raw data. Then, we used 

descriptive statistics to analyze all the coded items, which 

gave us valuable insights that matched our coding 

framework. 

Quality Appraisal 

To ensure we were building our review on a solid 

foundation, we carefully assessed the quality of each 

included study. We used a framework inspired by the 

PRISMA 2020 statement [59] and general guidelines for 

educational research reviews [17]. This appraisal process 

involved looking at several key aspects: 

● Clear Questions: Were the research questions clearly 

stated and did they align with what the study aimed to 

achieve? 

● Right Methods: Was the chosen research design and 

methodology appropriate for answering the research 

questions? 

● Rigorous Data: How robust were their data collection 

methods (e.g., sampling, instrument 

validity/reliability) and how appropriate and 

thorough were their data analysis techniques? 

● Transparent Reporting: Was the study clearly and 

completely reported, including details about 

participants, interventions, and results? 

● Bias Check: We also considered potential sources of 

bias, such as if only certain results were reported, if 

data was incomplete, or if participants or evaluators 

were not blinded. While we didn't do a formal meta-

analysis (because the studies were too different in 

design and outcomes), this quality check ensured that 

our synthesis was based on studies that met a 

reasonable standard of methodological quality, 

making our review more trustworthy. We were aware 

that studies with positive results might be more likely 

to be published, which is a common concern in 

systematic reviews [35]. 

Data Synthesis 

To make sense of all the extracted information, we used a 

thematic synthesis approach, which is like piecing together 

a large puzzle. This iterative process involved several 

stages: 

1. Getting Familiar: We started by reading and re-

reading all the extracted data from every article. This 

helped us get a really good feel for the content. 

2. Initial Coding: Then, we went through the data line by 

line, assigning codes to identify key concepts, themes, 

and descriptive elements related to CT integration 

strategies, outcomes, and challenges. We used both 

pre-defined categories (deductive coding) and new 

themes that emerged directly from the data (inductive 

coding). 

3. Building Themes: We then grouped similar codes 

together to form broader, more descriptive themes. For 

example, specific programming languages, robotics kits, 

and unplugged activities were all grouped under "Tools 

for CT Integration." 

4. Finding Deeper Meaning: Moving beyond just 

describing, we started to interpret the data, looking for 

overarching patterns, relationships, and what the 

findings implied across different studies. This involved 

exploring how various interventions led to different 

outcomes and what common challenges and helpful 

factors appeared. 

5. Refining and Organizing: Finally, we continuously 

refined and organized these themes to create a coherent 

and comprehensive picture of the field. This allowed us 

to highlight commonalities, variations, and any gaps in 

the existing research. This qualitative synthesis gave us 

a rich and nuanced description of the different 

approaches and their reported effectiveness, forming a 

strong foundation for our discussion and conclusions. 

RESULTS 

Overview of Included Studies 

Our systematic search and careful screening process 

uncovered a wealth of research focusing on computational 

thinking in teacher education. In total, 43 studies met our 

specific criteria and were thoroughly analyzed for this 

review. Looking at the publication dates, it's clear there's 

been a significant and steady rise in interest in this area, 

especially over the last five to ten years (2014-2024). This 

surge really highlights how important CT is becoming in 

education today and the urgent need to prepare our 

educators to effectively bring these skills into the classroom. 

The studies we included came from all sorts of geographical 

locations, giving us insights from different educational 

systems and cultural backgrounds. Plus, they covered both 

aspiring teachers (pre-service) and those already teaching 

(in-service), addressing the needs of educators at various 

stages of their careers. The participants in these studies 

came from diverse subject areas, including math, science, 

computer science, and general elementary education, which 

really shows how CT integration efforts are spreading across 

different disciplines. And to give us a well-rounded view, the 

studies themselves used a variety of research methods—

quantitative, qualitative, and mixed-methods—contributing 

to a rich and complex understanding of this field. 

Approaches to CT Integration 

Our review of the literature revealed a fascinating array of 

teaching strategies and interventions designed to weave 

computational thinking into teacher education programs. 

These approaches, often customized for specific situations 

and learning goals, can be broadly grouped into the 

following categories: 
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1. Direct Instruction and Dedicated Courses 

A fundamental way many teacher education programs 

introduced CT was through dedicated courses or specific 

modules built into existing curricula. These learning units 

typically focused on teaching the core CT concepts, 

fundamental problem-solving strategies, and how to apply 

them directly in K-12 classrooms. For instance, Ragonis et 

al. (2024) [65] highlighted a comprehensive computational 

thinking course specifically designed for all future K-12 

teachers. This course used a "four pedagogies for 

developing computational thinking (4P4CT)" framework, 

providing a structured way to teach CT. Similarly, 

Czerkawski and Lyman (2015) [18] explored various 

aspects of computational thinking in higher education, 

often using direct teaching methods to build foundational 

knowledge. These dedicated courses frequently served as 

a starting point for teachers, giving them a theoretical 

grasp of CT before they moved on to more hands-on 

applications. The content usually covered what CT is, its 

key components (like decomposition, pattern recognition, 

abstraction, and algorithmic thinking), and practical 

examples of how these concepts appear in different 

subjects. 

2. Programming-Based Approaches 

One of the most common and effective strategies involved 

getting teachers actively involved in programming. These 

approaches used various programming environments, 

from easy-to-use visual block-based languages to more 

traditional text-based ones, to help teachers develop CT 

skills hands-on. 

● Block-Based Programming (e.g., Scratch, App 

Inventor, Hopscotch): Visual block-based 

programming environments were incredibly popular 

because they're so accessible and have a low barrier to 

entry. This made them perfect for educators who 

might not have much programming experience. 

Scratch, in particular, was a standout, appearing in 15 

of the reviewed articles [47, 68, 1, 13, 28, 38, 39, 40, 42, 

47, 48, 60, 62, 63, 64, 65, 68, 77, 78, 80, 83, 84, 85, 92, 

93]. Molina-Ayuso et al. (2022) [47] reported a 

successful intervention where they introduced CT with 

Scratch to Spanish primary school math teachers, 

showing how useful it can be in specific subjects. Saez-

Lopez et al. (2020) [68] found positive effects when 

training pre-service teachers in visual block 

programming, demonstrating its effectiveness in 

building core CT skills. App Inventor was another 

popular block-based tool, showing up in three studies 

[38, 39, 40], and Hopscotch was also noted for its visual 

block-based interface [93]. These platforms allowed 

teachers to directly manipulate programming logic, 

understand sequences, loops, and conditions, and see 

the immediate results of their algorithmic designs. The 

visual nature reduced frustrating syntax errors, letting 

teachers focus more on the underlying computational 

logic. 

● Text-Based Programming (e.g., Python, Micro:bit, 

Matlab): For more advanced interventions or specific 

subject areas, text-based programming languages were 

brought into the mix. Bati (2022) [10] investigated how 

integrating Python into science teacher education 

significantly helped pre-service science teachers 

develop computational problem-solving and 

information and communication technologies 

competencies. Python allowed for more complex 

algorithmic development and data handling. Sun and 

Liu (2024b) [75] looked at how Micro:bit programming 

affected elementary STEM teachers' computational 

thinking and programming attitudes, highlighting its 

potential as a tool for moderated mediation. Micro:bit, a 

tiny programmable circuit board, provided a tangible 

link between the code they wrote and a physical 

outcome. Pala and Mıhcı Türker (2021) [60] also 

studied how different programming trainings, including 

those with text-based languages, helped develop 

computational thinking skills. Matlab was another text-

based tool, especially used in studies involving neural 

network development, like the one by Abouelenein and 

Elmaadaway (2023) [1]. These text-based approaches 

often demanded a higher level of cognitive engagement, 

pushing teachers to develop more sophisticated CT 

skills. 

3. Robotics and Physical Computing 

Robotics and various physical computing platforms (like 

Arduino or educational robots such as Lego Mindstorms) 

were widely used to create hands-on, interactive, and highly 

engaging environments for developing CT. These tools 

allowed teachers to take abstract CT concepts and apply 

them to real-world problems, seeing their code come to life 

physically. Angeli (2022) [4] explored how scaffolded 

programming scripts helped pre-service teachers with their 

computational thinking, specifically focusing on building 

algorithmic thinking by programming robots. Budiyanto et 

al. (2022) [12] showed how educational robotics can greatly 

benefit CT development in STEM teaching, providing a 

practical way to solve problems. Jaipal-Jamani and Angeli 

(2017) [32] found that working with robotics boosted 

elementary pre-service teachers’ self-efficacy, science 

learning, and computational thinking. Nannim et al. (2024) 

[53] reported on how project-based Arduino robot 

applications impacted trainee teachers' computational 

thinking in robotics programming courses, emphasizing the 

practical side of CT. El-Hamamsy et al. (2021) [22] evaluated 

a large-scale training program for in-service K-4 teachers 

that successfully integrated computer science and robotics. 

Sun and Liu (2024a) [74] even conducted a gender-based 

analysis of how educational robots affected primary 

teachers’ computational thinking, showing the broad appeal 
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of these tools. Tsai (2023) [80] used a physical computing 

project to prepare pre-service primary teachers for 

teaching programming, highlighting the direct connection 

between writing code and seeing a physical result. Lego 

Robots were particularly popular, appearing in five studies 

[12, 32, 36, 39, 84], showcasing their versatility in various 

educational settings. 

4. Unplugged Activities 

Unplugged activities, which teach computational thinking 

concepts without using computers or electronic devices, 

were a common and effective approach. They were 

especially useful for introducing CT to teachers in a less 

intimidating and more approachable way. These activities 

often involved games, puzzles, or physical simulations that 

mimicked computational processes. Looi et al. (2018) [44] 

analyzed how an unplugged activity helped develop 

computational thinking, demonstrating that abstract 

concepts could be understood through hands-on 

interactions. Kite and Park (2022) [37] focused on 

preparing in-service science teachers to effectively bring 

unplugged computational thinking strategies to their 

students, emphasizing that these skills are transferable. 

Mumcu et al. (2023a) [51] integrated CT into mathematics 

education through an unplugged computer science activity, 

showing its applicability even in non-computer science 

contexts. Ozdinç et al. (2022) [58] provided an example of 

an interdisciplinary unplugged programming activity for 

CT integration into STEM, illustrating how CT can be taught 

without relying on technology. These activities are 

incredibly valuable for building a foundational 

understanding of CT and for easing any anxieties about 

technology that some educators might have. 

5. Integrated STEM and Interdisciplinary Approaches 

Several studies explored how to integrate computational 

thinking within broader STEM (Science, Technology, 

Engineering, Mathematics) education frameworks. This 

approach highlighted CT's natural fit and relevance across 

multiple disciplines, moving beyond teaching CT as a 

standalone subject. Instead, it was woven into existing 

curricula to show its usefulness in solving real-world 

problems. Çiftçi and Topçu (2023) [15] successfully 

improved early childhood pre-service teachers’ 

computational thinking skills through an unplugged CT 

integrated STEM approach, demonstrating that CT can be 

introduced even at early education stages. Mumcu et al. 

(2023b) [52] focused on teacher development in 

integrated STEM education, designing lesson plans 

through the lens of computational thinking, which 

emphasized how to integrate CT into teaching methods. 

Tripon (2022) [79] supported future teachers in 

promoting computational thinking skills in STEM teaching 

through a case study, illustrating practical implementation. 

Ozdinç et al. (2022) [58] also showcased the effective 

integration of CT into STEM activities, providing concrete 

examples of interdisciplinary projects. Helsa and Juandi 

(2023) [28] explored a TPACK-based hybrid learning model 

design for computational thinking skills achievement in 

mathematics, highlighting the crucial connection between 

technology, pedagogy, and content. This interdisciplinary 

integration helps teachers see CT not as an isolated skill, but 

as a powerful tool that enhances learning across various 

subjects. 

6. Project-Based Learning and Digital Storytelling 

Project-based learning offered authentic and meaningful 

contexts for teachers to apply and develop their 

computational thinking skills. These projects often resulted 

in tangible products or solutions, leading to deeper 

engagement and understanding. Tsai (2023) [80] used a 

physical computing project to prepare pre-service primary 

teachers for teaching programming, where teachers 

designed and built functional systems. Tsai (2024) [81] 

further developed and evaluated an Internet of Things (IoT) 

project for pre-service elementary school teachers, 

demonstrating how CT can be practically applied to create 

smart systems. These IoT projects might involve activities 

like building smart farming prototypes [56] or remote light 

controls [6]. Haslaman et al. (2024) [27] explored fostering 

computational thinking through digital storytelling, 

presenting it as a unique and creative way for pre-service 

teachers to engage with CT. In these interventions, teachers 

were asked to create storyboards using digital tools that 

allowed them to embed text, video, sound, and music, 

thereby developing CT components within a narrative 

context. Neural network development activities were also 

used for CT integration, training participants to create AI-

inspired solutions [1]. These project-based approaches 

encouraged teachers to break down complex problems, 

design algorithms, and debug their solutions in a holistic and 

engaging manner. 

Outcomes of CT Integration 

The various interventions designed to integrate 

computational thinking into teacher education consistently 

led to several positive and significant outcomes. These 

results clearly show that these programs are effective in 

preparing educators for the demands of 21st-century 

teaching. 

1. Development of Computational Thinking Skills 

One of the most important and frequently reported 

outcomes across the studies we reviewed was a noticeable 

improvement in teachers' own computational thinking 

skills. Both aspiring teachers (pre-service) and those 

already in the classroom (in-service) showed significant 

gains in different aspects of CT, including algorithmic 

thinking, decomposition, abstraction, and pattern 

recognition. For example, Adler and Kim (2018) [2] 
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impressively showed how engaging in modeling and 

simulations enhanced future K-8 teachers’ CT skills, 

illustrating how practical application can truly sharpen 

these cognitive abilities. Umutlu (2022) [83] conducted a 

study on pre-service teachers’ computational thinking and 

programming skills, finding substantial positive 

development in their capacity to approach problems with 

a computational mindset. Pala and Mıhcı Türker (2021) 

[60] also reported positive effects from various 

programming trainings on pre-service teachers' 

computational thinking skills, suggesting that structured 

programming interventions directly help build CT 

proficiency. Aminah et al. (2022) [3] offered a detailed look 

at the computational thinking process of prospective 

mathematics teachers as they solved complex Diophantine 

linear equation problems, revealing the intricate ways CT 

components are used in mathematical contexts. All these 

findings together highlight that targeted interventions in 

teacher education can effectively cultivate and strengthen 

the essential CT skills educators need. 

2. Pedagogical Content Knowledge (PCK) for CT 

Beyond just helping teachers develop their own CT skills, a 

crucial and often observed outcome was the successful 

growth of their pedagogical content knowledge (PCK) 

specifically for teaching computational thinking. This 

means equipping teachers with the know-how to 

effectively translate abstract CT concepts into teachable 

moments for K-12 students. This includes choosing the 

right teaching strategies, tools, and assessment methods. 

Çakiroglu and Kiliç (2023) [13] specifically assessed 

teachers’ PCK for teaching computational thinking through 

robotic programming, emphasizing how important it is to 

understand how to use technology to teach CT. Kong et al. 

(2023) [38] expanded a teacher development program for 

sustainable CT education, using TPACK (Technological 

Pedagogical Content Knowledge) surveys and concept 

tests, which showed a comprehensive approach to building 

PCK. Mouza et al. (2017) [50] focused on reshaping 

educational technology coursework for pre-service 

teachers, adopting a computational thinking approach to 

developing TPACK, thereby integrating CT into a broader 

teaching framework. Yadav and Berges (2019) [88] 

described teacher performance in computer science 

pedagogical content knowledge, offering insights into the 

specific knowledge areas needed for effective CT 

instruction. Kong and Lai (2022) [40] proposed a dedicated 

computational thinking teacher development framework 

guided by the TPACK model, providing a structured way to 

integrate CT pedagogy. Kong et al. (2020) [39] further 

investigated teacher development in computational 

thinking, focusing on programming concepts, practices, 

and teaching methods, reinforcing the importance of a 

holistic approach to PCK. These studies collectively 

underline that effective CT integration in teacher education 

must go beyond just personal skill development; it needs to 

include the teaching expertise required to bring CT to life in 

the classroom. 

3. Teacher Attitudes and Self-Efficacy 

A significant, non-cognitive benefit of these interventions 

was the consistent improvement in teachers' attitudes 

toward computational thinking and a notable boost in their 

confidence (self-efficacy) in teaching CT. Teachers reported 

feeling more assured, capable, and motivated to weave CT 

concepts and practices into their future classrooms. Bal et al. 

(2022) [8] conducted a mixed-methods study on pre-service 

teachers' computational thinking and pedagogical growth in 

a micro-credential program, revealing clear positive shifts in 

their confidence. Rich et al. (2021) [66] measured teachers' 

beliefs about coding and computational thinking, finding 

that these interventions could positively influence those 

beliefs. Monjelat and Lantz-Andersson (2020) [48] explored 

teachers’ personal stories of learning to program and how 

that related to their understanding of computational 

thinking, showing how direct learning experiences can 

shape attitudes. Uzumcu and Bay (2020) [84] studied the 

effect of a computational thinking skill program design on 

prospective teachers, demonstrating how such programs 

can foster a positive outlook toward CT. These 

improvements in attitudes and self-efficacy are incredibly 

important, as a teacher's belief in their ability to teach a 

subject directly influences their willingness and 

effectiveness in bringing new curricula to life. 

Assessment Methods 

When it came to assessing computational thinking skills and 

related aspects in teachers, researchers used a variety of 

methods. This reflects how complex and multi-faceted CT 

truly is. We can broadly categorize these methods based on 

what they primarily aimed to measure: CT in the cognitive 

domain (what teachers know and can think), CT applications 

in practical activities (what teachers can do), and CT in the 

non-cognitive domain (how teachers feel and believe). 

1. Assessing CT in the Cognitive Domain 

Researchers mainly used achievement tests and open-ended 

questions to gauge teachers' understanding and abilities in 

CT. 

● CT Tests and Inventories: Standardized or specially 

designed tests were widely used to measure various CT 

abilities. These tests often distinguished between 

measuring CT knowledge (understanding basic 

concepts) and CT skills (applying CT to solve problems). 

For example, Voon et al. (2023) [85] used tests to see 

how well teachers or prospective teachers grasped the 

basic concepts of CT. In contrast, a skills test might 

involve problem tasks that needed to be solved using 

CT, as seen in Molina-Ayuso et al. (2022) [47]. 

Aristiz´abal Zapata et al. (2024) [5] designed and 
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validated a CT test for children, which could inspire or 

be adapted for teachers. Chen et al. (2017) [14] 

assessed elementary students’ CT in everyday 

reasoning and robotics programming, offering insights 

into different assessment approaches. Korkmaz et al. 

(2017) [42] conducted a study on the validity and 

reliability of the Computational Thinking Scales (CTS), 

which became a foundational tool for many later 

studies. Rom´an-Gonz´alez et al. (2018) [67] 

investigated how well the Computational Thinking 

Test could predict talent. Sovey et al. (2022) [72] 

performed analyses to understand the disposition 

levels of a CT instrument, contributing to the scientific 

rigor of CT assessment. Many studies adapted existing 

CT tests; for instance, Peracaula-Bosch and Gonz´alez-

Martínez (2022) [62] adapted a test by Román-

González et al. (2018) [67], and Pewkam and Chamrat 

(2022) [63] modified a test by Daungjun (2018) [19]. 

Tsai (2023, 2024) [80, 81] drew upon a CT test by Tsai 

et al. (2022) [82]. 

● Open-Ended Questions: These qualitative tools were 

used to understand participants' CT concepts in their 

own words. Yadav et al. (2014) [90] used three open-

ended questions to see how prospective teachers 

defined CT, integrated it into the classroom, or used it 

in subjects other than computer science. Umutlu 

(2022) [83] used the open-ended question "How do 

you define CT?" to explore participants' personal 

definitions. Kong and Lai (2022) [40] also used open-

ended questions as extra data to see how useful the 

interventions were. 

2. Evaluating CT Applications in Activities 

These methods focused on how teachers actually applied 

CT in hands-on tasks and projects. 

● Programming Assessments: These assessments 

checked teachers' ability to use CT components while 

coding. Angeli (2022) [4] used programming 

assessments to observe how teachers wrote 

algorithms using specific programming languages (like 

Lego WeDo), ran their programs, and fixed errors 

(debugged). Jaipal-Jamani and Angeli (2017) [32] 

conducted similar assessments. 

● Project Rubrics/Assessments: These focused on 

evaluating the final products teachers created, such as 

computer programs or digital stories. Monjelat and 

Lantz-Andersson (2020) [48] qualitatively assessed 

CT based on Scratch projects teachers worked on. 

Gabriele et al. (2019) [24] assessed projects based on 

criteria like clear problem formulation, user needs, 

and proper app functionality. Haslaman et al. (2024) 

[27] used project assessment for digital storytelling, 

evaluating how CT was integrated throughout the 

creative process. 

● Observations: Direct observation was used to see 

how teachers engaged with CT and behaved during 

specific activities. Çakiroglu and Kiliç (2023) [13] used 

an observation form to note teacher behavior during 

robotics lessons, including their understanding of CT 

concepts and their ability to frame everyday problems 

computationally. Aminah et al. (2022) [3] measured CT 

by observing pre-service mathematics teachers through 

video recordings as they tackled mathematical 

problem-solving tasks. 

3. Measuring CT in the Non-Cognitive Domain 

These tools focused on teachers' perceptions, beliefs, and 

emotional responses related to CT. 

● Questionnaires (CT Scales): The most popular tool for 

measuring CT in the non-cognitive domain was 

questionnaires or CT scales, appearing in 16 studies. 

Researchers liked these because many validated CT 

scales were already available, which could be adapted 

through translation and slight phrasing changes to fit 

different contexts and participant groups. For example, 

Tankiz and Uslu (2023) [78], Pala and Mıhcı Türker 

(2021) [60], and Çiftçi and Topçu (2023) [15] all 

adapted the CT scale developed by Korkmaz et al. 

(2017) [42]. Nine studies adapted questionnaires from 

previous research, while six created their own. Sun and 

Liu (2024a) [74] used a questionnaire to measure 

teachers' self-assessment of how well they used CT 

skills in their daily teaching. 

● Interview Protocols: Qualitative interviews were used 

to get deep insights into teachers' experiences, opinions, 

and intentions regarding CT. Budiyanto et al. (2022) 

[12] collected interview data directly from pre-service 

teachers to understand their CT after robotics training, 

with video recordings analyzed based on CT 

components. Pewkam and Chamrat (2022) [63] used 

interview data as supplementary information. Tankiz 

and Atman Uslu (2023) [78] conducted focus group 

interviews with pre-service teachers, asking about their 

thoughts on CT learning and teaching and their plans for 

teaching CT in the future. 

● Reflection Sheets/Journals: These tools allowed 

teachers to reflect on their learning experiences and 

challenges. Ragonis et al. (2024) [65] used reflection 

sheets for participants to write down their vision for 

applying CT in future classrooms. Mumcu et al. (2023a) 

[51] used reflection reports to see what participants 

gained from CT training. Bal et al. (2022) [8] explored 

CT knowledge acquired through reflection journals. 

Tankiz and Uslu (2023) [78] used reflection forms for 

groups to discuss project difficulties and areas where 

they felt strong in CT. 

A Note on Validity and Reliability: A critical finding from 

our look at assessment methods was the frequent lack of 

solid statistical evidence regarding the validity and 

reliability of the instruments used. Only two studies clearly 
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described their questionnaire validation process [10, 74], 

and only three mentioned test instrument validation (using 

expert review) [13, 66, 81]. While ten studies reported 

good questionnaire reliability (Cronbach's alpha > 0.8), 

only two checked the reliability of each CT component 

individually [39, 60]. A significant number of studies (four 

for questionnaires, six for tests) didn't mention reliability 

or validity at all. This gap is a big area for improvement in 

future research, as strong assessment tools are 

fundamental for drawing trustworthy conclusions about 

how effective CT integration is. Furthermore, our review 

showed that very few studies actually tested whether the 

CT construct itself was suitable for measuring CT in teacher 

education, highlighting a need for more research on 

construct validation in CT assessment. 

Challenges and Facilitators 

Bringing computational thinking into teacher education 

isn't always a smooth ride. Our review of the literature 

identified several recurring hurdles, but also highlighted 

key factors that really helped make implementations 

successful. 

Challenges: 

● Starting from Scratch with CT: Many teachers, 

especially those without a background in computer 

science, initially weren't familiar with core CT 

concepts or programming skills [23, 78]. This basic 

knowledge gap often became a major roadblock to 

getting them engaged and integrating CT effectively. 

The original PDF also points out that plugged activities 

require basic programming, which can be tough for 

teachers outside of STEM fields. 

● Time Crunch in Curricula: Teacher education 

programs, whether for aspiring teachers or those 

already practicing, often have jam-packed schedules. 

Finding enough time for new CT modules or integrated 

activities is a real struggle [23]. This time pressure can 

limit how deeply CT can be explored. 

● The Need for Ongoing Support: Integrating CT isn't 

a one-and-done deal. It demands continuous 

professional development to keep teachers up-to-date 

with evolving CT concepts, new tools, and effective 

teaching strategies [36]. Without sustained support, 

long-term implementation can falter. 

● Debates on CT Definitions: The lack of a universally 

agreed-upon definition and framework for CT can lead 

to inconsistencies in how curriculum is designed and 

how learning is assessed. This makes it harder to 

compare research findings and build on previous work 

[46]. 

● Limited Research Beyond STEM: Most of the 

research on CT integration has focused on computer 

science and STEM fields. This leaves a noticeable gap 

for non-STEM subjects, where teachers might struggle 

to see the relevance of CT or find appropriate ways to 

integrate it [18]. 

● Reliability of Assessment Tools: As we saw in the 

assessment section, a big challenge is the lack of 

rigorous validation and reliability testing for many CT 

assessment instruments. This can cast doubt on the 

trustworthiness of the reported outcomes. 

Facilitators: 

● Hands-on and Engaging Activities: Interventions that 

provided practical, hands-on experiences—especially 

with programming, robotics, and project-based 

learning—were incredibly effective at engaging 

teachers and fostering deeper understanding and skill 

development [4, 28, 29]. These activities made abstract 

CT concepts feel much more concrete and relevant. 

● Clear Curriculum Connections: Showing teachers 

how CT concepts could be integrated into and actually 

improve their existing subject area curricula (like math 

or science) helped them see CT as a valuable tool, not 

just another thing to add to their plate [16, 39]. 

● Supportive Learning Environments: Creating a 

supportive and collaborative space where teachers felt 

comfortable experimenting, making mistakes, and 

learning from their peers was vital for success. This also 

meant providing enough resources and mentorship. 

● Unplugged Activities as a Gentle Start: Using 

unplugged activities proved to be a great way to 

introduce CT concepts without the initial intimidation 

of technology. This made CT accessible to a wider range 

of teachers and helped build foundational 

understanding before moving to plugged activities [30, 

35]. 

● Focus on Teaching How to Teach CT (PCK): Programs 

that explicitly addressed how to teach CT, rather than 

just developing teachers' personal CT skills, were more 

successful in preparing educators for actual classroom 

implementation [13, 31]. 

● User-Friendly Tools: The widespread use of visual 

block-based programming languages like Scratch and 

App Inventor made it much easier for teachers with 

limited prior experience to get started with 

programming, making CT feel more approachable [47, 

68]. 

DISCUSSION 

Summary of Findings 

This systematic literature review offers a comprehensive 

look at the current landscape of how computational thinking 

is being woven into teacher education. What we found is a 

dynamic and evolving field, characterized by a rich tapestry 

of teaching approaches and interventions. From direct 

lessons in dedicated courses to immersive, hands-on 

experiences with programming, robotics, unplugged 
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activities, and integrated STEM learning, teacher education 

programs are using diverse strategies to equip educators 

with essential CT competencies. A consistent and truly 

encouraging theme across all the research we reviewed is 

the positive impact these interventions have had. Teachers' 

personal computational thinking skills are significantly 

boosted, their knowledge of how to teach CT (Pedagogical 

Content Knowledge, or PCK) grows, and their attitudes and 

confidence about bringing CT into their classrooms show 

marked improvement. While we saw a variety of 

assessment methods being used to measure CT in different 

educational settings, we also noted some ongoing concerns 

about consistently reporting on the validity and reliability 

of these tools. On the brighter side, the review clearly 

highlights common challenges, like teachers initially 

feeling unfamiliar with CT and facing time constraints, but 

also points to crucial facilitators, such as engaging, hands-

on activities and clear connections to existing curricula. 

The emphasis on practical, hands-on experiences, 

especially with programming and robotics, seems to be 

incredibly effective in developing both teachers' own CT 

abilities and their confidence in teaching these skills [4, 10, 

32, 53]. These activities provide concrete ways to apply 

abstract CT concepts, making them much more accessible 

and meaningful. Unplugged activities are fantastic starting 

points, demystifying CT and making it approachable for 

teachers who might not have a computer science 

background [30, 35, 51]. These non-tech approaches help 

build foundational understanding and ease any initial 

worries about technology. Furthermore, integrating CT 

within existing subjects, particularly STEM, really shows its 

relevance and usefulness beyond just standalone computer 

science lessons [15, 52, 79]. This aligns perfectly with the 

bigger picture of CT as a universally applicable problem-

solving approach, essential across all disciplines [86]. All 

these findings suggest that a balanced approach—

combining theoretical learning with practical application 

and integrated disciplinary contexts—is the most effective 

way to help teachers develop comprehensive CT 

competence. 

Implications for Teacher Education 

The insights gleaned from this systematic review carry 

significant and actionable implications for how teacher 

education programs worldwide are designed, 

implemented, and continuously improved. To truly 

prepare a teaching workforce that is computationally 

literate, we need to focus on several key areas: 

● Rethinking Curriculum for Interdisciplinary 

Integration: Teacher education programs should 

move beyond simply offering isolated computer 

science modules. Instead, they should actively 

consider embedding CT across various methods 

courses and within specific subject curricula. This 

interdisciplinary approach can help teachers see CT 

not as an extra burden, but as a versatile problem-

solving tool that applies to diverse subjects, including 

mathematics [3], science [10], and even non-STEM 

fields like English or counseling [27]. This could involve 

designing lesson plans that explicitly highlight CT 

components within existing content standards. 

● Prioritizing Hands-on and Project-Based Learning: 

Our review strongly suggests that practical, hands-on, 

and project-based learning experiences are absolutely 

crucial. Teacher education programs should prioritize 

activities that involve direct engagement with 

programming tools (both visual block-based like 

Scratch [47, 68] and text-based like Python [10]), 

robotics platforms (e.g., Lego Robots, Arduino [12, 53]), 

and physical computing projects (e.g., IoT applications 

[81]). These experiences not only build teachers' 

personal CT skills but also serve as powerful models for 

effective teaching strategies they can use in their own K-

12 classrooms. Such approaches foster deeper 

understanding and confidence. 

● Explicitly Focusing on Pedagogical Content 

Knowledge (PCK) for CT: It's not enough for teachers 

to just develop their own CT skills. Programs must 

explicitly address how to teach CT effectively. This 

means equipping teachers with the knowledge to 

scaffold CT concepts for diverse learners, design 

engaging and age-appropriate CT activities, and 

implement effective assessment methods for student 

learning in CT [13, 38, 50]. Frameworks like TPACK [40] 

can guide this development, ensuring teachers 

understand the crucial interplay between technology, 

teaching methods, and content in the context of CT. 

● Building Pathways for Continuous Professional 

Development: For teachers already in service, ongoing 

and sustained professional development programs are 

essential. These programs should be designed to keep 

teachers up-to-date with evolving CT concepts, new 

educational technologies, and emerging best practices. 

Effective professional development should be practical, 

relevant to teachers' specific classroom contexts, and 

provide opportunities for collaborative learning and 

peer support [37, 38]. Micro-credentials, as explored by 

Bal et al. (2022) [8], could offer flexible and targeted 

professional learning opportunities. 

● Addressing Teacher Attitudes and Beliefs: It's 

paramount to recognize and proactively address any 

initial anxieties, misconceptions, or lack of confidence 

teachers might have about computational thinking. 

Teacher education programs should incorporate 

strategies that foster positive attitudes toward CT and 

boost self-efficacy. Positive early experiences, clear 

demonstrations of CT's value and applicability, and 

supportive learning environments can significantly 

increase teachers' willingness and capacity to integrate 

CT effectively [8, 66]. 
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● Championing Unplugged CT Strategies: While 

technology-driven activities are valuable, we shouldn't 

overlook the importance of unplugged activities. These 

strategies can serve as excellent entry points for 

introducing CT concepts without the initial 

intimidation of technology, making CT accessible to all 

teachers regardless of their prior programming 

experience. Teacher education should model and train 

educators in designing and implementing effective 

unplugged activities that build foundational CT 

understanding [30, 35]. 

● Emphasizing Robust Assessment Practices: 

Teacher education programs should model and 

encourage the use of valid and reliable assessment 

instruments for CT. This includes training teachers to 

critically evaluate existing assessment tools and, when 

necessary, to develop and validate their own context-

specific assessments. Our review highlights a 

significant gap in the consistent reporting of validity 

and reliability, which needs to be addressed in both 

research and practice. 

Strengths and Limitations of the Review 

This systematic literature review has several key strengths 

that contribute to the reliability and completeness of its 

findings. A major strength is our systematic approach, 

which strictly followed established guidelines like PRISMA 

2020 [59]. This ensured a rigorous, transparent, and 

unbiased process for finding, selecting, and synthesizing 

relevant research, making our findings more trustworthy 

and repeatable. Including a wide range of intervention 

types (like programming, robotics, unplugged activities, 

and integrated STEM) and diverse measured outcomes 

(such as CT skills, PCK, and attitudes) gave us a holistic and 

multi-faceted view of how CT is being integrated into 

teacher education. Plus, looking at studies from a broad 

timeframe (2010-2024) helped us capture recent trends 

and developments, reflecting how CT in education is 

constantly evolving. Our detailed data extraction and 

thematic synthesis process allowed for a rich, qualitative 

description of the various approaches and their reported 

effectiveness, offering nuanced insights beyond just simple 

numbers. 

However, our review also has its limitations, which are 

important to keep in mind when interpreting the findings. 

● Diverse Studies: The main limitation is that the 

studies we included were quite diverse. They varied in 

their research designs (some were experimental, some 

qualitative), the participants (pre-service vs. in-

service, different subjects), the length and intensity of 

interventions, and the specific things they measured. 

This made it tough to do a quantitative meta-analysis 

and limits how definitively we can compare the 

effectiveness of different CT integration strategies. 

● Language Barrier: We only looked at English-

language, peer-reviewed articles. While practical for us, 

this might mean we missed valuable research published 

in other languages, especially from countries where 

significant CT integration efforts are happening. 

● Reporting Quality: Even though we assessed quality, 

the level of detail and transparency in reporting varied 

across studies. Some articles didn't provide enough 

information on things like how they selected 

participants, how consistently they delivered the 

intervention, or how reliable their assessment tools 

were. This variability could affect how broadly our 

findings can be applied. 

● Focus on Empirical Studies: Our criteria mainly 

focused on empirical research. This means we might 

have overlooked valuable insights from theoretical 

papers, policy documents, or practical reports that, 

while not empirical, could offer important perspectives 

on CT integration. 

● Publication Bias: As mentioned in our methods, there's 

a general concern that studies with positive or 

statistically significant results might be more likely to 

get published than those with no clear findings [35]. 

While we tried to minimize this, it's an inherent 

challenge in reviewing existing literature. 

● Limited Long-Term Data: Many of the studies were 

relatively short-term interventions. Our review 

highlights a lack of long-term studies that track the 

lasting impact of CT integration on teachers' teaching 

practices and, even more importantly, on their students' 

long-term CT development and academic outcomes. 

Future Research Directions 

Based on what we've found and the limitations we've 

identified in this systematic review, there are several 

exciting and crucial paths for future research. These will 

help us deepen our understanding of how to best integrate 

computational thinking into teacher education: 

● Long-Term Impact Studies: We really need more 

longitudinal studies. These would follow teachers over 

time to see the lasting impact of CT integration 

programs on their teaching practices, their sustained 

knowledge of how to teach CT, and ultimately, on K-12 

student learning. Such studies would give us invaluable 

insights into how effective different intervention 

models are in the long run. 

● Direct Impact on Student Learning: Future research 

should explicitly explore the direct connections 

between teacher CT training and its effects on K-12 

students' own computational thinking development, 

problem-solving skills, and academic success across 

various subjects. This means designing studies that 

measure student outcomes before and after their 

teachers have received CT training and started using 

new teaching methods. 

● CT in Diverse Subject Areas: While our review showed 

a lot of research on CT integration in computer science 
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and STEM subjects, there's a critical need for more 

studies on how to integrate CT into non-STEM areas 

like humanities, arts, social studies, and language arts. 

Researchers should explore specific teaching 

strategies, relevant CT models, and appropriate tools 

for these disciplines to truly show CT's universal 

applicability. 

● Cross-Cultural and Diverse Contexts: Research from 

a wider range of geographical, cultural, and socio-

economic contexts would give us a more global picture 

of the challenges and successes in integrating CT into 

teacher education. This would help us identify both 

context-specific nuances and general principles that 

apply everywhere. 

● Teacher Collaboration and Communities: Future 

research could investigate the role of collaborative 

learning, professional learning communities, and 

communities of practice among teachers in fostering 

CT integration. Understanding how peer support, 

mentorship, and shared experiences contribute to 

teachers' CT development and implementation is 

crucial. 

● Developing and Validating Strong Assessment 

Tools: Given the assessment limitations we found, it's 

absolutely essential to continue developing and 

rigorously validating robust and reliable assessment 

tools for measuring CT in both teachers and students. 

This includes ensuring the tools are truly measuring 

what they're supposed to (construct validity), are 

consistent (reliability), and are practical to use in 

different settings and for different age groups [5, 42, 

67, 72]. We also need more research on whether 

specific CT constructs are suitable for teacher 

education contexts. 

● Effectiveness of Combined Interventions: Our 

review noted limited research on interventions that 

combine both plugged and unplugged activities. 

Future studies should systematically compare how 

effective these hybrid approaches are compared to 

using plugged or unplugged activities on their own, to 

figure out the best ways to integrate CT. 

● Non-Programming Tools and Approaches: There's 

a need for more research on how to effectively use 

non-programming tools (like problem-solving tasks, 

storyboards, or physical manipulatives) for CT 

integration, especially in situations where 

programming skills might be a barrier or less relevant. 

● Teacher Readiness and Beliefs: Further qualitative 

and mixed-methods research could dive deeper into 

how teachers' beliefs, perceptions, and readiness for 

CT integration evolve. This would explore the factors 

that influence whether they adopt and consistently use 

CT teaching methods. 

CONCLUSION 

Integrating computational thinking into teacher education 

isn't just a good idea—it's a fundamental necessity if we 

want to prepare educators who can equip the next 

generation with those crucial 21st-century skills. This 

systematic review clearly shows that there are many 

effective strategies out there, from direct programming 

lessons and robotics to unplugged activities and 

interdisciplinary STEM approaches. By focusing on helping 

teachers develop both their own personal CT skills and their 

knowledge of how to teach CT, teacher education programs 

can cultivate a teaching force that's truly capable of 

nurturing computational literacy in all students. The 

consistent positive outcomes we've seen across studies—

like improved CT skills, better teaching knowledge, and 

more positive attitudes—provide a strong foundation for 

continuing to invest in this area. While challenges like time 

constraints and assessment validity still exist, the helpful 

factors we've identified offer clear paths for successful 

implementation. Ongoing research, especially focusing on 

long-term impacts, diverse contexts, and developing reliable 

assessment tools, will continue to refine our understanding 

and enhance the effectiveness of these vital educational 

efforts, ultimately helping to build a more computationally 

literate society for everyone. 
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