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Abstract. There is an increasing interest in the integration of computational thinking (CT) in the 
K-12 curriculum. By integrating CT into other disciplines, the aim is to equip students with essen-
tial skills to navigate domain-specific challenges. This study conducts a systematic review of 108 
peer-reviewed scientific papers to analyze in which K-12 subjects CT is being integrated, learn-
ing objectives, CT integration levels, instructional strategies, technologies and tools employed, 
assessment strategies, research designs and educational stages of participants. The findings re-
veal that: (a) over two-thirds of the CT integration studies predominantly focus on science and 
mathematics; (b) the majority of the studies implement CT at the substitution level rather than 
achieving a transformation impact; (c) active learning is a commonly mentioned instructional 
strategy, with block-based languages and physical devices being frequently utilized tools; (d) in 
terms of assessment, the emphasis primarily lies in evaluating attitudes towards technology or the 
learning context, rather than developing valid and reliable assessment instruments. These findings 
shed light on the current state of CT integration in K-12 education. The identified trends provide 
valuable insights for educators, curriculum designers, and policymakers seeking to effectively 
incorporate CT across various disciplines in a manner that fosters meaningful skill development 
with an interdisciplinary approach. By leveraging these insights, we can strive to enhance CT inte-
gration efforts, ensuring the holistic development of students’ computational thinking abilities and 
promoting their preparedness for the increasingly interdisciplinary domains of digital world.

Keywords: computational thinking, integration, interdisciplinary, K-12 curriculum, contextual-
ized computing, pedagogical issues.
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1. Introduction

The problems we face in the world are complex and require the embedding of multiple 
disciplines, concepts, and skills to solve them. Tedre et al. (2018, p. 177) consider training 
for computational problem-solving “a truly interdisciplinary undertaking” that increas-
ingly addresses computing for other disciplines (Guzdial, 2019). This idea is captured in 
the term Computational Thinking (CT), which was coined by Papert (1980, p. 182) who 
regarded it as “procedural thinking”. Wing (2006), who promoted and popularized the 
notion of CT, defined it as “[…] the thought processes involved in formulating problems 
and their solutions so that the solutions are represented in a form that can be effectively 
carried out by an information-processing agent [...]. These solutions can be carried out 
by any processing agent, whether human, computer, or a combination of both” (Cuny 
et al., 2010) cited in (Wing, 2011, p. 11). The emphasis in this study is on individuals 
performing a thought process, not on the production of artefacts or evidence. CT is used 
in the design and analysis of problems including their solutions, combining an attitude 
and a skill set which is necessary not just for computer scientists, but for every active 
member of the 21st century.

Following Wing’s seminal paper (2006), several definitions of CT were developed 
emphasizing various aspects of this CT problem-solving process. The Computational 
Thinking Task Force of the Computer Science Teachers Association (CSTA) in the US 
views CT as a problem-solving process that puts emphasis on the construction of a com-
putational solution for a given problem, after that problem has been expressed in com-
putational terms. By this definition, programming is considered to be an essential aspect 
of CT (Force, 2011). In line with this reasoning, Brennan and Resnick (2012) define CT 
along three dimensions: computational concepts (i.e., sequences, loops, events, parallel-
ism, conditionals, operators and data), computational practices (i.e., being incremental 
and iterative, testing and debugging, reusing and remixing, and, abstracting and modu-
larizing), and computational perspectives (i.e., expressing, connecting and questioning) 
(Brennan and Resnick, 2012). Selby (2013, p. 5) found common ground in various defi-
nitions of CT and describe CT as “a focused approach to problem solving, incorporating 
thought processes that utilize abstraction, decomposition, algorithmic design, evalua-
tion, and generalizations”.

The CT problem-solving process in a particular discipline can be viewed as a three-
step procedure (Kallia et al., 2021). First, a problem or question is expressed in compu-
tational terms such as data or processes, thus allowing for the use of computing to solve 
it. Second, a computational solution is constructed, either by using existing applications 
or by devising new algorithms and writing new programs. Essential to the nature of CT 
is that this solution should be executable. Finally, the computational solution is inter-
preted in terms of the original subject matter, thus providing the solution to the original 
problem or answering the question. This view of CT highlights the interplay going on 
between the problem domain – outside Computer Science (CS) – and the construction 
and use of a computational solution, usually within CS.

In this literature review, we focus on CT in context where these three steps of prob-
lem solving are employed to solve problems in a particular discipline outside of CS. We 
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chose to view CT in the spirit of the original Wing’s definition of CT as thought process 
mentioned earlier. Other definitions (Brennan and Resnick, 2012; Force, 2011; Selby, 
2013) provide indicators to characterize particular instances of CT in the reviewed 
studies. This allows us to capture various occurrences of CT, whether using a computer 
or unplugged.

Not surprisingly, CS courses or programming education are often considered a natu-
ral habitat for the development of CT skills (Bers et al., 2014; Davies, 2008; Gouws 
et al., 2013; Grover, 2011; Walden et al., 2013; Weintrop and Wilensky, 2013). Indeed, 
Papert (1980) believed that by learning to program, children would develop computa-
tional problem-solving skills that they could apply within other contexts. Results in em-
pirical research on this expected transfer are inconclusive, however. It appears that so-
called high-road transfer, involving sophisticated applications of the problem-solving 
skills to other subject matter, requires explicit instruction (Perkins and Salomon, 1989). 
This suggests that introducing a separate computing or programming module in the 
curriculum is not sufficient: CT should (also) be learnt within the other subjects. While 
there are already numerous examples of CT playing a role in the learning of the sub-
ject matter in various disciplines outside of the CS education (Hambrusch et al., 2009; 
Qin, 2009; Ruthmann et al., 2010; Sengupta et al., 2013), Voogt et al. (2015) believe 
that much more attention is needed to ways of incorporating CT skills within existing 
school subjects such that students can develop creative ways to apply CT within the 
respective disciplines.

In many countries, the position of digital literacy – and CT in particular – is be-
ing discussed. While there are many initiatives to integrate CT into the curriculum 
(Bocconi et al., 2016), it is not always clear whether the integration concerns actual 
integration of CT with other disciplines. That is the case, for example, in the Nether-
lands, where the curriculum in K-9 education is about to be reformed (Curriculum of 
the Netherland, 2019) and CT is expected to get a prominent position and be taught 
within other subjects. Another example is the United States where the Next Generation 
Science Standards (NGSS) (Council et al., 2012) introduce CT as a core practice of 
science education. These examples are illustrative for a significant and growing atten-
tion for the CT from the industry, politicians, researchers and educators alike across the 
globe. The motivation to embed CT into curriculum comes from the fact that computing 
concepts and practices have become an integral part of current professional practice 
and CT is a necessary skill desired by twenty-first century economies (Aydeniz, 2018). 
Computational approaches are vital for interdisciplinary practices because how these 
disciplines are practiced in the professional world is rapidly changing (Foster, 2006). 
In recent years, scientific fields have been supported with computational practices, for 
example in Bioinformatics, Computational Statistics, Chemometrics and Neuroinfor-
matics (Weintrop et al., 2016). Bringing computational tools and practices into K-12 
classrooms gives learners a more realistic view of what these fields are, and better 
prepares students for professional careers in these disciplines (Grover and Pea, 2018). 
This sense of authenticity and real-world applicability is important in the effort to mo-
tivate diverse and meaningful participation in computational and scientific activities 
(Weintrop et al., 2016). 
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In order to facilitate embedding of CT in context across various disciplines of the 
school curriculum we strive to gain a thorough understanding of the current state of af-
fairs of the embedding of CT in various school subjects in primary and secondary educa-
tion. This systematic review was conducted to investigate current CT embedded studies 
in curriculum subjects other than CS, in order to gain good insights into exactly how CT 
is embedded, taught and assessed. This way, we identify both CT integration practices 
as well as gaps in the knowledge of how to embed CT into the school curriculum. We 
examined related subjects, CT-related and subject-related learning objectives (LO’s), 
instructional strategies, assessment strategies, research trends, and ages of participants. 
In this way, we aimed to reveal the trends and provide a complete interpretation of CT 
embedded studies.

We have found literature reviews and mapping studies concerned with the embedding 
of CT in various disciplines other than computer science in the broad sense (Barcelos 
et al., 2018; de Araujo et al., 2016; Grover and Pea, 2013; Hsu et al., 2018; Lockwood 
and Mooney, 2017; Lye and Koh, 2014; Martins-Pacheco et al., 2019; Moreno-León and 
Robles, 2016; Pöllänen and Pöllänen, 2019; Sullivan and Heffernan, 2016). A number of 
these studies have a narrow focus on programming (Lye and Koh, 2014; Moreno-León 
and Robles, 2016; Pöllänen and Pöllänen, 2019) or physical devices only (robotics) (Sul-
livan and Heffernan, 2016), or embedding CT in a particular discipline (Barcelos et al., 
2018) or only on teaching and assessment (de Araujo et al., 2016; Martins-Pacheco 
et al., 2019) and a number of studies do not limit their focus to K-12 education exclu-
sively (Hsu et al., 2018; Lockwood and Mooney, 2017). With the explosive growth of 
the research into CT, the Grover and Pea’s study (2013) which reviewed the CT integra-
tion into K-12 is becoming increasingly outdated. Additionally, the selection criteria 
for the research included in these studies are not always clear. Also, a recent systematic 
review study (Kampylis et al., 2023) focuses on the analysis of different CT integration/
implementation approaches: (i) embedding CT across the curriculum as a transversal 
theme/skill set; (ii) integrating CT as a separate subject; and (iii) incorporating CT skills 
within other subjects.

The aim of this review study is to understand the current state of affairs of the embed-
ding of CT in the non-computing school subjects in primary and secondary education. 
Our systematic literature review differs from the literature reviews and mapping studies 
mentioned above in three ways: (1) our strict focus on K-12 education, (2) the require-
ment that the CT-related LO’s are embedded into subject-related LO’s other than those 
associated with CS, and finally, (3) our broad and inclusive search process with clear 
selection criteria.

2. Methodology

This study aims to provide a comprehensive overview of current literature relevant to 
CT embedded in non-computing school subjects and to gain insight into exactly how 
CT is embedded, taught and assessed. A systematic procedure was used to choose the 
publications in order to guarantee the reliability of the data. To increase the reliability 
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of the data, the PRISMA 2020 statement was implemented, which adheres to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (Page 
et al., 2021). Fig. 1 shows the order of steps in the PRISMA 2020 workflow, comprising 
the Identification, Screening, and Included stages, together with the related number of 
records maintained at each stage. The following section describes the research ques-
tions, the search criteria, the inclusion criteria for documents, and the selection process.

2.1. Research Questions

This systematic literature review (SLR) analyzes the integration of CT in context across 
various disciplines of the K-12 school curriculum other than CS education and CS-re-
lated topics. In order to gain thorough understanding of the research targeting this issue, 
we pose the following research questions:

 RQ1: What are the CT-related and subject-related learning objectives and what 
are the integration levels of the CT integrated studies?
 RQ2: What instructional strategies and technologies are being employed in the 
CT integrated studies? 
 RQ3: What assessment strategies are being employed in the CT integrated 
studies?
 RQ4: What are the ages/grades of participants involved in the CT integrated 
studies? 
 RQ5: What are the research designs and sample sizes of the CT integrated 
studies? 
 RQ6: What is the evidence for the effectiveness of the CT integrated studies?

2.2. Inclusion Criteria

CS and CT are gaining increasing attention in education and CS education research 
follows in its wake. We are interested in embedding CT in other disciplines taught in 
K-12 and where the purpose of CT is to aid the learning of another discipline, rather 
than CS education. As this SLR serves as a part of a practice-oriented research project 
on the embedding of CT in an educational setting outside CS courses or programming 
education, we were not interested in teaching programming, games or robotics for their 
own sake. Rather, when programming was involved, we were interested in the cases of 
Explicative Programming where programming is a means to support the understanding 
of another discipline (Repenning and Basawapatna, 2021). We, therefore, searched for 
documents describing the embedding of CT in specific subject matter: both theoretical 
papers describing design principles for such integration, and empirical papers describ-
ing examples of such integration. We searched for the papers that were published be-
tween 2006 – the year when Wing published her seminal paper (Wing, 2006) introduc-
ing Papert’s term CT into broad use – and 2019, and met the following criteria which 
are explained in Table 1.



S. Yeni et al.228

Table 1
Inclusion & Exclusion Criteria

We included the papers that: We excluded the papers that:

Describe a study with respect to a learning objective •	
integrating CT content – such as computational concepts, 
practices and perspectives or algorithmic design – with 
another school subject or discipline.
Have an empirical or a theoretical focus when elaborating •	
the interpretation of CT for a specific school subject.
Have been peer reviewed.•	
Are written in English.•	

Contained a learning objective integrating CT •	
content only with CS, gaming or robotics and 
no other discipline or school subject.
Contained only a description of a tool without •	
a specific mention of integration of CT content 
with subject matter of other school subjects.

2.3. Search Process

We performed a systematic search of six databases: ACM, IEEE, Scopus, Web of 
Science, PsycINFO and Eric. In order to do so, we first had to establish the inclusion 
criteria for the papers. Since the embedding of CT in school subjects takes place at 
the intersection of CT and those subjects, our trial searches focused on the combina-
tion of CT with (a list of) specific subjects. This strategy, however, did not lead to 
satisfactory results for several reasons. First, the term ‘Computational Thinking’ was 
too narrow and needed to be supplemented with related concepts such as ‘coding’ 
and ‘unplugged’ (i.e., coding related activities done without the use of technology). 
Second, it was virtually impossible to list all the school subjects in all the different 
educational systems as described in the papers contained in these databases. We then 
decided to focus on activities that are typical for an educational setting, and since 
these are always situated in the context of teaching a particular school subject, we 
would capture these subjects along. Finally, we decided to consider only the studies 
focusing on K-12 education. These considerations led to the following criteria the 
papers needed to address:

Both computational thinking and related concepts. ●
Educational issues related to any aspects of instruction – and no more than that, so  ●
no papers on e.g., educational policies.
K-12 education. ●

Each of these criteria led to a separate set of search terms resulting from several 
iterations of trial runs and finetuning. The documents found through the search in every 
iteration were checked against an existing list of documents that served as a control list. 
This process resulted in three sets of search terms, each corresponding to one of the 
criteria mentioned earlier:

 Set 1. programming OR coding OR computational* thinking OR algorithmic think-
ing OR algorithmic skill* OR unplugged.
 Set 2. context OR traject* OR curriculum OR integrat* OR framework* OR scaf-
fold* OR pedagog* OR assess* OR measur* OR evaluat* OR instruct* OR 
progress* OR didactic* OR infus*.
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 Set 3. school OR K-12 OR K12 OR K-9 OR K9 OR K-6 OR K6 OR secondary edu-
cation OR primary education OR elementary education.

This search resulted in 2935 titles (Fig. 1). Many of these papers had indeed noth-
ing to do with computing, but were found because of the search terms programming 
and coding which are at the core of CS and closely linked to CT, and are also used in a 
number of disciplines possibly having some relation with education but not related to 
CS (e.g., mental health programing, content coding). After removing duplicates, the re-
maining papers were divided among the researchers who each performed a quick scan of 
titles in their share of the papers. This resulted in 1535 papers remaining. In the second 
round, the researchers read the titles and the abstracts of their share of the papers. This 
resulted in 741 papers remaining possibly relevant for the goal of this study. After that, 
the researchers swapped their shares of the papers and proceeded to read the essential 
parts of the reported studies, resulting in 273 papers left. During this round of reading, 
a number of documents were eliminated because they turned out not to be written in 
English after all, to be posters, abstract of keynotes or theses, or to be unfindable. The re-
searchers discussed together any paper that did not obviously meet the inclusion criteria. 
In the next step, the 273 documents were subjected to close scrutiny and all the papers 

Fig. 1. The literature review process of the study (PRISMA 2020).
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which did not clearly fit the inclusion criteria were eliminated. Again, all of the papers 
not unequivocally meeting the inclusion criteria were discussed. This resulted in a final 
set of 102 papers. In addition to these 102 papers found through the database search, we 
identified another six papers through snowballing, making a total of 108 papers that were 
subjected to detailed analysis.

3. Coding

In this section, we describe the categories to help understanding how we coded the re-
viewed papers. With our research questions in mind, we first categorized the papers us-
ing the following coding categories: target discipline/subject, CT-related LO’s, subject-
related LO’s, the CT integration levels of studies, instructional strategies, technologies 
and tools, assessment goals and instruments, ages of participants and scale, research 
methodologies, and finally, effectiveness of studies. We coded deductively for the five 
categories using the predetermined coding categories (which were derived from the ex-
isting theories or studies) listed in sections learning objectives (3.2), integration level 
(3.3), instructional strategies (3.4), participants (3.7) and research methodologies (3.8). 
Within the other categories, we analyzed by inductive coding (coding categories were 
derived directly from the data) and these are the subjects/disciplines themselves (3.1), 
technologies and tools (3.5), assessment goals and instruments (3.6) and finally, effec-
tiveness of studies (3.9). In an axial coding process (Cohen et al., 2007), the codes 
were grouped and merged where necessary. While coding data, for the reliability of the 
qualitative analysis procedure, we adhered to the stability and accuracy aspects. For the 
stability aspect of coding (Krippendorff, 2018), each theme was coded exclusively by 
the first or second author. They interpreted the data in the same way and their behaviors 
remained the same for each theme over time. It helped to eliminate different interpreta-
tions of multiple raters that affect decision-making in systematic review. For the accu-
racy of the coding procedure (Krippendorff, 2018), the coding procedure was conducted 
according to the pre-agreed code scheme to clarify codes of each theme (especially for 
the deductive coding part). During the coding, if there was a need for refinement of it, 
they were resolved via discussion to reach a consensus between researchers. The coding 
scheme by categories and their definitions for each theme is explained in this section. 

3.1. Target Subject

We analyzed the papers by inductive coding to distinguish the subjects of the papers into 
six main categories: art (including art and music), science (including science, biology, 
physics and chemistry), mathematics (including mathematics and geometry), language 
arts (including journalism, writing, English, Dutch, Spanish etc.), social sciences (in-
cluding social science, history, geography and philosophy), and finally various/other 
(including multidisciplinary approaches where various disciplines come together to ad-
dress problems).
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3.2. Learning Objectives

We categorized the intended learning objectives deductively. This section consists of 
two parts: the first one focuses on the LO’s related to CT and the second one focuses on 
the subject area. We classified the CT-related LO’s according to the triad of Brennan and 
Resnick (2012): Concepts, Practices, and Perspectives. For practices, the Selby’s clas-
sification (2013) was used. If a particular study focuses on creating a positive change in 
learners’ attitudes towards technology world and computation, we classified it as ‘per-
spectives’ (Table 2). These are categories that in isolation help us analyze the teachers’ 
and researchers’ focus. However, in practice there is no sharp division between the sub-
skills. Subject-related LO’s are classified according to each subject: art, math, science, 
language arts, social sciences and others.

3.3. CT Integration Levels

CT integrated education can be defined as the approach to teaching the content of CT 
and other disciplines, bound by CT practices within an authentic subject context to 
enhance student learning. To clarify the CT integration levels, we adapted the SAMR 
model (Puentedura, 2010) (Fig. 2). The SAMR framework categorizes four levels of 
technology integration: Substitution, Augmentation, Modification, and Redefinition. 
However, the notion of CT includes more than the notion of technology and is an im-
portant aspect of the discipline of CS. For this reason, we defined the levels of the 
adapted CT integration model variously ranging from disciplinary to transdisciplinary 
approaches (Tress et al., 2005) and included different CT applications (Malyn-Smith 
et al., 2018; Waterman et al., 2020; Weintrop et al., 2016). We employed the SAMR-
model in a two-dimensional matrix that indicates CT integration levels of studies. As 
we move down the vertical columns, they refer to studies that move from enhance-

Table 2
Learning Objectives related to CT

Categories Definitions CT subskills 

Concepts The concepts designers use as they program: 
syntactic, semantic and schematic knowledge 
commonly used in programming

Sequences, loops, parallelism, events, 
conditionals, operators, and data

Practices Knowledge and skills to solve problems during the 
process of thinking and practices

Abstraction, decomposition, algorithmic 
thinking, evaluation and generalization 
(Selby, 2013)

Perspectives The perspectives designers form about the world 
around them and about themselves: understandings 
of personal, social and technological relationships 
around them

Expressing, connecting, questioning the 
technology world through computation
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ment to transformation. If we move horizontally, we can see different definitions and 
practices of CT integration. The first column contains the adapted definitions with dis-
ciplinary perspectives (Tress et al., 2005), while the second column categorizes the 
CT integration levels as exist, enhance and extend (Waterman et al., 2020). The third 
column reflects the different levels of integration in modeling applications (Weintrop 
et al., 2016). The last column presents the different levels of CT integration in STEM 
integration studies (Malyn-Smith et al., 2018).

We categorized the integration levels of the reviewed studies deductively into four 
main categories according to the adapted model: substitution, augmentation, modifica-
tion, redefinition from a disciplinary integration perspective. At the substitution stage, 
CT concepts/models or related technology are directly substituted for a more traditional 

Fig. 2. CT Integration Model (Adapted from the SAMR model).
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one and CT concepts/skills are learned separately in each discipline (disciplinary). Al-
ready existing CT concepts and skills were introduced in the subject lessons with no 
or limited functional change and CT concepts/skills are not closely linked to subject 
content. At the augmentation stage, CT concepts/models or related technology act as 
a direct technology substitute with functional improvement. Teachers enhance the dis-
ciplinary content by making a connection to CT concepts within a common theme 
(multi-disciplinary). At the modification stage, the levels of framework convert from 
enhancement to transformation. There is an actual change in the design of the lesson 
and learning outcomes. CT concepts/models or related technology allows for significant 
task redesign and closely linked CT and subject concepts or skills can be learned with 
the aim of deeper knowledge and skills (interdisciplinary). In the redefinition stage, 
CT concepts/models or related technology allows for the creation of new tasks, also 
knowledge and skills learned from two disciplines (CS and subject) can be applied to 
solve real-world problems (transdisciplinary).

3.4. Instructional Strategies

We applied deductive coding to characterize the instructional strategies and we cre-
ated 19 different categories for instructional strategies: experiential learning (Kolb, 
2014), problem-based learning (Wood, 2003), collaborative learning (Dillenbourg, 
1999), game-based learning (Akbar et al., 2018), direct instruction (McCoy-Parker 
et al., 2017), model-based learning (Jacobson et al., 2015), design-based learning 
(Ke, 2014), scaffolding (Basu et al., 2017), use-modify-create model (I. Lee et al., 
2011), project-based learning (Barron et al., 1998), authentic learning (Mingo, 2013), 
inquiry-based learning (Brown, 2017), exploratory learning (Israel and Lash, 2019), 
storytelling (W. Q. Burke, 2013), active learning (Burleson et al., 2018), independent 
learning (Moore, 1973), place-based education (Cunningham and Lansiquot, 2018), 
embodied learning (Daily et al., 2014) and finally, situated learning (Anderson et al., 
1996). Some studies were categorized as ‘undefined’. If the instructional strategy used 
in the study was specified by the authors of the paper, the paper is categorized accord-
ing to the authors’ statement. If there is no description about instructional strategy, 
we have examined the instruction process and classified the appropriate strategy. We 
categorized some papers for more than one strategy.

3.5. Technologies and Tools

We applied inductive coding to characterize the technologies and tools and there are 
seven main categories: block-based programming tools (e.g. Scratch, Alice etc.), text-
based programming tools (e.g. Python, Logo etc.), physical devices (e.g. Arduino, Lego 
Mindstorm etc.), modeling tools (e.g. NetLogo, StarLogo etc.), unplugged activities 
(e.g. paper-and-pencil activities, etc.), games (e.g. video games, puzzles etc.) and vari-
ous (e.g. Google Documents, Spreadsheets, ToonDoo etc.).
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3.6. Assessment Strategies

We distinguish four goals for assessment inductively in CT-embedded studies: program 
comprehension and CT skills, subject-related LO’s, attitude and satisfaction, and other. 
We categorized the instruments into five main categories: tests (e.g. quizzes and sur-
veys), performance tasks (e.g. homework, projects, portfolios), self-assessment (e.g. 
self-reflection, interviews, observations), assessment rubrics, and automated assess-
ment. We coded some assessment instruments with several categories: it is common to 
use rubrics in combination with project work or automated assessment tools in combina-
tion with quizzes or surveys.

3.7. Educational Stages of Participants

The studies described in papers were classified according to the participants’ educa-
tional stages and number of participants. The categories are: preschool (PS), primary 
(P1 includes Grade 1–4 and P2 includes Grade 5–6), secondary (S1 includes Grade 
7–8, S2 includes Grade 9–10 and S3 includes Grade 11–12), adults and various. The 
adult category includes teachers, experts and administrators. The focus point of some 
studies are adults, and we didn’t exclude them since our priority lies with charting 
the full breadth of theory and practice of embedding CT in K-12 education, and by 
excluding the papers including adults, we could have jeopardized that intention and 
that way compromised the objectivity of the selection process. On the other hand, this 
research doesn’t have a core research question regarding the professional development 
of teachers, so we didn’t include keywords about teachers or professional development 
in the search process.

3.8. Research Methodology and Sample Size

Research designs of the papers were classified according to Creswell’s Educational 
Research Design classification (Creswell, 2012), since it provides different methods to 
conduct research to meet certain education-related research objectives. There are eight 
categories: experimental, quasi-experimental, survey, case, narrative, mixed method, 
action, and theoretical. If the research design of the paper was specified by the authors 
of the paper, the paper is categorized according to the authors’ statement. If there is no 
description about research design, we have examined the methodology and data col-
lection parts of the studies and classified the appropriate research design. Regarding 
the sample size, the studies with less than 30 participants, were categorized as small 
scale, those with 31 to 100 participants as medium scale, and those with more than 100 
participants as being large-scale (Meulen et al., 2021).
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3.9. Effectiveness of CT Integration Studies

In order to investigate the cause-effect relationship in the studies and to broaden the 
evidence for the effectiveness of the studies, experimental and quasi-experimental stud-
ies were analyzed in this section. It is important to emphasize here that we consider 
non-experimental studies essential to the development of the field, but experimental 
research processes are usually well-structured and they include a control group which 
is crucial for the strong internal validity of studies (Creswell, 2012). This is in line with 
the aim of this section which tries to reflect unbiased reliable cause-effect relations of 
studies. There are 19 experimental and quasi-experimental studies. Of these studies, we 
included only studies (12) conducted with students in a formal education setting. We 
also excluded one study that did not specify the number of participants.

4. Findings

The main goal of this review study is to gain insights over exactly how CT is embedded 
into non-CS subjects in the curriculum, and how CT is taught and assessed to understand 
CT integration practices and gaps in the knowledge. In this section, we presented the 
findings related to the reviewed papers according to their learning objectives, integration 
levels, related subjects/courses, instructional strategies, technologies/tools, assessment 
goals and instruments, and finally participants.

4.1. Target Subject

To answer RQ1, we analyzed the subjects of the papers and learning objectives. Based 
on the analysis, the subjects that most frequently embedded CT are science (71) and 
mathematics (34). Social sciences (17), language arts (12) and art (9) are the least popu-
lar subjects among the embedded studies (Table 3).

Regarding the relation between the subjects and the grades of students (Table 3), 
mathematics is the subject where the primary school students are the largest group of 
participants. Science subjects are also very common for CT integration by all age groups, 
among which the largest group is secondary school students and adults (teachers, ex-
perts, and administrators). Social science subjects have most frequently been related 
to secondary school students. There are only 2 papers for preschool students and these 
papers focus on mathematics and science subjects.

With respect to the relation between the subjects and the dates of publication, we 
examined the papers published between 2006–2019. However, the first papers on CT 
embedded into non-computing subjects as reviewed in this study were published in 
2009. As indicated in Table 3, most of the social science subjects-related papers were 
published in the recent years, 2017–2019. Also, the number of science and mathematics 
related papers has an increasing trend as well. For science subjects in particular, there 
has been a striking increase in the number of papers published between 2017 and 2019.
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4.2. Learning Objectives

To answer RQ1, we analyzed the learning objectives and the integration levels of studies 
by using adapted CT integration model (Fig. 2).

4.2.1. CT-related Learning Objectives

We classified CT-related LO’s into three categories: concepts, practices and perspec-
tives, and some of them include two or three of these dimensions. There were 42 stud-
ies (39%) which focus on the concepts dimension of CT. The benefits of a program-
ming environment for learning mathematics were examined by Rodríguez-Martínez 
et al. (2020): they teach sequences, loops, events and conditionals as CT concepts. 
Similarly, Chang (2019) focused on the same CT concepts for digital storytelling 
activities. The example studies which focus on teaching different CT concepts in dif-
ferent subjects contained the following concepts: sequencing, loops, and conditional 
logic concepts in mathematics (Israel and Lash, 2019); variables, operators, control 
statements, loops, arrays, strings, functions in art-related examples (Jawad et al., 
2018); basic object-oriented programming concepts such as objects, classes and attri-

Table 3
Frequency of CT embedded studies by subjects*, grades** and publishing year

Category Subject PS P S A 09–12 13–16 17–19 F Total

Art Art   2   4   2   3   4     7     9
Music   2   2     2

Science Science 1 10 15 15 4   8 22   34   71
Physics   4   9 1   7   6   14
Chemistry   4   1   3   3     6
Biology   7   9   1   8   9   17

Mathematics Math 1 16   8   6 2 10 17   29   34
Geometry   3   3   1   2   3     5

Language Arts Language   3   3   2   4   3     7   12
Journalism   1   1 1     1
Writing   3   2 2   1   1     4

Social sciences Social Science   6   3   2   6     8   17
Geography   2   4   2 1   5     6
History   1   1   1     1
Philosophy   2   1   1   1     2

Various Multiple 
disciplines

  1   2   6 1   4   4     9     9

Total 152 152

 *PS: Pre-school, P: Primary, S: Secondary, A: Adults; publishing year 2009–2012, 2013–2016, 2017–2019.
**Some studies involve students at more than one education level, so there is a difference between grade 

total frequencies and year total frequencies.
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butes in physics (Kanaki and Kalogiannakis, 2018). Twenty-one of 108 studies (19%) 
focus only on the practices dimension of CT. They examined how students learnt 
skills required to solve problems during the process of thinking such as algorithmic 
thinking and abstraction, confrontation (defining and understanding a problem en-
countered), decomposition, pattern recognition, abstraction, algorithm, automation, 
and analytical skills were analyzed in language arts (e.g., to read and understand basic 
Spanish words), geometry (e.g., to reason about two dimensional shapes and angles), 
financial arts (e.g., to define and calculate stock price factors such as current yield, 
total return) (Kale et al., 2018); algorithmic thinking, decomposition, evaluation, ab-
straction and data representation skills were developed while exploring life on Mars 
in Science class, in which students design robots and test them using a simulated Mars 
environment (Baek et al., 2019). 

Forty studies (37%) focus on both concepts and practices together. One of these 
studies reports that students’ skills related to code developing, modeling, and sequenc-
ing were improved while they were learning how energy is transferred from produc-
ers to consumers during science class (Lytle et al., 2019). Another study showed that 
students develop a better understanding of force topics during physics course, while 
simultaneously acquiring CT concepts and practices (Hutchins et al., 2018).

Only five studies (5%) focus on concepts, practices and perspectives together. 
Regarding the perspectives dimension, they examined how students develop under-
standing of themselves and their relations with the technological world. As an example, 
in the scope of a science course, the use of electronic textiles was examined for the 
introduction of the key computational concepts (input/output, digital/analog, variables, 
sequences, conditionals, loops, operators) and practices (reusing and remixing code, 
test and debug code) while broadening perceptions about computing (relevance of com-
puting, ability to see oneself as a computer scientist) (Kafai et al., 2014).

4.2.2. Subject-related Learning Objectives

In this section, CT embedded studies were analyzed in terms of subject-related LO’s. 
They were grouped according to the subject areas: mathematics, science, language arts, 
social sciences, arts.

Mathematic and geometry related objectives and topics in CT embedded studies 
were summarized as follows: addition, fractions (Kong and Li, 2016); numbers, addi-
tion/subtraction, different calculation strategies (Djurdjevic-Pahl et al., 2016; Messer 
et al., 2018); numerical calculation, analytical reasoning, quantitative reasoning (Ke, 
2014); coordinate graphing, mathematical functions (Friend et al., 2018); calculat-
ing the least common multiple and the greatest common divisor (Rodríguez-Martínez 
et al., 2020); identifying/creating geometric shapes, angles, symmetry and mirroring, 
functions and simultaneous equations, formulas for e.g. percentages, areas, calcula-
tor application (Niemelä et al., 2017; Urban, 2015); cartesian coordinates, probabil-
ity, measurement and number sense (Gadanidis et al., 2017); operations, algebraic 
thinking, number and operations’ counting, cardinality, fractions, the number system, 
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expressions and equations (Harrison et al., 2018); binary numbers and cartesian coor-
dinates (Mensing et al., 2013); shapes, angles, patterns, problem solving, symmetry, 
ratio (An and Park, 2012); shapes, addition and subtraction, mental math strategies, 
coordinate geometry, repeating patterns, fractions, area and perimeter relationships, 
symmetry and transformations, probability (Gadanidis, 2017); properties of polygons, 
fractions, multiplication, number sense through number stories, area and volume, al-
gebraic thinking, operations (multiplication and division) (Israel and Lash, 2019); 
mathematical problems (Lévano et al., 2016; Pires et al., 2019); mathematical patter-
ning (Miller, 2019); polygons and tessellations (Förster et al., 2018; Foerster, 2016); 
fractions and ratios, geospatial concepts (coordinate estimation based on location) 
(Nugent et al., 2009); two dimensional shapes (angles, areas etc.) (Kale et al., 2018; 
Terwilliger et al., 2019; Valentine, 2018).

Science and physics related objectives and topics in CT embedded studies were sum-
marized as follows: simple electronic circuit, circuit diagram (Jacobson et al., 2015; 
Kafai et al., 2014; Litts et al., 2017; Nugent et al., 2019); forces and motion (velocity, 
speed, time, acceleration, vectors) (Basu et al., 2018; Hutchins et al., 2018); similari-
ties and differences between digital and analog waves, wave amplitude and frequen-
cy, modern sonography (Lehmkuhl-Dakhwe, 2019; Towhidnejad et al., 2014); types 
of machines, their characteristics and their uses in daily life (Pinto-Llorente et al., 
2018); weather prediction (temperature, wind, precipitation) (Yadav et al., 2018); the 
electromagnetic forces, magnetic fields, electrical circuits (Gendreau Chakarov et al., 
2019); physics of flight and aircraft controls, unmanned aerial systems(Khan and Aji, 
2018); gravity, forest fire (wind and tree density, fire prevention techniques) (Klop-
fer et al., 2009); distance, measurement, gravity, center of mass (Krishnamoorthy 
and Kapila, 2016); mechanics, electromagnetism (Gero and Levin, 2019); calculating 
the gravitational constant, conservation of energy and momentum (Weintrop et al., 
2016); making children interested in physics, their familiarization with various physi-
cal phenomena (states of matter, some physical properties of matter and some physical 
laws) (Folgieri et al., 2019); relative motion, accelerated motion (free fall), projectile 
motion, and a combination of projectile and relative motion (Lopez and Hernandez, 
2015; Louca et al., 2011); electricity unit (Garneli and Chorianopoulos, 2018; Hadad 
et al., 2020); forces, motion, Newton’s laws, vectors, physics concepts such as kine-
matics, and the difference between vectors and scalars (Liu et al., 2014); kinematics 
(Basu et al., 2014, 2015, 2016, 2017; Merkouris and Chorianopoulos, 2018) geology, 
meteorology, astronomy, and energy (Peel et al., 2015); exploring life on mars (Baek 
et al., 2019).

Biology related objectives and topics are as follows: protein synthesis translation 
process (Peel and Friedrichsen, 2018); natural selection (variation and differential 
survival)(Xiang and Passmore, 2015); movements of human heart, pulsimeter (Cakir 
and Guven, 2019); population dynamics and evolutionary change (Wagh et al., 2017); 
ecosystem stability (Swanson et al., 2018); cell (cell membrane, nucleus, cytoplasm, 
and vacuoles) (Leonard et al., 2015); the spread of epidemic diseases (Cateté et al., 
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2018); food webs (Lytle et al., 2019); developing a heart rate remote monitoring sys-
tem (Yu and Guo, 2018); epidemiology (spread of disease), ecology (I. Lee et al., 
2011); sequencing of genomes (Malyn-Smith et al., 2018); life cycle of a tree (Israel 
et al., 2015); the virus contagion model (which shows how a virus could spread, the 
forest fire model (which simulates forest fire), and the ecosystem model (which de-
scribes food pyramids in ecosystems) (Koh et al., 2013); radioactivity, black holes 
and DNA sequencing (Orton et al., 2016); assembling the full DNA sequence (Wein-
trop et al., 2016); ecology (Basu et al., 2014, 2015, 2016, 2017; Merkouris and Cho-
rianopoulos, 2018).

Chemistry related objectives and topics are the following: periodic table (Boulden 
et al., 2018); the structure of chemical compounds (Malyn-Smith et al., 2018); mat-
ter (Peel et al., 2015); pH neutralization of different water samples (Akbar et al., 
2018);exploring the relations between macroscopic properties of gases (pressure, vol-
ume, and temperature) (Weintrop et al., 2016); ion transport across a cell membrane 
(Musaeus and Musaeus, 2019); the components of rocks and minerals in rock cycles 
(Dong et al., 2019).

Language arts related objectives and topics in CT embedded papers were summarized 
as follows: reading and understanding basic Spanish words (Kale et al., 2018); writing 
an essay (following directions and using literary elements), identifying symbols and 
explaining in a multi-paragraph essay how the symbols developed through the entire 
piece of literature, identifying elements of poetry (e.g., rhyme, repetition, etc.) in shorter 
pieces of literature (i.e., song lyrics) (Nesiba et al., 2015); poetic thinking in English 
subject (Jenkins, 2015); reading of narrative and expository texts (Dong et al., 2019); re-
searching, developing and editing a story, refinement, fact-checking (Wolz et al., 2011); 
blogging (Mensing et al., 2013); storytelling (Chang, 2019; Parker, 2012); writing work-
shop sessions, defining a particular element of effective composition (such as characte-
rization, foreshadowing, setting a scene) planning, drafting, revising, editing, publishing 
(Q. Burke, 2012).

Social sciences related objectives and topics in CT embedded studies were summa-
rized as follows: digital humanities (Chen et al., 2019); sustainability (Giordano and 
Maiorana, 2013); water wastage (Fronza et al., 2016); weight issues (bullying due to 
their weight and appearance), energy wastage (unmonitored usage of appliances), the 
harmful effects of pollution (Noushad et al., 2017); exploring life in the Middle Ages 
(Dong et al., 2019); global social effects of climate changes (Weitze, 2017); geospatial 
concepts (coordinate estimation based on location) (Nugent et al., 2009); ethical dis-
cussions (Fontenot et al., 2013; Pardo, 2018); climate change and water shortage (Park 
and Park, 2018); local environmental and civic issues (Litts et al., 2019).

Art related objectives and topics in CT embedded studies were summarized as fol-
lows: choreographing a dance (Leonard et al., 2015); designing of e-textiles (Litts 
et al., 2017); understanding artistic elements in paintings, learning biographical and 
historical contents of Spanish painters, increasing cultural and artistic competence to 
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understand paintings, improving the ability to understand artistic expressions from 
different eras, analyzing historical and artistic content in paintings (Sáez-López et al., 
2016); weaving with a loom (V. R. Lee and Vincent, 2019); using music subject to 
motivate learning to program (Aaron et al., 2017).

4.2.3. Integration of CT and Subject related Learning Objectives

The distribution of CT learning objectives by the subjects is presented in Fig. 3. The 
studies which include CT concepts (C) and practices (PR) are the ones which focus on 
programming concepts and problem-solving process together. The number of studies 
which include C & PR related LO’s is the highest in science. As an interesting finding, 
the number of C-related studies in all other subjects except science is higher than C 
& PR related or PR related studies. This data can be interpreted as, apart from the sci-
ence subject, mostly programming concepts were addressed in CT integration studies, 
and less emphasis was put on the problem-solving process (practices). However, this 
situation is different for science, as the number of studies including C & PR related 
LO’s is higher than the number of studies in which only programming concepts were 
taught.

Another point related to the embedding of CT skills into subjects is teaching to use 
CT practices which focus on problem-solving process. The numbers of studies related 
to CT practices is lower than the number of C-related studies (Fig. 3). We presented 
the examples of how CT practices (Selby, 2013) can be applied and learned in context 
(Table 4). The common trend is that they are based on constructionist approach, students 
are active and try to build their own projects while investigating domain-specific content 
learning and also exercising CT practices. The point that makes the activities different 
from each other is related to the use of technology. They can be classified as no-tech, 
low-tech and high-tech activities. It means that students can learn CT without a tech/ma-
chine. All examples include a mental activity (CT practices) for formulating and solving 
a problem to find a solution, but the solution can be carried out by a human or machine, 
in line with the Wing’s view of CT (Wing, 2006).

Fig. 3. CT-related Learning Objectives by Subjects.
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Table 4
CT Practices by subjects in CT integration studies

Math Science Social Sciences Language Arts Arts & Music

Abstraction

Students work on 
number puzzles 
and simple code 
crackers. The aim 
of both is to put 
numbers into a wi-
der context, con-
necting them with 
language (letters, 
words) and art 
(shapes) 
(Djurdjevic-Pahl 
et al., 2016).

Students recognize 
which resource from 
the lives caused CO2 
to be produced from 
the most to the least 
(Park and Park, 2018).

The use of latitude and 
longitude to express 
locations demonstrates 
abstraction of the 
source data – that is, the 
physical characteristics 
of the location (say, a 
red cup placed under a 
tree) (Hammond et al., 
2019).

Students summarize a 
piece of literature. Stu-
dents were provided 
a simple three-step: 
1) Selection: Highlight 
or write down important 
sentences 2) Rejection: 
Discard the sentences 
that are not crucial 
3) Substitution: Convert 
the highlighted sen-
tences into your own 
words without altering 
the main ideas or int-
roducing your own 
opinions and biases 
(Nesiba et al., 2015).

Students gene-
rate their own 
designs for e- 
textiles, focus-
ing first on 
their chosen 
aesthetic and 
later on the 
logistics of 
circuitry and 
coding (Kafai 
et al., 2014).

Algorithmic Thinking

Students develop 
algorithms to solve 
math problems 
(Pires et al., 
2019).

Within the game, 
students follow step-
by-step procedures 
to conduct scientific 
experiments in virtual 
labs to measure pH in 
water and soil samples. 
Students follow inst-
ructions for flying a 
drone to embark on 
a virtual exploration 
of the region (Akbar 
et al., 2018).

Geocaching is a form 
of a game, in which 
students must solve a 
problem (locating the 
assigned targets) by 
using the tools (GPS 
unit, list of tar-gets’ 
coordinates, and their 
own geospatial un-
derstandings and ori-
entation) for comp-
leting the target and 
arriving at the correct 
finish point. The entire 
process of navigating 
to the targets is an 
enaction of algorithmic 
control (Hammond 
et al., 2019).

Students create a detai-
led step-by-step sto-
ryboard while illustra-
ting of a scene of the 
play/story 
(Nesiba et al., 2015).

Students cho-
r e o g r a p h e d 
and rehears-ed 
their cell- in-
spired dances 
in the physi-
cal realm with 
partners, they 
made their 
own choreog-
raphic notes on 
paper (Leonard 
et al., 2015).

Decomposition

Students decompo-
se the mathematic 
problems to smal-
ler parts (Pires 
et al., 2019).

Related the water 
shortage topic, stu-
dents decompose the 
problem into factors 
in saving water and 
discuss what kind of 
water resource there 
are and how much 
could save (Park and 
Park, 2018).

Teachers made a histo-
rical puzzle game for 
students to explore life 
in the Middle Ages. 
Students research ev-
ents and note dates in 
the timeline, discover 
specific characteristics 
and break down the 
logical components in 
the puzzle games (Dong 
et al., 2019).

Students write outlines 
of composition and id-
entify arguments. Stu-
dents analyze the con-
text of a text by defining: 
the protagonist and an-
tagonist; the setting of 
story; the conflict and 
the resolution (Dong 
et al., 2019).

Continued on next page
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Table 4 – continued from previous page

Math Science Social Sciences Language Arts Arts & Music

Generalization

Students assess di-
fferent approach/
solutions to a ma-
thematic problem 
(Weintrop et al., 
2016).

Students generalize 
code solutions for ion 
transport across a cell 
membrane (Musaeus 
and Musaeus, 2019).

Students learn to use 
latitude and longitude 
to express locations as 
they walk towards or 
away from the Equator. 
They can generalize to 
use latitude and longi-
tude to express different 
locations (Hammond 
et al., 2019).

Students relate the 
literary skills to what 
they are learning in 
other subject areas 
(Nesiba et al., 2015).

Students wea-
ve with loom 
and draw wo-
ven pattern 
on paper (Lee 
and Vincent, 
2019).

Evaluation

Students debug and 
detect systematic 
errors while cod-
ing two-player fra-
ction game (Kong 
and Li, 2016).

Related the water 
shortage topic, stu-
dents test the effici-
ency of some natural 
materials for making 
rainfall or dirty one 
cleaner and choose 
most efficient mate-
rials in order to get the 
clean water (Park and 
Park, 2018).

Students test their 
products (a mobile app 
that shows how people 
use and waste water) 
and check whether the 
features behave cor-
rectly or not (Fronza 
et al., 2016).

Students create digital 
stories as learning an 
effective composition. 
During the editing 
phase, many of the 
edits were spelling 
and grammar in cha-
racters’ dialogue or 
trouble- shooting the 
programmed behavior 
of a coded sprite 
(Q. Burke, 2012).

Students itera-
tively test and 
debug their 
e-textile des-
igns, develop-
ing solutions to 
address them
(Kafai et al., 
2014).

4.3. CT Integration Levels

To answer RQ1, we classified the CT integration levels of studies according to adapted 
CT integration model. We categorized 40 studies as being at the “substitution” level 
(Fig. 4). In the substitution level studies, CT concepts exist and can be simply called 
out, but they may not involve direct engagement with subject related objectives or CT 
practices/perspectives. For example, Aaron et al. (2017) aimed to use Sonic-Pi for en-
abling students to learn programming by creating music. In this study, music is used to 
motivate students to learn programming, there is no specific explanation about musical 
LO’s for CT integration.

We categorized twenty-eight of 108 studies as being at the “augmentation” level. For 
example, Burke (2012) aimed to teach a particular element of effective composition such 

Fig. 4. CT Integration Levels of Studies.
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as characterization, setting a scene and planning, drafting, revising, editing, publishing 
and programming concepts together. Students created stories while learning program-
ming and improved their language related skills by establishing clear connection to the 
computing concepts.

We categorized seventeen of 108 studies as being at the “modification” level (Fig. 4). 
Wagh et al.(2017) asked students to explore NetLogo models of population dynamics 
and evolutionary change. Students engaged in guided investigations to develop ques-
tions using the models, develop hypotheses, run the models to make observations and 
record data, and formulate evidence-based explanations for their explorations. Each stu-
dent created code modifications and explained how they expected code changes would 
impact model outcomes.

We classified twelve of 108 studies as being at the “redefinition” level. Xiang and 
Passmore (2015, p. 317) initiated student activities with a scenario, “According to biolo-
gists, the fur color of the ancestors of white polar bears was likely to be brown. These 
brown ancestral bears were gradually adapted into the arctic environment, which is often 
full of ice and snow, and evolved into white polar bears over time.” They explained to 
the students that they should put all components of the natural selection model into their 
program procedures and then use their simulations to examine whether a group of brown 
ancestral bears would evolve into a group of white descendent bears (polar bears) over 
time. All students successfully constructed their simulation in this round with guidance 
from the instructors. In the second programming round, students were free to select the 
adaptation scenario in which they were most interested. For example, a group of students 
decided to simulate the adaptation of butterfly coloration. They redefined a computa-
tional model previously not available. Finally, we classified eleven of 108 studies as 
“Other”, because most of them are theoretical studies that could not be associated with 
any of the four levels.

4.4. Instructional Strategies

To answer RQ2, we analyzed the instructional strategies (Fig. 5) and technologies/tools 
(Fig. 7). Some papers have used more than one instructional strategy or tool.

Experiential learning (25) and problem-based learning (24) are the most frequently 
used strategies. Examples of experiential learning strategy include: students created their 
own electric circuits with Arduino (Kafai et al., 2014); students weaved with a loom and 
coded similar patterns with Scratch (Lee and Vincent, 2019); many CT related hands-on 
topics (plant irrigation or reading distance alarm) were taught in STEM education (So, 
2018); teachers were encouraged to create learning activities that allowed students to 
practice coding (Dong et al., 2019); students independently experimented with a robot 
and a visual programming environment to gain hands on learning experience in the 
STEM concepts (Krishnamoorthy and Kapila, 2016).

Out of 108 reviewed studies, 24 studies used a problem-based learning strategy 
include examples of students who focused on the development of understanding for 
fundamental circuitry and programming by using wearable textiles (Nugent et al., 
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2019); a basic framework was proposed for sequencing structure for learning and 
problem-solving activities in circuit activities and electricity models by using Net-
Logo tool (Jacobson et al., 2015); students were familiarized with programming then 
students were guided through social problem solving framework to identify issues that 
affected them and they produced an app related to the problem by using App Inventor 
(Noushad et al., 2017).

Eighteen studies used a collaborative learning strategy and nine of them also used it 
in conjunction with experiential learning. Seventeen studies used a game-based learning 
strategy, usually being based on game-making activities for improving subject related 
and CT related LO’s. Fourteen studies used a direct instruction strategy partially, mean-
ing that the direct instruction strategy was not used exclusively in any reviewed study. 
Direct instruction was only used together with other teaching strategies. For example, 
teachers’ presentations, hands on activities, students’ presentations, problem solving ac-
tivities were used together for teaching physics of flight, aircraft controls and unmanned 
aerial systems via programmable robots (Khan and Aji, 2018); teachers applied teaching 
and didactic activities to activate previous knowledge of students and help students with 
difficulties in the development of each activity, teachers also created game samples, 
generated mathematical problems, and stimulated the competences of students (Lévano 
et al., 2016).

A modeling-based learning strategy was used in fourteen studies (they were ex-
plained in detail in 4.4.1). Eight studies used design-based learning and in five of 
them it is related to game design (Garneli and Chorianopoulos, 2018; Harrison et al., 
2018; Ke, 2014; Kong and Li, 2016; I. Lee et al., 2011). Use-modify-create model 

Fig. 5. Instructional strategies in CT integration studies.
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was used in six of studies (Baek et al., 2019; Israel and Lash, 2019; I. Lee et al., 
2011; Lytle et al., 2019; Malyn-Smith et al., 2018; Musaeus and Musaeus, 2019), five 
of them were science related subject, and only one study is related to mathematic. A 
project-based learning strategy was used in six studies to teach LO’s related to CT and 
subject (Almeida et al., 2018; Fronza et al., 2016; Koh et al., 2013; Sáez-López et al., 
2016; Urban, 2015; Yu and Guo, 2018). The instructional strategy of six studies was 
based on authentic learning (Amador and Soule, 2015; Noushad et al., 2017; Orton 
et al., 2016; Parker, 2012; Towhidnejad et al., 2014; Yu and Guo, 2018). Scaffolding 
strategy/approach were used in five studies explicitly (Basu et al., 2016, 2018; Cateté 
et al., 2018; Freudenthal et al., 2013; Hammond et al., 2019). An inquiry-based learn-An inquiry-based learn-
ing strategy was applied in five studies (Aaron et al., 2017; Burgett et al., 2015; Peel 
et al., 2015; Wagh et al., 2017; Yu and Guo, 2018). Among the reviewed studies, there 
were four different instructional frameworks. These are the EIMA instructional frame-
work (Lehmkuhl-Dakhwe, 2019), the 5E learning model (Cakir and Guven, 2019), 
the 4C framework (Pinto-Llorente et al., 2018) and Zones of Proximal Flow strategy 
(Basawapatna et al., 2013).

In Table 4, we presented sample studies related to the teaching of CT practices, 
and in this section, we have explored in more detail the instructional strategies used to 
teach different CT learning objectives (concepts, practices, perspectives) (Fig. 6). It is 
observed that reviewed studies preferred to use different type of instructional strategies 
to teach different type of CT learning objectives. As seen in Fig. 6, partially “new and 
innovative teaching approaches” such as use-modify-create (83%), modeling-based 
learning (79%), inquiry-based learning (60%) were mostly used in teaching CT prac-
tices which focus on problem solving skills (such as abstraction, decomposition, algo-

Fig. 6. Percentages of Instructional Strategies Used to Teach Different CT Goals.
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rithmic thinking, evaluation and generalization etc.). On the other hand, better-known 
and more traditional teaching methods such as direct instruction (64%), project -based 
learning (67%), etc. were mostly used to teach CT concepts which focus on program-
ming knowledge (such as sequences, loops, events, conditionals etc.), since probably 
teachers are already familiar with these instructional approaches. In addition, it is seen 
that subject teachers mostly use exploratory learning (75%) while teaching CT con-
cepts, and it brings to mind the idea that the lack of programming/CT knowledge of 
teachers can affect their instructional strategy choices.

4.4.1. Instructional Strategies Used in Higher Transformation Level CT Integration

In order to understand higher-level CT integration practices, we investigated the trans-
formation level CT integration studies (Fig. 2) which mainly focus on problem-solving 
process (CT Practices) instead of programming concepts. We examined the instructional 
strategies and approaches of 26 study in this category.

Out of 26 studies, more than half of them (16) used “model-based learning” or “use-
modify-create approach (UMC)” to teach CT integrated subject goals. While teaching 
domain subject (kinematics, ecology, epidemic diseases, etc.) students engaged in model 
building, simulation, model checking and verification activities (Basu et al., 2017; Ca-
teté et al., 2018; Hutchins et al., 2018; Louca et al., 2011). First, students read domain 
specific sources, summarized them and found common/different properties of data (ab-
straction), and second, students observed the model behavior in the form of simulations 
to explore the deep domain specific problems such as effect of environmental factors 
on disease spread or ion transport across a cell membrane and then modify or create 
their own models. Model-based learning is usually combined with UMC approach and 
students build CT and content knowledge by using, modifying, and creating code in 
the models (I. Lee et al., 2011; Lytle et al., 2019; Malyn-Smith et al., 2018; Musaeus 
and Musaeus, 2019). From the perspective of the teacher’s role, subject teachers taught 
unplugged activities related with the domain and for plugged activities, the research 
team aided in terms of technology/CT to help the teacher (Cateté et al., 2018), teachers 
were trained on the plugged materials (Lytle et al., 2019) or research team developed 
the plugged materials (models/simulations/ games) by themselves in collaboration with 
subject teachers (Basu et al., 2017).

Out of 26 studies, almost half of them (12) used “scaffolding approach” together with 
other instructional strategies to deal with the open-ended nature of learning environ-
ment which makes it hard for students to interpret all data and achieve the learning 
goals (Basu et al., 2016, 2017, 2018; Hammond et al., 2019; Lytle et al., 2019). To 
address this challenge, the scaffolding approach is an effective instructional approach 
that involves providing support to learners as they work on CT tasks that are initially 
beyond their current level of understanding/skill. They used different scaffolding ap-
proaches such as breaking down tasks, providing examples, guided practice and feed-
back. For example, in a language arts lesson, students were supported with a structured 
template to analyze a poem using CT practices such as decomposition, pattern recog-
nition, and abstraction. The template included prompts such as “Identify the repeating 
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patterns in the poem,” “Break down the poem into its individual components,” and 
“Identify the overarching themes and concepts present in the poem.”(Nesiba et al., 
2015). Also, modeling-based learning was used together with the scaffolding teaching 
approach to teach the epidemics curriculum focused on modeling the spread of epi-
demic diseases such as the flu by using modeling tools such as Cellular (Cateté et al., 
2018). Additionally, in one of the reviewed experimental studies, it’s found that stu-
dents who received scaffolding built more accurate models, used modeling strategies 
effectively, adopted more useful modeling behaviors, showed a better understanding 
of important science and CT concepts, and transferred their modeling skills better to 
new scenarios (Basu et al., 2017).

Out of 26 studies, nine of these transformation level CT integrated studies used “col-
laborative learning” explicitly and encouraged collaboration among students to support 
each other’s learning. Peer support was used to help the students with different level of 
understanding on CT, as students can share their understanding and skills with each oth-
er. For example, in a geography class, students were involved in a scaffolded geocache 
game, in which students must solve a problem (locating the assigned targets) by using 
the tools (GPS unit, list of targets’ coordinates, and their own geospatial understandings 
and orientation) to reach a win state (completing the target and arriving at the correct 
finish point) and students were encouraged to peer-to-peer collaboration to support each 
other’s learning, and they were advised to decompose the task by having one student fo-
cus on latitude and the other focus on longitude (Hammond et al., 2019). Musaeus et al. 
(2019) described that agent-based modeling is a valuable way for students to learn CT in 
different subjects, and furthermore students worked in pairs to support peer-to-peer col-
laboration. In another study, students worked in groups to develop their models, which 
subsequently underwent a whole class collaborative evaluation two or three times. From 
those evaluations, students took ideas about how to improve their models and went back 
to their small groups to implement the desired changes (Louca et al., 2011).

4.5. Technologies and Tools

To answer RQ2, we analyzed the technologies and tools used in the reviewed stud-
ies (Fig. 7). From the 108 papers, we identified the most frequently used technology 
category as block-based programming (BBP) tools with 57 papers in total. Two main 
block-based programming tools are Scratch (34) and App Inventor (8) in this review 
study. Other BBP tools used were: Alice (2), Blockly (2), Snap (2), TurtleArt (1), 
Stagecast Creator (1), Looking Glass (1) and six studies reported as BBP/ visual pro-
gramming without specifying any tool. Physical devices/ robotics (27) are the second 
most frequently used tools. Six of the studies reported Arduino as technology used and 
another six of them reported Lego. Seven studies reported robotics without specifying 
any tool. The other eight studies included different physical devices such as a GPS 
unit, Kinect, e-textiles, Makey Makey, graphic calculator, Ozobots, sphero robotic 
ball and a robotic puppet. We observe that text-based programming (TBP) tools are 
not commonly used in the CT embedded studies. We found only ten studies using text-
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based programming tools. These are Logo (4), Python (2), HTML/CSS (1), Sonic Pi 
(1) and studies reported as TBP without specifying any tool (2). Eleven of CT studies 
used modeling tools for CT embedding: NetLogo (5) and StarLogo (3), Cellular (2) 
and SURGE Gameblox (1). Eleven studies used games (e.g., video games, puzzles 
etc.). Ten studies were classified as “unplugged” and 19 as “various”. Some example 
tools in the “various” category are Google Documents, Spreadsheets and ToonDoo, 
and the new platforms such as Moral machine platform (MIT), CTSIM, C2STEM, 
DISSECT (Folk et al., 2015).

We also analyzed the frequency of the use of specific technologies for particular age 
groups (Fig. 8). Results show that the block-based programming is the most popular 
technology/tool used by all target groups except preschool. The largest group was sec-

Fig. 8. The relationship between age and technology/tool.

Fig. 7. Frequency of Technologies/Tools in CT studies.
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ondary school students, followed by primary school students and adults. We observed 
that the text-based languages, which are thought to be more difficult to learn, were also 
used by primary school students.

4.6. Assessment Strategies

To answer RQ3, we analyzed the assessment strategies. Eighteen of the 108 papers did not 
report any assessment instruments. Only six of the 108 papers explicitly report perform-
ing an assessment of CT in the integrated lessons, it refers to the overall approach used 
to evaluate student learning. The other 84 papers reported using assessment instruments 
for the purpose of data collection. A number of papers reported using more than one 
instrument, resulting in a total of 186 instruments (Fig. 10). Fig. 9 presents the numbers 
of studies reporting assessment for programming comprehension and CT skills, subject 
related goals, and attitude and satisfaction – as well as numbers of combinations of any 
two of these goals and all three of them – regarding a total of 80 studies. Finally, Table 5 
presents the numbers of assessment instruments encountered per assessment goal.

Formative and summative assessment: Apart from data collection instruments, only 
six of the reviewed papers explicitly report performing assessment of CT in the inte-
grated lessons. Basu et al.(2015) developed a modeling-based learning environment fo-

Table 5
Numbers of assessment instruments per assessment goal

Tests 
(Quizzes, 
surveys)

Performance 
Tasks (Homework, 
projects, portfolios)

Self-Assessment (Self-
reflection, interviews, 
observations)

Assessment 
rubrics

Automated 
Assessment

Programming 
Comprehension/CT skills

26 27 29 7 4

Subject related objectives 26 24 28 6 1

Attitude/Satisfaction 21   0 14 2 0

Others   9   4 27 1 0

Fig. 9. Number of studies per assessment goal  
(ATT: Attitude, SUB: Subject related, PRO: Programming/CT related).
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cused on specific science topics, and accompanying multiple choice quizzes to test the 
learning of these science concepts and CT skills. Then, they developed a collaborative 
learning-by-modeling environment for high school physics classrooms and accompany-
ing rubrics to assess the synergistic learning of physics and CT concepts and practices 
through observations and analysis of students’ projects in addition to multiple choice 
quizzes. They provide students with formative assessments tasks too (Hutchins et al., 
2018). Nesiba et al. (2015) used surveys to evaluate students’ understanding of CT 
concepts after a lesson unit integrating teaching of CT and English literature. Louca 
et al. (2011) constructed a framework to analyze and evaluate subject related concepts 
and CT aspects of computational models of physics phenomena constructed by students. 
Grgurina et al. (2018) provide a generic practical assignment and accompanying 
rubrics based on SOLO taxonomy (Biggs and Tang, 2011) to assess the development 
and use of agent-based models of phenomena from various disciplines within secondary 
education CS course. Finally, So (2018) reports assessing the projects made by primary 
teachers where they use microcontrollers for STEM experience; however no details of 
the assessment are provided. Finally, it can be summarized that multiple forms of assess-
ment (including tests, performance tasks, observations, rubrics, surveys etc.) were used 
together to assess multiple dimensions of CT and it helps to provide a more comprehen-
sive picture of students’ learning.

Programming comprehension and CT skills: 55 studies with 93 data sources focus on 
the assessment of the learning of these skills. In 29 instances, assessment is based 
on observations, interviews, self-reported reflection or other sources, sometimes in 
combination with each other or with the analysis of projects or portfolios. These forms 
of assessment are used, for example, to “elicit student thinking processes when ap-
proaching an assigned problem” (Cateté et al., 2018), for the analysis of moments of 
notice (Hadad et al., 2020), to have learners themselves describe what they had learned 
(Klopfer et al., 2009), to observes the participants engagement with the design process 
and their reflection upon it (Litts et al., 2017), or to examine teachers’ views on integra-

Fig. 10. Number of assessment instruments combination of assessment goals.
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tion of CT (Rich et al., 2019; Yadav et al., 2018). Secondly, in 27 instances, courses 
used performance tasks (including homework/assignments, projects or portfolios). 
Examples include a debugging assignment (Kafai et al., 2014) or just a suggestion 
for an assignment (Kong and Li, 2016); projects where, for example, the functionality 
of mobile apps produced by students was checked (Noushad et al., 2017) or to assess 
both students’ learning and the effectiveness of the project itself (Urban, 2015). Finally, 
this assessment goal includes 26 instances of tests (including quizzes and surveys): 
for example, to assess the learning of CT concepts (Burgett et al., 2015; Rodríguez-
Martínez et al., 2020), through e.g. examination of algorithms generated by students 
(Basu et al., 2015) or having students report their improvement in programming skills 
themselves (Giordano and Maiorana, 2013).

Subject matter skills: 52 studies used 85 data sources to examine the gains in learning 
of the subject matter. Twenty-six of these data sources were quizzes and surveys, for 
example to assess the mathematical abilities, spatial awareness and working memory 
(Messer et al., 2018), or to test how students use and understand models (Musaeus and 
Musaeus, 2019). Eleven of these studies report using multiple choice questions to test a 
single science concept (Basu et al., 2015), coordinate graphing, spatial skills, and func-
tions (Friend et al., 2018) or English reading (Nesiba et al., 2015). Nineteen of these 
studies report using open-ended questions: for example, to test the “understanding of 
science concepts and CT skills as well as the ability to solve problems by combining 
multiple fundamental concepts” (Basu et al., 2015), or to assess geometry learning 
(Förster et al., 2018).

There were twenty-four cases of performance tasks (including assignments, proj-
ect and portfolios) reported. They were assessed, for example, by evaluating the mod-
els (Louca et al., 2011); through the use of Bag of Words using a “vector-distance met-
ric to measure the dissimilarity between a student’s model and the expert model” (Basu 
et al., 2015); field observations, video recordings, artifact analysis and interviews (Q. 
Burke, 2012); self-reported reflection in the form of science diaries (Cakir and Guven, 
2019); day summaries (Harrison et al., 2018); students’ notes (Leonard et al., 2015); 
student-generated diagrams and handwritten comments (Litts et al., 2017); or students’ 
experiences during lessons (Peel and Friedrichsen, 2018); through debugging assign-
ments (Kafai et al., 2014) or evaluation of written essays (Nesiba et al., 2015). In one 
case, an observation of a group discussion was used to assess the gains in learning of 
subject matter (Leonard et al., 2015). To assess the gains in learning of subject matter, 
rubrics were used five times (Cakir and Guven, 2019; Chang, 2019; Grgurina et al., 
2018; Hutchins et al., 2018; Terwilliger et al., 2019); and an automated CT assess-
ment tool once to assess not only the gains in learning of subject matter, but program 
comprehension and CT skills as well (Q. Burke, 2012).

Subject matter skills in combination with program comprehension and CT skills: 41 
studies examine both the gains in learning of subject matter skills and the learning of 
CT skills or program comprehension (Basu et al., 2015; Cateté et al., 2018; Chang, 
2019; Dong et al., 2019; Grgurina et al., 2018; Harrison et al., 2018; Hickmott et al., 
2018; Israel and Lash, 2019; Jaipal-Jamani and Angeli, 2017; Jenkins, 2015; Kafai 
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et al., 2014; Ke, 2014; Klopfer et al., 2009; Lai and Lai, 2012; Leonard et al., 2015; 
Litts et al., 2017; Louca et al., 2011; Merkouris and Chorianopoulos, 2018; Miller, 
2019; Moreno-León and Robles, 2016; Musaeus and Musaeus, 2019; Nesiba et al., 
2015; Nugent et al., 2019; Orton et al., 2016; Pardo, 2018; Peel and Friedrichsen, 
2018; Rich et al., 2019; Rodríguez-Martínez et al., 2020; Swanson et al., 2018; Ter-
williger et al., 2019; Towhidnejad et al., 2014; Urban, 2015; Valentine, 2018; Wagh 
et al., 2017; Weitze, 2017; Xiang and Passmore, 2015; Yadav et al., 2018; Yu and 
Guo, 2018).

Attitude and satisfaction: Twenty-nine studies used 37 assessment instruments to exam-
ine the attitude and satisfaction of the study participants. Examples include exploring 
(increased) interest in and perception of STEM and CS (Burgett et al., 2015; Kafai 
et al., 2014; Urban, 2015) and interest to pursue a CS degree (Jawad et al., 2018); 
affective aspects such as enjoyment in the activity (Djurdjevic-Pahl et al., 2016), mo-
tivation (Lévano et al., 2016; Nugent et al., 2009), ownership (Lytle et al., 2019), 
perceived confidence (Lehmkuhl-Dakhwe, 2019; Wolz et al., 2011) and difficulties 
(Almeida et al., 2018); and finally, the attitude toward the camp they participated in 
(Khan and Aji, 2018). Regarding the attitude and satisfaction of the teachers, they were 
asked about their difficulties (Lytle et al., 2019), attitude on CT in teaching their (other) 
discipline (Gadanidis et al., 2017) and the quality of the teaching program (Liu et al., 
2014). Seven studies report measuring the combination of learning gains in subject 
matter, programming comprehension and CT skills, and attitude and satisfaction as well 
(Q. Burke, 2012; Kafai et al., 2014; Ke, 2014; Nugent et al., 2009, 2019; Orton et al., 
2016; Urban, 2015). 

Other aspects: Thirty-four studies report measuring other aspects, for example beliefs 
and practices within the project (Aaron et al., 2017), reflection and feedback on user 
interface or teaching materials (Akbar et al., 2018; Cateté et al., 2018), personal expe-
riences and reflections (Boulden et al., 2018), evaluation of lesson plans (Dong et al., 
2019; Israel and Lash, 2019), assessing collaboration (Fields et al., 2015), working 
memory (Messer et al., 2018), teachers’ perspectives on integration of CT (Rich et al., 
2019; Yadav et al., 2018) and teachers’ experiences during lessons (Peel and Friedrich-
sen, 2018; Urban, 2015; Yu and Guo, 2018). Ten of these studies report measuring these 
other aspects exclusively (Akbar et al., 2018; Boulden et al., 2018; Folgieri et al., 2019; 
Freudenthal et al., 2013; Gadanidis, 2017; Goncharenko et al., 2019; Hestness et al., 
2018; Israel et al., 2015; V. R. Lee and Vincent, 2019).

4.7. Educational Stages of Participants

To answer RQ4, we analyzed educational stages of participants (Fig. 11). Fifty-eight 
(45%) of the papers have participants in secondary school level; 43 (34%) of the pa-
pers have participants in primary school level. Adults were involved in 25 of 108 studies 
(19%), and although adults are mostly teachers, there are also studies with experts and ad-
ministrators. The most frequently included target audience grades in the CT context stud-
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ies are the last grades of primary school / Grade 5–6 (28) and the first grades of secondary 
school/ Grade 7–8 students (23). The least frequently mentioned grades of participants for 
CT integration studies are preschool (2) and the last grades of secondary school /Grade 
11–12 (6). In four studies, only primary school level (P1&2) was stated and no grade or 
age was specified. Similarly, in 16 studies only secondary school level (S1&2&3) was 
cited, no grade/age was specified. Finally, in 4 studies, only K-12 level was cited. 

4.8. Research Methodology and Sample Size

To answer RQ5, we analyzed the research methods (Fig. 12) and scales of the papers 
(Fig. 13). Out of the 108 studies reviewed, we categorized 39 studies as a case study. 
Common examples of case studies are teachers’/students’ experiences with CT inte-
gration to different subjects (Basu et al., 2018; Parker, 2012; Yadav et al., 2018) or a 

Fig. 11. Educational stages of participants.

Fig. 12. Frequency of research methods.

Fig. 13. Sample size of studies.
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description of CT integrated a new workshop/course/activity (Cakir and Guven, 2019; 
Fronza et al., 2016; Pardo, 2018; So, 2018). Observations (Cateté et al., 2018; Hadad 
et al., 2020), interviews (Boulden et al., 2018; Rich et al., 2019; Wagh et al., 2017) and 
artifact analyses (Chang, 2019; Dong et al., 2019; Litts et al., 2017) were the main data 
collections forms in these qualitative studies.

We categorized nineteen studies as experimental and quasi-experimental studies; an 
intervention was implied in these studies and the most common experimental design 
found were time-series experiments (within group designs) in CT integration studies. 
For example, Jaipal-Jamani and Angeli (2017) explore the effect of robotics on elemen-
tary preservice teachers’ CT skills by implementing one group pre-test post-test design 
in their experimental study. In quantitative designs, researchers collect data related to 
“performance of the CT/Subject” or “attitude towards CT” or “CT self-efficacy” by 
using achievement tests, questionnaires or checklists (Messer et al., 2018; Pires et al., 
2019; Rodríguez-Martínez et al., 2020; Wolz et al., 2011).

We categorized twenty-four studies as combined research design: mixed method 
(6) and action research (18) designs were conducted in these studies. Sixteen theoreti-
cal studies contain new or established abstract principles related to a specific field of 
knowledge. They do not contain research or present experimental data. For example, 
Lehmkuhl-Dakhwe (2019) suggest an instructional framework for integrating comput-
ing into science context in 4th–12th grades. Similarly, Ragonis (2018) describe an aca-
demic course for pre-service teachers for facilitating their students’ learning CT process 
in the context of their own discipline. In another theoretical study, Weintrop et al. (2016) 
proposed a definition of CT for mathematics and science in the form of a specified tax-
onomy. A model for CT integration in third grade geography lesson was suggested by 
Hammond et al. (2019). Noa (2018) developed CT integrated course content and lesson 
materials particularly for K-12. Greenberg (2017) provided a theoretical information to 
applying the Pythagorean Theorem to robot building.

Out of the 108 studies, six are literature review studies related to CT integration: 
Scratch tools for teaching physics (Lopez and Hernandez, 2015); robotic kits for learn-
ing STEM disciplines (Sullivan and Heffernan, 2016); games for integrating CT into 
science (Clark and Sengupta, 2019); integrating CT with a Music context (Bell and Bell, 
2018); CT for US Common Core Standards in language, art and mathematics context 
(Mensing et al., 2013); and a systematic review of CT in secondary education (Lock-
wood and Mooney, 2017).

Regarding the sample size (scales) of papers, 43 papers included less than 30 par-
ticipants (small scale), 27 papers included between 31 and 100 participants (medium 
scale), and 22 papers include more than 100 participants (large scale). 16 papers did not 
mention the sample size (Fig. 13).

4.9. Effectiveness of CT Integration Studies

To answer RQ6, we analyzed the effectiveness of 12 experimental and quasi-experimen-
tal studies in this section (Table 6), as follows:
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Almost all experimental studies compared the effect of different media/technolo- ●
gy on CT and the subject knowledge of students (such as “simulation versus video 
game” or “Scratch versus unplugged”). Further, some of them investigate whether 
there are differences between CT integrated lessons (using active learning strate-
gies such as project-based learning with specified media such as Scratch) and 
traditional lessons (not specified as instructional strategies or media). The effect 
of the two different instructional strategy was compared in only one experimental 
study (use-modify-create versus create-create-create).
Half of the studies (6) are small-scale studies where the number of students in the  ●
experimental group (EG) is less than 30, the average number of participants in EG 
is around 15–18. Almost all studies (10 out of 12) were conducted with students 
in the middle school grades (5th–8th). There is only one experimental study with 
12th grade students (Table 6). Experimental studies with early elementary and 
high school students are absent.
No experimental studies on social sciences have been found. Except for three  ●
language arts and one art history study, other studies (8) are related to science or 
mathematics subjects.
Almost all of the studies (10) have set learning goals related to both CT concepts  ●
and CT practices (modeling, logical thinking, debugging, abstraction, decomposi-
tion, etc.).
As an assessment tool, CT knowledge and subject knowledge were measured us- ●
ing pretests and posttests consisting of multiple-choice questions. In addition, 
some studies include variables such as motivation, attitude, or perceived difficulty 
measured by questionnaires and observations.
The students in the experimental groups generally made better progress in terms  ●
of CT knowledge, subject knowledge, and motivation compared to the control 
groups (traditional education) in studies where CT was integrated into subject 
content using different technologies. In only one study (scratch vs. unplugged) 
(Rodríguez-Martínez et al., 2020), there was no significant difference between the 
EG and CG in terms of CT.

5. Conclusion and Discussion

This section presents the key findings and discussion from the analysis of 108 papers 
published between 2006 and 2019, focusing on the integration of computational think-
ing in non-computing school subjects. The research questions addressed various aspects, 
including learning objectives and CT integration levels, instructional strategies and tech-
nologies/tools used, assessment strategies, educational stages of participants involved, 
research methodologies, and the effectiveness of CT integration.
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5.1. Learning Objectives and CT Integration Levels

With regard to RQ1, the findings reveal that science subjects and especially math-
ematics dominate the integration of CT, with arts and humanities catching up in re-
cent years. This indicates a growing interest in integrating CT into a broader range 
of disciplines. However, there is a need to develop more mature CT integration prac-
tices in other subjects. Notably, mathematics, including geometry, appeared to have a 
strong association with CT, likely due to the affinity between mathematical thinking 
and computational thinking, such as problem-solving, logical reasoning, and inno-
vative thinking ability (Kallia et al., 2021). Additionally, the early development of 
educational STEM activities that combined programming, computational modeling, 
and mathematics (Rodríguez-Martínez et al., 2020) might have contributed to this 
prevalence. The advent of physical devices like the Arduino platform and block-based 
programming tools further bolstered the integration of CT in mathematics and science 
classrooms. Encouragingly, we observed a growing trend of CT integration in arts, 
humanities, and social studies, indicating a broader interest in extending CT to diverse 
disciplines. The successful integration of CT into social studies and other disciplines 
can improve the curriculum while also verifying Wing’s argument that CT is every-
where and for everyone.

While examining the timeline of CT integration studies, we noted that the first papers 
on CT integration into non-computing subjects were published in 2009, three years after 
Wing’s seminal paper introducing computational thinking (Wing, 2006). This suggests 
that the field of CT integration studies might have initially lagged behind CT studies in 
general. However, this gap has been closing over time, with an increasing number of 
publications on the subject. This trend aligns with the concept that CT is best learned in 
context (Grover, 2018), integrated into class subjects. Moreover, the emerging studies 
provide substantial evidence of the potential benefits of CT integration and its positive 
impact on curriculum enhancement.

An essential observation pertains to the specific focus of CT learning objectives 
in the reviewed studies. The prominence of studies emphasizing programming con-
cepts alone indicates a preference for the technical aspects of CT rather than broader 
skills related to problem-solving processes and perspectives on the technology world. 
However, when examining science subjects, we noticed a greater emphasis on teach-
ing both concepts and practices related to CT. This might indicate a higher level of 
maturity in the integration of CT within science disciplines. Additionally, the preva-
lence of assessment tools that primarily focus on computational concepts, overlooking 
practices and perspectives, further reinforces the need for a more holistic approach to 
CT assessment.

When analyzing the integration levels of CT studies, we found that a significant por-
tion (40%) of them remained at the substitution level, where CT concepts were merely 
mentioned without direct engagement with subject-related objectives or CT practices 
and perspectives. This could suggest that the field of CT integration is still relatively 
immature, and there is a room for growth and development. Encouragingly, some stud-
ies reached the redefinition level, the highest stage of integration, allowing students to 
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create their computational products or solutions to address subject-related or real-world 
problems. The new CT integration model with different CT integration levels through 
different integration perspectives (Malyn-Smith et al., 2018; Tress et al., 2005; Water-
man et al., 2020; Weintrop et al., 2016) might help to develop higher transformation 
level (redefinition) integrated lessons in the future studies.

5.2. Instructional Strategies and Technologies/Tools

In relation to RQ2, the analysis of instructional strategies highlights the prevalence of 
experiential learning, problem-based learning, and collaborative learning, which align 
well with the constructivist and active learning approaches. Our results appear consis-
tent with Hsu et al. (2018) who reported a meta-review for CT studies for 2006–2017 
and found the most frequently used instructional strategies as project-based learning, 
problem-based learning and collaborative learning for CT instruction. 

Notably, more than half of the higher transformation level CT integration studies 
employed model-based learning and use-modify-create approaches to teach CT inte-
grated subject goals. These approaches involved students in model building, simula-
tion, model checking, and verification activities, fostering a deeper understanding of 
both CT and the subject matter. Additionally, scaffolding and collaborative learning 
were frequently used alongside other instructional strategies to support students in the 
open-ended learning environments. These strategies appeared particularly beneficial 
in addressing the complexities of CT integration into non-CS subjects. These results 
might provide useful guidance for designing effective instructional practices to inte-
grate CT into non-CS subjects.

An important observation relates to subject teachers’ self-efficacy in program-
ming, which seemed to influence their instructional strategy choices. The prevalence 
of exploratory learning approaches, particularly in teaching CT concepts, might reflect 
teachers’ comfort with encouraging students to experiment with the learning process 
independently. This underscores the significance of providing professional develop-
ment programs to support non-CS subject teachers in developing their understanding 
of computational thinking and effective integration practices. In the literature, several 
studies have shown that subject teachers often lack the required knowledge and skills 
to integrate CT effectively into their curriculum (Yadav et al., 2016). Therefore, profes-
sional development programs are essential to help teachers gain the necessary knowl-
edge and skills (Grover and Pea, 2018).

In recent years, from 2017 to 2019, the adoption of 18 different learning strategies 
for CT integration indicates an increasing interest in exploring diverse approaches to 
enhance students’ performance in both subject-related and CT-related areas. Notably, 
efforts to develop CT-specific instructional frameworks and strategies, such as the Use-
Modify-Create strategy (Lytle et al., 2019), EIMA instructional framework (Lehmkuhl-
Dakhwe, 2019), the 5E learning model (Cakir and Guven, 2019), the 4C framework 
(Pinto-Llorente et al., 2018), demonstrate a growing commitment to refining and inno-
vating instructional practices.
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The analysis of technologies and tools used in CT integration studies revealed a 
prevalence of block-based programming and physical devices (including robotics). The 
popularity of block-based programming can be attributed to its user-friendliness and af-
fordability, making it accessible to learners with varying levels of programming experi-
ence. The visual nature of block-based languages also attracts students by eliminating 
the need to focus on syntax, thereby promoting engagement and creativity, alongside 
promoting and developing CT (Kafai, 2016; Wei et al., 2021). Additionally, modeling 
tools emerged as the third most frequently used category in secondary education, sug-
gesting the positive contribution of CT to learning specific disciplinary concepts (Gr-
gurina et al., 2018).

Surprisingly, unplugged activities and text-based programming languages were used 
less frequently than block-based programming and physical devices. The limited use of 
text-based languages might be attributed to perceived complexity due to syntax rules. 
However, the development of easy-to-learn text-based gradual programming languages, 
such as Hedy (2021), offers promising prospects for addressing this challenge. It is also 
important to highlight the increasing recognition of unplugged activities as valuable 
means for developing computational thinking skills in students, as evidenced in recent 
research studies (Kuo and Hsu, 2020).

5.3. Assessment Strategies

With regard to RQ3, although only six studies directly reported assessments as for-
mative or summative, most of the assessment stemmed from data collection methods, 
either qualitative or quantitative. This indicates the need for more dedicated efforts in 
developing standardized, valid, reliable and comprehensive measurement tools for as-
sessing CT skills comprehensively across different contexts and settings. The scarcity of 
such assessment tools makes it challenging to compare and evaluate students’ CT skills 
consistently. In a literature review about CT assessment (Poulakis and Politis, 2021) it 
was found that CT assessment faces unresolved issues, including the inability to cover 
all concepts and student age groups, the lack of scientific documentation and validation, 
and the dearth of tools to autonomously and efficiently assess CT. Furthermore, Tang 
et al. (2020) indicated that more reliability and validity evidence regarding CT assess-
ment tools needs to be collected and reported in the future studies.

Self-assessment tools, performance tasks, and tests/quizzes (in frequency order) were 
the most commonly used instruments for evaluating CT learning objectives. Self-as-
sessment, in particular, proved effective in assessing students’ CT skills by encouraging 
them to reflect on their abilities and application of CT skills (Brennan and Resnick, 
2012; Mendoza et al., 2016). Performance tasks involved students in applying CT 
skills to solve subject-related problems, promoting deeper engagement with the subject 
matter studies (Barr and Stephenson, 2011; Kafai and Burke, 2017). Tests and quizzes, 
often used as summative evaluation tools, focused on assessing students’ technical skills 
or conceptual understanding of CT. Similarly, Tang et al. (2020) found that traditional 
tests and performance assessments are often used to assess CT skills.
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While self-assessment, performance tasks, and tests/quizzes are valuable assessment 
tools, they alone may not provide a comprehensive evaluation of students’ computation-
al thinking skills. CT skills encompass multiple dimensions, such as problem-solving, 
algorithmic thinking, and abstraction, thus making comprehensive assessment challeng-
ing (Martins-Pacheco et al., 2019). The combination of different assessment and data 
collection methods was common in reviewed studies, aiming to present a more holistic 
picture of students’ learning outcomes.

In light of the assessment goals, it is evident that CT integration studies often do not 
focus on evaluating programming comprehension and CT skills, subject-related objec-
tives, or students’ attitude and satisfaction. A significant number of studies emphasized 
enhancing positive attitudes and satisfaction towards CT or STEM disciplines, in-
dicating the importance of fostering students’ motivation and interest in the field. How-
ever, the relative lack of emphasis on developing standardized and reliable assessment 
instruments for CT-related and subject-related learning objectives are indicative of the 
immaturity of this field of study and the need for greater focus on comprehensive assess-
ment practices.

5.4. Educational Stages of Participants

In relation to RQ4, looking at the student target groups in the reviewed studies, we see 
that while even preschool students are involved, the primary school students get a lot 
of attention, and secondary school students even more. There is a growing trend in the 
number of studies by starting with smaller age groups, a peak half way through K-12 
and then a decline towards the end of secondary education. The most frequently in-
cluded target audience in the CT integration studies are the last grades of primary school 
(Grade 5–6) and the first grades of secondary school (Grade 7–8). Another target group 
represented well – mentioned in 23% of the studies – consists of teachers, experts and 
administrators. They are the ones tasked with planning and implementing the teaching 
of the relatively new idea of CT in context.

5.5. Research Methodology and Sample Size

With regard to RQ5, we see that while the number of the papers is increasing rapidly, 
most of the research is still explorative and concerns small or medium scale studies. 
Almost half of the reviewed studies were labeled as small scale and were thus con-
ducted with less than 30 participants. In another review study related to CT integra-
tion in mathematics, it is indicated that there are also small-scale research designs on 
self-reported attitudes or beliefs (Hickmott et al., 2018). A large number of reviewed 
studies (67 out of 108) employ qualitative or mixed methods research design. There are 
relatively few theoretical studies which contain new or established abstract principles 
related to a CT integration field and they do not contain research or present experimen-
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tal data. Furthermore, there are only 19 experimental and quasi-experimental studies. 
To identify the cause and effect of hypothesis and determine more in-depth ideas, it is 
revealed that experimental studies regarding CT integration are absent.

5.6. Effectiveness of CT Integration Studies

In relation to RQ6, to understand the effectiveness of CT integration, we analyzed 
the results of experimental and quasi-experimental studies. We found that almost all 
experimental studies compared the effect of different media/technology on CT and the 
subject knowledge of students. Moreover, there is a lack of experimental studies which 
compare the effectiveness of various instructional strategies. In 1983, Clark published 
a meta-analysis that examined the influence of media on learning and according to 
him, the media/technology is not the message, it is merely vehicle whereby instruction 
is delivered and the influence comes from instructional strategies. So, it is considered 
that more experimental studies exploring the instructional strategies of CT integration 
are needed to contribute to the field. Additionally, the students in the experimental 
groups generally made better progress in terms of CT knowledge, subject knowledge, 
and motivation compared to the control groups (traditional education). In only one 
study (scratch vs. unplugged comparison) (Rodríguez-Martínez et al., 2020), there was 
no significant difference between the experimental and control groups in terms of CT 
knowledge. Furthermore, it is found that there is no reviewed experimental study re-
garding CT integration into social science subject.

5.7. Limitations of Research 

Conducting a systematic literature review is a rewarding endeavor as well as a huge 
undertaking. Conducting a SLR on CT is a race against time – the number of studies 
published keeps growing with increasing speed and the temptation to keep looking 
and adding new studies to the collection is always present. Therefore, we decided to 
draw a line at the end of 2019. (A number of papers have 2020 as the publication date 
due to being published online prior to appearing in print.) Another issue is the exercise 
in fine balance when deciding on search strategy. Authors could have used other ter-
minology than what we expected and we could have missed some papers. To counter 
that threat, after several trials and much deliberation, we decided to cast a wide net 
and find a large number of papers, reasoning that it was better to invest time in sift-
ing through a lot of papers than to risk missing the relevant ones. Finally, concerning 
the quality of the papers we found, we decided to include all of the papers that met 
our inclusion criteria. For a number of papers, we had to check whether the journals 
where they were published were really peer reviewed, and if that was the case, we 
included those papers. We decided to do so, because our priority lies with charting 
the full breadth of theory and practice of embedding CT in context, and by excluding 
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the papers not meeting the highest quality standards, we could have jeopardized that 
intention and that way compromised the objectivity of the selection process. Related 
to coding procedure, there might be potential discrepancies in the interpretation of in-
structional strategies/or research methodologies among the authors of different papers. 
We minimize discrepancies and ensure a unified understanding regarding the instruc-
tional approach/research method employed by (1) including peer-reviewed articles 
(peer review process help authors of reviewed papers to strive for a more consistent 
and comprehensive representation of their research method), (2) discussing the coding 
scheme to reach consensus among researchers, (3) seeking scientific literature to inter-
pret instructional strategies/research methods, and (4) providing references of chosen 
instructional strategies/methods.

6. Research Implications

Based on the findings of this study, considering the state of the field and identified 
gaps in the knowledge of how to embed CT in the school curriculum, we put forward 
the research implications for CT practitioners and some suggestions for future CT re-
searchers.

6.1. Research Implications for CT Practitioners

We made the following remarks as instructional design suggestions for CT integrated 
lessons to K-12 teachers, curriculum developers, school administrators and teacher 
educators.

To embed the learning of CT with the learning of subject matter successfully,  ●
more emphasis needs to be placed on the problem-solving aspect of CT. 40% of 
the reviewed studies focused on programming concepts as CT LO’s. By using 
problem-solving as the focus, more teachers might be motivated to embed sub-
components of computational thinking in their regular academic subjects (Yadav 
et al., 2016). While focusing on the problem-solving process it is important to (1) 
express the original problem in computational terms, (2) construct an executable 
computational solution and (3) interpret the computational solution in terms of the 
original subject matter (Kallia et al., 2021).
Higher transformation level (redefinition or modification) integrated CT lessons  ●
might allow students to create computational products/solutions to solve disci-
plinary related problems. The adapted CT Integration Model (Fig. 2) can provide 
different perspectives for teachers to see different CT integration levels through 
different integration perspectives (disciplinary approach, STEM integration, 
modeling etc.).
Our results support the need to form the content of the lesson cohesively with a  ●
clear storyline for embedding computing ideas and principles into the subject ar-
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eas. We observed that in some reviewed CT integration studies, clear instructional 
goals related to subject matter were absent, and instead, the subject matter was 
used as a motivation tool (Aaron et al., 2017). On the other hand, some reviewed 
studies missed defining CT goals of the lesson explicitly (Förster et al., 2018; 
Giordano and Maiorana, 2013). We believe that it is important to decide on/define 
how CT enhances the disciplinary learning, and how disciplinary learning uses/
employs/provides context for CT.
Employing various student-centered active learning strategies might help to en- ●
hance the integration of CT skills and subject skills. Problem-based learning, 
experiential learning and collaborative learning are most frequently used strate-
gies for CT integration into context (Fig. 5). These learning strategies allow 
learners to actively engage in authentic problem-solving tasks, apply compu-
tational strategies to solve these problems, and collaborate with others to build 
and share knowledge.
Model-based learning, use-modify-create, scaffolding approach and collabora- ●
tive learning were found to be effective in building higher transformation level 
integration of CT into context. In transformation level studies, teachers engaged 
students in model/simulation using, adapting, building and verification activities 
to deepen in the subject related goals/problems.
Open-ended nature of CT integrated learning environments might help to en- ●
gage students to develop several CT dispositions such as dealing with complex-
ity, persistence in working with open-ended problems, working with peers to 
achieve a common goal or solution. The scaffolding approach is an effective 
instructional approach by providing support to learners as they work on open-
ended nature of CT tasks, which used frequently in higher transformation level 
CT integration studies. For example, in social science context, while students 
are learning about different forms of government, teachers can scaffold CT skills 
by providing a comparison chart or graphic organizer that prompts students to 
analyze and compare the different forms of government based on criteria such 
as power distribution.
Focusing on unplugged activities and pedagogic aspects might help teachers to  ●
gain a deeper understanding of how computational thinking can be integrated 
into various subjects. However, based on the results, it is important to note that 
the focus of many reviewed experimental studies has been on the effectiveness 
of specific media or tools, such as block-based programming tools or physical 
devices, rather than on pedagogy itself. Specifically, it is important to shift the 
focus from viewing technology as a tool to viewing it as an integral part of the 
subject field, where its use is informed by a deeper understanding of the subject 
matter itself (Grover and Pea, 2018; Vallance and Towndrow, 2016). Addition-
ally, the unplugged activities provide an easier and less intimidating entry point 
to CT because it leverages students’ everyday language and makes explicit con-
nections between intuitive thinking and algorithm concepts. Understanding al-
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gorithmic logic before plugging in should help students and teachers feel more 
comfortable and confident (Peel et al., 2022).
Professional development programs can be structured to ensure that teachers ef- ●
fectively integrate computational thinking in their classrooms. It has been ob-
served that teachers’ pedagogical knowledge related to CT affects their teach-
ing strategies since teachers who tried to teach programming/CT concepts have 
directed students to learn by self-discovery, or used instructional strategies such 
as explorative learning (Fig. 6). Additionally, in many reviewed studies, subject 
teachers taught unplugged activities related to the domain and for plugged ac-
tivities, the research team aided the teacher for CT content (Cateté et al., 2018), 
teachers were trained on the plugged materials (Lytle et al., 2019). Other studies 
also suggested that many educators have inadequate knowledge about what CT 
skills are and a lack awareness of how these skills can be utilized in their class-
rooms (Yadav et al., 2016).
To evaluate multiple dimensions of CT, a skill might be required to use a com- ●
bination of various assessment methods together, including self-assessment, per-
formance-based assessments and tests (Table 5). This provides a more complete 
picture of students’ CT skills and can help mitigate some of the limitations of 
individual assessment methods (Margulieux et al., 2019). We believe that it is 
helpful to be aware of multiple forms of assessment to evaluate students’ products 
and progress toward subject-related and CT-related learning objectives. When stu-
dents engage in problem-solving activities to learn CT concepts and practices, it is 
important that the assessment aligns with the nature of this instructional approach. 
Rather than simply testing knowledge and the application of specific concepts, 
the assessment can focus on students’ ability to utilize the CT concepts learned 
in a problem-solving context. One potential tool that can serve this purpose is 
short tasks (e.g. Bebras challenge) (tailored to the specific subject/domain), which 
scaffolding problem-solving activities that require the application of CT skills 
(Dagiene and Dolgopolovas, 2022)
Automated assessment tools and rubrics might gain more attention to assessing  ●
CT skills. In the reviewed studies, automated assessment tools and rubrics are 
least preferable data collection tools for evaluating CT skills. We believed that it 
is crucial to increase the number of automated assessment tools to save time and 
provide more accurate and consistent assessments. On the other hand, assessing 
CT skills can be challenging because of the uniqueness of student solutions since 
there can be multiple valid solutions to a problem. To deal with this issue, it is 
recommended to use rubrics with clear criteria and examples to guide evaluators 
in assessing CT skills.
The recommendations regarding assessment are based on the data collection pro- ●
cedures of the studies, which is thought to be insufficient in providing a practi-
cal holistic perspective for teachers regarding assessment. It can be assumed that 
teachers need more practical solutions/approaches that they can use during the 
real lesson, apart from the research setting.
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6.2. Suggestions for CT Researchers

We make the following suggestions for future CT studies.
Across the entire curriculum (particularly social science, language arts, art etc.),  ●
there is an obvious need to identify the subject-related LO’s which can benefit 
from the embedding of CT. More than two-thirds of the reviewed studies include 
mathematics and science related LO’s and there is no reviewed experimental 
study on CT integration into social science subjects. We can get inspired by state-
of-the-art practices in industry and academia. It is important to provide more op-
portunities for embedding of CT into the social sciences, language arts and art 
subjects. Another intriguing and crucial subject that has to be addressed is how far 
CT integration can alter the subject related content of what is taught (curriculum), 
rather than how it is taught. 
Based on the results, the reviewed experimental studies mainly focused on the ef- ●
fectiveness of media/tool instead of instructional strategies. It is critical to conduct 
more experimental research on the comparison of different instructional strate-
gies to understand the effectiveness of different teaching approaches according 
to the cognitive ability of students with different age. Also, the duration and who 
conducted CT activities (teacher, IT coordinator, researcher) can be analyzed and 
these aspects can contribute to a more comprehensive understanding of effective 
CT integration in educational settings.
In the reviewed studies, assessment purpose of studies focused on the enhance- ●
ment of positive attitudes and satisfaction toward CS or STEM disciplines and 
there are very few studies focusing on the assessment of CT skills in the integrated 
courses. Therefore, there is a lack of evidence related to valid and reliable assess-
ment instruments for the assessment of learning gains regarding CT-related LO’s. 
There is a need to conduct more studies to develop valid and reliable holistic 
assessment instruments in order to assess all three aspects of CT (concepts, prac-
tices, perspectives).
One of the least frequently mentioned educational stages of participants for re- ●
viewed CT integration studies are the upper grades of secondary school. It is im-
portant to conduct research studies including students from the upper grades of 
secondary education since their curriculum is focusing on the in-depth study of a 
smaller number of disciplines. Their cognitive abilities also differ accordingly to 
other grades and it might be helpful to examine the adequate CT teaching strate-
gies for these grades.
Most of the research designs are still explorative (case studies) and concern small- ●
scale studies. There is a need to conduct large-scale and experimental research to 
understand more in-depth ideas regarding the cause-effect relations in the field of 
CT integration into context and help to generalize the findings to larger popula-
tions. Also, it is recommended to work on the development of solid theoretical 
underpinnings for embedding CT in other disciplines, both for specific school 
subjects and generic which apply across various disciplines.
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Overall, in industry and academia, any form of meaningful work, let alone cut- ●
ting-edge achievements, are unimaginable without the aid of specific software, for 
example, modeling, data analysis, machine learning, or simply for project man-
agement. Yet, while similar, simplified, and user-friendly software is increasingly 
available, its potential to help students improve their understanding of the subject 
matter is hardly ever reached. In light of these instructional design tips, we recom-
mend to modernize all aspects of curricula and to conduct the research necessary 
to facilitate essential changes and improvements.
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