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Abstract. The primary purpose of this study is to investigate CT skills development process in
learning environments. It is also aimed to determine the conceptual understanding and measure-
ment approaches in the studies. To achieve these aims, a systematic research review methodology
was implemented as the research design. Empirical studies on computational thinking indexed in
the Web of Science and ERIC databases were selected without constraint on the publication dates.
The studies found were examined and a pre-analysis was conducted by the researchers. Follow-
ing the pre-analysis, 29 articles were selected to be included in the study. Content analysis was
applied in order to determine and evaluate the common codes and themes related to the findings.
In conclusion, instead of relying on attractiveness, functionality, market share of educational tools
(robotic sets, software packets etc.), availability of qualified learning activities focused on prob-
lem solving is the main point practitioners should consider.

Keywords: computational thinking, computational thinking interventions, empirical studies, sys-
tematic review.

1. Introduction

Computing was previously considered a specialized skill associated with computer sci-
entists or those from similar disciplines. However, now almost everyone is expected
to possess basic computing skills in parallel with the developments in today’s technol-
ogy (Kalelioglu, Gulbahar, & Kukul, 2016). Among these skills, computational thinking
(CT) is believed to be an important skill to enable future generations (Zengin, 2016), but
how to implement this skills requires further investigation.

The published literature contains a broad range of definitions for CT, such as (Wing,
2006), who defines it as an approach to problem solving, systems design, and the un-



702 E. Taslibeyaz, E. Kursun, S. Karaman

derstanding of human behaviors based on computer-based concepts whilst (Kazimoglu,
Kiernan, Bacon, & Mackinnon, 2012) consider CT as a skill that requires the use of
computer systems to solve problems in any discipline. The concept of CT has attracted
attention due to the general increase in the importance of computer science. Some stud-
ies have examined this concept and revealed different approaches by associating CT
with programming skills in computer science (Chaudhary, Agrawal, Sureka, & Sureka,
2016a; Sahiner & Kert, 2016). Thus, studies have largely focused on the effect of pro-
gramming training on CT. As a result, programming education has been shown to have
a positive effect on CT skills (Jaipal-Jamani & Angeli, 2017; Zengin, 2016). Although
to gain CT skills actually starts with the use of programming tools, the tools for gaining
programming skills rather than producing programs become widespread (Pan, Zhan, &
Li, 2016; Sung, Ahn, & Black, 2017)

It is also seen in the literature that it is trying to develop CT skills by making it more
attractive using robotic coding (Chaudhary, Agrawal, Sureka, & Sureka, 2016b; (Krugel
& Hubwieser, 2017; Leonard vd., 2016).In particular, studies on CT have presented vari-
ous different ideas about the definition and development of CT skills (Davies, 2008a;
Kazimoglu vd., 2012). These differences revealed in the understanding of CT have also
been reflected in the interventions for the measurement and development of the related
skills. It has also prevented reaching a consensus on how it is developed,even if there
are different strategic approaches to the development of CT are used. There is this di-
versity among countries, regions, schools. Within this range, the approaches of students
to improve their CT skills; age (primary, secondary, high school and higher education),
environment (schools or private courses), context (STEM, programming lesson, ICT
lesson, etc.) varied according to variables.

However, there are various studies that focused on the definition of CT in the litera-
ture. Therefore, rather than becoming lost in the variety of CT definitions, it is neces-
sary to focus on a CT skills development approach that accommodates this diversity.
One of the concrete steps in creating such an approach is to derive current experience
from a review of empirical studies that reflects the practices which include interven-
tions focused on CT skills.

The past decade has seen a dramatic increase in the number of studies conducted
about CT (Berland & Wilensky, 2015). Some of these studies are based on qualitative
research and literature reviews while others are designed as quantitative research. Most
of the review studies examined the characteristics of computational thinking; however,
others only examined the definition of CT (Selby & Woollard, 2013) or focused on
general trend investigating methodological dimensions and bibliographic features, such
as participants, publication date, and methodology in papers (Kalelioglu vd., 2016;
Lockwood & Mooney, 2017). In addition, there are some review studies which only ex-
amined empirical research investigating methodological trends. For example, Heintz,
Mannila, & Férnqvist, (2016) conducted a research study only on empirical studies
for K-12 students, in which computational practices and perspectives of the empirical
studies were examined. (Hsu, Chang, & Hung, 2018) discussed dimensions, such as
learning strategies, participants, teaching tools, programming languages, and course
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categories of CT education. Thus, it was seen that review studies generally focused on
conceptual and methodological trends.

The current study focused on combining the experiences in the practice of improv-
ing CT skills in learning environments, by reviewing empirical studies. Previously, CT
skills were attributed as technical computing education. Today, it is identified as the
training of some thinking skills beyond computing education. CT skills are generally
acquired through different computing tools and software as well as content development
tools. This study is important because analyzing the interventions used to develop CT
skills can guide future computing education practices and studies in the context of both
computing for computing skills and computing for thinking skills. In this systematic
review, the researchers examined, in detail, the dimensions related to CT skills develop-
ment, such as contexts, content areas, interventions, measurement tools, variables, and
their relationships with each other. The researchers also reviewed the definitions and
perceptions of CT in empirical studies since the understanding of CT skills affects both
measurement and development of the related skills. This study is unique since it focuses
on examining the development process of CT skills rather than categorizing the method-
ological dimensions of empirical research studies.

The main aim of our study is to examine the CT skills development process in learn-
ing environments by reviewing empirical studies. The second aim is to reveal the rela-
tionship between the CT skill development process and CT-related dimensions (perspec-
tives, context, content, interventions, etc.). The dimensions examined in the study are
given below as research questions:

1. What are critical points of CT definitions?

2. What are perceptions of CT definitions (features of CT emphasized)?

. What are context of CT?

. What is intervention tools used in CT skills development?

. What is data collection tools used to measure CT skills?

. What are content areas in development of CT skills?

. What are dependent and independent variables used in the studies and the rela-
tionships between them?

~N N B W

2. Methodology

2.1. Research Design

A systematic review methodology was employed in this study. According to (Gough,
Thomas, & Oliver, 2012), a systematic review is a undertaken to evaluate research liter-
ature, using systematic and rigorous methods. Systematic reviews provide a mechanism
for identifying the most robust evidence-based research among a range of published
studies (Lam & Kennedy, 2005). This method was applied to examine the trends of
empirical studies on CT since it utilizes descriptive evaluations conducted on a specific
content area (Calik & Sozbilir, 2014).
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2.2. Procedure

The empirical studies about computational thinking indexed in the Web of Science and
ERIC databases were searched without constraint on the publication date. Most relevant
studies on CT could be found in these two databases, and are commonly indexed. A total
of 40 empirical studies were obtained from the Web of Science database and 68 studies
from the ERIC database. In total, 108 studies were obtained using keyword searches for
titles including “computational thinking” and topics containing the words “experimen-
tal” or “empirical.” The obtained studies were examined and subjected to pre-analysis
(The pre-analysis study actually includes the process of deciding whether to include the
studies (search results in databases) or not) by the researchers. After the pre-analysis, a
total of 29 articles were deemed appropriate for the current study.

Fig. 1 shows the distribution of the articles about CT by years. Some studies were
eliminated because they were theoretical (not empirical), lacked adequate information
about CT, or did not meet the criteria of the goal of the current study. The researchers
examined the studies’ critical points of CT definitions, perceptions, contexts, content ar-
eas, interventions, measurement tools, variables, and their relationships with each other.
The procedure of the study is illustrated in Fig. 2.
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Fig 1. Distribution of the articles about CT by years.

Keywords; “computational thinking” 40 reviews from Web of Science and Studies were eliminated if they did Common codes
and “experimental” or “empirical” 68 studies from ERIC databases not conform to the study criteria & themes were created
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Fig 2. Data collection and analysis process.
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2.3. Data Analysis

The data collected were analyzed using content analysis. The common codes and themes
related to the findings were determined and evaluated during the analysis. Then, the cat-
egorizations were revised after a consensus was reached among the researchers. Tables
were created from the themes, including the frequency values.

3. Results and Discussion

The frequencies for each code and theme were determined. The findings are presented
in this section based on differences in definition, perceptions, CT measurement tools,
context, relationships between dependent and independent variables, and relationships
between the sample groups, subjects, and study findings. The quotes from the text in the
reviewed studies are shown as A1, A2, etc. The names and codes of the articles are given
in Attachment-1 at the end of this paper.

3.1. Definition of CT

There were definitions of CT in the basis for the interventions to develop CT skills.
Therefore, in the systematic analysis, the introduction parts of the reviewed studies were
examined, revealing how each of them defined CT was analyzed and the clear differ-
ences in the aspects of the given definitions were seen. The concepts in the different defi-
nitions of CT were grouped under the categories and frequencies calculated, as shown
in Table 1.

The CT definitions in the studies were carefully examined for obvious differences,
and the most common keywords were then grouped together. Most of the studies con-
sidered CT as analyzing and solving problems (f = 22). Some keywords were not used

Table 1

Frequency of concepts in different definitions of CT

Keywords in CT definitions f

Analyzing and solving a problem 22

Development of thinking habits
Mathematical thinking

Computer programming 8
Understanding system design 8
Understanding human behavior 8
Logical thinking 5
Algorithmic thinking 4

1

1
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alone, but used together in different combinations in the studies. For example, the con-
cepts of “system design” and “human behavior” were included in the reviewed studies
together (f = 8). Although there were different definitions of thinking skills, they had
a significant place in the definitions when types, such as algorithmic, mathematical,
and logical were combined. An important point concerning CT was that its definitions
changed according to the contexts. For example, attention was given to programming
skills in studies focusing on computer use whereas thinking skills became prominent in
the definitions in studies focusing on courses, such as mathematics.

3.2. Perceptions of CT

After semantically analyzing the studies, the researchers developed different categories
for each study that mentioned the term CT. This part of the study was formed by consid-
ering how CT skills were developed, how the research was justified, and how the results
were predicted. Thus, there was particular focus on the introduction and conclusion parts
of the reviewed studies. The different perceptions of CT found in the studies are pre-
sented as frequencies in Table 2.

The content analysis of the CT definitions in the reviewed studies focused on the per-
ceptions of CT; therefore, the most emphasized concepts of CT referenced in the studies
were examined in order to reveal which concepts CT was associated with. According to
the results, the first three prevailing perceptions were the development of problem solv-
ing skills (f = 17), lifelong learning skills (f = 16), and development of programming
skills (f = 13). There were also some studies which perceived CT as solving problems
with the help of technology (f = 4).

Extracts from the reviewed studies in relation to the emphasis on problem solving
and lifelong learning are given below;

“...Structured problem solving is vital for preparing students for fu-
ture academic and professional success. Meanwhile, computational
systems have permeated much of modern professional and personal
life, making computational thinking an essential skill for members of
modern society...” (A1)

Table 2
Frequency of perceptions of CT

Perceptions of CT f

Development of problem solving skills 17
Lifelong learning 16
Development of programming skills 13
Algorithmic thinking skill 6
Numerical/logical thinking skill 6

Solution of problems with technology 4
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“...CT skills are not limited to the field of computing, but are exten-
sible to mathematics, biology, science, economics, reading and other
areas...” (A20)

“...everyone should learn about CT considering its influence in many
fields of study... (420)

3.3. Context of the Studies

In order to understand the improvement in CT, the contexts of interventions were exam-
ined. The contexts of the reviewed studies were determined by analyzing the methodol-
ogy sections. The main goal of the interventions and intervention environments was ex-
amined to define the context. The various contexts within studies that had been conducted
were inferred. The number of studies relating to each context is given in Table 3.

Table 3 shows that the studies were carried out in two main contexts with the most
common overall context being programming (f = 17). This result indicated that many of
the studies associated CT skills with programming education. However, not only pro-
gramming was required to develop CT skills but also other contexts were investigated,
such as science, technology, engineering and mathematics (STEM) applications (f = 7)
and game design (f = 3), as well as learning software and contexts other than program-
ming. For example, in study A29, the students were encouraged to develop their writing
skills to support their CT skills.

3.4. Relationship Between Content Areas and Intervention Tools

One of the important aspects in the CT development process is the use of intervention
tools. In order to clearly define the developmental process, the content areas and inter-
vention tools need to be analyzed together to maintain the relationship between inter-
vention tools and content areas. The results of the analyses were presented by grouping

Table 3

Context of the studies

Context f

Programming Programming education 17
Context

STEM (Science/Math education)

Non-Programming Design of games/preferences of games
Context Learning program/software (Excel-Word etc.)
Pedagogical contexts (Class management etc.)
Interactive writing
Gerontology

—_ = = = N W

Web-mediated learning
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according to levels. The reviewed articles were mainly found to have been conducted
on two groups: K-12 pupils and university students. Content areas were obtained from
the title and abstract sections of the studies. The intervention tools in the reviewed ar-
ticles were also determined by examining the methodology sections. The cross tabula-
tion of student levels by general content areas, intervention tools, and their frequencies
are shown in Table 4.

The results of the analysis of the content area revealed the following categories:
game design or game preferences, STEM, programming, and other. First, the number of
studies was determined for each student level. Then, the intervention tools were grouped
into programming-related and non-programming content. Table 4 shows that the stud-
ies related to CT skills mostly focused on the programming content area. Moreover,
the results indicated that most of the studies were conducted on scratch programming,
robot programming, and game design for K-12 students. The studies also focused on CT
through the students’ writing skills in other content areas.

There were many studies concerning CT skills and programming types (e.g., C++)
and the use of programs, such as Excel and Word for university students. In addition,
studies were also conducted on university students about other content areas, as well
as programming; e.g., CT skills being examined in the interventions of pedagogical
courses, such as classroom management.

Table 4

Relationship between content areas and intervention tools
in the development of CT skills by student levels

Programming Non- programming
g Z g
E .5 E - °

8 g8 2 HEg B~

= — S 2 a o s g S

g S % £55 z 2358 S§
2 B ® 3 2 % 5% 2 sS85 T4
s 2 = < S+ 2 BES S D52 g .2
5 & g 5 £ S ez 2 2% =35 E £3
wv O o} ) o< 2 ~ZRE EL wnna o=
‘2 Programming A4,A27 A3,A12, A4 A3, A8
= Als6,
2 A19,A24
S STEM Al4,A25
M A26,A27

Game Design A9, A23

Other A29 Al3,A4
§ Programming All A2,A15, AlO0
8 A18,A20
2 A22,A28
2 Use of Programs A5, A6
W
S STEM Al7
5 Other Al,A7,

(Gerontology, A21

pedagogical
courses, etc.)
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3.5. Relationship Between Content Development Tools and Dependent Variables

Another important aspect in the CT development process is content development tools.
These tools which focus on variables were examined together to clearly understand de-
velopmental process of CT. To this end, the methodology sections of the reviewed stud-
ies were examined, and the relationships between content development tools and depen-
dent variables were investigated. The findings are presented in Table 5.

As shown in Table 5, the variables obtained from the studies were listed as CT,
attitude-motivation, and problem solving, and programming skills. Some of these stud-
ies only focused on CT skills, with others concentrating on the variables associated with
CT, such as problem solving and attitude-motivation.

Content development tools were also divided into two groups: programming and was
non-programming. The programming tools were further divided into four categories of
Scratch, games, robotics, and other tools. Table 5 shows that Scratch, robotics, and other
tools were prominent among the programming tools. In addition, it was noted that most
of the tools were particularly associated with CT and problem solving skills; however,
programming tools were rarely associated with programming skills in the studies in
Table 5. It has been observed that the target of using programming tools is mostly not to
develop programming skills.

Other content development tools were categorized as use of programs, STEM, in-
teractive writing tools, and other. The results showed that use of programs and STEM
tools (e.g., animation, simulation in Science/Math Education) were more related to
CT skills. The studies about STEM were also conducted based on CT skills, problem-
solving skills, and attitude-motivation. In addition, there were various studies in which
other content development tools were used to develop CT skills. However, although
non-programming content development tools are used to support CT and related skills,
programming tools still dominate the development of CT skills.

Table 5

Relationship between content development tools and dependent variables

CT Attitude- Problem  Programm-
Motivation  Solving  ing Skills

Programming Scratch A3,Al11,Al12, Al4,Al6, All,Al6 A3 Al19
Tools Al19 A24

Games A4, A23, A9 A4, A23,A9 A4,A13

Other (C++ etc.) A2,A18,A22, A28 A28 A2 Al8

Robotics A3,A8,A9 A10 Al10 A3
Other Use of Programs A5, A6,A15 A5, A6
Development  STEM Al7,A26,A27 A14,A25 Al7,A27 Al4, A25
Tools (Science/Math Education)

Interactive Writing Tool A29 A29

Other Al,A7,A13,A21,A4 A20
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Table 6

CT Measurement tools

Tool f
Formative Performance test 9
Activity scale 9
Observation 8
Interview 4
Self-evaluation 1
Total 31
Summative  Survey 6
Attitude scale 5
Self-efficacy scale 4
Achievement test 14
CT skill scale 3
Total 32

3.6. CT Measurement Tools

Measurement and development processes are complementary elements. In addition, the
measurement tools used in the studies are important in terms of giving ideas about the
structure of CT interventions and the steps to be taken to improve the related skills.
Therefore, the measurement tools used in CT interventions were also included, and the
methodology sections of the reviewed studies were examined. The data collection tools
used in the studies and their frequencies are shown in Table 6.

As shown in Table 6, in the examined studies, many different measurement tools
were used and were grouped as formative and summative. As expected from educational
interventions, the most used instrument was an achievement test (f = 14), followed by an
activity scale (f=9) to measure the CT skills of students after an activity. A performance
test (f = 9) was used to measure the CT skills during performance whilst observation
(f = 8) was used in order to understand whether the target CT skills had been acquired.

The use of achievement tests in the studies was considerably higher than the other
measurement tools. However, overall, the use of formative tools was close to that of
summative tools. This result shows that formative tools, such as performance test and
activity scales are frequently used to measure CT skills since the process of CT skills
development takes time.

3.7. Variables Used in the Studies

In the reviewed studies, one of the findings concerned the variables which are impor-
tant for understanding the development process of CT skills. Therefore, the variables
before and after the interventions were examined. In addition, in order to understand
the interventions clearly, the relationships between the variables were revealed. The
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Fig 3. The relationship between dependent and independent variables in the studies.

dependent and independent variables affecting CT were obtained from the examined
studies, separated into codes and themes by content analysis, and then the variable
groups and their relationships were determined. The relationships between the vari-
ables are shown in Fig. 3.

The studies addressed dependent variables, such as CT skills, problem solving,
attitude-motivation, and programming skills to measure CT skills. Most of these in-
terventions were based on CT skills and problem-solving variables as previously il-
lustrated in Table 5. However, as shown in Fig. 3, CT was the dependent variable most
frequently studied, followed by problem solving, attitude-motivation and program-
ming skills.

The effect of all the independent variables on CT skills is shown in Fig. 3. Inde-
pendent variables investigated on only CT were gerontology, interactive writing, and
web-mediated learning. Non-programming independent variables, such as the use of
Photoshop, Word, and games were mostly used in the studies which included problem-
solving skills, as well as CT. The studies that included computer programming as an
active independent variable examined the effects on all dependent variables (CT skills,
problem solving, attitude-motivation, and programming skills). Similar to computer
programming, the use of robotics was also associated with most dependent variables.
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Table 7
Effects of variables on CT

Other Variables Type of Effect
Negative No effect Positive
Computer Programming (e.g., C++) A2 Al12,A13,A14, A16,A18, A20, A22, A26, A28
Robotics A3,A8,A9,A10
Photoshop AS
Word-PowerPoint-Excel A6, A7, AlS
Games Al13,A23 A27, A4
Gerontology Al
Scratch A1l Al4,A19 A24
STEM (Math, Science) Al4,A17,A25
Interactive Writing A29
Web-mediated Learning A7
Gender A19 A23 (higher in males than females)

3.8. The Results of the Study

The results of the study were examined, and the effects of independent variables on CT
were evaluated. The results about how these variables affected each other were deter-
mined. Table 7 shows the effects of these variables on CT.

In the context of this review, the findings of the selected studies were also examined
in terms of related issues of CT skill development process. The independent variables
in the studies had a positive effect especially on CT skills (Table 7). In two of the stud-
ies, the results showed that there was no effect of computer programming education and
web-mediated learning on CT skills (A2 and A7). In terms of some passive variables,
gender had different effects on attitudes about programming in some studies. For ex-
ample, gender could cause differences in the game design content area. Males had more
positive attitudes than females about game design content (A23). Moreover, no signifi-
cant difference was found between males and females in A19.

4. Discussion

There were six main findings of the study: the definition and perception of the CT
concept, contexts, the relationship between content area and intervention tools, the re-
lationship between content development tools and dependent variables, measurement
tools, independent and dependent variables, and the findings reported in the examined
studies:

e Firstly, it was revealed that the literature was focused on problem analysis and
problem solving where CT skills were concerned. This may be an indication
that the definition of CT is perceived as problem analysis and solution, and the
studies approached their research questions in the light of this definition (Chaud-
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hary, Agrawal, Sureka, & Sureka, 2016; Pan vd., 2016). Additionally, the stud-
ies showed that researchers’ perceptions about CT skills were related to lifelong
learning, as well as problem solving (Yang vd., 2011). CT skills were initially
perceived as the ability of programming and algorithmic thinking skills (Krugel
& Hubwieser, 2017; Leonard vd., 2016). Later, the researchers interpreted that CT
skills were perceived as human behaviors and an ability to understand life and to
solve problems in life (Pan vd., 2016). CT was even expressed as an essential skill
and a process that affects many areas for the members of modern society, thereby
emphasizing lifelong learning (A1 and A20). Accordingly, there has been an in-
crease in studies approaching CT skills as lifelong learning and problem-solving
skills in recent years.

The second finding of this study focused on the relationship between content ar-
eas and intervention tools by student level. The CT skills of K-12 students were
examined in Scratch programming, robot programming, and game design content
areas according to the findings. This result can be related to game-based enter-
tainment and practical applications that teach problem solving and CT skills in a
systematic way to K-12 students. Game and animation characters in game-based
applications (e.g., Scratch) may facilitate learning and increase student engage-
ment (Kert & Ugras, 2009), with similar results reported in the literature (Oluk
& Korkmaz, 2016; Rose, Habgood, & Jay, 2017). There have not been many
studies in non-programming content areas undertaken with K-12 students. This
may be related to the need for programming applications to help students more
easily gain problem-solving skills. Besides programming education, university
students have been involved more as research subjects for other content areas and
practices in order to develop their CT skills (Kim, Kim, & Kim, 2013; Pan vd.,
2016; Yadav, Mayfield, Zhou, Hambrusch, & Korb, 2014). This is due to students
working on various content areas (e.g., class management in teacher education)
in order to improve their problem-solving skills in these areas. It is therefore
possible to develop CT and problem-solving skills through interventions related
to various content and courses (Davies, 2008; Rodrigues, Andrade, & Campos,
2016; Yang vd., 2011).

Thirdly, another focus of this research was the relationship between content de-
velopment tools and dependent variables. According to the research results, em-
pirical studies have mostly dealt with variables, such as problem solving and CT
skills. The reason for variables focusing on problem solving, as well as CT skills
can be linked to the definition presented that CT skills include problem solving,
as previously mentioned. In addition, the results of the present study showed that
CT and other skills (problem solving, programming, etc.) as dependent variables
were generally related to advance computer programming (e.g., C++), Scratch
and robot programming in programming tools. The studies in literature that es-
pecially used CT skills as a variable were generally related to Scratch and robot
programming in programming tools (Berland & Wilensky, 2015; Jaipal-Jamani &
Angeli, 2017; Krugel & Hubwieser, 2017; Malizia, Turchi, & Olsen, 2017). This
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may be because in past and present studies, CT skills have been historically as-
sociated with programming skills (Calao, Moreno-Leon, Correa, & Robles, 2015).
Programming education was also considered as the most appropriate way to de-
velop CT skills (Barut, Tugtekin, & Kuzu, 2016). The reason for the investigation
into the effect of robot programming on CT skills may be that robotic interven-
tions have increased in recent years (Berland & Wilensky, 2015). This result could
also be explained by the effect of robotics programming on CT skills being posi-
tive due to its ability to attract students’ attention as a study subject. In addition,
some studies in recent years aimed at developing CT skills and problem solving
in different contexts, such as science education (Garneli & Chorianopoulos, 2018;
Jaipal-Jamani & Angeli, 2017). This may be an indication that measuring CT
skills is not specific to programming education and can be improved in different
contexts (Yilmaz, Yilmaz, & Durak, 2018).

The fourth finding of our study was about data collection tools used in the reviewed
studies. The tools were grouped as summative and formative, with achievement
test being the most used measurement method among summative tools. This may
be due to variables often being evaluated by one-shot achievement tests in educa-
tional empirical studies. According to the results, performance tests and activity
scales were also frequently used as measurement tools. This can lead to convincing
results as it provides the opportunity to observe and provide feedback to students
directly in formative measurement (Boston, 2002; Taras, 2005). A performance
test can give a clearer understanding of the development of CT skills because this
process needs to occur over a period of time. A performance test can give a clearer
understanding of the development of CT skills because this process needs to occur
over a period of time. Performance tests are also convenient for CT skills due to
the real life nature of CT skills.

The fifth finding of this study was in relation to the relationship between depen-
dent and independent variables of the studies. Dependent variables, such as CT
skills and problem solving have frequently been used in the studies. In addition,
computer programming and robotics have been the most commonly used inde-
pendent variables. This may be an indicator of the importance of computer pro-
gramming and the increasing interest in robotics in the development of CT skills
(Kog & Boyiik, 2013; Yolcu & Demirer, 2017), although there are also studies
taking into account different variables in interventions for CT skills. However,
non-programming independent variables also had an effect on CT skills. These in-
dependent variables also showed that the development of CT skills differed from
the impact of computer programming.

The last finding of the study concerned the results of the reviewed studies which
showed that the effects of independent variables on dependent variables were
generally positive. Some studies in the literature also reported that the aforemen-
tioned dependent variables positively affected programming and non-program-
ming subjects (Adler & Kim, 2018; Mouza, Marzocchi, Pan, & Pollock, 2016;
Wolz, Stone, Pearson, Pulimood, & Switzer, 2011). Only a few studies obtained
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negative results. Only two of these studies reported no significant relationship
between programming skills and CT skills (A2 and A7). This may be related
to the duration of the training or intervention, student interest, or the quality of
the course. Another finding is that in a study about game design, male students
had better attitudes toward the study than female students. This may be related
to male students being more interested in computer use than females. Further-
more, males tend to be more experienced with computers and higher skill levels
in applications, such as programming and games than females (Schumacher &
Morahan-Martin, 2001).

5. Conclusion and Suggestions

In the reviewed literature, CT skills were mostly considered as problem-solving and
lifelong learning skills, although there was no consensus on the definition and percep-
tion of CT skills. However, the lifelong learning that emerged in the definitions and
perceptions were not revealed in the intervention designs or measurements in CT skill
development processes. Most importantly, real life reflections were not considered in
the longitudinal studies, and skill tests were not performed on real-life cases outside the
classroom context.

The results showed that the interventions were more often implemented for program-
ming education rather than other subject areas, and CT skills were overshadowed by
problem-solving skills which were associated as part of programming education. For
K-12 students, the development of CT skills was mostly examined with programming
content tools, such as Scratch and robotics. However, there were some interventions
(math, games, graphic design in gerontology, etc.) for CT skill development in non-
programming content areas besides programming education, especially for university
students. Robot programming stood out as an independent variable often used in the
studies examined. Still, the results showed that CT skills were not limited to program-
ming education, with a tendency for CT skills to include different skills (especially
problem-solving skills) beyond programming skills. CT skills were also measured by
performance tests and activity scales which include a process, besides an achievement
test, since CT skills development occurs over a period of time.

It is known that applications such as robotics, blocked based programing tools,
CS-unplugged activities, which are becoming widespread because of popular expecta-
tions and needs. These efforts especially derived from wind of popularity should be
designed in line with the pedagogical principles of computing education to improve
computing and CT skills. As shown in the findings of this study, for effective comput-
ing education, it is important to have qualified learning activities focused on prob-
lem analysis and solving rather than focusing on attractiveness, number of functions,
market share of educational tools (robotic sets, software packets etc.). Practitioners
(school managers, instructors, trainers etc.) should prefer educational tools consider-
ing availability of effective ready-to-use activities or potential of tools to develop
effective learning activities .
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Another suggestion inferred from the study is that the formative assessment should
intensively be combined with learning activities. Trainings focusing on development
of CT skills, in addition to computing education, content development tools and gen-
eral STEM applications may be included. At this point, simple programming tools were
found to be more suitable for students at K12 level. For older learners, the range of tools
for problem solving applications can be expanded.

Suggestions for future studies can be divided into three groups. First, there is a
need to develop reliable measurement tools to assess computational thinking levels
beside the technical skills based on sound conceptual framework. Second, longitudi-
nal studies for developing computing skills and computational thinking skills can be
conducted with different methods. Last, prospective studies focusing on developing
computing skills should also consider the CT skills. Future studies about CT should
also focus on non-programming tools without being stuck with the gravitational field
of popular computing. In addition, an instructional design can be created on CT. As a
result,

e (T skills are perceived as a problem solving and lifelong learning skill.

e The development of CT skills is mostly examined with programming content
tools, such as Scratch and robotics for K-12 students.

e Studies on the development of CT are carried out in also other content areas be-
sides programming education for university students.

e Formative assessment tools are used to measure CT, since the development of CT
skills requires a process.
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The effects of emphasizing computational thinking in an introductory programming
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A serious game for developing computational thinking and learning introductory computer
programming

Exploration on the cultivation of computational thinking ability in the teaching of
Photoshop

Software application teaching combined with computational thinking

Exploring the effects of web-mediated computational thinking on developing students’
computing skills in a ubiquitous learning environment

Comparing virtual and physical robotics environments for supporting complex systems and
computational thinking

Using robotics and game design to enhance children’s self- efficacy, stem attitudes, and
computational thinking skills

Effect of robotics on elementary preservice teachers’ self-efficacy, science learning, and
computational thinking

ICT teachers acceptance of scratch as algorithm visualization software

An exploration of the role of visual programming tools in the development of young
children’s computational thinking

Examining the relationship between digital game preferences and computation thinking
skills

Introducing computational thinking to young learners: practicing computational perspectives
through embodiment in mathematics education

Testing algorithmic skills in traditional and non-traditional programming environments

Development, implementation, and outcomes of an equitable computer science after-school
program: findings from middle-school students

Enhancing future k8 teachers computational thinking skills through modeling and
simulations

Computational thinking as springboard for learning object oriented programming in an
interactive MOOC

Comparing students’ scratch skills with their computational thinking skills in terms of
different variables

Can computational thinking help me? A quantitive study of its effect on education
Computational thinking in elementary and secondary teacher education

Block oriented programming with tangibles an engaging way to learn computational
thinking skills

Exploring media literacy and computational thinking: a game maker curriculum study
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A24 Developing computational thinking abilities instead of digital literacy in primary and
secondary school students

A25 Computational thinking in mathematics education: a joint approach to encourage problem
solving ability

A26 Teaching computational thinking using agile software engineering methods: a framework
for middle schools

A27 Programming video games and simulations in science education: exploring computational
thinking through code analysis

A28 Paper-and-pencil programming strategy toward computational thinking for non-majors:
design your solution

A29 Computational thinking and expository writing in the middle school
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