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Abstract 

This study presents a 13-year (2006–2018) systematic literature review related to the way that computational thinking 
(CT) has grown in elementary level education students (K-6) with the intention to: (a) present an overview of the 
educational context/setting where CT has been implemented, (b) identify the learning context that CT is used in education, 
(c) highlight the ways of assessment/measurement of CT and present the learning outcomes for students who engage in 
CT educational activities. A set of criteria were specified to select appropriate studies for inclusion in the review. A 
thorough search in ten large electronic databases, meeting the inclusion criteria, revealed 53 studies on CT in primary 
education. The results of the study revealed a variety of educational and learning contexts that CT has been integrated. 
The majority of studies use the framework of programming for both plugged and unplugged activities in order to cultivate 
students’ CT-skills, while the main interest focuses on the subject of Computer Science and STEM field in general. 
However, teaching and learning issues on CT-concepts and skills, CT-measurement and the adoption of an established 
definition of CT remain a challenge. Based on the current findings, some recommendations and implications for future 
research are provided. 
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1. Introduction 

1.1. Defining Computational Thinking 

The concept behind Computational Thinking (CT) is not new; the best-known author is certainly Seymour Papert 
(1980) who fostered its development even in primary school children, although we have some precedents since the 1950s 
with the phrase ‘algorithmic thinking’. But the importance of the current debate both from a scientific and a policy (EUN, 
2015; MIUR, 2015) point of view actually originates from the seminal article by Jeannette Wing (2006). However, the 
development of CT in primary school is often confused with the coding process alone, which is actually the real 
programming activity, albeit using specific languages addressing younger people (the most famous is probably Scratch, 
developed by MIT). We may suppose that this is due to the prevalence in policy-making of the functionalistic paradigm 
(Dufva & Dufva, 2016), having the aim of promoting digital skills relevant to many career paths (European Commission, 
2016). 

But according to Wing’s intent, CT is actually a thinking skill, which refers to the way a computer scientist acts in 
solving problems, rather than merely to the ability to program a computer: ‘Conceptualizing, not programming. Computer 
science is not computer programming. Thinking like a computer scientist means more than being able to program a 
computer. It requires thinking at multiple levels of abstraction […]; a way that humans, not computers, think. 
Computational thinking is a way humans solve problems; it is not trying to get humans to think like computers. Computers 
are dull and boring; humans are clever and imaginative’ (Wing, 2006, p. 35)1. 

 
1 It is also true that in Wing’s paper there were some naivety, especially when she claimed that CT involves ‘understanding human behaviour, by 
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We have therefore to distinguish actions focused simply on computer science and programming constructs from the 
higher level thinking skills, more relevant from an educational perspective. Brennan and Resnick (2012), two of the 
Scratch authors, proposed an operational definition in which they discern ‘CT Concepts’ (‘sequences, loops, parallelism, 
events, conditionals, operators, and data’) from ‘CT practices’ that ‘focus on the process of thinking and learning, moving 
beyond what you are learning to how you are learning’ (Ivi, p. 7) (‘being incremental and iterative, testing and debugging, 
reusing and remixing, and abstracting and modularizing’) and ‘CT Perspectives’ (‘expressing, connecting, questioning’).  

Anderson (2016) makes a synthesis of several experiences, stating and formalizing a model in 5 major steps: 
‘decomposition, pattern recognition, abstraction, algorithmic design and evaluation’. This kind of definition relates CT 
mainly to a problem solving process, according to the Barr and Stephenson (2011) definition: ‘CT is an approach to 
solving problems in a way that can be implemented with a computer’ (Ivi, p. 115).  

We must therefore give a different role to the ‘testing and debugging’ practice, that is considered in many definitions 
(apart the definition from Brennan and Resnick that we have recalled, see also Grover and Pea [2012]). While 
decomposition, pattern recognition, abstraction and algorithmic design are mostly related to the program design rather 
than coding in the strict sense, and could also be developed with unplugged activities, ‘testing and debugging’ relates to 
the actual programming phase, taking advantage of the features of the computer to give immediate feedback to the 
learners’ actions, which can be useful in order to enhance self-regulatory skills (Trinchero, 2019). 

Another approach that is worth mentioning from an educational perspective is the one that sees computing as a creative 
human activity (Grover, Pea, 2012; Verborgh, 2013; Olimpo, 2017). Brennan and Resnick (2012), within their 
‘expressing’ CT perspective, state that ‘a computational thinker sees computation as a medium and thinks, “I can create.” 
and “I can express my ideas through this new medium”.’ (Ivi, p. 10). Dufva and Dufva (2016) link this issue to a specific 
paradigm of coding, the ‘postmodern’ one: ‘Creative coding allows artists to question and critique code and, at the same 
time, express themselves through code’ (Ivi, p. 105). 

This is the overall perspective we intend to adopt in this systematic review: as many policies strongly promote CT in 
primary school, it cannot be reduced to simple computer science skills nor should it lead children to think like computers, 
but rather, it should help them to develop higher level thinking abilities in order to correctly interact with digital 
technologies. 

1.2. A systematic review about Computational Thinking in primary education 

When Jeannette Wing first introduced the term ‘Computational Thinking’ in 2006, she also suggested that all the 
educational community had better contribute in students’ CT–skill acquisition. Since then, there have been many 
initiatives and attempts to introduce children of all educational levels to CT-concepts, by cultivating their CT-
competences during their learning of diverse subjects, not only STEM.  

To this end, it would have a great interest to investigate the various teaching approaches that have been implemented 
in the elementary and the secondary educational level with the intention to help students develop or assess various CT-
skills. Therefore, the aim of this paper is to review the CT-literature from 2006 to 2018 related to primary education (K-
6) – Kindergarten to 6th grade – in order to examine the ways that CT has grown and assessed in elementary level 
education students. For the needs of this study, the Greek educational system was taken into account. Thus, Kindergarten-
students are considered the children aged 4 to 6 years old, and Primary-students, the children attending the grades from 
1st to 6th (age level: 6–12 years old).  

Although we could not find studies with the same goals, some reviews with similarities have been reported. The 
systematic literacy review of Lockwood and Mooney (2018) has as its objective to open up a space for secondary-level 
educators that are interested in implementing CT into their instruction by providing them with classroom choices and 
ideas on how to succeed in this direction, as well as education researchers are informed through a detailed overview of 
what work has been conducted in the field, as well as bringing the focus in some gaps and potential opportunities for 
further work that exist. Moreover, Araujo, Andrade and Guerrero (2016) focused on the identification and the 
classification of the approaches so as to spread the CT as well as on the various ways of evaluating CT competences, 
while Shute, Sun and Asbell-Clarke (2017) examined the expanding domain of CT within the educational field, indicating 
the existing diversity in the way that it is defined and evaluated as well as the different models and interventions that have 
been noted. Furthermore, Flórez, Casallas, Hernández, Reyes, Restrepo, and Danies (2017) make an analysis, as well as 
a discussion of the outcomes of their conducted and reviewed study-cases, pinpointing the significance of ‘learning 
programming’ with the main focus being the nurture of the CT-skills in children starting at a young age.  

In addition, the study by Hava and Cakir (2017) makes a presentation of the outcomes of a systematic literature review 
on the development of the educational computer game and its implementation in learning contexts by researching the 
impact of the game design task on the ‘learning outcomes’ of the students. Moreover, Ioannou and Makridou (2018) made 

 
drawing on the concepts fundamental to computer science’ (Ivi, p. 33), while it is now well-known that humans and machines do not think in the same 
way thanks to the embodied cognition and situatedness theories (Varela, 1990; Gallese, Lakoff, 2005; Berthoz, 2009; Rivoltella 2012; Sibilio; 2012; 
Rivoltella, Rossi, 2019). 
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a review of the published literature referring to the intersection of CT and educational robotics, specifically with the main 
focus being the exploitation of educational robotics in developing the CT-skills of the learners in K-12. Finally, Dagienė 
and Stupurienė (2016) objective was the introduction of the Bebras model in cultivating CT, implementing a ten-year 
observation and contest in diverse countries, while Ching, Hsu and Baldwin (2018) provided an overview of the 
opportunities for CT development in young students that go beyond the conventional computers and computing devices 
and alternatively, make use of toys and board games.  

Despite the above, a review study focusing on the didactic approaches for the cultivation of CT-skills by primary level 
education students has not yet been reported. Thus, this systematic review would help us to highlight teaching and learning 
approaches, as well as ways of evaluation that have been used to cultivate and assess students’ CT-skills. Additionally, 
the review would help other researchers to devise new CT teaching frameworks/approaches and ways of its assessment 
by implementing them upon the students of primary education even in disciplines not related to STEM fields.  

The rest of this paper is organized as follows: In Section 2, the research methodology is reported. In Section 3, the 
categories of the reviewed papers along the examined dimensions are depicted. The results of the study are presented in 
Section 4, followed by their conclusions of the review in Section 5.  

Deeper methodological details are presented in the Annexes attached with the main paper. 

2. Methodology – Context of the study 

2.1. Research question 

The main question of this review paper is its attempt to answer the way that ‘computational thinking’ has evolved in 
elementary level education students (K-6). Therefore, the objective of the paper is to review the literature from 2006 to 
2018 on the development of ‘computational thinking’ in the primary level of education, with the intent being: 
(a) present an overview at the context/settings of education where CT has been implemented, 
(b) identify the learning context that CT is used in education, 
(c) highlight the ways in which CT has been evaluated and present the learning outcomes for students who engage in 

CT educational activities. 

2.2. Data collection 

2.2.1. Databases searched 

This study reviews papers published in journals of science, international-conferences proceedings, workshops and 
symposiums since the beginning of January 2006 up to the end of December 2018.  

To achieve this, ten big electronic databases that are related to ‘educational contexts’, ‘digital technology’ and ‘social 
science’ were being used in the review in focus. More specifically, it makes use of: SpringerLink, ACM (Association for 
Computing Machinery), Bio-Medical Library, ERIC (Education Resources Information Centre), ΙΕΕΕ Xplore Digital 
Library, Taylor & Francis Online, Wiley, LearnTechLib (Learning & Technology Library), Ingenta Connect and Science 
Direct. 

 
2.2.2. Search term 

The search was conducted using the keywords ‘computational thinking’. The search was limited to the period from 
January 2006 to December 2018. As a result, 3,547 papers/items were identified.  

 
2.2.3. Selection of papers to be included in the review 

The papers selected in the review were carefully chosen under specific criteria. Through a full screening of the 
identified papers and a close look at each paper’s title, abstract and content, as well as an exclusion of those papers that 
were not relevant to the inclusion criteria, 53 papers were piled up. The inclusion criteria so as for the papers to be included 
in the review are reported below. The academic papers had to:  
(a) make an explicit reference to the term ‘computational thinking’ in the title and/or abstract and/or keywords, 
(b) be written in English language, 
(c) have a typical form of a scientific paper (no posters, roundtables, work in progress papers, short papers, etc.),  
(d) focus on CT and primary level education students (K-6), 
(e) present empirical data – emerged from methodologically sound empirical studies – either collected by kindergarten 

students or by K-6 elementary students, by providing adequate information about the research methodology, the 
participants and the research procedure used (no pilot and preliminary studies, exploratory studies). 
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Table 1 shows the number of papers found from each database as well as the number of academic papers that eventually 
constituted the body of this review after their inclusion in it.  

 

Table 1. Number of papers/items emerged from each database and number of included papers in the review  

Databases Searched 
Number of Papers/items 

Identified in Search 
Number of Papers Meeting 

the Inclusion Criteria 

Springer 1,118 9 
ACM 753 15 

Bio-Medical Library 17 1 
ERIC 192 3 

IEEE Xplore Digital Library 325 4 
Taylor and Francis Online 273 8 

Wiley 172 2 
LearnTechLib 393 6 

Ingenta Connect 65 - 
Science Direct 239 5 

Total 3,547 53 

 
Finally, using ‘the above mentioned criteria’, from the 3,547 papers, a total of 53 papers met the criteria so as to be 

included in the review and were evaluated as ‘relevant’ for full text review. Twenty-eight of them are published in 
‘scientific journals’, sixteen at ‘international conferences’, seven are presented at ‘international symposiums’ and two at 
‘international workshops’.  

The twenty-eight ‘journal papers’ found were published in twenty-two diverse journals. All papers were published in 
computer, education and related to technology journals. All journals are abstracted/indexed in various databases such as: 
Scopus, ProQuest, EBSCO, INSPEC, ERIC, Google Scholar, PsycINFO, Gale, ERA, SCImago and ERIH PLUS. See 
Annex A for further details about Data Collection. 

The distribution of the reviewed papers by publication year is indicated in Fig. 1. 

 

Fig. 1. Distribution of the reviewed papers by publication year 

It is evident that in the last five years – and specifically in 2017–2018 – there is an augmenting interest of the scientific 
educational community for the cultivation of CT-skills to primary school students. 

3. Data analysis – Coding of papers 

The reviewed papers that met the inclusion criteria were coded through a proforma data extraction that were created 
after taking into consideration the aforementioned ‘research questions’, which categorized the reviewed papers along 
some important dimensions. Therefore, the papers were categorized in relation to:  
(a) context/settings of education that CT has been implemented in primary education (educational level, location of the 

study, learning subject, relation to STEM fields, duration of the study),  
(b) learning context that CT has been incorporated in primary education (main CT-concepts approached, way of 

integration, digital environments used, type of activities, use of programming language, type of programming 
language used),   

(c) the ways of ‘assessment or measurement’ of CT and ‘learning outcomes’ for students who engage in CT educational 
activities (sample used, location of the study, data collection tools, outcomes of the studies). 
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4. Results 

4.1. Educational context of CT implementation 

Mainly, the results show that the educational level of the conducted studies do not only concern the primary school 
students (31 papers) but also the students attending Primary–Middle level of education (14 papers). As for the location 
of these studies, most of them were conducted in the school settings (32 papers), such as the school classroom or the 
school’s computer lab. The reviewed studies focused on various learning subjects but the great majority of studies (44 
papers) focused on STEM disciplines for developing CT-competences to primary school students. As for the duration of 
the studies, most of them lasted for up to one week (18 papers), while about equal number of papers (17) show that the 
duration of the studies varies between one to six months.  

Table 2 shows a synthesis of the results about the educational context; a deeper analysis and further details can be 
found in Annex B. 

 
Table 2. Educational context of CT implementation (synthesis) 

Educational Level Location of the Study Learning Subject Duration of the Study 
Primary: 31 School: 32 Computer Science: 33 Until 1 week: 18 
Primary–Middle: 14 Out-of-school: 13  Other STEM: 11 More than 1 week to 1 month: 7 
Primary–Middle–High: 4 Online: 1 Non STEM: 9 More than 1 month to 6 months: 17 
Kindergarten–Primary: 3 More than one setting: 4  More than 6 months: 7 
Kindergarten: 1 Not mentioned: 3  Not mentioned: 4 

TOTAL: 53    

4.2. Learning context of CT incorporation 

The ways through which CT has been integrated in teaching practices for students’ CT-skills development refer mainly 
to Plugged Programming Activities (15 papers), Game Programming & Game Activities (10 papers) and Robotics (7 
papers). Most of the interventions conducted were based on plugged activities (34 papers) for students’ CT-development. 
Unplugged activities were also conducted to a lesser extent (10 papers), while there were efforts to combine plugged and 
unplugged activities for the same purpose (8 papers).  

Papers proposing plugged activities make use of one or more than one digital environment: Scratch is by far the most 
popular (16 papers), followed by Alice (4 papers), Kodu (3 papers) and Agentsheets (3 papers). 19 other different digital 
environments occur once or twice in 23 papers. 38 studies used a programming digital environment for students’ CT-
nurture with the block-based visual programming languages, which constitutes the majority of the programming 
environments used (36 out of 38).  

The review study obtained that the concepts of abstraction (41 papers), algorithms and procedures (41 papers) and 
control structure (33 papers) constitute the most common CT-concepts and competences approached in primary 
education. Moreover, the concepts of testing and verification (19 papers), problem decomposition (18 papers), 
parallelization (16 papers) and data analysis (13 papers) were approached to a lesser extent followed by the concepts of 
simulation (8 papers), data representation and analysis (8 papers), data collection (6 papers) and automation (2 papers).  

Table 3 shows a synthesis of the results about the learning context of CT incorporation; a deeper analysis and further 
details can be found in Annex C. 

 
Table 3. Educational context of CT implementation (synthesis) 

 
Way of Integration Type of Activities Use of Programming Language 

Plugged programming activities: 15 Plugged: 34 Yes: 38 
Game programming and game activities: 10 Unplugged: 10 No: 14 
Robotics: 7 Combination: 8 Not mentioned: 1 
No CS education activities: 6 Not mentioned: 1  
Unplugged programming activities: 4   
Plugged and unplugged programming activities: 4   
Paper activities: 4   
Simulation activities: 3   

TOTAL: 53    

4.3. CT evaluation 

The reviewed empirical studies referring to primary level of education students are categorized below in terms of: (a) 
‘context of the assessment’, and (b) ‘outcomes of the studies’.  
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As for the ‘context of the evaluation’, it is significant to be noted that there were few studies aiming not only to state 
hypotheses but test them as well making use of empirical studies using ‘experimental research methods’ (Cohen, Manion 
& Morrison, 2007). Moreover, various ‘tools for data collection’ were used, with pre/post assessments (28 papers), 
artefacts’ analysis (17 papers), questionnaires (17 papers), and interviews/discussions (15 papers) being among the most 
common ones. Besides, a combination of different kind of such tools was used in the majority of the studies so that the 
results are more valid and reliable.  

Table 4 shows a synthesis of the results about the learning context of CT assessment; a deeper analysis and further 
details can be found in Annex D. 

Table 4. Context of the CT-assessment of the empirical studies 

Sample Size: Number of Participants Tools for Data Collection 
(may be more than one) 

Up to 10: 4 Pre/Post assessments: 28 
11–30: 7 Artefacts’ analysis: 17 
31–50: 9 Questionnaires: 17 
51–100: 15 Interviews/discussions: 15 
More than 100: 16 Observations: 10 
Not mentioned: 2 Log-files: 8 
 Pre/Post surveys: 7 
 Rubrics: 6 
 Various recordings (video, audio, screen-recordings, photographs): 5 
TOTAL 53   

 
In addition, the analysis of the main ‘outcomes on CT determined in the reviewed papers’ formed around 13 themes. 

However, it was observed that the emerging findings had ‘positive results’ in the context of CT in general. Table 5 lists 
these main themes: a deeper analysis and further details can be found in Annex E. 

 
Table 5. Main findings emerged from the reviewed studies for CT implementation in primary education 

 
Main Findings on CT for Primary Education f 

1. Findings on CT-skills 42 

2. Findings on students’ attitudes 31 
3. Findings on CT-position in curricula 24 

4. Findings on other skills cultivated 20 

5. Findings on behavioural issues 15 

6. Findings on gender issues 8 

7. Findings on CT-practices cultivated 7 

8. Findings on factors affecting learning outcomes 7 

9. Findings on evaluation of CT 6 

10. Findings on domain knowledge beyond CT and CS 5 

11. Findings on differences with traditional educational methods 3 

12. Findings on differences between students’ age 2 

13. Findings on awareness of computing 2 

4.4. Operational Definitions and Assessment Tools 

Analysing the papers included in the review, we can actually confirm that there is no commonly accepted and adopted 
definition of CT. Moreover, there is still a lack of assessment tools able to effectively measure CT and its development 
through didactic intervention, and this can limit the spread of CT programs in K-6 education (Grover, 2015). We therefore 
intend to extract from this systematic review some useful hints regarding the definitions most commonly adopted and the 
potential assessment tool being used in research. 

To this extent, we propose here a more profound analysis of the 18 papers with both pre- and post-assessment (even if 
they cannot all be considered experimental, which would also mean having a control group). Moreover, in three of them, 
CT is the Independent Variable rather than the Dependent Variable (for instance, [49]2 aims to show to what extent CT 
programs increase Critical Thinking, Creative Thinking and Problem Solving). In the following sub-paragraphs, we 
therefore consider only those 15 papers with pre- and post-assessment related to CT. 

 
2 We refer to the reviewed papers by their ID number between brackets. For the full list of the reviewed papers, see Annex F.  



Computational thinking in primary education: a systematic literature review 
Kakavas, Ugolini 

 

  
 Research on Education and Media. Vol. 11, N. 2, Year 2019 - ISSN: 2037-0830 70 
 

In Table 6, we can see the distribution of the Operational Definitions adopted in the 15 papers we considered. 

Table 6. CT Operational Definitions 

CT Operational Definition Number of papers 

Brennan & Resnick (2012) - Explicit 2 

Brennan & Resnick (2012) - Implicit 2 

Barr & Stephenson (2011) 3 

CSTA-ISTE (2011) 2 

‘4 steps’ (Anderson, 2016) 1 

Grover & Pea (2012) 1 

CSLT - Implicit 1 

No identifiable definition 3 

Total 15 

 
Several papers[5,21,31,36] adopt the Brennan & Resnick (2012) definition referred to in the introduction to this paper (see 

Fig. 2). Karen Brennan and Mitchel Resnick are two of the authors of Scratch, the most famous coding environment for 
children. According to our approach, this definition has the merit of clearly distinguishing the CT Concepts mostly related 
to Computer Science (‘Sequences, Loops, Events, Parallelism, Conditionals, Operators, Data’), from the CT Practices 
(‘Being incremental and iterative, Testing and Debugging, Reusing and Remixing, Abstracting and Modularizing’) and 
the CT Perspectives (‘Expressing, Connecting, Questioning’). 

Not surprisingly, this definition is referred to mainly in the papers reporting research with Scratch tools. But while CT 
Concepts are often measured by tests, in our review, we did not find an assessment tool focusing strictly on Brennan and 
Resnick CT Practices and CT Perspectives. In some cases, we did find items in wider tests focusing on some specific 
aspects according to the research aims. 

 
 

 
 
 
 
 
 
 

Fig. 2. Brennan and Resnick (2012) – Operational Definition 

Three papers[28,47,48] adopt the basic definition stated by Barr and Stephenson (2011): CT is ‘an approach to solving 
problems in a way that can be solved by a computer’ (Ivi, p. 115). Two of them are ascribable to the same research group, 
and especially highlight the property of this problem solving methodology to be transferred and applied across subjects. 
This is clearly not an operational definition, but in any case it addresses a scenario-based assessment tool aiming to verify 
if CT Concepts can be applied in a different situation than the computing environment in which they were developed. 
Two more papers[9,29] refer to the Operational Definition stated by the Computer Science Teachers Association (CSTA) 
and the International Society for Technology in Education (ISTE) (2011); this definition is actually an extension of Barr 
and Stephenson’s (actually Barr and Stephenson report the building process of the CSTA-ISTE definition). It also focuses 
on ‘Data analysis, organization and representation’, ‘Problem decomposition’, ‘Abstraction’, ‘Algorithmic thinking’, 
‘Automation’, ‘Simulation’ and ‘Parallelization’, all properties relating more or less directly to a problem solving process. 
The CSTA-ISTE definition could therefore be a good representation of the CT features addressing higher level thinking 
skills, but it is limited by the absence of a stable model: the original CSTA-ISTE statement refers to ‘a problem-solving 
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process that includes (but is not limited to)’ some characteristics, so that both papers need to do further elaboration in 
order to build their assessment tool, which cannot therefore be taken as a common reference. 

One paper[7] adopts a definition built upon 4 progressive steps: Decomposition, Pattern recognition, Abstraction, 
Algorithmic design, recalling the design process used by software engineers. We can find this definition also in papers 
other than the 15 that we are examining here. It also somehow refers to a problem solving process that follows the Barr 
and Stephenson principle, but focuses more on the description of a top down approach rather than the specific elements 
of a thinking skill. Another research[3] adopts a similar definition, focusing on a ‘thought process’ that utilizes the elements 
of ‘Abstraction’, ‘Generalization’, ‘Decomposition’, ‘Algorithmic thinking’ and ‘Debugging’, referring to Grover & Pea 
(2013) and Selby & Woollard (2013). 

One paper[51] deserves a specific mention: its CT Assessment tool involves the Computational Thinking Levels Scale 
(CTLS), referring implicitly to an Operational Definition, which includes a creative dimension; therefore, it is somehow 
related to the approach recalled in the introduction that sees computing as a creative human activity. We will describe the 
Assessment tool in more detail below. 

Finally, three papers[4,19,52] do not declare their definition explicitly, nor can it be deducted from the Assessment Tool, 
as this one mainly focuses only on CT Concepts. 

In Table 7, we can see the distribution of the Assessment Tools adopted in the 15 papers we consider. 

Table 7. CT Assessment Tools 

CT Assessment Tools Number of papers 

CT Concepts 4 

Self-developed Test/Scale 6 

Specific Embedded Test 2 

Román-Gonzalez CT Test 2 

CSLT Scale  1 

Total 15 

 
With regard to the assessment tools, the situation we found from our analysis appears to be even worse, compared with 

our aims: while looking for tests or scales that 1) focus on CT Practices or Perspectives rather than only CT or CS 
Concepts; 2) are easily re-usable and 3) are valid and reliable to some extent, we are led to the conclusion that it is only 
3 out of 15 papers that meet the aforementioned conditions. 

We can first exclude 4 papers that actually restrict themselves only to measuring the learning of CT or CS Concepts.  
Moreover, we should not consider a substantial number of them (6 papers out of 15), whose authors developed their 

own test or scale according to their specific research aims. This is not fair for us for two reasons: first, from a metric point 
of view, such tests or scales did not face any validity or reliability check; second, from a theoretical perspective, they are 
strongly affected by the specificity of the research, their aims, and also their CT Operational Definition (the 6 papers refer 
to 4 of the aforementioned Operational Definitions). 

Two more papers[5,52] embedded the assessment tools within the programming environment they used in the CT 
Developing Program, and are also very specific, though otherwise they are of some interest. They can both be connected 
to the same research group, which uses an Open Ended Learning Environment (OELE) focusing on the ability of learners 
to represent knowledge in models. The assessment tool is based on the comparison of the learners’ model with the expert 
one, and therefore, the CT Vital Practices are somehow indirectly measured. The instrument may be of some interest, but 
the specificity of the environment makes it hardly transferable to other situations. 

Probably, the most interesting assessment tool from our perspective is the CT Test developed by Marcos Román-
Gonzalez and adopted by two papers[7,31] involving Román-Gonzalez himself. To the extent of our review, this test can 
go beyond the label of a self-developed test, as it has passed a rigorous validation process, involving content validity 
(Román-González, 2015), criterion validity (Román-González, Pérez-González, & Jiménez-Fernández, 2017) and 
convergent validity (Román-González, Moreno-León, & Robles, 2017). The CT Test is composed of 28 multiple choice 
items, executed on Google Forms technology, and it recalls an OCSE-PISA test as each item presents a problem that can 
be solved activating higher level cognitive processes. In this case, the respondent has to activate to a greater or lesser 
extent the four main cognitive processes related to CT: ‘Decomposition’, ‘Pattern Recognition’, ‘Abstraction’ and 
‘Algorithmic Design’. For this reason, we consider it not to be comparable to a mere CT Concepts Test. 

Finally, we mention a Turkish research,[51] which adopts a particular approach. CT in 5th grade students is measured 
by a self-perception scale inside a wider test, called Computational Thinking Level Scale (CTLS), first conceived to 
address higher education students (Korkmaz, Çakır and Özden, 2017) and then adapted for middle school students 
(Korkmaz, Çakır and Özden, 2015). The scale is composed of 22 items (five points Likert type), grouped in 5 factors. 
The authors of the scale seems to trace CT back to a broader problem solving process (Korkmaz and Bai, 2019), as only 
one of these factors explicitly refers to computation (‘Algorithmic Thinking’), while the others correspond to more general 
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cognitive processes (‘Creativity’, ‘Critical Thinking’, ‘Cooperation’, ‘Problem solving’). However, they pay much 
attention to metric issues, and the scales appear to be transferable and reliable. 

In conclusion, finding out a unified definition of CT is still a challenge; while many papers outline it as a Problem 
Solving thought process, they often restrict it to the CT Concepts while designing empirical research. When focusing on 
the Assessment Tools, the scenario appears to be even worse, as there is no validated tool commonly adopted addressing 
CT at a deeper level. In the papers we analysed, the only convincing solution we could find is the scenario-based or 
problem-based one, as the answerer should activate the typical cognitive processes usually adopted by computer scientists 
when designing software, even if, ultimately, they did not ignore the CT Concepts, and the Román-Gonzalez CT Test is 
currently the only one adopting this approach that is also transferable and validated. 

5. Discussion 

The findings of the aforementioned categories are discussed below in order for the current trends on CT to be explained 
and future studies in primary education to be followed. Moreover, the discussion followed by some recommendations 
according to the research gaps emerged in the literature. Finally, the limitations of this study are also discussed. 

5.1. Main findings of the study 

From the included papers analysed in this review, the following findings regarding CT’s incorporation in the primary 
level of education are of significance: 
● It is evident that throughout the last five years, there is an increasing interest of the scientific educational community 

towards the development of CT-skills of primary school students. Thus, we could assume that studies focusing on CT-
cultivation of primary school students will increase in the years ahead.  

● Majority of the studies focus on STEM disciplines and specifically on the subject of CS, robotics and science. 
Therefore, students’ CT-skills cultivation through other disciplines beyond STEM field remains a challenge.  

● Most studies use the computer as a means of CT-cultivation. Therefore, unplugged activities (e.g., Bebras tasks, puzzle-
solving activities) are used to a lesser extent and research data from such studies are limited.  

● Majority of the studies use programming as a context for CT-development. Of course, programming is a framework 
of CS and CT practice, and thus, the exclusive focus on programming for the development of CT is not only a 
pedagogical but also a methodological error, since the focus should be on higher-level concepts that should be taught, 
as well as on multiple cognitive domains/disciplines to which they should be applied (Voogt et al., 2015).  

● Most studies attempt to cultivate students’ CT-competences through diverse activities that require the use of visual 
programming languages with Scratch, Alice and Kodu being the most common ones.  

● It is also observed that most of the studies have been applied to the students attending the upper grades of elementary 
school. Thus, more emphasis should be given to students attending lower grades even to Kindergarten students, so that 
we have a more comprehensive view on how CT could be integrated in primary education in general.  

● Majority of the studies focus on students’ CT-skills development by highlighting and examining their artefacts, without, 
however, studying the influence of specific independent variables – such as the influence of previous programming 
experience, gender, age, pair programming – on the cultivation of CT sub-skills, practices or even perspectives.  

● CT-measurement remains a challenge and an open-ended issue. So, the field of CT requires systematic evaluation 
procedures (Lee et al., 2011) so as to reliably measure the different aspects of CT that will overcome the assessment 
of simple and local programming constructs (Armoni, 2016). 

● Most studies focus on CT-skills cultivation in a short-term period, while overlooking the long-term effects that CT has 
on students’ career. No studies have been undertaken examining whether the teaching/learning of CT has a direct or 
indirect impact on students’ academic performance, career, faculty choice, or even long-term problem-solving skills 
(Lockwood and Mooney, 2018). 

● Teaching and learning issues on CT concepts and skills still remain open. Due to the research field of CT being in its 
infant stages, the below open-ended queries about CT-teaching and learning formulated several years ago by other 
researchers (Wing, 2008; Barr & Stephenson, 2011) should be answered. The most important of them regard: (a) the 
concepts and competences that students can best learn at each grade in primary school, as well as (b) the effective 
sequencing of concepts in teaching children as their learning capability evolves over the years. 
See Annex E for further details. 

5.2. Recommendations for future research 

After the analysis of the main findings of the reviewed studies, significant research gaps in the literature emerged. 
Therefore, future research in the field could make a contribution to the existing literature. What follows is suggestions for 
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further research in CT that will be carried out in the primary education level. In particular, it is proposed that future studies 
should: 
● Take advantage of unplugged activities to further detect the impact of these activities on CT-cultivation, as well as to 

examine the way of transition from such activities to plugged activities. 
● Not only include programming activities, but also activities aimed at cultivating CT through other subjects, beyond 

STEM field. 
● Make use of ‘text-based programming languages’ that are popular nowadays, such as Python, JAVA, C++ and PHP. 

Important findings could emerge by comparing the use of these languages in teaching practice, as well as with the 
various visual programming languages for students’ CT-development.  

● Examine specific factors (e.g., gender, age, programming or STEM previous experience) that could affect concrete 
CT-skills, practices or even perspectives.  

● Focus on the creation of more ‘valid’ and ‘reliable’ assessment tools and specifically on the development of general 
CT assessment instruments of each students’ age that could evaluate students’ CT-skills in a wider range of activities.  

● Investigate the long-term effect of CT in areas related to students’ academic progress and career, problem solving 
skills, the impact on their performance in other subjects, as well as the impact of CT ability on students’ daily life.   

● Examine the relationship between CT and other 21st century thinking skills such as problem solving, creative thinking, 
critical thinking, metacognitive skills and so on.  

● Classify the concepts/skills that students can best learn at each grade by proposing an ‘effective ordering of concepts’ 
in teaching students as their learning ability growths over the years.  

● Attempt to set concrete cognitive goals for each grade by providing specific paradigms and activities, as well as 
guidelines for teachers to follow while incorporating CT in their teaching practice.    

● Conduct and provide discussions and findings from similar and periodic reviews so that the field is constantly 
evaluated, and future guidelines are designed.   
Future studies that will be conducted taking into account the aforementioned recommendations could contribute to the 

literature in order for CT to be integrated in curricula in an effective way, and thus, to form a structure – commonly 
accepted – that CT could be implemented in diverse aspects of everyday life by the whole literate population. 

5.3. Limitations of the study 

The current study has a number of limitations, since it was restricted by the specific search term used, the period in 
which the reviewed studies were published, as well as the scientific databases searched. However, the findings emerging 
from the current study provide a useful overview of the research in the way that CT has been incorporated and evaluated 
in primary education, which is representative of the situation so far. 

6. Conclusions 

The aim of this paper was to make available a snapshot of the current research and work around the way that CT has 
grown in elementary level education students. For this purpose, a systematic literature review was conducted from 2006 
to 2018 based on 53 papers, found ‘relevant for inclusion’, after searching ten large electronic databases by using precise 
keywords. To this end, the research questions made in this paper were chosen with the intention to provide an overview 
to researchers and educators of how CT could be better embedded into the school classroom.  

The findings revealed that the majority of the studies use the framework of programming for both plugged and 
unplugged activities in order to cultivate students’ CT-skills. It was also confirmed that most studies focus on the subject 
of CS and STEM field in general. Of course, there are various tools and ways proposed – digital being the most common 
– with the intention to incorporate CT in teaching practice. It was also shown that the most frequent CT-concepts/skills 
approached regard ‘abstraction, algorithms and procedures, control structures, testing and verification, problem 
decomposition and parallelization’. Moreover, it should be noted that further work should be done on the creation of 
more valid and reliable evaluation tools in which CT can be assessed.  

It is hoped that this literature review be useful for future policy makers, curriculum designers, researchers and teachers 
who desire to implement CT into the teaching practice, as well as form a basis and a consensus on how CT could be 
taught in primary education. It would contribute to the effective teachers’ education by providing them with necessary 
information about CT and giving specific guidelines and instructions on how to teach CT to the right students at the right 
age level. 
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Annex A: Data collection   

Databases searched 
This study reviews papers being published in journals of science, international-conferences proceedings, workshops 

and symposiums within the life-time span starting from the beginning of January 2006 and its end being December 2018.   
To achieve this, ten big electronic databases related to ‘educational contexts’, ‘digital technology’ and ‘social science’ 

were used in the review in focus. More specifically, it made use of: SpringerLink, ACM (Association for Computing 
Machinery), Bio-Medical Library, ERIC (Education Resources Information Centre), ΙΕΕΕ Xplore Digital Library, Taylor 
& Francis Online, Wiley, LearnTechLib (Learning & Technology Library), Ingenta Connect and Science Direct. 

 
Search term 

The study was carried out using the key-words ‘computational thinking’. The study is restricted in the time period of 
January 2006 up to December 2018. This resulted in 3,547 papers/items being identified.  

 
Papers selection to be included in the review4 

The papers selected in the review were carefully chosen under specific criteria. Through a full screening of the 
identified papers and a close look at each paper’s title, abstract and content, as well as an exclusion of those papers that 
were not relevant to the inclusion criteria, 53 papers were piled up. The inclusion criteria so as for the papers to be included 
in the review are reported below. The papers had to:  
(a) explicitly refer the term ‘computational thinking’ in title and/or abstract and/or keywords. Thus, papers that did not 

refer explicitly the term ‘computational thinking’ in title and/or abstract and/or keywords were excluded.  
(b) be written in English language. Therefore, papers that were written in other languages apart from English (e.g., Ricci 

& Colombi, 2018) were removed.  
(c) have a typical form of a scientific paper. Consequently, the papers in the below forms were excluded from the study:  
✔ Abstracts (only) (e.g., Duncan, 2018; Amato & Acholonu),  
✔ Invited keynotes/talks (e.g., Jordan, 2016), Keynote Addresses (e.g., O'Donnell, 2017; Astrachan, 2009) and 

keynote presentations (e.g., Corn, 2010), 
✔ Demonstrations (e.g., Niu et al., 2015), 
✔ Plenary sessions (e.g., Stein, 2006),  
✔ Session presentations (e.g., Astrachan et al., 2014),  
✔ Roundtables (e.g., Caristi et al., 2011),  
✔ Posters (e.g., Russo et al., 2018; Meerbaum-Salant et al., 2015),  
✔ Workshop descriptions (e.g., Settle, 2011; Easterbrook et al., 2010),  
✔ Panel discussions (e.g., Maiorana et al., 2019; Kelleher et al., 2012),   
✔ PhD dissertation proposals and doctoral consortiums (e.g., Labusch, 2018),  
✔ Short papers and position papers (e.g., Hauswirth et al., 2017; Portelance & Bers, 2015),  
✔ Work in progress papers (e.g., Psycharis & Kotzampasaki, 2017; Jenkins, 2015),  
✔ Editorials (e.g., Edge, 2014),  
✔ Talk brief descriptions (e.g., Brunvand, 2013),  
✔ Books (e.g., Rich & Hodges, 2017). 

(d) focus on CT and primary level education students (K-6). Consequently, papers in which the basic idea was not the 
cultivation of primary students’ CT ability (e.g. Yildiz-Durak & Saritepeci, 2018) and/or did not have a 
didactic/teaching intervention for students’ CT-development followed by a CT-assessment (e.g., Korucu et al., 2017; 
Marshall, 2011) were also removed from the study.  

(e) present empirical data – emerged from methodologically sound empirical studies – either from Kindergarten students 
or from elementary students attending the grades 1–6 (K-6, less than 12 years old, according to the Greek educational 
system). In fact, studies:  
✔ providing no adequate information about the research methodology, the participants and the research procedure 

used (e.g., Ball et al., 2012), or had just some informal/preliminary observations –without data – after 
application of a teaching intervention (e.g., Djurdjevic-Pahl, 2017) and/or presenting an overview of a project 
with general observations and results without empirical data (Serafini, 2011) were excluded from this review. 

✔ reporting: pilot studies (e.g., Pugnali et al., 2017; Hoover et al., 2016), pilot experiences (e.g., Cabarello-
González & Muñoz-Repiso, 2018), pilot implementations (e.g., Goodgame et al., 2018), preliminary studies 
(e.g., Moreno-León & Robles, 2015; Wilkerson-Jerde, 2014), preliminary investigations (e.g., Solitro et al., 
2017), pilot tests and/with preliminary results/analysis (e.g., Jenson & Droumeva, 2016; Webb & Rosson, 

 
4In this Annex, we refer to examples of excluded papers. For the full reference of those papers, see Annex F1. 



Computational thinking in primary education: a systematic literature review 
Kakavas, Ugolini 

 

  
 Research on Education and Media. Vol. 11, N. 2, Year 2019 - ISSN: 2037-0830 77 
 

2013), initial studies (e.g., Basu et al., 2016), initial implementations and evaluations (e.g., Choi et al., 2016) or 
early findings (e.g., Rode et al., 2015) were also excluded. 

✔ referring to the following issues were removed:  
o teachers’ education (e.g., Kaila et al., 2018), teacher’s perceptions or practices on CT (e.g., Sands  et 

al., 2018; Sadik et al., 2017), and/or teacher’s conceptions and experiences on CT (e.g., Yadav et al., 
2017), 

o mathematical algorithmic thinking (e.g., Benton et al., 2018) and/or algebraic thinking (Agatolio et al., 
2018),  

o CT and handicap (e.g., Snodgrass et al., 2016),  
o CT and special education needs (e.g., Lechelt et al., 2018) or any kind of students disabilities or 

disorders, such as visual disabilities (e.g., Morrison et al., 2018) or Autism Spectrum Disorders (e.g., 
Munoz et al., 2018), and  

o literature reviews related to CT (e.g., Rich et al., 2017; Sullivan & Hefferman, 2016).  
There were also six papers reported in two or more databases such as: Witherspoon et al., 2018 (Wiley and Ingenta 

Connect), Basu et al., 2017 (ACM, Ingenta Connect and Springer), Sung et al., 2017 (Ingenta Connect, ERIC and 
Springer), Liu et al., 2017 (Taylor & Francis and ERIC), Farris & Sengupta, 2016 (Wiley and ERIC), and Mouza et al., 
2016 (Taylor & Francis and ERIC). Consequently, only one version of these papers were included in this review.  

Moreover, there were two identical papers that were published two times in the same database in different date, which 
were kept as one, such as:  

✔ Choi, Lee and Lee (2016) - Choi, Lee and Lee (2017) (both in Springer database), 
✔ Pinto-Liorente et al. (2017) - Pinto-Liorente et al. (2018) (both in Springer database). Thus, only the earliest 

version of these papers were included in this review. 
Furthermore, there were two papers related to the same research, which were published in different databases and were 

kept as one paper, such as: 
✔ Karampa & Paraskeva (2018) (LearnTechLib and Springer). Here, the Springer’s version was included in the 

review.  
The total sum of papers that were collected from each database as well as the total sum of the ones that eventually 

became part of the review are shown in Table 1 of the main paper. 
The whole sum of the papers under review are noted in the section F2 and can be found in Annex F. For their inclusion 

in this section, each of the papers was given a specific code ([1], [2],…[53]). Their citation is made within the paper and 
the Annexes through this code. Finally, with the above mentioned criteria in mind, out of 3,547 papers in total, 53 papers 
managed to meet the criteria under consideration and were the ones that were relevant in order for them to be fully 
textually reviewed.  

To be more specific, twenty-eight papers were found in ‘scientific journals’ ([2], [5], [6], [9], [11], [13], [14], [15], 
[17], [18], [19], [21], [26], [28], [31], [32], [33], [34], [36], [37], [40], [44], [46], [47], [48], [49], [51], [53]),  sixteen were 
part of ‘international conferences’ ([1], [3], [4], [8], [11], [12], [20], [24], [25], [27], [30], [35], [39], [43], [45], [52]), 
seven of them made their appearance in ‘international symposiums’ ([1], [3], [4], [8], [11], [12], [20], [24], [25], [27], 
[30], [35], [39], [43], [45], [52]), and two of them participated in ‘international workshops’ ([7], [22]).  

Those twenty-eight papers being part of journals can be found in twenty-two different journals. The main themes of 
these journals revolved around computer, education and technology. Various databases such as Scopus, ProQuest, 
EBSCO, INSPEC, ERIC, Google Scholar, PsycINFO, Gale, ERA, SCImago and ERIH PLUS constitute the space where 
the journals are indexed/abstracted.  
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Annex B: Educational contexts of CT implementation   

The below mentioned results emerged from the coding criteria set according the use of a data extraction proforma 
developed by considering the research question. 

Table A1. Educational context of CT implementation 

Educational Level Location of the Study Learning Subject STEM Field Duration of the Study 

Primary: 31 School: 32 Computer science: 33 Yes: 44 Until 1 week: 18 

Primary–Middle: 14 Summer camp: 7  Interdisciplinary: 6 No: 9 More than 1 week to 2 weeks: 5 

Primary–Middle-High: 4 Workshop: 3 Robotics: 6  More than 2 weeks to 1 month: 2 

Kindergarten–Primary: 

3 
Lab: 2 Edutainment: 3  More than 1 month to 6 months: 17 

Kindergarten: 1 Home & School: 1 Science: 2  More than 6 months to 1 year: 3 

 

School in combination 

with lab and workshop: 

1 

Robotics and 

computer science: 1 
 More than 1 year: 4 

 On-line: 1 
Robotics and science: 

1 
 Not mentioned: 4 

 
On-line in combination 

with school: 2 
Mathematics: 1   

 Programming camp: 1    

 Not mentioned: 3    

 
Table A1 depicts an overview of the educational context in which CT has been implemented in primary education. 

Specifically, it presents: (a) the educational level, (b) the location of the studies taken place, (c) the learning subjects 
focusing the reviewed papers, (d) the number of studies related to STEM disciplines and education, and (e) the total 
duration of the studies, namely the duration between the beginning and the end of the studies.  

 
Educational level 
As it is shown in Table A1 (column 1), the educational level of the conducted studies do not concern only the primary 

school students (31 papers), but also students attending Kindergarten (1 paper), or both Kindergarten-Primary (3 papers) 
and Primary-Middle (14 papers) even Primary-Middle-High level of education (4 papers).  

 
Location of the study 
As for the location of these studies, most of them were conducted in the school settings (32 papers), such as the school’s 

classroom or the school’s computer lab. However, there are studies conducted in out-of-school settings such as summer 
camps (7 papers), workshops (3 papers), labs (2 papers), programming camps (1 paper), as well as online environments 
(1 paper). Furthermore, there were interventions taking place in more than just one setting, such as home and school (1 
paper), online environments and school (2 papers), even at school in combination with lab and workshop (1 paper). Also, 
there are 3 papers that do not mention the place where the studies were conducted. 

 
Learning subject 
The studies focused on various disciplines. As presented in Table A1, a considerable number of papers (33 out of 53) 

refer to teaching interventions related to the subject of CS. In addition, there are studies focusing on the subject of Robotics 
(6 papers), Science (2 papers), Mathematics (1 paper), as well as combinations of subjects, such as Robotics and CS (1 
paper), Robotics and Science (1 paper), even on Edutainment (3 papers) and interdisciplinary settings/approaches beyond 
STEM field (6 papers). 

 
STEM field 
From the aforementioned analysis, it is clear that the majority of studies (44 papers) focused on STEM disciplines for 

developing CT-competences to primary school students. However, there are some attempts (9 papers) to embed CT-
concepts through: (a) playing digital games[35,46] or serious digital games with embodiment activities,[4] (b) 
interdisciplinary/combinatory approaches using mind maps, storyboards and visual environments in multidisciplinary 
activities,[17] as well as puzzles[10,11] and/or block-based programming languages such as Scratch for integrating CT-
concepts in Science and Art Education,[36,37] and (c) teachers’ training for implementing CT in various subjects.[29]  
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Duration of the study 
Table A1 also shows that most studies lasted for up to one week (18 papers), while about equal number of papers (17 

papers) show that the duration of the studies varies between one to six months. Moreover, there are diverse studies that 
lasted: more than one week to two weeks (5 papers), more than 2 weeks to 1 month (2 papers), more than 6 months to 1 
year (3 papers), and more than 1 year (4 papers). Furthermore, there are four (4) papers that do not refer to the duration 
of the studies. 
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Annex C: Learning context of CT incorporation 

Table A2 illustrates a summary of the learning context in which CT has been incorporated in primary education. 
Specifically, it depicts: (a) the main CT-concepts approached, (b) the way of integration, (c) the digital environments used 
throughout the teaching intervention, (d) the type of activities, (e) the use of a language for programming, and (f) the type 
of programming languages (in case it was used).  

Table A2. Learning context of CT incorporation 

Main CT-concepts Approached Way of Integration Digital Environment Used Type of Activities 

Abstraction: 41 Plugged programming 

activities: 15 

Scratch: 16 
Plugged: 34 

Algorithms and procedures: 41 Game programming and 

game activities: 10 

Alice: 4 
Unplugged: 10 

Control structures: 33 Robotics: 7 Kodu: 3 Combination: 8 

Testing and verification: 19 No CS education 

activities: 6 

AgentSheets: 3 
Not mentioned: 1 

Problem decomposition: 18 Unplugged programming 

activities: 4 

ScratchJr: 2 
 

Parallelization: 16 Plugged and unplugged 

programming activities: 4 

Lego WeDo software: 2 
 

Data analysis: 13 Paper activities: 4 ROBOTC Graphical: 2  

Simulation: 8 Simulation activities: 3 CTSiM: 2  

Data representation and 

analysis: 8 

 AgentCubes: 1 Use of Programming 

Language 

Data collection: 6  BOTS: 1 Yes: 38 

Automation: 2   CHERP: 1 No: 14 

Not mentioned: 1   FormulaT Racing (FTR): 1 Not mentioned: 1 

    Kodetu: 1  

  
  Lego Mindstroms EV3 

software: 1 

Type of Programming 

Language 

    MiniColon game: 1 Visual: 36 

    NAO platform: 1 Text based: 1 

    Scratch 4 Arduino (S4A): 1 Combination: 1 

  CompThink App: 1 Not mentioned: 1 

 
 

Lighbot: 1 
No programming 

language: 14 

 
 Story-Writing-Coding 

engine: 1 
 

  T-Maze: 1  

  ViMAP: 1  

  Zoombinis game: 1  

  Not mentioned: 1  

 
Main CT-concepts approached 
As demonstrated in Table A2, the concepts of abstraction (41 papers), algorithms and procedures (41 papers) and 

control structure (33 papers) constitute the most common CT-concepts and competences approached in primary 
education. It is significant to be noted that abstraction includes/features the concepts/skills of patterns’ recognition, 
patterns’ abstraction and generalization, and variables as well (Wing, 2011; Czerkawski & Lyman, 2015:57; Csizmadia 
et al., 2015:7; Seiter, 2015:541). Moreover, the concepts of testing and verification (19 papers), problem decomposition 
(18 papers), parallelization (16 papers) and data analysis (13 papers) were approached to a lesser extent followed by the 
concepts of simulation (8 papers), data representation and analysis (8 papers), data collection (6 papers) and automation 
(2 papers). It should be also mentioned that the categorization of the aforementioned concepts/capabilities was based on 
the framework of CSTA and ISTE as stated to the work of Barr and Stephenson (2011:52; 2014:117).  

 
Way of integration 
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Table A2 also illustrates the diverse ways through which CT has been integrated in the teaching practices for students’ 
CT-skills development. These various ways are analysed across the following categories: 
● Plugged Programming Activities: These activities used diverse digital environments including: (a) Scratch for 

fostering, developing, and assessing of students’ CT-abilities via programming in STEM disciplines,[19,21,22,28] for 
evaluating the integration of CT in art education making use of technological resources, sensor cards and 
minicomputers,[37] and  for synchronizing sprites through challenges on increasing complexity,[38] (b) Kodu for 
teaching lawfulness to students, getting  them into the habit of reasoning about programs and predicting the behaviour 
of short Kodu programs,[41,42] (c) Scratch and CompThink App for teaching basic programming concepts to children 
with the parallel use of metaphors,[31] (d) Story-Writing-Coding engine aiming to compare the processes used by 
children to code an animated story with that of more experienced college students, (e) ScratchJr and Lightbot for 
exploring young learners’ attitudes towards programming and considering the impact of programming approaches 
on developing of CT,[34] (f) Alice for employing a 3D framework of CT in order to learn how to storytelling via 
programming,[53] (g) Scratch and Alice for determining the effects of these programming teaching practices and tools 
on students’ ‘engagement, reflective thinking, problem-solving skills and CT comparatively’,[51] (h) Kodetu for 
understanding how young programmers employ CT so as to tackle with a set of challenges,[14] and (i) BOTS for 
analysing students’ problem solving behaviours in a programming game via debugging exercises.[26] 

● Game Programming and Game Activities: Here, digital environments have been implemented in various ways for 
students’ CT-cultivation through: (a) game play for teaching children an introduction to logical thinking and 
programming through MiniColon game,[4] for identifying specific CT-skills like problem decomposition, recognition 
of patterns, algorithmic thinking, as well as abstraction via Zoombinis game,[35] and for developing CT-strategies and 
CT-skills and practices via the constructionist video-game FormulaT Racing (FTR),[46] (b) game programming for 
assessing students’ CT-skills in relation to three elements: ‘computational notions’, ‘metacognition practices’, and 
‘learning behaviours’ via Scratch and Alice,[2] for investigating the degree of how effective pair programming is in 
K-12 through Alice,[13] for examining which programming notions learners make use of in order to create a game 
and in what ways these notions are related through Scratch 4 Arduino (S4A) and Scratch,[30] as well as for 
investigating whether there is a connection between more generic skills development and programming skills and 
CT – such as the so called twenty-first century skills of creative and critical thinking as well as problem solving – 
through Scratch and Kodu,[49] and (c) game and simulation design for utilizing collaboration as a means for allowing 
students to not only learn, but master and retain CT-patterns through AgentSheets and AgentCubes online 
environments.[23, 24, 50]  

● Robotics: These activities used diverse digital programming environments supporting robotic education for students’ 
CT-skills development, such as: (a) Lego WeDo software for addressing the issue of how educational robotics can 
be used to teach CT to young learners with the use of the LEGO WeDo kit,[3,32] (b) Lego Mindstorms EV3 software 
for teaching CT, programming, handling complexity and divide task into sub-tasks, project management, team work 
and robotics, (c) ROBOTC Graphical for examining how effective robotics programming learning contexts can be 
in developing wider CT competences[47] and/or determining if this participation is connected to any major positive 
or negative changes in motivational features such as interest, identity and competency claims,[48] (d) CHERP for 
engaging kindergarten pupils in learning CT, programming, robotics and problem-solving, as well as for exploring 
learning outcomes,[6] and (e) NAO platform in order that students make connections between robotics and everyday 
settings.[9]  

● No CS Education Activities: In this context, students worked on activities not related to CS Education in order to 
enhance their CT-abilities. Specifically, researchers provided learners with opportunities to: (a) transform a material 
(for example, a computational programming language - ViMAP) into an expressive medium, meaning that the learner 
should be able to create a personally meaningful artefact (programming as an aesthetic experience,[15] (b) work on 
multidisciplinary activities[29] using mind maps, storyboards and visual programming languages – such as Scratch – 
to prove that CT can be implemented, not only in CS, but also in other fields,[17] (c) engage students in 
interdisciplinary programming activities – using Scratch – regarding science and arts,[36] (d) use tangible kits (e.g., 
CyberPLAYce) for storytelling and scenario/story creation,[39] and (e) perform tasks that Generation Z-kids typically 
do using their mobile gadgets in an alternative manner with the use of the natural environment beyond the schoolyard, 
making aware of CS-notions embedded in smartphone apps and promoting thus the CT acquisition.[45] 

● Unplugged Programming Activities: Diverse activities for learners’ CT-development without the use of computer 
were carried out in these studies. Specifically, researchers engaged students in various unplugged activities 
examining: (a) how embodied activities during an unplugged debugging intervention on a floor maze influences 
lower grade elementary school students’ CT, problem-solving skills and self-efficacy,[1] (b)  how students solve a 
problem with the use of programming concept cards, after their participation in a CT-problem activity that students 
are asked to solve with the use of coloured game tokens,[12] (c) Tangible technology Toys’ potential (e.g., LittleBit) 
as a learning tool for CT for making circuits,[25] and (d) the thinking processes of young children working in pairs 
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when trying to program with the markers on the paper to follow ‘Ozobot’ (a small robot) in order to solve a given 
task focused on programming.[43] 

● Plugged & Unplugged Programming Activities: There were also studies that used both plugged and unplugged 
activities for fostering CT in primary education. These activities included: (a) scaffolded programming exercises, 
and discussion of how each of them related to CS and other topics,[16] (b) tasks that are focused on programming 
through collaboration in a game known to the computer player in which learners first engaged in designing a high-
level version of their algorithm during an ‘unplugged pen and sheet’ phase, and afterwards, they encoded their 
solution as a program that has the ability to be executed within a ‘visual programming environment’ (Scratch),[18] (c) 
many different degrees of ‘embodied tasks’ (i.e., full vs. low) to boost student’s competence in programming and 
mathematics with their design aiming at integrating the computational aspect in non-programming disciplinary 
domains as a way of ‘equipping’ learners with skills needed, such as problem-solving skills, that can be ‘transferred’ 
to programming exercises,[40] and (d) tangible programming activities via playing of multilevel maze-escape games 
and then the creation of students’ mazes, by manipulating a collection of wooden blocks.[44]  

● Paper Activities: In these activities, the traditional method of integrating CT-elements to primary school students 
was used with the intention to: (a) analyse the extent to which the unplugged approach to the teaching of CT is 
effective enough,[7] trigger  students’ engagement in learning the skills so as to design an algorithm through a ‘puzzle-
based’ algorithm learning program, investigating the effect of this program on learners’ CT abilities,[10,11] and (c) 
discuss how a few changes in some CT tasks proposed during the Bebras challenge affect the solvers’ performance.[27]  

● Simulation Activities: There were also papers that engaged students in simulation activities aiming to: (a) cultivate a 
learner modelling approach to advocate scaffolding in CT that is adaptive, utilizing the ‘Simulation and Modelling’ 
(CTSiM), an open-ended learning environment, that boosts combined science learning and concepts of CT in 
classrooms of science,[5,52] and (b) encourage gifted students perform Scratch programming, making activities to 
collect and analyse data centring on the one to one (1:1) interrelations between batters and pitchers in order to simulate 
the process of professional baseball games and predict the results.[20]  

 
Type of activities 
In addition to the above analysis, Table A2 summarizes that most interventions were based on plugged activities (34 

papers) for students’ CT-development. Unplugged activities were also conducted to a lesser extent (10 papers). Moreover, 
there were efforts (8 papers) to combine plugged and unplugged activities for the same purpose.   

 
Digital environments used 
As shown in Table A2 (column 3), Scratch is the most popular digital environment to be used for primary school 

students CT-cultivation (16 papers) followed by Alice (4 papers), Kodu (3 papers), Agentsheets (3 papers), ScratchJr (2 
papers), Lego WeDo software (2 papers), ROBOTC graphical (2 papers) and CTSiM (2 papers). There are more digital 
environments such as BOTS, CHERP and Lighbot that have been used once.  

 
Use of programming language 
As depicted in Table A2, there were 38 studies that used a programming digital environment for students’ CT-nurture. 

Thus, children were required to work on a programming language for completing various activities.  
 
Type of programming language 
In addition to the aforementioned analysis, Table A2 presents that block-based visual programming languages 

constituted the majority of the programming environments used (36 out of 38). There was also one study that used a text-
based programming language via the Story-Writing-Coding engine,[33] as well as a different one that uses two ‘contexts 
of transfer’, both ‘text-based’ and ‘drag-drop coding environments’.[9] 
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Annex D: Contexts of assessment 

The context of assessment of the aforementioned empirical studies is analysed according to: (a) the sample that is used 
– ‘educational level and size’, (b) the ‘location of the study’, and (c) the ‘tools’ that were used for the data to be collected. 
Table A3 illustrates the outcomes of all the reviewed studies. 

 

Table A3. Context of the CT-assessment of the empirical studies 

Sample: Participants Sample Size: Number of 

Participants 

Location of the Study Tools for Data Collection 

Primary: 31 Up to 10: 4 School: 32 Pre/post assessments: 28 

Primary–Middle: 14 11–30: 7 Summer camp: 7  Artefacts’ analysis: 17 

Primary–Middle-High: 4 31–50: 9 Workshop: 3 Questionnaires: 17 

Kindergarten–Primary: 3 51–100: 15 Lab: 2 Interviews/discussions: 15 

Kindergarten: 1 More than 100: 16 Home and school: 1 Observations: 10 

  Not mentioned: 2 
School in combination with 

lab and workshop: 1 
Log-files: 8 

   On-line: 1 Pre/post surveys: 7 

   On-line in combination 

with school: 2 
Rubrics: 6 

  

Programming camp: 1 

Various recordings (video, audio, 

screen-recordings, photographs): 

5 

  Not mentioned: 3   

 
As shown in Table A3, taking into consideration the ‘educational level’ and the ‘size’ of the ‘sample’ enlisted in the 

reviewed papers, most students attending Primary School as well as Primary–Middle School were part of both ‘small’ 
and ‘medium-scale’ studies. As for the ‘location’ of the interventions conducted, it seems that the diverse ‘educational 
settings’ applied were the expected ones, with the majority of them conducted into the school environment.  

As for the ‘research method’ followed, Table A3 presents that ‘descriptive research methods’ were utilized in most of 
the reviewed papers (30 papers) in order for researchers to investigate the diverse ways of CT integration in primary 
education settings. It is significant to be noted that there were also enough studies aiming not only to state hypotheses but 
test them as well through empirical studies using experimental research methods. Moreover, various tools for data 
collection were used, with pre or post assessments (28 papers), artefacts’ analysis (17 papers), questionnaires (17 papers), 
and interviews/discussions (15 papers) being among the most common ones. Besides, a combination of different kind of 
such tools was used in the majority of the studies so that the results be more valid and reliable.  
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Annex E: Outcomes of the study 

The analysis of the main outcomes emerging from the reviewed studies revealed the thematic topics, which are depicted 
in Table A4. As presented in Table A4, the main outcomes of the papers related to CT formed around 13 topics. Based 
on these topics, the most frequent finding relates to the cultivation of CT-skills (f = 42) followed by students’ attitudes 
towards CT and CS (f = 31), as well as the position of CT in curricula (f = 24) and other skills cultivated beyond CT (f = 
20). However, it was observed that the findings obtained had ‘beneficial results’ in the CT-context in general.  

Table A4. Main findings emerged from the reviewed studies for CT implementation in primary education 

Main Findings on CT for Primary Education f 

1. Findings on CT-skills: 42 

Programming activities with visual programming environments improves CT 13 

Game design/programming improves CT 7 

Computer programming activities with robots improve CT 4 

Activities with tangible kits improve CT 3 

Simulation activities improve CT 3 

Virtual robotics’ programming improve CT 2 

Embodied instructional activities improve CT 2 

Puzzle solving improves CT 2 

Metaphors improve CT 1 

Coding an animated story improves CT 1 

Constructionist video games improve CT 1 

Non programming interdisciplinary activities improve CT 1 

Experience-oriented outdoor activities on CS improve CT 1 

Paper programming activities improve CT 1 

2. Findings on students’ attitudes: 31 

Engagement/motivation/ enthusiasm  18 

Interest  5 

Fun/enjoyment 5 

Toward computing  2 

Self-expression 1 

3. Findings on CT-position in curricula: 24 

Appropriate ways for fostering CT in the classroom 12 

Important elements for creation of CT learning tasks and curriculum 8 

Necessity of CT’s integration in primary education 4 

4. Findings on other skills cultivated: 20 

Programming skills 7 

Problem-solving skills 4 

Creative-thinking skills 4 

Other 21st century skills 5 

5. Findings on behavioural issues: 15 

Collaboration/cooperation 9 

Communication 4 

Attention 1 

Perseverance 1 

6. Findings on gender issues: 8 

Differences between sexes 5 

No differences between sexes 3 

7. Findings on CT-practices cultivated 7 

8. Findings on factors affecting learning outcomes 7 
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9. Findings on evaluation of CT 6 

10. Findings on domain knowledge beyond CT and CS 5 

11. Findings on differences with traditional educational methods 3 

12. Findings on differences between students’ age 2 

13. Findings on awareness of computing 2 

 

The outcomes of the reviewed studies summarized in Table A4 are briefly discussed below according to the 13 different 
findings/themes obtained after the content analysis of the reviewed studies. The aforementioned themes relates to:  

1. Findings on CT-skills cultivated: 
✔ Programming activities with visual programming environments improves CT: Programming activities with 

‘visual programming languages’ such as Scratch, Kodu or Alice revealed that pupils achieve substantial learning 
gains in CT-skills.[16,19,28,36,38,41,51] Also, approaches combining unplugged pen and paper and then visual 
programming activities,[18] graphical environments with the parallel use of diverse digital devices,[37] and/or 
visual programming activities designed into a blended learning environment allows students to familiarize with 
CT-concepts and skills.[22] Finally, these type of activities are also advantageous when taking into account agile 
software engineering methods,[17] students’ transformative and fundamental nature of aesthetic experiences[15] 
and the application of design-based learning strategies into the teaching practice.[21]  

✔ Game design/programming improves CT:  Game programming activities develop students’ CT-skills,[2,23,24, 50] 
while the most common concepts used on children’s games is the ‘sequence/event handling and conditionals’, 
followed by ‘threads’ and ‘operators’.[30] In addition, while students are engaged in game programming activities, 
they show an understanding of the association among CT, programming and 21st century skills.[49] Finally, in 
these type of activities, pair programming plays a central role for children’s CT-skills cultivation and 
programming awareness building notably among less-experienced pupils.[13] 

✔ Computer programming activities with robots improve CT: Computer programming activities with robots have 
demonstrated the contingent of NAO,[9] Lego Mindstorms EV3,[8] and Lego WeDo materials and software,[3, 32] 
to promote CT, since children have the opportunities to be engaged with various computational concepts –
common in programming language – such as ‘programming, coding, sequence, loops, events, parallelism, 
conditionals’ and so on.  

✔ Activities with tangible kits improve CT: Tangible technology toys/kits are effective learning tools, since these 
help students to acquire CT-concepts, practices and perspectives by: (a) snapping the diverse modules to make 
circuits,[25] (b) manipulating the tangible blocks to form their own programs,[44] as well as (c) creating 
stories/scenarios and storytelling by giving form to their thoughts through spatial construction.[39] 

✔ Simulation activities improve CT: Students engaging in simulation activities enhance their CT-ability,[20,52] 
specifically if they receive a scaffolding for building more precise models, using modelling approaches 
efficiently and adopting more beneficial modelling manners.[5] 

✔ Virtual robotics’ programming improve CT: It has also been supported that students’ engagement in scaffolded 
programming curricula, within the context of virtual robotics, is related to a growth in their ‘generalizable’ CT-
awareness and skills.[47,48]  

✔ Embodied instructional activities improve CT: Embodied instructional activities during unplugged debugging 
interventions influences lower grade elementary school students’ CT, problem-solving skills and self-efficacy.[1] 
Similarly, the combination of ‘full-embody activities’ with the ‘practice of computational perspective-taking’ in 
solving problem in the area of mathematics improves CT-skills, the understanding of mathematics as well as 
programming skills.[40]  

✔ Puzzle solving improves CT: ‘Puzzle based algorithm’ learning programs (PBA) are effective for cultivating 
students’ CT, since during puzzle solving process, students solve puzzles using ‘data collection, data 
representation, data analysis, abstraction, problem decomposition and algorithms’ as CT problem solving 
elements.[10,11]  

✔ Metaphors improve CT: There is a paper proposing that using a methodology based on metaphors and Scratch 
can meaningfully nurture pupils’ CT-competences, but also that pupils have the capability to acquire basic 
concepts of programming.[31]   

✔ Coding an animated story improves CT: It is also discussed that the coding of an animated story using a specific 
software such as the Story-Writing-Coding engine, which is based on a java language, improves students’ CT-
skills using fundamental CT concepts such as ‘abstraction, decomposition, logical thinking and patterns’.[33] 

✔ Constructionist video games improve CT: Constructionist video games improve students’ CT-skills – such as 
‘testing and debugging computational constructions, iteratively developing and revising solutions and 
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identifying patterns’ – since they are allowed to express their conceived gameplay strategies, thoughts, characters 
and so on, with the use of  ‘tailored’ tools and illustrations.[46] 

✔ Non programming interdisciplinary activities improve CT: Interdisciplinary activities without the use of 
programming develop students’ CT-skills, since they focus on sharpening and applying CT-concepts in other 
domain activities.[29]    

✔ Experience-oriented outdoor activities on CS improve CT: Experience-oriented outdoor activities on CS, such 
as ‘Smartwalk’, cultivate students’ CT-competences, since they are strongly linked to the ‘real life’ environment. 
Students walk all over the place, get tired, observe cautiously and co-operate with their classmates with the 
intention to realize the CS-concepts adopted in smartphone applications and to encourage the CT-acquisition.[45]  

✔ Paper programming activities improve CT: Unplugged approach using paper programming activities develop 
students’ CT-skills and concepts such as ‘problem decomposition, pattern recognition, abstraction, and 
algorithmic design’.[7] 

2. Findings on students’ attitudes: 
✔ Engagement/Motivation/Enthusiasm: There are various studies referring to the view that CT-activities and 

approaches provoked students’ engagement, motivation, enthusiasm and commitment. Specifically, these 
findings were observed in activities that students: (a) learn how to program helping them focus on 
problems,[31,36,51] (b) design/program a game with diverse software,[4,18,23,24] (c) construct and program their 
robots with specific visual programming interfaces,[6,8,32] (d) work with tangible kits,[25,44] (e) create stories,[45] 
(f) solve puzzles,[10] (g) express themselves with multiple modalities,[15] (h) work with technologies, 
programming and devices,[37] (i) work in blended learning environments,[22] as well as (g) cooperate with their 
classmates in order to realize the CS-concepts adopted in smartphone devices applications.[45]  

✔ Interest: There are also studies discussing that: (a) design-based learning (DBL) can provoke students’ self-
interest and self-efficacy as it emphasizes the procedure of developing real materials,[21] (b) tasks performed with 
coding and devices provoke students’ interest,[37] as well as (c) game activities,[18] (d) puzzle solving[10] and 
simulation-making activities increase their interest.[20]  

✔ Fun/Enjoyment: Other studies allude to students’ fun and enjoyment in activities related to: (a) debugging in 
gamified environments,[26] (b) visual programming,[36] (c) computer programming and robotics,[8] (d) 
storytelling,[39] and (e) programming with mazes using tangible electronic kits.[44]  

✔ Towards computing: Other findings revealed that programming activities with visual programming languages 
have positive changes in students’ attitudes toward computing.[28] Also, more experienced students than their 
classmate-partner managed better ‘computer confidence’ and greater ‘positive attitudes’ toward computing.[13]  

✔ Self-expression: Finally, there was a study referring to the point that students express themselves imaginatively 
by creating stories and storytelling using tangible material with cards and icons.[39]     

3. Findings on CT-position in curricula: 
✔ Appropriate ways for fostering CT in the classroom: There are several studies proposing various ways for 

fostering CT in primary education via: (a) visual programming activities,[17,36,37] (b) game design/programming 
activities[23] and constructionist video games,[46] (c) robotics,[3,47,48] (d) story creation and storytelling using 
tangible kits,[39] (e) coherent classroom tasks that have the potential to integrate computational perspectives in 
an effective way into the current programming and mathematics curricula that occur in an interdisciplinary 
way,[4] (f) puzzle based algorithm learning tasks,[11] as well as (g) simulation activities.[20]    

✔ Important Elements for Creation of CT learning tasks and Curriculum: There are important elements to be taken 
into account while creating CT learning tasks and curriculum. First of all, the forward tasks were not inferior to 
the reverse tasks in storytelling activities by programming.[53] As for the puzzles, it is needed to provide puzzles 
in order of difficulty from having a few to various constraints, increasingly difficult stages.[10] Another study 
notes that few changes in some CT tasks proposed during the Bebras challenge (e.g., examples and figures used) 
affects the solvers’ performance.[27] Regarding the design of programming curricula in primary education, it is 
proposed for them to provide freedom and flexibility in the programming requirements,[46] with more time 
needed for students to develop and fully explore the complexity of the material in order to comprehend it in its 
totality,[6] as well as desirable learning experiences that foster computing participation.[28] Also, it is pivotal that 
the challenge set be adapted to programming learning platforms so as for assistance to be provided and positive 
encouragement, quickly detect spots where there are deviations from the norm and overcome obstacles such as 
the time-limit and the control-structures.[14] As for the robotics curricula, it is proposed to be strengthened and 
also be revised and refined the evaluation’s instruments to better facilitate students’ progress in CT, specifically 
in the subsequent areas: ‘syntax, creativity, data processing, algorithmic thinking, inter-relations between the 
robotics programming environment and everyday reasoning’.[9]  

✔ Necessity of CT’s integration in primary education: There are important findings that that authors recommend 
the necessity of introducing CT at a very young age of students[24,45] and in central content areas, since it is of 
paramount importance in our era and modern society.[32] Programming should be included in the curriculum’s 
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main goals in elementary education, as it broadens cognitive horizons, opening up to new dimensions and it has 
benefits that are not only limited to programming and computer skills but also to other areas of learner’s 
capabilities across a variety of subject-specific matters.[49]  

4. Findings on other skills cultivated: 
✔ Programming skills: Apart from CT-skills cultivation, there were also studies that reported students’ gains on 

programming skills while students were engaged in programming activities,[13,24,40,49] coding an animated story 
tasks,[33] and robotic activities.[8,48]  

✔ Problem solving skills: Moreover, problem solving skills were visible whilst children engaged in game 
programming,[2,46] robotic[47] and simulation activities.[20]  

✔ Creative thinking skills: Furthermore, the results showed an increase in students’ creative thinking skills via 
visual programming activities, which provided freedom and flexibility,[49] game programming tasks,[2,24] as well 
as through art education making use of programming, technological resources, sensor cards and minicomputers, 
which allows students to play and create music.[37]  

✔ Other 21st century skills: The findings also showed improvement on other 21st century skills. For example, 
students who worked with graphical programming environments were able to ‘transfer’ their knowledge from 
‘visual programming languages’ to ‘text-based’ programming contexts.[19] Besides, they developed their digital 
competences,[37] and their reflective thinking skills as well.[51] They also showed an improvement in critical 
thinking, predictive thinking and evaluation, analytical thinking,[49] and metacognitive skills – such as planning, 
monitoring, and evaluation – after the intervention of designing and creating their own games.[2] 

5. Findings on behavioural issues: 
✔ Collaboration/Cooperation: The act of improving CT ability using design-based learning strategies,[21] blended 

learning environments,[22] game design activities,[2,18,50] robotics,[8] and simulation-making activities[20,24] 
enhance students’ collaborative skills. It is also important to be noted that children’s first computer experience 
and attitude toward cooperation influenced their partners/classmates in game programming activities with 
graphical environments.[13]  

✔ Communication: Furthermore, the latent ability of students to learn through communication is one that should 
be exploited often and in as many classroom scenarios as possible. Reviewed studies showed that designed-
based algorithm strategies,[21] visual programming[37] and game design activities[2,50] were effective methods for 
developing students’ capacity to share, play, communicate, discuss their opinions and share their feedback with 
each other.  

✔ Attention: It was also observable that all children paid attention during the lessons of programming activities 
with visual-programming environments regardless of their grade.[31] 

✔ Perseverance: Finally, there was a study discussing that learning behaviours such as persevering is visible whilst 
children were coding their games.[2] 

6. Findings on gender issues: 
✔ Differences between sexes: Findings did indicate that boys were more confident towards their computing skills 

than girls in programming activities.[28] It is also visible in interdisciplinary activities without the use of 
programming, where boys achieved somewhat higher scores at both pre- and post-test time moments as well as 
greater benefits between the time moments.[29] Moreover, in a paper programming activity with Ozobot, lower 
grade boy pair-groups achieved greater scores on the sub-skills of CT than girl or a mixed pair-group of the same 
grade, while in the upper grades, this difference vanished.[43] In another study, comparisons between the genders 
demonstrated differences in the way that boys and girls used the programming constructs (e.g., the use of 
variables) both in Scratch and Alice graphical environments.[2] In contrast, another study unveiled that girls who 
took part in virtual robotics curriculum revealed relatively greater competence in the post-test than boys.[48]  

✔ No differences between sexes: On the other hand, there were findings from which it can be deduced that there 
were no statistically important differences in stances toward computing[28] and/or in performance/efficacy 
between boys and girls in programming activities.[16] In addition, another study disclosed that the scores had no 
important difference between the boys and the girls of the school in total of six tasks storytelling activities by 
programming.[53] 

7. Findings on CT-practices cultivated: 
Students gained significant computational practices related to ‘code organization’ and ‘documentation’ in visual 

programming activities with Scratch.[28,36] Also, the context of robotics provided possibilities to students to get to know a 
set of computational practices such as ‘testing and debugging, abstracting, reusing and remixed, and modularizing’.[8,32] 
Likewise, players’ ‘programs’ became more complex as they played a constructionist video-game, and their use of 
progressive CT-practices became more explicit, pinpointing to the fact of how the video game medium can help learners 
in cultivating and improving CT-practices.[46] Furthermore, CT-practices were improved through a synergistic learning 
via simulation activities,[52] as well as with the use of tangible technology toys/kits.[25] 

8. Findings on factors affecting learning outcomes: 
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Regarding the findings of the reviewed papers, there were obtained significant factors that influence learning outcomes. 
First of all, prior STEM and computing experiences,[16,19] as well as the participation in previous CT-activities[12] were 
found to be strongly predicting the CT-learning results. Also, problem solving behaviours in debugging activities were 
highly correlated with students’ own explanation ability, number of code edits, and prior experience in programming.[26] 
A finding that created more surprise was that more children with a higher ability in programming – as measured by non-
verbal reasoning skill or game performance – engaged in a more intense manipulation of their programs.[34] Additionally, 
in another study, it was discussed that game design is a challenging and motivating factor for CT learning.[18] As for pair 
programming activities, it seemed that when pupils had a more positive stance to collaborative practices (relative to their 
pair), their programming knowledge dropped.[13]  

9. Findings on evaluation of CT: 
As for the CT-evaluation, reasoning problems appeared to be a promising tool for assessing CT in young 

programmers.[42] Furthermore, semi-open and open-tasks could evaluate further dimensional aspects of CT than the 
closed-tasks in activities by programming.[53] A proposal for multiple evaluation approaches is made in order to widely 
show the whole learning frame that the CT-process entails.[2] Moreover, game and simulation design is a way that has a 
beneficial impact on the educator, that is, the educator can fully understand and verify the learning of students’ CT-
skills.[50] In this context, a process also delineated for the creation of ‘automated assessments’ of indirect CT from 
gameplay behaviours. This work stands as a model for implicit ‘GBLA’ (game-based learning assessments) that can be 
used to disclose competences and knowledge through activity rather than depending on what learners are able to exert on 
typical evaluation models.[35] Finally, systematic research is suggested and proposed as a significant requirement, so that 
a CT-assessment instrument can be developed and a better valid and reliable tool can be provided towards the 
measurement of CT competency.[11]  

10. Findings on domain knowledge beyond CT and CS: 
Teaching computing in other domains beyond CT and CS seems to be a good indicator for gaining knowledge 

regarding other subjects by the students. Findings showed that children: (a) recognized that the necessity to work in an 
English interface involved the beneficial feedback so as to develop their English language skills and understanding;[46] 
(b) achieved all the educational goals of the topics across the activities occurring in a multidisciplinary frame;[17] (c) 
improved their mathematic understanding in full-embody activities;[40] (d) constructed more precise models, used 
modelling strategies in satisfactory ways, achieved a deeper comprehension of important science-concepts, and managed 
to convert their modelling skills and transfer them better to new case-scenarios;[5] as well as (e) presented learning gains 
in science-domain knowledge (e.g., understanding of diffusion through systems thinking) via simulation activities.[52]  

11. Findings on differences with traditional educational methods: 
There were also findings referring on differences with traditional educational methods. Specifically, a study revealed 

that ‘Design-Based Learning’ (DBL) is more valuable than direct teaching approaches in order to broaden students’ CT 
ability.[21] Another study noted that the learning gain achieved from the group using the Kinect game – an interactive 
serious game – was notably greater than the group that was introduced to the traditional educational method.[4] Finally, 
puzzle based algorithm learning had better influence on improving CT competency in comparison to the conventional 
algorithm method of learning.[11] 

12. Findings on differences between students’ age: 
There were also findings on differences between students’ age. Firstly, in a study aiming to detect young learner’s 

ways of perceiving and approaching programming in two tools with contrary programming interfaces and consider the 
effect of programming approaches on cultivating CT, it was observed that students belonging to age six and seven years 
had a different way of interaction with the ScratchJr-like programming interface in contrast with the Lightbot interface.[34] 
Moreover, in a programming task using Ozobot, results indicated that the youngest duos (grade 2–4) approached the 
programming task in a non-structured way. In case they succeeded, the goal was reached by trial and error. As for grade 
4, pair groups were able to recognize that the case was divided into subtasks. The couples could set goals for these tasks, 
tested a targeted sequence of actions and connected pieces of information. In addition, the couples in the highest grades 
(5–6) were able to formulate how to connect different pieces of information.[43] 

13. Findings on awareness of computing: 
As found in a study, CT education that has ‘DBL’ as its main basis (designed-based learning) appears to assist in 

altering learners from passive to active learners as ‘prosumers’. Actually, DBL encourages the learners to have a more 
active awareness of the usefulness of computer tools that can help them in creative ways.[21] Furthermore, ‘outdoor 
activities’ on CS, like ‘Smartwalk’, seems to get students to perceive digital devices in an alternative way, devices that 
they use during their everyday life. The main idea is to cultivate in children the feeling and the ability to have an outlook 
on the world that looks at things from a different angle and through a different lens – the viewpoint of a computer scientist. 
Instead of being a producer (taking the role of an ‘artist’ or ‘engineer’), it is about experimenting, reflect upon and discuss 
concepts that are used in digital technology (undertaking the role of a ‘philosopher’).[45] 
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