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ABSTRACT
BLOCK-BASED CODING IN K-12 EDUCATION: A SYSTEMATIC

LITERATURE REVIEW

Cemre Koksaloglu
M.A., Program of Curriculum and Instruction
Advisor: Asst. Prof. Dr. Armagan Ateskan
February 2022

This study aims to determine the methodological tendencies and outputs of the
studies conducted on the use of block-based coding tools in K-12 education by
systematic literature review. According to their demographic characteristics, a total
of 59 full-text research articles were analyzed through thematic content analysis. In
addition, learning domains were explored in the research articles, and results were
revealed by themes regarding the impact of block-based coding in K-12 education on
learning domains. Research findings display that most of the research articles were
published in 2019, commonly using the mixed-method research, and they were
carried out with middle school level students with less than 50 sample sizes. This
review also found that most research studies were conducted in the United States and
in the Computer Science subject area. Finally, the most frequently used block-based
coding tool was Scratch and problem-based learning approach was the most used
considering the teaching/learning approaches. Besides, the cognitive domain was
explored mainly in the research articles. The results of the research articles indicated
that block-based coding tools improve the following skills regarding cognitive
abilities: computational thinking, problem-solving, algorithmic and reflective
thinking, critical thinking, and creative thinking skills. Moreover, results for
interdisciplinary learning and gender differences regarding the cognitive domain
were also found. Additionally, block-based coding positively affected students'
feelings regarding the affective domain. Lastly, whereas students had positive
attitudes towards coding, negative attitudes were also reported.

Keywords: block-based coding, technology, education, thematic content analysis, K-
12, learning domains



OZET
K-12 Egitiminde Blok Tabanli Kodlama: Sistematik Literatiir incelenmesi
Cemre Kdoksaloglu
Yiiksek Lisans, Egitim Programlari ve Ogretim
Danigman: Dr. Ogr. Uyesi Armagan Ateskan
Subat 2022

Bu ¢aligsma, blok tabanli kodlama araglarinin K-12 egitiminde kullanimina yonelik
yapilan ¢alismalarin metodolojik egilimlerini ve ¢iktilarini ana hatlariyla belirlemeyi,
kapsamli ve biitiinciil olarak incelemeyi amaglamaktadir. Bu sistematik literatiir
incelemesinde Web of Science ve Scopus veri tabanlar1 kullanilarak ¢alismanin
amaglarma ulasilmigtir. Toplam 59 arastirma makalesi demografik 6zelliklerine gore
tematik igerik analizi ile analiz edilmistir. Ayrica, arastirma makalelerinde 6grenme
alanlart arastirilmis ve A-12 egitiminde 6grenme alanlarinin blok tabanli kodlamaya
etkisine iliskin temalarla sonuglar ortaya konulmustur. Arastirma bulgulari; arastirma
makalelerinin cogunun 2019 yilinda yayinlandigini, en ¢ok tercih edilen arastirma
yonteminin karma yontem oldugunu ve drneklem biiyiikliigii 50'den az olan ortaokul
diizeyindeki 6grencilerle gerceklestirildigini gdstermektedir. Bu inceleme ayni
zamanda ¢ogu arastirmanin Amerika Birlesik Devletleri'nde ve Bilgisayar Bilimi
alaninda yapildigini1 da ortaya koymustur. Son olarak derslerde en sik kullanilan blok
tabanli kodlama aracinin Scratch oldugu bulunmustur ve ¢ogunlukla problem
¢ozmeye dayali 6gretme/6grenme yaklasimi tercih edilmistir. Demografik
ozelliklerin yan1 sira, agirlikli olarak biligsel alanda ¢aligmalar tespit edilmistir.
Aragtirma makalelerinin sonuglari, blok tabanli kodlama araglarinin bilgi islemsel
diisiinme, problem ¢dzme, algoritmik ve yansitici diisiinme, elestirel diistinme ve
yaratici diisiinme becerileri gibi bilissel yeteneklerle ilgili baz1 becerileri
gelistirdigini gostermistir. Ayrica bilissel alana iliskin disiplinler aras1 6grenme ve
cinsiyet farkliliklarina iliskin sonuglar da bulunmustur. Bunlara ek olarak blok
tabanl kodlama, dgrencilerin duyusgsal alana iligkin duygularini da olumlu yénde
etkilemistir. Son olarak dgrencilerin kodlamaya yonelik tutumlarinda hem olumlu
hem de olumsuz bulgulara rastlanmstir.

Anahtar kelimeler: blok tabanli kodlama, teknoloji, egitim, tematik icerik analizi, A-
12, 6grenme alanlari
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CHAPTER 1: INTRODUCTION
Introduction

Education has a significant role in each person's life, considering the fact that
being a well-educated person opens a variety of opportunities all the time. In our
contemporary world, being a scholar person and being a technology-literate person is
crucial. Technology has been a central aspect of our daily lives since numerous
technological tools surround us. Thus, individuals should get this competence from
early childhood. Bers et al. (2019) recognized that today's children are already being
raised with smart devices. That is to say, the society is expected to understand
technology better gradually and become a technology producer for the future
workforce (Yildiz et al., 2020).

In this digital era, technology has an important role in education (Akkoyunlu,
2002). Lately, initiatives to improve educational systems for raising individuals with
twenty-first-century skills are increasing. An example of those initiatives is the
change of contemporary curricula to include topics considered in today's world, such
as coding at schools as a new literacy (Bers et al., 2019).

The study aims to classify the demographic characteristics, which are the year
of the publications, research methodologies, data collection instruments, the grade
level of the study sample, sampling sizes, countries research carried out, subject
areas covered in the articles, block-based coding tools, and teaching/learning
approaches. Another goal of this study is to explore the learning domains regarding
outputs of the scholarly articles in the literature conducted on the use of block-based

coding in K-12 education. In this regard, the background of the study, the statement



of the problem, the purpose, the research questions, the significance of the study, the
limitations, and the definition of the essential terminologies are all included in this
chapter.

Background

Computer Science education is spread worldwide, and coding has become a
part of compulsory education in several countries. In the report of European
Schoolnet (2015), 2014 was the year of coding integration into the curriculum, and
England has attempted first. At first, coding education is compulsory in England's
primary, middle, and high school levels. It is the first country to include "Computer
Science" as a mandatory subject in its curriculum for children aged 5-16. In addition
to England, the report has analyzed how ministries of education integrated coding
into their curricula. The results showed that 16 European countries, Austria,
Bulgaria, The Czech Republic, Denmark, Estonia, France, Hungary, Ireland, Israel,
Lithuania, Malta, Spain, Poland, Portugal, Slovakia, and England have integrated
coding into their curricula. Besides, while Finland, Belgium, the USA, and South
Korea have been planning, the Netherlands and Norway have had no plans to
integrate it. Also, Turkey has recognized the importance of coding, and coding
education has incorporated into the Turkish curriculum in the 2012-2013 academic
year (Demirbas, 2019).

In Turkey, the Ministry of National Education (MoNE) constituted an
educational content network called Education Information Network (EBA) which is
designed and run by the Innovation and Educational Technologies General
Directorate. This network aims to integrate technology into education when needed,
and it provides teachers and students with online access to course materials as part of

the FATIH project. In this regard, a block-based coding tool called “MASKOD” in



EBA platform was created in order to acquire coding skills by students within the
scope of the 2023 education vision (Ministry of National Education [MoNE], 2019;
Organisation for Economic Co-operation and Development [OECD], 2020).

Activities also support Computer Science education outside of the school in
the last decades with the help of several global events, including Europe Code Week,
which volunteers have run since 2013. This activity aims to encourage students to
learn the basics of coding and computational thinking. According to the statistics, 4.2
million students attended the Europe Code Week in more than 80 countries
worldwide in 2019. While the average age of participants was 11, the participants
consisted of 49% females (CodeWeek, n.d). In addition, Hour of Code activities is
done worldwide by Code.org, which is a block-based coding tool (Code.org, n.d;
Weintrop, 2019). The Hour of Code has been presented in the scope of Computer
Science education in the second week of December annually (Code.org, n.d.). The
activity’s primary goal is to make students interested in computer science and
programming.
Digital Fluency

In the twenty-first century, the concept of digital fluency is to be broadened
(Resnick, 2012) to incorporate designing and creating content, not just browsing and
interacting with them. Digital fluency is much more about expressing, exploring, and
realizing the ideas than the capability of using technological tools (Resnick & Rusk,
1996). Hence, there are increasing initiatives to society's well-being by raising
individuals with twenty-first-century skills such as understanding significant
mathematical and computational terms, thinking creatively, reasoning systematically,
and working collaboratively (Resnick et al., 2009). In this context, a new literacy,

coding, is becoming an essential skill in this digital era (Polyviou, 2021).



Bloom’s Taxonomy

Sobral (2021) stated that Bloom's taxonomy can be considered to teach or
learn in the introduction to coding. According to Bloom's taxonomy (Bloom et al.,
1984), there are three learning domains: cognitive, affective, and psychomotor
(knowledge, skills, and attitudes, respectively). In this respect, coding teaches
computational thinking skills to improve higher-order cognitive domain skills such
as problem-solving, analytical and logical thinking, and reasoning (Webb et al.,
2016). Furthermore, coding education can also be considered in the affective domain
regarding Bloom's taxonomy, as Sobral (2021) stated. Since block-based coding
tools provide students with a constructive environment, they could have positive
feelings and attitudes towards coding.
Computational Thinking

According to Wing (2006), computational thinking is a prerequisite for each
child's analytical thinking abilities, such as designing, problem-solving, and enabling
them to adapt and improve strategies. Therefore, educational institutions aim at
improving students from kindergarten through high school by increasing their
computational thinking abilities. At this point, there are varied terms used for coding
like “programming,” “computing,” “computer programming,” “computer science,”
and “computational thinking” to refer to the integration of coding skills into the
curriculum (Armoni, 2016). According to Temurnikar (2020), coding has importance
in twenty-first-century education, such as preparing for the new age reality, nurturing
problem-solving qualities, enabling brain development, developing creative skills,

and building strong characters.



Coding Tools

Furthermore, Armoni (2016) also stated that some educational environments
in coding were developed and can be used for K-12 education. To be more specific,
there are two types of coding environments: text-based and block-based (Price &
Barnes, 2015). Weintrop (2019) states that block-based coding environments provide
learners with visual clues for how and where commands may be employed, which
makes it easier to acquire coding skills. In contrast, text-based coding can be a
complex way to learn programming at first (Codejig, n.d.). Therefore, many user-
friendly block-based coding tools have been developed in recent years, such as
Scratch, Code.org, Alice, etc. These tools do not require any syntax, and they are
more straightforward for all grade levels to learn the coding logic effectively
(Weintrop, 2019).

In this context, Noone and Mooney (2018) conducted a systematic literature
review about the comparison of block-based programming language and text-based
programming language regarding educational benefits on the learning process. They
put forward the idea that block-based programming languages have several advances
compared to text-based programming languages in terms of being accessible since
there are several coding tools and user-friendly. They also found that textual
programming is better understood by high school students. More specifically, the
block-based programming language is found to be the most beneficial for students
under the age of 14, and a hybrid environment, which includes both block-based and
text-based elements simultaneously, would be the most effective for those around the
age of 15-17.

All'in all, CS education is available globally both at school and outside of the

school context. Also, as a part of CS education, coding is essential in order to



improve students’ thinking styles in terms of learning domains. This study is based
on block-based coding tools. For, although there are researches done about coding,
there is no study about block-based coding in K-12 education, specifically by
systematic literature review.
Problem

In today's world, technology integration in education is inevitable nowadays,
and using twenty-first-century skills is significant, especially in education, because
of the needs of society regarding future employment. Therefore, educational
institutions should follow the rapidly changing educational tools continuously. One
of the examples of these tools is teaching coding to students as a new literacy from
kindergarten through high school. In that respect, educational institutions have
started integrating this prominent tool into their ICT curriculum by implementing
coding education.

Coding, a new literacy, is the process of “giving instructions to computers on
what actions to perform” using computer programming languages (Weinstein, 2021).
As stated before, programming languages have two types: text-based and block-
based (Price & Barnes, 2015). Block-based coding is a fairly new topic in education.
Research studies in the literature about implementing block-based coding tools in K-
12 education from many perspectives are investigated. To illustrate, Talan (2020)
conducted a meta-thematic analysis to investigate the common research
methodologies and the results of the studies conducted on using one of the block-
based coding tools, Scratch software, in education. This study indicated that using
Scratch as a tool has provided improvements regarding both cognitive and affective
processes such as higher motivation, self-efficacy, attitude, higher-level thinking,

and academic success of students.



However, if the literature is inspected, there is no thematic content analysis
done about block-based coding in K-12 education. To explain further, there is a need
to draw a general framework on block-based coding in K-12 education to reveal the
demographic characteristics within the research articles. Additionally, Strawhacker
and Bers (2018) stated that even if this new literacy has grown in popularity among
educational institutions, there is not sufficient information on what learning domain
and which skills students use as they code. Hence, this research aims to fill the gaps
in the literature by exploring which learning domains are explored in the research
studies and results of those studies regarding the impact of block-based coding in K-
12 education on learning domains.

Purpose

The purpose of this study is to review research articles published in the time
frame between 2000 and 2020 that were conducted in the area of block-based coding
at the K-12 level according to their demographic characteristics, including years,
research methodologies, data collection instruments, the grade level of the sample,
and sampling sizes. Moreover, the distribution of countries, subject areas, block-
based coding tools, and teaching/learning approaches are also categorized in this
study. In addition, this study aims to explore which learning domains are explored in
the research articles. Another aim is to reveal the results of research articles
regarding the impact of block-based coding in K-12 education on learning domains.
This research reports the literature in an organized way, identifies gaps, and indicates
the commonly used ones in results by gathering information from research articles.

In this regard, 59 research articles were analyzed through complete examination.



Research Questions

This study addresses the following main and sub-questions:

1. What are the demographic characteristics of the research articles in the

literature about block-based coding in K-12 education in terms of;

i

year of the publications
research methodologies

data collection instruments
the grade level of the sample
sampling sizes

countries

subject areas

block-based coding tools

teaching/learning approaches

2. How are learning domains explored in the articles about block-based coding

in K-12 education?

a.

b.

Which learning domains are studied and/or explored in the articles
about block-based coding in K-12 education?

What are the results of those studies regarding the impact of block-
based coding in K-12 education on learning domains?

Significance

This study attempts to classify and analyze research articles' methodological

tendencies and results on the use of block-based coding tools in K-12 education over

the past 20 years comprehensively and holistically. Conducting such research is

critical for improving the efficiency and applicability of block-based coding tools.

The number of articles in the associated literature relating to the use of block-based



coding tools in education has expanded significantly, attracting many researchers'
attention. It is expected that the findings of this study add a new dimension to future
studies in the subject and pave the way for further research.

The significance of this study is to have an idea about what has been done so
far about block-based coding in K-12 education by reviewing the literature
systematically. The findings of this study provide information to reveal demographic
characteristics of the research articles in the literature about block-based coding in K-
12 education. In addition, this study aims to find which learning domains are
explored in the articles about block-based coding in K-12 education and the results
of those studies regarding the impact of block-based coding in K-12 education on
learning domains.

As a result of this study, collecting and reviewing the research articles
provides insights about block-based coding in K-12 education for educators,
teachers, and other researchers interested in that area. Also, reviewed literature helps
to find gaps in the research that could be considered for future research and identifies
the commonly used block-based coding tools in results.

Limitations

This research is limited to scientific studies about block-based coding in K-12
education between the years 2000 and 2020. Additionally, this study is limited to
full-text access to only research articles published in refereed journals in English
languages. It does not include research articles conducted in different languages and

other publications such as book chapters, papers, book reviews, and opinion essays.
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Definition of Key Terms

Block-based coding: It is a learning environment that includes dragging and
dropping coding blocks to create animated games and stories (Barone, 2020).

Computational thinking (CT): It is an essential skill including the
comprehension of computer science concepts, the ability to solve problems, design
systems, and understand human behavior (Wing, 2006).

K-12 education: 12 years from kindergarten to primary and secondary
education.

Twenty-first-century learning skills: They are “learning and innovation
skills, information, media, and technology skills, and life and career skills”. Learning
and innovation skills are composed of “4C's: creativity, critical thinking, problem-

solving, communication, and collaboration” (Battelle for Kids, 2019).



11

CHAPTER 2: REVIEW OF RELATED LITERATURE
Introduction

In our ever-evolving world, having twenty-first-century skills is significant
for students' education in a society that expects high-level adaptability to this world.
Twenty-first-century skills are comprised of “learning and innovation skills,
information, media, and technology skills, and life and career skills” (Battelle for
Kids, 2019). Therefore, students should have these skills regarding analyzing and
solving problems critically and thinking creatively.

Recently, technology, which can be used to improve twenty-first-century
skills, has been an indispensable part of education. Therefore, various technological
tools are being used in teaching and learning in the context of educational technology
(Ganimian et al., 2020). According to “the Association for Educational
Communications and Technology (AECT)” educational technology can be defined
as “the study and ethical application of theory, research, and best practices to
advance knowledge as well as mediate and improve learning and performance
through the strategic design, management and implementation of learning and
instructional processes and resources” (Januszewski & Molenda, 2008, p.1). Johnson
et al. (2014) also defined educational technology as “in a broad sense as tools and
resources that are used to improve teaching, learning, and creative inquiry” (p.32).
There are plenty of innovations regarding educational technologies such as coding
that aim to develop those skills. Coding, a new kind of literacy for the twenty-first
century (Polyviou, 2021), is defined as giving commands to execute specific tasks

(Tynker, 2021).
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This chapter aims to share the necessary background information about
computer science, computer science education, future implications, and the ways of
improving computer science education. Following this, the theoretical background of
learning domains, computer science education regarding learning theories, learning
approaches, learning ideologies, and the general framework of the computer science
curriculum are discussed. This chapter also explains computational thinking and
visual and block-based programming languages.

Computer Science

Tucker et al. (2003) defines Computer Science (CS) as "the study of
computers and algorithmic processes, including their principles, hardware and
software designs, implementation, and their impact on society"” (p.6). What is more,
Brookshear (2006) described the CS as:

Computer science (CS) is the discipline that seeks to build a scientific

foundation for such topics as computer design, computer programming,

information processing, algorithmic solutions of problems, and the
algorithmic process itself. It provides the underpinnings for today's computer
applications and the foundations for tomorrow's computing infrastructure.

(p-2)

In brief, Barr and Stephenson (2011) summarized the principles of CS as
“programming, hardware design, networks, graphics, databases and information
retrieval, computer security, software design, programming languages and
paradigms, logic, translation between levels of abstraction, artificial intelligence, the
limits of computations, applications in information technology and information

systems, and social issues” (p.49).
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Computer Science Education

CS education is crucial in today's modern and digital society. Considering the
K-12 Computer Science Framework (2016), CS education is based on “computer
literacy, educational technology, digital citizenship, and information technology”
(p.13). Initially, computer literacy is about the use of computers and their
applications. Secondly, educational technology is about applying computer literacy
to school subjects. Thirdly, digital citizenship is about using technology regarding
appropriateness and responsibilities. Lastly, information technology is focused on the
background of computer science.

The recognition of CS education's significance has been expanded
worldwide, and it is included in the curriculum of not only primary, but also
secondary schools, providing options in terms of curriculum requirements (Vegas et
al., 2021). Vegas and Fowler (2020) also found that 44 countries (around 20 percent)
out of 219 offer CS education as a compulsory or elective course. In addition, 15
countries (approximately 7 percent) offer this education as an elective course in some
selected schools like states and provinces. And then, 160 countries (around 73
percent) offer CS education as a pilot program. In this regard, Vegas and colleagues
(2021) investigated which nations worldwide have included CS in their school
curriculum for both primary and secondary education. It has been demonstrated that
while some of the countries in Europe and Asia offer CS education as a mandatory
course, it is provided as an elective course at some states or provinces in U.S. and
Canada. In addition, most countries in the Western European continent offer CS
education in an interdisciplinary way. Many countries in Latin America and Central
and Southeast Asia have CS education programs and projects at the K-12 level.

However, it was seen that in Africa and the Middle East countries in which CS
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education is not integrated into the curriculum sufficiently. Additionally, how CS
education varied by region and income level to explore ways to improve CS
education was also reported by Vegas and colleagues (2021). They found that CS
education is provided more in countries with higher incomes.

One of the issues regarding computer science education in the twenty-first
century is gender differences, which is a part of scientific research on this subject
(Beyer, 2014). There is an initiative called Computer Science for All (CSA) to
highlight the importance of computing and the need for all students to get an
opportunity to have this education (CSforAll, n.d). However, there exist some issues
regarding equitable learning environments in CS education, such as gender diversity.
Accordingly, Miliszewska et al. (2006) demonstrated internal and external factors
regarding the lack of female participation in computer science courses. They pointed
out that external factors caused to be prejudiced of females towards the computing
courses, such as the perception of male domination in computing culture. Therefore,
females lose their self-confidence and computational abilities. On the other hand,
internal factors also affect females' perceptions against these courses negatively, such
as “negative classroom experiences, inadequate equipment, unequal participation in
class, lack of gender-neutral projects in the course, lack of role models and career
advice, insufficient institutional support, and lack of peer support groups” (p. 109-
110).

Likewise, teachers in the study of Gretter et al., (2019) stated that they had
difficulties incorporating female students in taking computer science classes because
of gender stereotypes in society regarding computing. In a similar context, Master et
al., (2016) explored how the female students’ interests in computer science courses

were affected depending on the classroom environment. The results showed that
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putting the stereotypical male-dominated items including video games, computer
parts, electronics in the learning environment influenced females' interest in CS
courses negatively, whereas putting the non-stereotypical objects such as art, nature,
pen, coffee pictures were not. What is more, Taylor (2016) stated that female
students are less aware, less involved, and less confident in learning CS than male
students. Even though there exist some issues regarding inequalities in CS education,
there could be some improvements in the curriculum.

Future Implications and The Ways of Improving Computer Science Education

In many countries, there are some attempts to provide CS sources in the
curricula through changes in the learning environment. In this context, Gretter and
colleagues (2019) further examined two barriers: self-identity and isolation in
computing activities. Teachers in the study shared methods to retain students in
computer science education, such as creating an inclusive classroom environment
and increasing a sense of belonging. Teachers could create a more welcoming
classroom atmosphere for females and males regarding physical artifacts.

It is also required to raise awareness of female students towards computer
science education. Hence, Google CS Ed Research Group (2014) conducted a study
to identify the factors that affect a female's interest in computer science careers.
According to the study, these factors are “social encouragement, self-perception,
academic exposure, and career perception” (p.2). That is to say, there needs to have
positive reinforcement from family, peers, and educators, provide opportunities for
attending courses and activities and practicing computational skills, and have role
models from the field. In short, these ways can be integrated into the curriculum.

Lastly, Tissenbaum and Ottenbreit-Leftwich (2020) also stated their

viewpoints for the Vision of K-12 Computer Science Education for 2030 that the
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computer science curriculum should be “more student, community, and equity
centered” (p.42).
Theoretical Background of Learning Domains

Benjamin S. Bloom, an American educational psychologist, formulated a
Taxonomy of Learning Domains system in 1956. This taxonomy includes three
domains that are Cognitive, Affective, and Psychomotor Domains. Initially, the
Cognitive Domain includes the development of mental skills and information
processing. Secondly, the Affective Domain comprises the ways that are associated
with the things such as “emotions, feelings, values, appreciation, enthusiasms,
motivations, and attitudes” (Krathwohl et al., 1973). Lastly, the Psychomotor
Domain represents “physical movements, coordination, and use of the motor-skill
areas” (Simpson, 1972).

Furthermore, each domain has its categories. According to Bloom’s revised
taxonomy by Anderson and Krathwohl (2001), who modernized Bloom’s original
taxonomy according to the needs of the twenty-first-century education, the cognitive
domain of Bloom’s revised taxonomy consists of six levels from simplest to more
advanced thinking skills: “remembering, understanding, applying, analyzing,
evaluating, and creating” (p.28). Besides, under the cognitive domain, skills
regarding cognitive abilities also include computational thinking skills.
Computational thinking skills comprise problem-solving, algorithmic and reflective-
thinking, critical-thinking, and creative-thinking skills (Wing, 2006).

The affective domain includes five levels: “receiving, responding, valuing,
organizing, and characterizing” (Krathwonhl et al., 1973). According to Hewitt et al.

(n.d), the affective domain also has skills for each level which are “being open to
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experience (receiving), engaging in life (responding), cultivating values (valuing),
managing oneself (organizing), and developing oneself (characterizing)” (p.214).

The psychomotor domain has seven levels from the most straightforward
behavior to the most complicated: “perception, set, guided response, mechanism,
complex overt response, adaptation, and origination” (Simpson, 1972).

One of the studies investigated the outputs of the research articles regarding
the use of the Scratch tool in education (Talan, 2020). According to the findings of
this study, some variables were classified in terms of cognitive processes, affective
processes, and learning environment/system. As a result, the learning level/success
regarding cognitive processes was the most investigated variable. The second and
third most investigated variables were problem-solving skills and self-efficacy.
Moreover, in terms of affective processes, attitudes, motivation, and interest
variables were predominant in the previous research studies. Lastly, Talan (2020)
analyzed the effects of cooperative work, active participation, and system availability
variables under the learning environment/system title.

Computer Science Education Regarding Learning Theories, Learning
Approaches, and Learning ldeologies

According to the New Media Consortium Horizon Report for K-12 education
(Johnson et al., 2014), “project-based learning, problem-based learning, inquiry-
based learning, and challenge-based learning” (p.8) and similar learning approaches
are student-centered, and therefore beneficial in active learning (Johnson et al., 2014;
Westwood, 2008). One of the most popular and widely used methods is project and
problem-based in CS education (Garneli et al., 2015). Saez-Lopez et al. (2016) also
claimed that there are several benefits of project-based learning as a constructivist

approach to improving in problem-solving strategies and discovering subjects.
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Moreover, students can have a chance to develop themselves with the help of
learning by doing and creating. Similarly, CS education can be related to the learner-
centered ideology from Schiro's (2013) curricular ideologies. Learner-centered
ideology aims to adapt education regarding the needs and concerns of students.

On the other hand, CS Education can also be linked with the social-efficiency
ideology. For the social-efficiency ideology, the main purpose of education is to
equip individuals with skills for the needs of the workplace and society (Schiro,
2013). Therefore, getting a CS education is vital for students because there is an
increasing demand for computing jobs in the job market (Alexiou-Ray et al., 2020).

Besides learning approaches and ideologies, CS education is focused on the
constructionism learning theory with regards to teaching and learning (Machanick,
2007). Wulf (2005) also stated that constructivism is based on student-centered
pedagogy emphasizing learning through exploration. That is to say, students
construct their knowledge rather than acquiring it through textbooks or lectures
(Ben-Ari, 1998). According to Vygotsky's social constructivism approach, the Zone
of Proximal Development (ZPD) concept has its place in CS education regarding
problem-solving abilities. For instance, online learning environments where students
can learn coding with drag-and-drop methods act as a scaffolding. In other words,
these online coding environments make students develop their knowledge and
problem-solving skills by exploring (Rose et al., 2020) and prevent students from
making syntax errors compared to text-based coding environments (Sentence et al.,
2019). That is to say, block-based coding settings allow learners to think creatively,
think critically, solve problems even in real-life contexts, and work collaboratively

by engaging with a subject.
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General Framework of Computer Science Curriculum

Since CS education is based on the constructivist approach, the CS
curriculum can be related to a postmodern curriculum that provides students with a
learning environment where learners explore, discuss, and interpret the topics or
issues (Lau, 2001). Furthermore, CS education can be associated with the curriculum
as a process and a praxis model. In the curriculum as a process model, teachers and
students communicate in order to explain and analyze information. Besides the
process model, the praxis model is based on information and action (Smith, 2000).
For instance, there are some latest trends in the CS curriculum, such as teaching
coding to students. Coding is one of the dimensions of CS education as part of a
curriculum (Alexiou-Ray et al., 2020) since it is a new literacy and is becoming an
essential skill in this digital era. Resnick et al. (2009) have pointed out that there is a
place in the CS curriculum to teach children how to code in the late 1970s and 1980s.

Moreover, coding is related to the “International Society for Technology in
Education (ISTE) Standards” (ISTE, 2016). According to the ISTE Standards,
students should have seven necessary skills: “Empowered Learner, Digital Citizen,
Knowledge Constructor, Innovative Designer, Computational Thinker, Creative
Communicator, and Global Collaborator” in the scope of the CS curriculum (ISTE,
2016). These standards have been adopted all around the world.

According to the Vision for K-12 Computer Science Framework (2016), the
CS curriculum aims to raise informed citizens with “problem-solving, computational
thinking, and creative thinking skills” (p.10). This framework also indicated that
students could have discussions about computer science subjects using critical
thinking skills. Also, students will develop skills of computer science in terms of

knowledge and creating while they become better users. Besides, students can further
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comprehend the concept of computer science in the real-world, and therefore they
can “learn, perform, and express themselves in other subjects and interests” (p.10).

In addition to the general framework of the CS curriculum, there are basic
principles of the Turkish National Education System. The Turkish National
Education System's primary purpose is to raise individuals with self-confidence, self-
discipline, who have the ability of learning and improving their aptitude, and support
their physical, mental, and emotional development (MoNE, 2018).

Moreover, computer science education is given under the curriculum's
Information and Communication Technologies (ICT) course. According to the
country report on ICT in education in Turkey by European Schoolnet (2017), the
Ministry of Development (MoD) developed a plan called "Information Society and
Action Plan (ISAP)" regarding digital education policy. The fundamental purpose of
this development plan was to "educate individuals to obtain fundamental skills
necessary for the information society™ (p.6). In this context, there are also some
digital education initiatives. One of those initiatives is the implementation of
computing, coding, and computational thinking initiatives. According to this
initiative, the ICT course was modified to include coding education. It has become a
mandatory course for students in grades 5 and 6 and an elective course for grades 7
and 8. Besides computer literacy, coding education aims to provide all students with
algorithmic thinking skills. Coding abilities will aid students in comprehending
programming logic by allowing them to create a little piece of computer software.
Students who learn to code will be the candidates of the future software-developers.

Furthermore, there are primary objectives of the ICT course for K-12
education. The main objectives of the ICT course for primary education stated by

MoNE (2018a) are gaining awareness of the correct and effective use of information
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technologies; using technology ethically and safely; creating an idea of the concept
of technology and research purposes; creating products using information
technologies; acquiring problem-solving and computational thinking skills and
developing an understanding of algorithm design; using different logic structures to
solve problems and doing the programming by designing their games.

The main objectives of the ICT course for secondary education stated by
MoNE (2018b) include being a digital citizen who understands technological
concepts, systems and processes well. Another objective is to use information
technologies effectively and appropriately. In this regard, accessing, researching, and
using internet-based services are parts of the main objectives. Additionally, setting
the basis of computer science knowledge, and acquiring and developing problem-
solving and computational thinking skills are included. Furthermore, students are
expected to follow and evaluate the reasoning process and acquire cooperative
working skills. Similarly, not only benefiting from social environments and sharing
what they learn as part of the learning process but also seeking learning opportunities
online are incorporated in the MoNE ICT curriculum. Other objectives comprise of
expressing linguistically and artistically by creating an idea of the algorithm design;
finding solutions to problems through the application of the right programming
approach; having further technical skills of coding language. Likewise, being able to
efficiently employ one coding language, carrying out studies on product design and
management; providing solutions to daily life issues through creative and authentic
projects, and gaining awareness about lifelong learning are included in the MoNE
ICT curriculum for secondary education.

The main objectives of the ICT course for vocational and technical education

stated by MoNE (2018c) are professional development, basics of information
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technologies and programming, technical drawing and office programs, and
Computer technical service; Network operation and cybersecurity; Database; and
Web programming.

As seen from the ICT course's main objectives for K-12 education, all of
these objectives are mainly about twenty-first-century skills such as problem-solving,
computational thinking, and creative thinking. On the one hand, the Education
Vision of 2023 aims to gain these skills and human beings with various material and
spiritual elements.

Computational Thinking

In the twenty-first century, computational thinking is a vital skill that each
world citizen should have. Wing (2006), who is a pioneer in the field of computing,
defines the computational thinking term as "solving problems, designing systems and
understanding of human behavior, using the fundamental concepts of computer
science.” (p.33).

Furthermore, Wing (2006) also identifies some characteristics of
computational thinking. One of the characteristics is conceptualizing, which requires
abstract thinking. Another one is about having fundamental skills rather than rote
skills. Moreover, it is about how humans think in case of solving problems and
mathematical thinking. Another essential characteristic of computational thinking is
“ideas,” which Wing (2006) defines as computational concepts that allow us to
manage our daily lives using thinking skills. These characteristics suggest that CS
education includes principles of computational thinking (Vegas & Fowler, 2020).
Accordingly, computational thinking is associated with coding or computer
programming. There are several ways to teach children computer programming, such

as game-based learning. Based on the National Purchase Diary Panel (NPD) Group
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report, 73% of children ages 2 and older play video games in the United States
(N.P.D Group, 2019). That is, game-based learning could be an effective teaching
method for students' learning and motivation (Tatar & Eseryel, 2019).
Programming

It is stated that teaching programming is an essential tool for improving
cognitive skills by Nickerson (1983). One of the reasons why programming is crucial
Is its necessity in people's lives. Nickerson (1983) also states that individuals need
programming skills from school to job requirements. Today, many new occupations
are being created, and many existing ones are being adapted with new definitions.
That’s why, coding becomes a critical talent for those looking for better job
opportunities or improving their current skills as an added advantage (Jain, 2021).

On the other hand, programming is generally discussed as demanding and
challenging to learn for all ages. However, there are some new initiatives to break
down prejudices. For instance, many educational programming tools assist in
learning programming. These vary in types, cost, complexity, and learning approach.
In this regard, visual programming environments can be an example of one of the
educational programming tools (Rose et al., 2020).
Programming Languages

According to Price and Barnes (2015), programming languages can be
divided into two types as text-based and visual-based. Traditional or text-based
programming languages represent the computers' way of thinking, whereas visual
programming languages represent the human language. Therefore, visual
programming languages are preferable to text-based for K-12 context (Lye & Koh,
2014). In other words, block-based coding tools have some standard features like

having no syntax, drag and drop interface, color and shape, and simplified language
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(Moors et al., 2018). Moors et al. (2018) also believe that these features make visual
programming easy.
Visual Programming Languages

Before explaining the base of Visual Programming Languages (VVPL), it is
necessary to define what it is. VPL is defined by Noone and Mooney (2018) as "any
programming language where users are able to manipulate the underlying code in
some graphical fashion rather than the traditional text-based approach™ (p.158).

There has been an educational visual programming language called "Logo,"
designed in the 1960s by Seymour Papert. He created it to develop students' thinking
and solve problems regarding teaching computer programming. According to the
review of Papert's dream by Resnick (2012), computers' costs still were too much,
and personal computers were not produced yet in the past, meaning it was hard to
reach computers. However, he still believed that everyone, including children, would
get the computers one day and establish informatics basics regarding children's way
of thinking and playing, which comes true. Even younger kids have been interacting
with computing somehow by electronic devices for communicating, searching, or
playing games today. However, from Papert's view, children should be interacting
with these technologies and program their projects. Therefore, numerous students
used Papert's Logo programming language when personal computers became
available, but they had difficulty because of its syntax. Later on, the developed form
of the Logo programming language was designed called "Scratch," which makes
programming more thinkable, meaningful, and social. Thus, the visual programming

language has begun.
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Block-Based Coding as a Visual Programming Language

Block-based coding, also known as block-based programming, is a form of
visual programming language in which instructions or commands are fundamentally
depicted as blocks by dragging and dropping them (“Block-Based Coding,” 2020). In
other words, it is like an educational programming environment in which the codes
are performed graphically rather than text. Noone and Mooney (2018) indicated that
the drag-and-drop approach fosters creativity in learning which might not be possible
with text-based coding. Resnick et al. (2009) also stated that these environments
offer ease of use, chances of making complicated and creative projects through time
and support various projects. Furthermore, block-based coding environments provide
learners with a chance to experiment more and easier when they see the outcomes of
what they created (Noone & Mooney, 2018). What is more, Kalelioglu et al. (2014)
claimed that block-based coding environments promote the teaching of coding to
students without much memorization because the curriculum expects students to
improve their problem-solving and computational thinking skills.
Common Block-Based Coding Environments at K-12 Level

Lately, there are plenty of widely used block-based programming
environments have emerged. Some of them are paid, and some of them are unpaid to
use. Common Sense Education, a non-profit organization, provides the trustworthy
information to improve learners' skills in the twenty-first century (Common Sense,
n.d.). In this context, this organization has listed the programming languages for each
stage as elementary, middle, and high school, respectively. Table 1 shows the

common ones that are used at K-12 level.
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Table 1
List and a Short Description of the Well-known Block-based Coding Environments at
K-12 Level (Common Sense Education, 2020a; Common Sense Education, 2020b;

Common Sense Education, 2020c)

Block-based Coding Short Description Available in
Environment

It is a non-profit
Scratch programming language https://scratch.mit.edu/
that enables to create
interactive stories,
games, and animations.

It aims to encourage
Code.org students to learn https://code.org/
computer science by
free coding lessons
grade by grade.

Tynker It is a visual coding tool https://www.tynker.com/
that teaches kids to
program with blocks of
code.

It is a 3D-oriented
Alice programming language https://www.alice.org/
to create animations
through a drag and drop
graphical interface.

It is a 3D game-making

KoduGame environment that has https://www.kodugamelab.com/
visual and
straightforward logic.

It introduces the
Kodable fundamental concepts of https://www.kodable.com/
computer programming
through a series of
games



https://scratch.mit.edu/
https://code.org/
https://www.tynker.com/
https://www.alice.org/
https://www.kodugamelab.com/
https://www.kodable.com/
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Conclusion of the Literature Review

All in all, having twenty-first-century skills is significant for students' lives in
today’s world. They should have these skills regarding analyzing and solving
problems critically and thinking creatively. According to the literature review, some
of the twenty-first-century skills can be developed through block-based coding
environments. Furthermore, computational thinking has an important place in coding
skills. Although the visual programming language's history goes back a long way,
block-based coding is a relatively trending topic nowadays. Besides this, coding is
one of the fundamentals of the curriculum.

Considering the learning theories, approaches, and ideologies, computer
science education is based on the constructivist theory, mostly project and problem-
based approaches. Moreover, it can be associated with both learner-centered and
social-efficiency ideology and post-modern curriculum as well. In addition to these,
there is a need to provide equity in terms of gender diversity in CS education and all
educational fields. Therefore, there could be some ways to provide equitable
pathways for computer science learning and encourage heterogeneity in computer
science classrooms by applying for mentorship programs, redefining the field, and
providing opportunities for engagement like competitions and camps.

In conclusion, this study helps identify the year of the publications, research
methodologies, data collection instruments, the grade level of the sample, sampling
sizes, countries, subject areas, block-based coding tools, and teaching/learning
approaches comprehensively and holistically. This study also benefits to find out
which learning domains were explored and results of those studies regarding the
impact of block-based coding in K-12 education on learning domains in the research

articles. Therefore, there is a need to conduct a systematic literature review in this
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context so as to be able to identify the aforementioned subjects in detail with further

analysis.
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CHAPTER 3: METHOD
Introduction

In this chapter, how the methodological procedures of the present study are
utilized is explained. Initially, the description of the research design is presented
comprehensively. Secondly, the sampling method is explained. Thirdly, clarification
of the process of instrumentation is done. Followingly, explaining the methodology
of the current study is finalized by providing information about the method of data
collection and data analysis of the study. Consequently, the credibility of the study is
explained under two headings, namely reliability and validity.

Research Design

This is a qualitative research study, and the thematic content analysis method,
which can also be named as systematic literature review, was used (Caulfield, 2021).
According to the Calik and So6zbilir (2014), thematic content analysis synthesizes
and criticizes the results of research articles conducted in a specific content area by
creating themes. Moreover, content analysis is defined by Krippendorf (2004) as
“analysis of the manifest and latent content of a body of communicated material (as a
book or film) through classification, tabulation, and evaluation of its key symbols
and themes to ascertain its meaning and probable effect” (p. xvii). On another note,
Braun and Clarke (2006) also defined thematic content analysis as “a method for
identifying, analyzing and reporting patterns or themes within data” (p.79).

In this regard, the thematic content analysis method was used to identify
demographic characteristics of research articles and investigate which learning

domains were explored in the research articles. Besides, results were revealed by
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themes regarding the impact of block-based coding in K-12 education on learning
domains.
Sample

This study's sample is composed of scholarly articles that are written in K-12
education about block-based coding. Initially, keywords are determined to identify
the target population. The keywords used for the query included “block-based
coding,” “block-based programming,” “visual programming language,” “education,”
“K-12 education,” “school,” “preschool,” “kindergarten,” “primary education,”
“secondary education,” “high school,” “middle school,” “scratch,” “code org,”
“alice,” and “computational thinking.” What is more, database search engines that
are Web of Science and Scopus were reviewed by determining keywords. The time
span for the study was limited to be from 2000 to 2020. Also, results were restricted
to only the English language. Furthermore, from the document types, only “articles”
were selected to refine the criteria.

In this study, there are criteria to exclude some research articles. One of them
is that consider other than K-12 level and has the sample of the studies which
consider teachers and pre-service teachers. In addition, the studies which consider
gaming in second life and physical devices supporting the learning of programming
such as tangible construction kits and educational robotics and applications were
excluded. After that, the studies which do not match with keywords and have the
studies which have book chapters, conference proceedings, and idea-based papers
were eliminated.

Instrumentation
Each selected research article was categorized and labelled in this study using

a codebook on Spreadsheet Software. The researcher developed a codebook.
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Neuendorf (2017) stated that coders use electronic coding forms (e.g., Microsoft
Excel) instead of traditional papers because of their easiness and quickness with
technology advances.

The categories include these headings respectively: the demographic
characteristics of the research articles in the literature about block-based coding in K-
12 education, including years of the publications, research methodologies, data
collection instruments, the grade level of the sample of the study, sampling sizes,
countries researches carried out, subject areas covered in the articles, block-based
coding tools, teaching/learning approaches.

Besides the demographic characteristics of the research articles in the
literature about block-based coding in K-12 education, learning domains explored in
the research articles were written on the Spreadsheet Software. Finally, results of the
research articles were noted down regarding the impacts of block-based coding in K-
12 education on learning domains.

Method of Data Collection

A total of 59 research articles were listed by determining keywords. The
articles to be examined within the scope of the research were obtained by scanning
Web of Science and Scopus databases. Besides, they were limited to the years
between 2000 and 2020. As a result of the preliminary examination of the articles
that are appropriate for the purpose and contain necessary information was accessed.

All of the required restrictions and exclusion criteria were entered as stated in
the sampling part. In the beginning, the study made use of the Web of Science and
Scopus databases and only research articles reviewed by entering determined
keywords. After reaching the search results for Web of Science and Scopus, 841

research articles were reached on the 8™ of October in 2020 (See Figurel). The
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researcher refined research adding new keywords on the 11" of October, 2020. Out
of the 841 research articles, duplicated articles were removed. One article was added
on the first of December in 2020 since the researcher received a notification about
the new article being published on the same keywords. After that, the rest of the
research articles were analyzed based on abstracts, and redundant ones were also
eliminated. In the end, the sampled research articles from both databases were
combined. In the last phase, the ones outside the scope of K-12 education, which
consider teachers and pre-service teachers, and which consider gaming in second life
and physical devices supporting the learning of programming such as tangible
construction Kits and educational robotics and applications, were left aside.

Figure 1

Research Articles Selection Process
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Methods of Data Analysis

In this study, the research articles were analyzed comprehensively and
holistically. Braun and Clarke (2006) identified six phases for conducting thematic
analysis. Thus, these phases were considered for data analysis in this study. Initially,
the first phase is about familiarizing yourself with your data. It is about reading,
transcribing, and noting down the initial ideas of the data. It means the data, which
are research articles, were read comprehensively and took some notes by
highlighting while reading. The second phase is about generating initial codes. That
is, the features of data were coded systematically. The third phase is about searching
for themes. It means that the generated codes were blended into specific themes. The
fourth phase is about reviewing the themes. That is to say, the themes were checked
whether they were correlated with the coded extracts and the entire data set. The fifth
phase is about defining and naming themes. In this phase, clear definitions and
names were generated for each theme. The last and sixth phase is about producing
the report. To clarify, a scholarly report of the final analysis of research articles was
produced.

Validity and Reliability

According to Creswell (2014), validity in findings means that the researcher
determines the accuracy or credibility of the results through strategies such as
member checking. Therefore, inter-coder agreement (or cross-checking) was used in
this study (Creswell, 2009). The research articles selected for the reliability of the
research were examined in detail by another researcher who is a master's student and
interested in the educational technology field. The researcher gave the data to cross-
check in January 2021. The results were received one week later confirming the

validity data. According to Miles and Huberman (1994), reliability is calculated by
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using this formula: Reliability = number of agreements / (number of agreements +
number of disagreements). Thus, 10% of the research articles were selected
randomly and given to the inter-coder. The inter-coder was instructed to use the
codebook to analyze the research articles. The results showed that 80% agreement
was achieved. After that, the researcher and the other evaluator shared ideas after the
coding process and reached common decisions. In addition, the supervisor of this
study, who is an expert in this field and has published many qualitative studies, also
controlled all the processes. In the end, all controls and feedbacks of the supervisor

have been checked by the researcher and finalized.
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CHAPTER 4: RESULTS
Introduction

This chapter gives detailed information about the study's findings obtained
from a thematic content analysis of the research articles related to block-based
coding in K-12 education. The results of each research question are presented using
percentages and frequencies in tables and figures.

Findings of the Study

This study presented the findings of 59 studies conducted within the
framework of the use of block-based coding in K-12 education published from 2000
to 2020 (See Appendix A).
The Demographic Characteristics of the Research Articles in the Literature
about Block-based Coding in K-12 education
Year of the Publications

Table 2 shows the distribution of the research articles regarding block-based
coding in K-12 education according to the years by publication time.
Table 2

Distribution of Research Articles by Years

Years f
2020 12
2019 14
2018 8
2017 9

2016 3




Table 2 (cont’d)

Distribution of Research Articles by Years
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Years f
2015 7
2014 3
2013 2
2010 1

When Table 2 was examined, it was found that an increase was observed in
research articles published in 2019 (n=14). There were also notable number of
studies in 2020. Besides, there was also a considerable number of studies in 2018
(n=8) and 2017 (n=9). However, there was no study published before 2010 and
between 2010 and 2013.

Research Methodologies

The findings of the research methods used in the research articles are
classified as; quantitative, qualitative, and mixed and are given in Table 3.

Table 3

Distribution of Research Articles by Research Methodologies

Methods f
Mixed 29
Quantitative 19
Qualitative 8

Unspecified 3
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When Table 3 was examined, it was seen that mixed (n=29) and quantitative
(n=19) methods were primarily used, whereas the qualitative method (n=8) was not
relatively preferred. However, research methodologies of some of the research
articles were not specified (n=3).
Data Collection Instruments

The distribution of data collection instruments used in the research articles is
presented in Table 4.
Table 4

Distribution of Instruments of the Research Articles

Instruments f
Assessments 35
Questionnaires 25
Interviews 18
Assignments 18
Observations 16
Others 8
Scales 7
Diaries 2
Rubrics 3
Screen records/screenshots 2
Eye-tracking measures 2
Instructor reflections 1

The analysis showed that the most preferred data collections tools are

assessments (n=35). Assessments are used to test skills or knowledge to see the
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progress, and include Visual Blocks Creative Computing Test (VBCCT),
Computational Thinking Tests, Abstraction Tests, Academic Achievement Tests,
Knowledge Acquisition Tests such as Programming Knowledge, and Skill Tests, and
Motivations Tests.

Furthermore, questionnaires (n=25), interviews (n=18), assignments (n=18),
and observations (n=16) are the frequently preferred data collection tools.
Questionnaires include students' written responses to reflective statement
questionnaires, attitudinal questionnaires, critical thinking questionnaires, and
surveys. Surveys consist of attitudinal surveys such as computer science attitude
surveys. Besides, interview types are semi-structured and post-hoc interviews.
Additionally, assignments are also used relatively. Assignments include projects
(e.g., students' portfolios, games, and weekly interim and final Scratch programs),
tasks, challenges, worksheets, activities, and artifacts constructed by the children.
Moreover, observations include participant observations, field notes, classroom
observations, observational research, and learning observation documents.

In addition, scales (n=7) and others (n=8) were also used in research articles
moderately. Scales involve cognitive load scale, problem-solving skills scale, self-
efficacy perception scale, and computer-based skill level scale. Additionally, others
include background information of students, and interventions. Lastly, as it is seen in
Table 4, diaries, rubrics, screen records or screenshots, eye-tracking measures, and
instructor reflections were used slightly.

The Grade Level of the Sample of the Study
The grade level of the sample of research articles examined were given in

Table 5.
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Table 5

Distribution of Grade Level of the Sample of Research Articles

The Grade Level f
Middle school students 37
Elementary school students 13
High school students 9
Pre-school students 1

When Table 5 was investigated, it was found that most of the research articles
were conducted with middle school students (n=37). There were also research
articles targeting elementary school students (n=13) and high school students
reasonably (n=9). On the contrary, the least number of research articles was observed
with pre-school students (n=1).

Sampling Sizes

The sampling size of the research articles examined is reported in Table 6.

Table 6

Distribution of Sample Sizes of the Research Articles

Sample Size f
Less than 50 23
Over 100 20
Between 50 to 100 14
Unspecified 2

Concerning the sample size of the research articles, a significant proportion

of the studies were with less than 50 sample sizes (n=23) as shown at Table 6. The



40

next most frequently used sample size was over 100 (n=20). Very few of the studies
sampled ranging from 50 to 100 (n=14). Lastly, sample size of some of the research
articles were not specified (n=2).
Countries Researches Carried Out

The distribution of countries researches carried out is presented in Table 7.
Table 7

Distribution of Countries of the Research Articles

Countries f
United States 12
Spain 11
Turkey 6
Greece 3
Croatia 3
China 2
England 3
Israel 2
Korea 2
Norway 2
Scotland 2
Serbia 2
Taiwan 2
Columbia 1
Cyprus 1
Czech Republic 1

Georgia 1
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When Table 7 is analyzed, it was observed that research articles were
conducted mainly in the United States (n=12), Spain (n=11), and Turkey (n=6).
Then, Greece (n=3) and Croatia (n=3) followed. However, the rest of the countries
have a few studies in which carried out.

Subject Areas Covered in the Research Articles

Within the scope of the research, the disciplines (subject areas) in which
block-based coding was used were determined to reveal the potential of block-based
coding in the educational field and to evaluate the results. The disciplines were
separated into six groups: Computer Science, Science (including Chemistry and
Physics), Mathematics, Music, Arts, and Social Sciences.

Table 8

Subject Areas Covered in the Research Articles

Subject Areas f
Computer Science 45
Mathematics 7
Science 5
Music 2
Art 1
Social Sciences 1

Block-based coding was primarily used in Computer Science lessons with 45
research articles considering Table 8. Moreover, Mathematics (n=7) and Science
(n=5) fields were also used, respectively. However, not many research articles were
found in the literature in terms of the use of the areas of Music (n=2), Arts (n=1), and

Social Sciences (n=1).



Block-based Coding Tools

In this study, block-based coding tools used in the research articles is also
examined in Table 9.
Table 9

Block-based Coding Tools of the Research Articles

Block-based Coding Tools f
Scratch 36
Code.org 10
Alice 4
App Inventor 2
Scratch40S 2
Pencil Code 2
Scratchdr 2
mBot 1
Micro:bit 1
Netsblox 1
Penguin Go 1
RoBlock 1
CompThink 1
Logo 1
Python 1
Pirate Plunder 1

Lightbot 1
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Table 10 (cont’d)

Block-based Coding Tools of the Research Articles

Block-based Coding Tools f

Turtle Blocks JS 1

Considering the Table 9, it is seen that there was a tendency toward Scratch
(n=36) among block-based coding tools. On the other hand, it is seen that Code.org
(n=10) was used relatively underutilized. Additionally, Alice is used very few
compared to Scratch and Code.org.
Teaching/Learning Approaches

The teaching/learning approaches used in the research articles examined are
listed in Table 10.
Table 11

Teaching/Learning Approaches used in the Research Articles

Teaching/Learning Approaches f
Problem-based learning 24
Project-based learning 16
Interdisciplinary learning 15
Game-based learning 11
Collaborative-learning 3

As given in Table 10, the problem-based learning approach was the most
used among the teaching/learning approaches. Project-based learning and
interdisciplinary learning approaches were found to be close to each other. Besides,

game-based learning approach was used relatively less than the aforementioned
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approaches. The least used approach was collaborative learning in the research
articles.
Learning Domains Explored in the Research Articles

The learning domains explored in the research articles about block-based
coding in K-12 are reported under three categories: cognitive, affective, and both
cognitive and affective domains.
Table 12

Distribution of Research Articles Regarding Learning Domains

Learning Domains f
Cognitive 34
Cognitive & Affective 21
Affective 4

When Table 11 was investigated, it appears that cognitive domain (n=34) was
studied mostly in the research articles. Following this, both cognitive and affective
domain (n=21) were explored together in the research articles respectively. However,
a few of the research articles studied affective domain (n=4).

The Impact of Learning Domains on Block-based Coding in K-12 Education
In this section, the results of research articles are analyzed regarding the

impact of learning domains on block-based coding in K-12 education. That is, the

themes of the research articles were examined, and they were divided into major

themes and each theme was examined with their sub-themes in consideration.
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Cognitive Domain

Three major themes were found in terms of the cognitive domain: Skills
Regarding Cognitive Abilities, Interdisciplinary Learning Regarding Cognitive
Abilities, Gender Differences Regarding Cognitive Abilities (See Figure 2).

One of the themes is found as skills regarding cognitive abilities, and
computational thinking skills is the initial one. Computational thinking skills also
have sub-themes include “Computational or Computational Thinking Concepts;
Computational Thinking Practices; Computational Thinking Perspectives” (Deng et
al., 2019, p.91); Problem-Solving Skills; Algorithmic and Reflective-Thinking Skills;
Critical-Thinking Skills; and Creative-Thinking Skills. Under the Computational
Thinking Concepts, there are “sequences, loops, events, parallels, and conditionals”
(Deng et al, 2019, p.91). As for the Computational Thinking Practices, they are
“testing, debugging, reusing, and remixing” (Deng et al., 2019, p.91). Lastly,
Computational Thinking Perspectives include “expressing, connecting, and
questioning” (Deng et al., 2019, p.21). Following this, the second major theme is
found as Interdisciplinary Learning Regarding Cognitive Abilities. Finally, the third

major theme is found as Gender Differences Regarding Cognitive Abilities.
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Figure 2
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Skills Regarding Cognitive Abilities

Block-based coding environments affect the process of learning in terms of
many aspects, such as computational thinking skills. The findings of research articles
about computational-thinking skills are given in this section regarding both
improvements and opposing sides.
Computational Thinking Skills

Initially, Aksit and Wiebe (2019); Broll et al. (2018); Cakiroglu and Mumcu
(2020); del Olmo-Munoz et al. (2020); Moreno-Leon et al. (2015); Rose et al.
(2020); Pérez-Marin et al. (2020); Saez-Lopez and Sevillano-Garcia (2017) reported
that students' computational thinking skills are developed with coding in block-based
coding environments. Moreover, it was written by Lawanto et al. (2017) that there is
an improvement in some of the computational thinking skills, which are
synchronization, parallelism, and flow control. Further in line, five articles found that
block-based coding environments foster computational thinking competencies and

improve “computational thinking concepts, computational thinking practices, and
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computational thinking perspectives” (Chou, 2019; Deng et al., 2019; Saez-Lopez et
al., 2016, 2019; Tran, 2018). Cakiroglu et al. (2018) also concluded that “the highest
cognitive load level was recorded in the sequences concept” (p.16) such as repeat,
forever, and repeat until blocks (Lawanto et al., 2017), and “the lowest perceived
cognitive load was observed in the loop concept such as nested loops” (Cakiroglu et
al., 2018, p.16).

Besides, researches by Cakiroglu et al. (2018); Kalelioglu (2015); and Rose
et al. (2020) found that block-based coding environments provide students with
many advantages in terms of learning basics of computer science and understanding
basic computational concepts with the help of “maotivating features, helpful
instructional materials, and lesson plans inside” (Kalelioglu, 2015, p.209). Wang et
al. (2017) also stated that students showed better programming knowledge and skills
using block-based coding environments.

On the one hand, some of the research articles compared text-based and
block-based coding environments regarding the learning of computational thinking
concepts. According to these comparisons, Mladenovic et al. (2020) concluded that
students got above scores when using block-based programming than text-based.
Furthermore, “students’ misconceptions about programming concepts, loops, are
minimized when using Scratch, a block-based programming language, compared to
text-based programming languages, which are Logo and Python” (Mladenovi¢ et al.,
2017, p.1498). Moreover, Papadakis and Orfanakis (2018) found that Applnventor
seems to emerge as a more powerful novice programming environment for adoption
in secondary education compared to Alice in terms of learning basic programming
concepts. In addition to these, Wilson et al. (2013) found that “the most used

programming concepts used by children were User Interaction (key handling), Loops
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(iteration), and Conditional Statements. Also, random numbers were the lowest
utilized programming concept” (p.106).

Furthermore, Estevez et al. (2019) explored the impact of Al (Artificial
Intelligence) in everyday life. They concluded that students understood the
underlying computational thinking skills of the Al process by using Scratch. Besides,
students who had learnt Scratch had a lot of programming knowledge and expertise,
which made studying the more complex subjects a lot easier. (Armoni et al., 2015).

In contrary to previous studies, some studies found opposing sides of
computational thinking skills. Lawanto et al. (2017) stated a weakness in
computational thinking skills that are data representation and abstraction skills of
students. Additionally, Chou (2019) found no improvement in one of the
computational thinking concepts, loops. Moreover, Cakiroglu et al. (2018) concluded
that it's difficult to use Scratch's interface for activities that require deeper
programming ideas such as one of the programming concepts, nested. What is more,
Chang (2019) investigated the interrelationship between the learning of
computational thinking concepts and the practice of digital curation through digital
storytelling. Thus, it was found that they had difficulty to incorporate more abstract
and complicated computational thinking concepts into digital storytelling tasks.
Moreover, Meerbaum-Salant et al. (2013) reported problems in certain topics to be
taught such as “loops (repeated execution), variables, and concurrency” (p.261).
Problem-Solving Skills

In accordance with the findings of the study, researches by Cakiroglu et al.
(2018) and Tran (2018) found that block-based coding environments increase
students' problem-solving skills. Also, problem-solving steps are completed by

students in a sequential manner (Cakiroglu & Mumecu, 2020). In addition, Tangney et
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al. (2010) also found that students were deeply engaged in difficult problem-solving
and programming activities. Denner et al. (2014) also found that students work on
complicated problem-solving during programming.

However, Ciftci and Bildiren (2019) reported no effect on problem-solving
skills. Also, App Inventor did not improve the elementary school students' problem-
solving capabilities (Kim & Lee, 2017). While compared to text-based programming
languages, students with poorer problem-solving ability are more successful when
programming with Scratch (Mladenovi¢ et al., 2017).

Algorithmic and Reflective Thinking Skills

Other findings regarding Algorithmic and Reflective Thinking Skills,
researches by Burker (2015); Feijoo Garcia and De la Rosa (2016); Gruenbaum
(2014); Hainey et al. (2019); Meerbaum-Salant et al. (2013); Mladenovi¢ et al.
(2017); Moreno-Leon et.al (2015); Pérez-Marin et al. (2020); and Seralidou and
Douligeris (2020) reported that using block-based coding can facilitate the process of
learning algorithmic thinking concepts and skills. Additionally, Eriimit (2020) also
revealed that the mathematical and game preparation activities positively affected
algorithmic thinking and reflective thinking skills for problem-solving.

Critical Thinking Skills

Another result was revealed by the findings of the current content analysis
indicating that students gain a deeper understanding of critical thinking in the Scratch
programming environment with the peer-assessment technique (Wang et al., 2017).
Creative Thinking Skills

What is more, Broll et al. (2018); Burker (2015); and Hainey et al. (2019)
revealed that students could improve their creative thinking skills with the help of

block-based coding environments. It means these environments encourage students
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to be creators (Broll et al., 2018). For instance, block-based coding environments
provide building procedures such as 3D printings (Burker, 2015). Furthermore,
Scratch is an effective and applicable tool for creative thinking development in
primary education (Hainey et al., 2019). Additionally, Iskrenovic-Momcilovic (2019)
revealed that visual programming language environments make learning more
creative.
Interdisciplinary Learning Regarding Cognitive Abilities

The second major theme is Interdisciplinary Learning Regarding Cognitive
Abilities. It was found that block-based coding environments were integrated into six
curricular areas: Mathematics, Social Sciences, Science, Music, and Art. In this
respect, Akpinar and Aslan (2015); Ke (2014), Saez-Lopez et al. (2019); Ortiz-Colon
and Maroto Romo (2016); Vidal-Silva et al. (2020) reported that benefits were
acquired in the understanding of mathematical concepts, thinking logically and
mathematically, and developing algorithmic and logical-mathematical competencies
within the integration of programming into the math curriculum. In addition,
Kalelioglu (2015) reported that using the Code.org site, which is a block-based
coding tool, teaches programming and improves mathematical and geometrical
knowledge. Also, the students used computational abstractions in the form of
variables and used various ways to create mathematical models in a programming
context (Ng & Cui, 2020). However, Jordonova et al. (2019) stated that the level of
mathematical skills requirements in activities is noticeably lower than the level of
programming requirements. It has proven appropriate to modify mathematics content
to a higher level, or simplify the programming tasks. This will improve students’

mathematical skills by creating new and better tasks.
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Further on the research articles, Aksit and Wiebe (2019) and Puttick and
Tucker-Raymond (2018) showed that designing games in block-based coding
environments foster students' understanding of science concepts. However, Saez-
Lopez et al. (2019) reported that there is not an improvement in the science subject
area. Lastly, two research articles reported that students learn and understand the
many facts of the chemistry concepts while experiencing in the visual programming
environment (Loganathan et al., 2019; Kim, Choi, & Paik, 2019).

Furthermore, Saez-Lopez et al. (2016) reported an improvement in content
creation in art and history with an active pedagogical approach in a block-based
coding environment. Moreover, students successfully use the initialization and
synchronization strategies, the programming concepts, to produce cohesive music
videos using Scratch (Fields et al., 2015). In addition, students can create their
instruments and program them to make Music so that their creativity is developed
within a technological and artistic sphere (Saez-Lopez & Sevillano-Garcia, 2017).
Gender Differences Regarding Cognitive Abilities

The third major theme is Gender Differences Regarding Cognitive Abilities.
Within the scope of this theme, Puttick and Tucker-Raymond (2018) revealed that
designing games or programming at block-based coding environments positively
affected females' learning. Female students were just as effective as male students,
even if they said they had never heard of coding or were terrified of it. Also, female
students even noted that programming could be a viable option for them in the future
(Kalelioglu, 2015; Papavlasopoulou et al., 2020).

On the contrary, there were no gender disparities in primary school students’
reflective thinking skills toward problem-solving while they programmed on the

Code.org site. Female students' reflective thinking abilities for problem-solving are
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slightly better than male students' reflective thinking skills for problem-solving
(Kalelioglu, 2015). On the one hand, Papavlasopoulou et al. (2020) also found no
gender differences in students' cognitive processes regarding the learning of
programming.
Affective Domain

According to the research articles regarding the affective domain, there are
both improvements and declines in students’ skills. Four different themes were found
in terms of the affective domain (See Figure 3). The themes are; Feelings; Self-
Efficacy; Positive Attitudes Towards Coding; Negative Attitudes Towards Coding.
Figure 3

Themes Regarding Affective Domain

Affective
Domain

Positive Megative
Antitndes Attitudes
Feelings Self-Efficacy Towards Towards
Coding Coding
Feelings

The feelings include “emotions, interactions, and how students deal with
things emotionally like values, appreciation, enthusiasm, confidence, and
motivation” (Patson, 2020, para.4). In this regard, Armoni et.al (2015); Broll et al.
(2018); Chou (2019); Deng et al. (2019); Mladenovi¢ et.al (2017); Papavlasopoulou

et al. (2019); Papavlasopoulou et al. (2020); Papadakis and Orfanakis (2018); Saez-



53

Lopez et al. (2016; 2019); Saez-Lopez and Sevillano-Garcia (2017); and
Theodoropoulos et al. (2017) reported that there is an improvement in motivation,
engagement, and commitment to code due to block-based coding environments.
Also, block-based coding environments provide students with fun (enjoyment),
sociability, involvement, cooperation with other peers, participation, collaboration,
enthusiasm, curiosity, and interest in the subject matter and future computing
courses. It was also stated that programming in pairs results in increased motivation
for learning new skills, faster recall of new concepts, and more effective learning
acquisition of programming languages (Iskrenovic-Momcilovic, 2019; Weintrop &
Wilensky, 2017). Similarly, Iskrenovic-Momcilovic (2019) also found that block-
based coding environments allow learning to become more exciting and more
challenging. In addition to this, these environments are also nice, engaging, and
friendly tools (Feijoo Garcia & De la Rosa, 2016).

Moreover, Gruenbaum (2014) found that four times as many boys as girls
signed up to participate in coding activities, despite considerable initial interest from
girls. Moreover, del Olmo-Muiioz et al. (2020) found a gap in which girls were less
motivated than boys.

However, while Basogain et al. (2018) reported that block-based coding
environments increase confidence in students' skills and knowledge in programming,
Weintrop and Wilensky (2017) said that there was no difference between students in
the two conditions that are block-based and text-based in terms of confidence and
enjoyment.

Self-Efficacy in Coding
According to the Soykan and Kanbul (2018), students who had coding

education demonstrated stronger self-efficacy in programming than students who had
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not. On the contrary, App Inventor in the educational program did not improve the
elementary school students' self-efficacy because they needed more class time due to
the difficulty of learning blocks in the App Inventor educational program (Kim &
Lee, 2017). Furthermore, there was a gender difference found in students'
perceptions which means girls have less self-efficacy in programming than boys
(Papavlasopoulou et al., 2020).

Positive Attitudes Towards Coding

Nine research articles have been analyzed that suggests using block-based
coding tools in K-12 education improves students' attitudes towards computer
science education. Deng et al. (2019), Kalelioglu (2015), Papavlasopoulou et al.
(2019), Ortiz-Colon and Maroto Romo (2016), Tangney et al. (2010), and Wang et
al. (2017) reported that there is an improvement in students' attitudes regarding
learning programming. It means students are likely to show positive attitudes toward
the programming course.

Besides, there were also comparisons between block-based and text-based
coding tools regarding positive attitudes. Mladenovi¢ et al. (2017) found that
students have positive attitudes towards Scratch than Python. According to Maloney
et al. (2010), Scratch makes coding enjoyable and visual by creating animated stories
and games. Likewise, Eriimit (2020) concluded that animation activities positively
affected students' attitudes towards computer technologies.

Negative Attitudes Towards Coding

Two research articles reported that there are negative changes in students'

attitudes toward computer science. This is because of the challenges of additional

constraints, which is a specific game feature (Zhao & Shute, 2019) and lack of
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algorithmic thinking and problem-solving skills in younger students (Lambic¢ et al.,

2020).



56

CHAPTER 5: DISCUSSION
Introduction

In this chapter, initially, an overview of the study is given. Secondly, the
major findings are discussed. Following this, implications for practice and further
research are stated.

Overview of the Study

In this study, research articles about block-based coding in K-12 education
published from 2000 to 2020 were examined, and 59 research articles that met the
criteria were analyzed through Web of Science and Scopus databases. Thematic
content analysis was used as a research methodology to explore demographic
characteristics of the research articles, including years, research methodologies, data
collection instruments, the grade level of samples and their sizes, countries in which
researches were carried out, subject areas covered, block-based coding tools and
teaching/learning approaches used in the articles. These selected articles were
investigated by using a codebook in a Spreadsheet software. Besides, which learning
domains were explored in the research articles and the results of those studies
regarding the impact of block-based coding in K-12 education on learning domains
were investigated. The following section discusses the major findings and possible

reasons for these findings under subtitles.



57

Discussion of Major Findings
The Demographic Characteristics of the Research Articles about Block-based
Coding in K-12 Education

According to the distribution of research articles about block-based coding in
K-12 education across years, it seems that there is a sharp increase in the number of
research articles from 2000 to 2020. Most of the research articles were published in
the last four years, especially in 2019. There were fewer research articles published
in 2020 compared to 2019. The reason for the decrease in this year might be because
of pandemic, during which researchers could not conduct as many studies. It is also
seen that there were no articles published before 2010, which might be because of
the fact that coding received a place in the ICT curriculum and gained popularity
after 2010.

In accordance with the findings of the study, the most preferred research
method was found as mixed method. Considering that the mixed research method
was used in the research articles, it is concluded that the most used data collection
tools are achievement tests (See Table 4).

As this study has shown, the research articles were generally carried out at
the middle school level. This is because block-based coding environments can be
more suitable for middle school levels than other levels considering the fact that a
well-developed ICT curriculum, would support middle school students’ future career
decisions via improving their CT skills (Rich & Hodges, 2017). Also, most of the
studies were conducted with less than 50 sample sizes. The underlying reason is that
conducting studies with small groups can be more efficient than larger ones.

This review also found that most research studies were conducted in the

United States, even though England first attempted to integrate coding into the
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curriculum (European Schoolnet, 2015). The United States can give weight to
educational technology more since as many as 47 percent of future jobs will become
automated entirely in the United States in the next 20 years (Polyviou, 2021). On the
other hand, it drew attention that Turkey has very few studies conducted about block-
based coding in K-12 education (Akpinar & Aslan, 2015; Cakiroglu et al., 2018;
Cakiroglu & Mumcu, 2020; Cift¢i & Bildiren, 2020; Ertimit, 2020; Kalelioglu,
2015).

When the obtained results were analyzed, it was understood that the studies
were generally in the Computer Science field. This was an expected result since the
research articles' main topic is generally about computing. Besides, Mathematics and
Science subject areas were also covered in the articles moderately. However,
Biology was not included under the Science subject area even though there are many
developments regarding computational thinking skills in that subject area. For
instance, many Science projects, including Biology projects done in Code.org,
regarding an hour of code activities (Code.org, n.d).

Further on research articles, Scratch was the most used one as a block-based
coding tool. The underlying reason for this could be its popularity (Resnick et al.,
2009). However, some common block-based coding tools have not been encountered
like Tynker, Kodu Game, and Kodable despite being well-known tools in education
(See Table 1). Although many recent block-based coding tools were found, such as
Pencil Code, mBot, Netsblox, Penguin Go, RoBlock, CompThink, Pirate Plunder,
and Turtle Blocks JS, the number of research articles that focuses on these tools was
very few in the literature.

Considering the learning approaches used in the research articles, the most

used was problem-based approach. Also, project-based and interdisciplinary-learning
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approaches were found to be used often, as well although not as much as problem-
based approach. As for the benefits of these approaches, Westwood (2008) stated
that these approaches allow students to connect curricular knowledge to real-world
situations and apply skills and techniques.
Learning Domains Explored in The Research Articles

Primarily, the cognitive domain was covered when learning domains were
explored in the research articles about block-based coding in K-12. However, any
study that considers the psychomotor domain was not found. In my opinion, there
should have been more research exploring the psychomotor domain to see the
development of students' skills, such as drag-and-drop skills, by using block-based
coding tools. The reason for this could be that young students' psychomotor skills
have not fully matured, so they are unfamiliar with computer items such as the
keyboard and mouse (Reddy, 2021).
The Impact of Learning Domains on Block-Based Coding in K-12 Education

Regarding the results concerning the cognitive domain, findings of the study
signify that block-based coding tools improve computational thinking skills in K-12
education (Aksit & Wiebe 2019; Broll et al., 2018; Cakiroglu & Mumcu, 2020; del
Olmo-Muioz et al., 2020; Lawanto et al., 2017; Moreno-Leon et al., 2015; Pérez-
Marin et al., 2020; Rose et al., 2020; Saez-Lopez & Sevillano-Garcia, 2017).
Besides, there are also improvements in “computational thinking concepts,
computational thinking practices, and computational thinking perspectives” (Chou,
2019; Cakiroglu et al., 2018, Deng et al., 2019; Saez-Lopez et al., 2016, 2019; Tran,
2018). Notwithstanding the improvements, opposing sides are also found in

computational thinking concepts regarding computational thinking skills (Chang,
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2019; Chou, 2019; Cakiroglu et al., 2018; Lawanto et al., 2017; Meerbaum-Salant et
al., 2013).

The findings of this study underline that block-based coding increase
students' problem-solving skills (Cakiroglu et al., 2018; Cakiroglu & Mumcu, 2020;
Denner et al., 2014; Tangney et al., 2010; Tran, 2018). Moreover, it can be stated
that coding with block-based environments facilitates the process of learning
algorithmic and reflective thinking skills, which might be a result of teaching and
learning methods employed in class (Burker, 2015; Ertimit, 2020; Feijoo Garcia &
De la Rosa, 2016; Gruenbaum, 2014; Hainey et al., 2019; Meerbaum-Salant et al.,
2013; Mladenovi¢ et al., 2017; Moreno-Leon et al., 2015; Pérez-Marin et al., 2020;
Seralidou & Douligeris, 2020) and critical-thinking skills (Wang et al., 2017). It can
also be added that block-based coding environments provide students with
developing their creative thinking skills (Broll et al., 2018; Burker, 2015; Hainey et
al., 2019; Iskrenovic-Momcilovic, 2019).

In the findings regarding interdisciplinary learning, benefits are acquired
mostly in understanding mathematical concepts by integrating block-based coding
tools (Akpinar & Aslan, 2015; Kalelioglu, 2015; Ke, 2014; Ng & Cui, 2020; Saez-
Lopez et al., 2019; Ortiz-Colon & Maroto Romo, 2016; Vidal-Silva et al., 2020).

Another finding during the research was about gender differences regarding
cognitive abilities. According to the results, block-based coding environments
positively affect female students' learning programming (Kalelioglu, 2015;
Papavlasopoulou et al., 2020; Puttick & Tucker-Raymond, 2018).

In the results regarding the affective domain, block-based coding had a
positive effect on students' feelings (Armoni et.al, 2015; Basogain et al., 2018; Broll

et al., 2018; Chou, 2019; Deng et al., 2019; Feijoo Garcia & De la Rosa, 2016;
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Iskrenovic-Momcilovic, 2019; Mladenovi¢ et al., 2017; Papavlasopoulou et al.,
2019; Papavlasopoulou et al., 2020; Papadakis & Orfanakis, 2018; Saez-Lopez et al.,
2016, 2019; Saez-Lopez & Sevillano-Garcia, 2017; Theodoropoulos et al., 2017,
Weintrop & Wilensky, 2017). Notwithstanding the improvements, some issues were
found regarding the females' interest and motivation towards programming with
block-based coding tools (del Olmo-Muiioz et al., 2020; Gruenbaum, 2014).

Based on the findings, different factors were found that affect students' self-
efficacy in block-based coding, both positively in terms of receiving coding
education (Kim & Lee, 2017; Soykan & Kanbul, 2018) and negatively in terms of
gender differences (Papavlasopoulou et al., 2020). Furthermore, there are
improvements in positive attitudes towards learning to code (Deng et al., 2019;
Eriimit, 2020; Kalelioglu, 2015; Maloney et al., 2010; Mladenovi¢ et al., 2017,
Papavlasopoulou et al., 2019; Ortiz-Colon & Maroto Romo, 2016; Tangney et al.,
2010; Wang et al., 2017). On the contrary, there are also negative changes found in
students' attitudes toward computer science because of facing challenges on the tasks
and lacking some cognitive skills like algorithmic thinking and problem-solving
(Lambic et al., 2020; Zhao & Shute, 2019).

Implications for Practice

Based on the research articles examined, the following actions are suggested
for implications for practice. In accordance with the study's findings, it was observed
that the affective domain is rare when exploring the learning domain in research
articles. Hence, future research can concentrate on the affective domain more.
Additionally, there may be more research concentrating on critical-thinking skills

regarding the results concerning the cognitive domain.
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Besides, research articles that investigate the psychomotor domain can be
done in further research, specifically for kindergarten. Since the number of studies
with kindergarten students is very low, more research can be done with this grade
level. This implication may help to find psychomotor domain in the research articles
because younger students struggle with using computer items like keyboard and
mouse.

In addition, more studies can be conducted for boosting female self-efficacy
towards coding. Furthermore, the collaborative-learning approach might also be
increased on further research besides the problem-based learning approach.

On another note, it was discovered that mainly the Scratch block-based
coding tool could be promoted more in K-12 education because it is emphasized
often in the research articles. Besides, the usage of underutilized block-based coding
tools can be increased.

There may be more research in interdisciplinary work with different subject
areas. It is seen that the research articles fundamentally concentrated in the field of
Computer Science. Therefore, researching in other fields such as applied courses
(Social Science including History and Geography, Art, Music, and Sport) can
significantly contribute to the different educational areas.

Implications for Further Research

It is considered that the findings and results obtained will constitute a strong
reference base for researchers and educators, and contribute to the field. Based on the
research articles examined, implications for further research are given below.

Future research findings can be improved by making more comprehensive
searches. It means similar researches can be repeated at specific periods, and the

development in the field can be followed. Similar thematic research studies on
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coding can reveal the existing and new popular tools, and possible research topics in
the study fields. Besides, this study dealt with students in K-12 education. Thus,
other researchers can conduct studies considering higher education students and
teachers. In addition, researchers can investigate the research articles that consider
gaming in second life and physical devices supporting the learning of programming,
such as tangible construction kits and educational robotics and applications for
further research. In conclusion, it may be beneficial to include research articles and a

diversity of various document types for review in future studies.
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International Journal of Technology Enhanced Learning
Journal of Applied Research in Higher Education

Journal of Chemical Education

1,69
1,69
1,69
1,69
1,69
1,69
1,69
3,39
3,39
1,69
2,39
1,69

1,69

98



Name of the Journals

%

Journal of Educational Computing Research
Journal of Educational Media & Library Sciences
Journal of Parallel and Distributed Computing
Journal of Science Education and Technology
Journal of Theoretical and Applied Information Technology
RED- Revista de Educacién a Distancia

Research in Learning Technology

TEM Journal

The Electronic Journal of e-Learning

Turkish Online Journal of Educational Technology
ZDM Mathematics Education

Total

59

8,47
1,69
1,69
2,39
1,69
3,39
1,69
1,69
1,69
1,69
1,69

100

JAS



Appendix C

Sample Code Book

id Name of Year of the | Research Data The Size of Subject | Programming Teaching/ Brief
of the the Title of the article | Author(s) — i . . Education| the |Country : = ®| Learning |Purpose | Theme(s) | Domain(s)
article | Tourmal publication Methods I'Cul..lectmn Level | Sample Area tools Approach Result

nstruments

1

3

4

5

6

7

8

9

10

59

88



