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Abstract: The current study aims to systematically review the literature on
teaching basic coding skills in early childhood education, particularly for
children aged 3 to 8 years. A systematic literature review was conducted of 45
articles published in Science Direct, Wiley Online Library, SpringerLink, Sage
Journals, Taylor & Francis Online, ERIC, JSTOR and Google Scholar on using
coding activities in the preschool years from 2014-2023. The review presents
empirical research with young learners and reports on relevant frameworks and
curricula, the impact of pedagogical approaches and tools on learning, and the
learning outcomes and pedagogical benefits of teaching coding. Plugged and
unplugged coding activities can be introduced to young learners as a
stand-alone subject or integrated into the regular kindergarten curriculum based
on the studies reviewed. Additionally, coding can be incorporated into literacy
and storytelling activities as a developmentally appropriate approach. The
authors conclude that for educators to become competent in introducing coding
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activities into early childhood education, future research should focus on
developing curricula that fully integrate coding and accompanying teacher
training programmes.

Keywords: carly childhood education, ECE; coding skills; computational
thinking; CT; robotics; systematic literature review; PRISMA.
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1 Introduction

The early childhood years are recognised as a time when skills are easily acquired, and
the development of the brain is very rapid (Atzil et al., 2018). Children have a natural
curiosity and desire to learn (Rivera, 1998). Thus, during this time, children are more
flexible in understanding the relationship between events and reason, draw conclusions,
are more open to external stimuli and have an increased capacity to change their
behaviour (Altiparmak and Ozis, 2005; Atzil et al., 2018). Early reasoning skills
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development supports later development and learning (Whittaker and McMullen 2014).
Early childhood education (ECE) is expected to help children adapt to social life, as well
as help them develop some of the basic social and cognitive skills they will need in later
years (Demetriou et al.,, 2017). The ISTE standards of the International Educational
Technologies Association (ISTE, 2016) state that due to the rapid advancement of the
computer and automation age, students must be knowledge constructors, innovative
designers, computational thinkers, creative communicators, global collaborators and
empowered learners (Bati 2022). Thus, it is possible to develop computational thinking
(CT) among the 2l1st-century skills that future learners should possess. Due to its
integration into educational programmes, CT is one of the most discussed areas. When
Wing (2008), first conceptualised CT, it was essential to develop a shared understanding
of CT skills and teach them early for everyone to learn. CT is understanding and solving
complex problems using computer science concepts and techniques (Chen et al., 2023;
Kale and Yuan, 2021). Therefore, teaching coding early will give children a solid
foundation for lifelong learning and success.

1.1 Coding education in early childhood

Coding (also called 'computer programming') has been promoted since the 1970s with a
constructivist and interdisciplinary vision of learning for children of school age (Feurzeig
et al., 2011; Vee — University Of Pittsburgh 2013). Coding follows the trend of
computing education, which refers to teaching and learning programming and CT. Put
differently, coding is an essential subset of computing. In 2003, Robins and colleagues
published a landmark review of research on the teaching and learning of coding,
particularly in the adult population (Robins et al., 2003). Coding is being promoted as an
emerging literacy for all students, including the very young (Noh and Lee, 2020; Sullivan
and Umashi Bers, 2019; Webb et al., 2017), as technology plays an increasingly
important role in education. This aligns with the policy agenda to promote STEM
(science, technology, engineering and math) education at all levels of education (Callejas
et al., 2023; Lye and Koh, 2014; Papadakis et al., 2022).

Recognised as the spoken language of the digital age, coding skills involve
developing the instructions for programs to work and writing program commands in a
way that computers can understand (D.K, 2013; McLennan, 2017). Children who acquire
these skills through playful activities will be able to make the gains that support the
cognitive development area they are expected to achieve in ECE programmes (Xezonaki,
2022). The knowledge they learn through quality ECE will positively contribute to their
future success as young adults with high school achievement and successful future
careers (Bers, 2019; Giines and Kucuk, 2022; Schaefer and Cohen, 2000; Yu and Roque,
2018). Although approximately 500,000 computer science jobs are advertised each month
in the USA, there is a need to increase the number of people trained in the field who are
eligible to apply for these positions. Given that 1.7 million engineers and experienced
people will be needed in coding-related jobs as the need for labour grows, the importance
of students developing these skills early is recognised (Code.Org, 2018; Corbett and Hill,
2015).

According to Papert (1980), one of the pioneers of computing education, coding can
help provide children with a generalisable and valuable intellectual structure for lifelong
learning and development. In a rapidly changing digital society, coding enables children
to develop CT (Chou, 2020; Kazakoff and Bers, 2014), mathematical thinking
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(Goldenberg and Carter, 2021), literacy (Hassenfeld et al., 2020), and meta — and
lower-order thinking skills (Popat and Starkey, 2019). In addition, teaching coding skills
at an early age facilitates children's language skills, visual memory, and the teaching of
abstract concepts in mathematics and contributes to children's ability to find appropriate
solutions to problems, establish cause-and-effect relationships, and sort (Anzoategui
et al., 2017; Dag et al., 2023; Nam et al., 2019; Shumway et al., 2021).

Earlier exposure to coding education is shown to be more sustainable, less costly
(Reynolds et al. 2011) and less likely to lead to gender stereotyping in STEM (Burke and
Mattis, 2007). Exposing children to programming early makes it easier for them to
understand, learn and apply programming in their future lives (Louka, 2022). Research in
the field of robotics in the preschool years, the so-called early childhood years,
demonstrates the ability of preschool children to learn basic programming concepts such
as logical sequences, cause-and-effect relationships and engineering design skills
(Fessakis et al., 2013; Kazakoff et al., 2013) Teaching coding skills at a young age also
supports the CT of students and the sub-dimensions of CT, such as comprehension,
assessment, algorithmic design, abstraction, decomposition and generalisation skills, in a
way that is easy to master (Dag et al., 2023). Moreover, the introduction of coding in the
preschool period helps children to develop their ground, direction, movement and
mathematical skills, to learn cooperative learning and to take responsibility (Kincal and
Yavas, 2021).

Countries worldwide have begun to teach coding in early childhood (Siu and Lam,
2005). In general (Gunes and Kucuk 2022), coding studies have focused on middle
school students. For young children (3 to 8 years old), the research on coding education is
still in its infancy (Ching et al., 2018; Garcia-Pefalvo, 2017; Mangina et al., 2023). Early
coding education introduces young children to basic computer programming concepts
and skills such as logic, sequencing, problem-solving and creativity (Goldenberg and
Carter, 2021; Hassenfeld et al., 2020; Popat and Starkey, 2019). Coding education can
have a positive impact on children's cognitive, social and emotional development
(Anzoategui et al., 2017; Dag et al., 2023; Nam et al. 2019; Shumway et al., 2021) and on
their future academic and career prospects (Burke and Mattis, 2007; Reynolds et al.,
2011). In order to meet the needs of the present without compromising the ability of
future generations to meet their own needs, coding education can also contribute to
sustainable

e Promote the digital literacy and innovation needed to handle the complex challenges
and opportunities of the 21st century.

e Promote equity and inclusion by ensuring that all children, regardless of gender,
background or location, have access to quality coding education and the benefits of
digital technologies.

e Promote environmental awareness and responsibility by using coding education to
teach children about the natural world and how to protect it from artificial threats.

e Promote global citizenship and cooperation by using coding education to expose
children to different cultures and perspectives and foster a shared responsibility for
the common good.

Therefore, it is essential to recognise early childhood coding education as a valuable and
appropriate way to prepare children for the future and support sustainable development.
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Coding can be more seamlessly integrated into ECE with the widespread availability
of innovative coding platforms, particularly screen-free programmable robotics (Manches
and Plowman, 2017). ECE refers to educating and caring for children from birth to age
eight (Yang, 2017). Furthermore, little is known about activities designed to teach coding
to young children and their effectiveness, although previous studies have introduced these
new technologies into E.C.E. classrooms and demonstrated promising effects (Kazakoff
and Bers, 2014; Kazakoff et al., 2013; Nam et al., 2019; Yang, 2021). Therefore, there is
an urgent need to identify the characteristics and effects of programmes used in these
activities by systematically analysing existing studies focusing on early childhood coding
activities. In this article, we use a systematic review approach to rigorously and
transparently synthesise the evidence on coding activities in early childhood, identify the
types of evidence available in this area, examine the research conducted on this
increasingly important topic, and point to gaps in knowledge in this area (Munn et al.,
2018). A comprehensive and critical review is the aim of this study. It explores and
examines the characteristics of early childhood coding activities and successful
pedagogical elements that contribute to early childhood coding. In order to maximise the
validity of the findings, collect unbiased information and increase the generation of
evidence as much as possible, only empirical studies from peer-reviewed journals were
selected for the systematic review (Dieste and Padua, 2007). This systematic review aims
to provide researchers with a more accurate perspective on coding activities in early
childhood.

1.2 Importance of the study

Although coding studies in education are a popular area of research for schoolchildren, it
is known in the literature that more research is needed because of recent experiences with
coding practices in early childhood (Akiba, 2022; Su et al., 2023). Teachers need
guidance due to the children's young age and need to have the skills to assist them in
coding to guide the children properly due to their low literacy skills in the preschool
years. Therefore, it is essential to understand the trends in the literature and the findings
of existing studies.

As a result, this study examines teaching and learning of coding in early years
settings, particularly in 3-8-year-olds. In particular, this review study aims to present
systematic information, documented by empirical investigations with young learners,
about the relevant frameworks and curricular programmes that have been developed, the
impact of coding tools on learning, and the learning outcomes and suggestions for
implementation steps of the programmes. In addition, considering other factors and
conditions that may influence the learning process, this systematic review aims to report
on the knowledge, skills and attitudes that can be effectively taught and mastered at this
very young age and the assessment types.

1.3 Aim of research

This study aimed to systematically review the articles published in Science Direct, Wiley
Online Library, SpringerLink, Sage Journals, Taylor and Francis Online, JSTOR and
Google Scholar on coding activities usage in early childhood between 2014 and 2022.
For this purpose, answers to the following questions were sought:
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1 What is the distribution of articles published in databases on coding in ECE
20202022 according to year, country, journal name, research method, sample size
and variables?

2 Which skills of children are affected by coding in ECE?
3 Which pedagogical tools have been practical with coding skills in ECE?
4 In studies on coding skills in ECE

a  What recommendations are made for future work?
b  What recommendations were made to teachers?
¢ What recommendations have been made to practitioners?

2 Materials and methods

The materials and methods should be described with sufficient details to allow others to
replicate and build on the published results. Please note that the publication of your
manuscript implies that you must make all materials, data, computer code, and protocols
associated with the publication available to readers. Please disclose any restrictions on
the availability of materials or information at the submission stage. New methods and
protocols should be described in detail, while well-established methods can be briefly
described and appropriately cited.

Research manuscripts reporting large datasets deposited in a publicly available
database should specify where the data have been deposited and provide the relevant
accession numbers. If the accession numbers still need to be obtained at submission,
please state that they will be provided during the review. They must be provided prior to
publication.

Interventional studies involving animals or humans and other studies that require
ethical approval must list the authority that provided approval and the corresponding
ethical approval code.

3 Results

This systematic review facilitated a general search of some specific electronic databases
and the web search engine for scholarly literature and academic resources. Only
peer-reviewed articles or conference papers were included to increase the study's
credibility and integrity. The databases searched were Science Direct, Wiley Online
Library, SpringerLink, Sage Journals, Taylor & Francis Online, and JSTOR. Google
Scholar was also selected due to currently being the most comprehensive academic
search engine and to include articles published outside educational journals that provide
relevant information. Coding skills have often been associated and referred to with
different terms. For example, programming, robotics, educational robotics, gamified
applications, gamified environments, gamification, and game-based applications refer to
gamification content. According to Cronin et al. (2008), considering alternative terms
with equivalent meanings is vital to maximising the amount of information accumulated
in an S.L.R. Thus, alternative keywords from the database thesaurus were identified and
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used in different combinations by utilising ‘Boolean’ operators (AND, OR) (Sahin and
Namli, 2016). The terms used in the search string included core concepts that align with
our research topic and research questions, such as ‘coding’, ‘teaching of programming’,
robotic toys’, and ‘ECE’, as well as synonyms, as shown in Table 1.

Table 1 Core concepts and synonyms

Coding ‘coding’, ‘robotics’, ‘computer science’, ‘technology’, ‘programming’,
‘STEM education’, ‘robotics toys’, ‘teaching of programming’, ‘early
coding’, ‘programmable toy’

Educational level ‘early childhood’, ‘preschool’, ‘kindergarten(s)’, ‘elementary education’,
or ‘primary education’

After testing and reviewing the specific syntax that each database required, a search
string was created by compiling Boolean and simple operators with parentheses. The
search string that was used was (‘coding” OR ‘robotics’, OR ‘computer science’, OR
‘technology’, OR ‘programming’, OR ‘STEM education’, ‘robotics toys’, OR ‘teaching
of programming’ OR ‘early coding’ OR ‘programmable toy’) AND (‘early childhood’
OR ‘preschool’ OR ‘kindergarten’ OR ‘elementary education” OR ‘primary education’).
Usually, a search string containing all fundamental concepts and their synonyms was
used. However, two databases, Science Direct and JSTOR, had some restrictions on
Boolean operators (maximum eight characters) and characters used in the search string
(maximum 200 characters). In addition, the database search was adjusted for inclusion or
exclusion criteria if options such as publication date, language, etc., were available in the
database.

3.1 Inclusion/exclusion criteria

In the interest of conducting our research, we set specific criteria that would help us sift
through the variant studies, select and include those relevant to our research topic, and
exclude the studies that failed to meet some necessary conditions. The inclusion and
exclusion criteria were as follows:

3.2 Inclusion

1 The study must be empirical (quantitative, qualitative, or mixed methods) in a
learning environment.

2 Anunplugged or plugged coding activity practice was used in the study. The coding
activity practice must have been used on learners, and empirical data must be
included.

3 The study was conducted in an educational environment (kindergarten, preschool or
primary school [Grade 1-Grade 3]).

4 The article is a peer-reviewed paper.

5 The article is published from 2014 to 2023. We investigated studies from the past
four years to solely include coding practices with new interactive technologies.
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3.3 Exclusion

1 The study needs to be written in English.

2 The study does not mention the plugged or unplugged robotic activity used.
3 The study sample level is not ECE.

4  The study is listed in another database.
5

The study is only published as an abstract.

Figure 1 PRISMA review process (see online version for colours)
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3.4 Review process

The literature was screened by three independent authors (MU, HG and HU) according to
the guidelines provided by PRISMA (Spiteri, 2020). Initial search results across all
databases produced 4,579 articles, as shown in Table 2. First, we excluded 4,136 articles
based on duplication, publication date, title review and relevance, and abstract review.
Then, the titles and abstracts of the documents were analysed, excluding those articles
that did not comply with the previously established inclusion criteria. The remaining 107
articles were carefully reviewed concerning our criteria and research questions. A
thematic analysis procedure was followed (Braun and Clarke, 2014). The remaining 107
articles were screened for further information. Each author individually kept notes and
read each article more than once to properly understand its content, procedures, methods
used and findings displayed. All information was then compared and discussed. 45
articles that made up the final dataset were included in the systematic review (Table 2).
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Among the studies excluded from the scope of the research, the study by Akiba (2022)
was excluded because it was a review study. In another study, a curriculum was
introduced in the study conducted by Bers (2019), Kazakoff et al. (2013), and it was not
included in the systematic review study because there was no application. The PRISMA
process we followed is shown in Figure 1.

Table 2 Data source and systematic review stages
Daia source tontfionion)  (Sereening) nctuded
Wiley Online Library 559 15 1
SpringerLink 589 32 14
Sage Journals 319 12 4
Taylor & Francis Online 1,049 25
Google Scholar 1,000 8 8
Science Direct 913 15 10
JSTOR 150 - -

3.5 Data collection tool

The Publication Classification Form was used to analyse the articles in this study.
Researchers obtained This form by customising the education technologies publication
classification form (ETPCF) (Goktas and Telll, 2012; Sozbilir and Kutu, 2008).
Researchers first created a draft form, edited with expert opinions. The form contains the
features of the articles, such as author, year, country, journal name and title information.
In addition, there are sections detailing which coding activity is used in which variable/s,
research method, sample size and the implementation period of the studies. The final
form, which includes data collection tools wused, variables, conclusions and
recommendations, consists of six main headings and 15 sub-headings (Figure 2).
Thematic content analysis of the data was carried out, and sub-classification and coding
were performed. If more than one outcome was examined in the study, each outcome was
coded separately. In this type of coding, the total data comprised the outcomes of the
articles examined and analysis rather than the number of studies examined.

Figure 2 Publication classification form (see online version for colours)

« AUTHOR
* TITLE « TYPES
« YEAR
« KEYWORDS
+ COUNTRY
« PEDAGOGICAL
TooL « TIME
« SAMPLE SIZ
« VARIABLES
« PATTERN OF
THE STUDY
« METHOD
« FUTURE
RESEARCH

+ TEACHERS &
* GRADE LEVEL PRACTITIONERS



54 M. Ugras et al.

A systematic keyword search collected data across all studies while preserving their
credibility. To ensure the convergence and verification of our findings, we lastly
conducted a document analysis, completing our triangulation procedure. The following
essential information was extracted from each article:

1 articles tag (year, country, coding tool)

research design (method)

educational level (grade level)

data collection tools (data collection tool type)

working process (duration of study, sample size, variables)

data analysis

~N N AW N

conclusion (future research, teachers and practitioners).

3.6 Data analysis, validity and reliability

Articles compiled using the publication classification form were analysed using the
content analysis method, and the data were processed into an MS Excel 2016 worksheet.
While the articles were being classified, a separate data record was created for each form
heading. In order to ensure the reliability of the research, the authors carried out the
process together at all steps. The resulting differences of opinion were resolved to reach
joint decisions. In this way, the internal validity and reliability of the study were ensured.
The data up to the conclusions and recommendations of the articles were analysed by
descriptive analysis (frequency, percentage). The results and recommendations of the
articles were examined under three main headings, namely, suggestions for future
researchers, teachers and robotic practitioners. The data was transferred to the NVIVO 12
program, and content analysis was conducted. The data obtained is presented as tables,
graphs and concept maps.

3.7 Findings

The findings of the 45 studies examined with S.L.R. were compiled as the years of the
studies, the countries where the implementations took place, the coding approach used in
the activities, the methods of the studies, the educational level of the sample, the data
collection tools, the duration of the study, the size of the sample, the variables, the
approaches used in the analysis of the data, the results and recommendations of the
studies.

3.8 Distribution of studies by country

When coding activities in ECE are analysed by country, it is noticeable that most studies
were conducted in Turkey (n = 10). As can be seen in Figure 3, the USA (n = 9), Spain
(n = 7) and China (n = 5) were mainly analysed. The fewest studies were conducted in
Korea, the Netherlands, Israel, the UK, Uruguay, Taiwan, Cyprus, Greece, Japan, Japan,
Portugal and Portugal, with one publication each.
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3.9 Distribution of studies by year

When the distribution of coding activities carried out in early childhood according to
years is examined, it is seen that there is an increasing trend. When Figure 4 is examined,
it is understood that studies were carried out in 2019 (n = 6), 2020 (n = 10), 2021 (n = 8)
and 2022 (n =21).

Figure 3 Distribution of studies by country (see online version for colours)
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Figure 4 Distribution of studies by year (see online version for colours)
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3.10 Methods of studies

When the coding studies in early childhood in Table 2 were examined, it was seen that
most of the studies were conducted in the semi-experimental design (n = 24, 53.33%),
which is one of the quantitative research methods. Among qualitative (n = 11, 24.44%)
research methods, case study (n = 9, 20%) and mixed methods research, triangulation
model (n =10, 22.2%) were preferred the most.
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Table 3 Research methodologies

Research methodologies Research methods f %
Quantitative Experimental Semi-experimental 24 53.33
Qualitative Case study 9 20
Phenomenology 1 2.22
Design based research 1 222
Mixed Triangulation 10 22.2
Total 45 100

When analysed according to the age group of the sample, it was seen that qualitative
research methods were not used at all in grades K1-K3 in primary school students. The
qualitative research method was used only in the kindergarten sample. The qualitative
research method was predominantly preferred in kindergarten.

Table 4 Research methods according to the sample level
Qual Quan Mixed f %
Kindergarten 11 17 5 33 73,3
Primary - 7 5 12 26,7

3.11 Sample selection method

According to the sample selection method, it was observed that the random sampling
method was primarily used in the studies (n = 28), followed by purposive sampling
(n = 13). Convenience sampling is the least preferred sample selection method (n = 4).

Figure 5 Sample selection method (see online version for colours)
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3.12 Sample type, data collection tools according to research method

When it is analysed which research method and which data collection tools were used
according to the type of the sample, it is seen that tests were used the most (n = 25).
Then, video and audio recordings and observation forms are the most frequently used
data collection tools.

Table 5 Sample Type, data collection tools according to research methodology
OF IF. M. Tests Scale S.W. Others Tg;"l
PreS. Quantitative 2 - - 13 3 - 1 19
Qualitative 5 1 8 - - 2 2 18
Mixed 1 4 2 2 - 3 13
Pri. Quantitative 1 1 4 7 - - - 13
Qualitative - - - - - - - -
Mixed 3 3 1 3 - 2 2 14
Total 12 9 15 25 3 5 8 77

Notes: *O.F = observation form, I.F = interview form, M = multimedia records,
S.W = student’s worksheet.

3.13 Implementation duration

When the duration of the interventions in the preschool group is analysed, it is
understood that the interventions were mainly realised as interventions lasting one month
or less (n = 17) or, although less frequently, they lasted longer than two months,
approximately as long as a school term (n = 13).

Table 6 Implementation duration
Short than Medium long than one  Long than two f o
one month month months
Kindergarten 17 3 13 33 73.3
Primary 4 2 6 12 26.7
Toplam 21 5 19 45 100

In primary school, it is seen that coding activities are generally carried out in studies
lasting more than two months (n = 6) and one month or less (n = 4), although less than
that (Table 6).

3.14 Sample size

When the sample sizes are analysed according to the sample level, it is seen that the study
groups in the range of 31-100 (n = 19) are primarily examined in the studies
(Table 7).
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Table 7 Sample size

1-10 11-30 31-100 101-300 301-1,000 f %
Kindergarten 2 12 14 5 - 33 73.3
Primary - 3 5 3 1 12 26.7
Toplam 2 15 19 8 1 45 100

3.15 Sample group with the robotic tool used

When the coding activities tools used in preschool and primary school were categorised,
the tools were classified as plugged and unplugged. In the preschool and primary school
groups, blocks made of plastic or wood and Lego bricks were mainly used. In addition,
story cards and puzzles were also used to create sequencing and storytelling for CT and
algorithms.

For plugged activities, robotic applications such as Bee-Bot, KIBO, Ozobot and Lego
We-Do, which are generally suitable for early age groups due to their interfaces for visual
programming, were selected and included in the studies according to their costs. At the
same time, web-based coding activities such as code.org and Daisy the Dinosaur were
also used (Figure 6).

Figure 6 The robotic tool used (see online version for colours)
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Robo-Tito (n=1) Turtlebot (n=1) Bee-Bot (n=1) 3
< | Alpha Mini (n=1) Botley (n=1) Lego EV3 (n=1) §
g Coji (n=1) Ground robot (n=1) Blockly (n=1) g
% O-bot (n=1) "i‘
5 5
T ]
£ UnPlugged UnPlugged &

Unit blocks &small wooden table blocks (n=1) Sequencing story cards (n=1)

Large wooden and plastic hollow blocks (n=1) Dino cards (n=1)

Puzzles (n=1) Lego bricks (n=1)

Large plug-in puzzle pieces (n=1)

Lego bricks (n=1)

Littlebits magnetic blocks (n=1)

3.16 Variables

When the variables in the studies are examined, it is seen that they are grouped under five
headings: CT, 21st-century skills, Math, Social and Emotional and Other variables. When
evaluated together with the results of the studies, it is understood that studies on
computational thinking were predominantly conducted (n = 24) and that
these interventions also improved skills such as coding (n = 9), sequencing and
problem-solving in children. Among 21st century skills, creativity (n = 8) and
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communication (n = 7) skills developed the most. In mathematics, it is understood that
three-dimensional rotation, spatial reasoning, and fluency skills have also developed.
Under the social-emotional heading, expressing and managing emotions/self-expression
and social behaviour skills were practised, and students improved these skills. Under the
other heading, it is seen that there are studies on the development of children's technology
use skills, engineering and design skills, and their career choices are also positively
affected (Figure 7).

Figure 7 Variables (see online version for colours)
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3.17 Suggestions for future research

In the 45 studies conducted, it is seen that the authors' suggestions are shaped under two
main headings: skills and variables and research design. Under the heading of skills and
variables, examining the development of mathematics and language skills (n = 6) and
examining CT skills and their subheadings (n = 3) are among the commonly expressed
suggestions. Engineering design skills, soft skills, comparing learning outcomes, studying
spatial skills and conducting retention tests after the applications are also suggested.

Regarding research design, it was suggested that it is crucial to work with larger
samples to generalise the study results (n = 13). It was also frequently emphasised that
studies should include more activities and that longer-term instructional interventions
should be planned (n = 9) (Figure 8).

3.18 Recommendations for teachers and practitioners

In this process, it was emphasised that teachers should include coding and robotic
activities that they choose according to their students' prior knowledge, the goals and
outcomes expected to be developed, and the age groups of their students (n = 4) in the
learning environments in the classroom (n = 3). It was also suggested that paired or peer
learning approaches could be used in programming instruction so that students can gain
more accessible and more effective programming experiences through communication
and collaboration (n = 1).

When the suggestions of the studies for practitioners, policymakers and
administrators are analysed, it is seen that the most emphasised suggestion is the
development and implementation of a robotics and coding curriculum in schools in ECE
(n = 11). At the same time, it is also recommended to provide training on robotics and
coding to pre-service teachers at the undergraduate level and teachers through in-service
training and to organise training to develop activities and course content (n = 4). It was
also suggested that universities, schools, families and international organisations should
cooperate and international projects should be implemented in schools (n = 1). For
younger children, it was suggested that families should be involved to support students'
learning processes (n = 1).

Figure 9 Recommendations for teachers and practitioners (see online version for colours)
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4 Discussion

This systematic review was conducted to provide an overview of the research literature
on coding activities in early childhood. Although coding activities are a new topic in
early childhood, they can provide insights into the current status and directions for future
research. Based on the results and suggestions of the studies included in the review, it
was aimed to design interventions that can be carried out according to the children's
characteristics, prior knowledge and the skills to be developed and to understand the
possible results. The study includes which skills are developed in children between 3 and
8 who receive coding education and suggestions for implementation.

In the past decade, there has been a rapid increase in ECE for the introduction of
programming and the development of CT skills (Chou, 2020; Critten et al., 2022; Gerosa
et al., 2022; Qu and Fok, 2022). Studies often use non-computerised coding activities
such as storyboards, puzzles, or LEGO bricks (Akpinar and Akgunduz, 2022; Aksoy and
Aksoy, 2022; Kewalramani et al., 2020) or robotics and screen-based visual
programming technologies (Chaldi and Mantzanidou, 2021; Pila et al., 2019; Urlings
et al., 2019) because the age group is small and not yet literate. The studies included in
this SLR study also show that early coding is appropriate and beneficial (Macrides
et al., 2022; Sullivan and Umashi Bers, 2019). Learning to code using developmentally
appropriate technologies and strategies for young learners fosters creativity,
collaboration, communication and creating new content. Teaching coding to preschool
children in early primary school has shown positive results (Sulistyaningtyas et al.,
2021). Today, it is essential for families, schools, teachers and policymakers to provide
environments where children can use these skills to develop their digital skills and
participate in a productive position at an early age intertwined with technology (Critten
et al., 2022).

It is seen that the highest number of publications was realised in 2022 and has shown
an increasing continuity in recent years. Turkey and the USA have the highest number of
studies in this field. As a reflection of America's focus on STEM, coding and robotics
education as a reflection of no child left behind in 2001 and every student succeeds act
(ESSA) policies in 2015, it is understood that coding education is also emphasised in
early childhood (Gtines, 2021).

It was determined that the studies, mainly in K1-K3 grades within the scope of early
childhood, were generally conducted in a quasi-experimental design from quantitative
methods. These studies showed that coding studies were more effective in children's
problem-solving and creativity skills than pencil and paper tests (Cakir et al., 2021). In
addition, coding education is beneficial in developing engineering design skills, project
management, sequencing and programming skills in children aged 47 years (Kazakoff
and Bers, 2014; Pérez-Marin et al., 2022). Children can grasp simple programming
concepts using concrete, screen-based or hybrid teaching environments (Macrides et al.,
2022). According to the sample selection method, random sampling was used the most in
the studies (n = 28), followed by purposive sampling (n = 13). Convenience sampling is
the least preferred sample selection method (n = 4). This finding differs from Gunes and
Kucuk's (2022) finding that purposive sampling is the most popular sample selection
method in educational robotics studies, and random sampling is the least popular. This
situation can be considered as the characteristics of the sample's age group and the
application's purpose affect the researchers' decisions regarding the sample selection
method. When it is analysed which research method and which data collection tools were
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used according to the type of the sample, it is seen that tests were used the most (n = 25).
Then, video and audio recordings and observation forms were among the most frequently
used data collection tools.

When the implementation periods were examined in the preschool group, it was
determined that the implementations were mainly carried out for one month or less (n =
17). A few studies showed that the implementations lasted approximately one school
term (n = 13). In primary school, it was determined that studies lasting more than two
months (n = 6), usually one school semester, were conducted. In addition, in a few
studies, coding activities were carried out for one month or less (n = 4). When the sample
sizes according to the sample level are examined, it is seen that the study groups in the
range of 31-100 (n = 19) are primarily examined in the studies. The findings regarding
study times and sample sizes are similar to the results of the systematic review on coding
and educational robotics in the literature (Gunes and Kucuk, 2022). In addition, task-
based scales and rubrics, among the most preferred data collection tools in early
childhood practices, are similar to the literature (Macrides et al., 2022).

When the coding activities tools used in preschool and primary school were
categorised, the tools were classified as plugged and unplugged. In the preschool and
primary school groups, blocks made of plastic or wood and Lego bricks were mainly
used (Canbeldek and Isikoglu, 2023; Xu et al., 2021). Story cards and puzzles were also
used to create sequencing and storytelling for CT and algorithms (Saxena et al. 2020).
For plugged activities, robotic applications such as Bee-Bot, KIBO, Ozobot and Lego
We-Do, which are generally suitable for early age groups due to their interfaces for visual
programming, were selected and included in the studies according to their costs (Cakir
et al.,, 2021; Egbert et al.,, 2021; Socratous and Ioannou, 2021). At the same time,
web-based coding activities such as code.org and Daisy the Dinosaur were also used (Pila
et al., 2019; Tran, 2019; Turan and Aydogdu, 2020). According to Bati (2022), while
unplugged coding activities are more prominent in early childhood, both methods
positively affect children. Teachers need to decide which method to choose based on
children's age, prior knowledge level and the activity's goals, and to get the support of
parents in the process.

When the results of the studies are examined, it is noticeable that there are cognitive
developments in children, especially in CT skills and their sub-dimensions, such as
algorithmic thinking, sequencing, and debugging (Merino-Armero et al., 2022; Yang
et al, 2022). In addition, social skills learning, development of language skills,
mathematical skills and technological literacy have also increased (Gunes and Kucuk,
2022; Somuncu and Atasoy, 2022). This is similar to the results in the literature. In
addition, teaching coding early makes it easier for students to concretise abstract concepts
such as numbers, size and shape in mathematics. It is beneficial in developing language
skills and visual memory. Coding education and robotics activities at an early age can
positively contribute to children's cognitive, social and emotional development and
benefit them (Wang et al., 2022).

In this SLR study, the use of CT, creativity, coding skills and social skills as variables
and the development of these skills is a result in line with the literature. It has been
observed that coding education and robotics activities in ECE are beneficial for
developing students' reasoning, CT and language skills. For this reason, studies
recommend policymakers, practitioners, and administrators include coding and robotics
programs in the curriculum in early childhood schools (Deniz et al., 2022; Hassenfeld
et al., 2020; Pinto et al., 2022; Zviel-Girshin et al., 2020). It is emphasised that teachers



Coding activities in early childhood 63

should organise coding and robotics activities according to students' prior knowledge,
interest and skill level. In order to realise this, teachers must first have these skills.

For this reason, it is also recommended to provide training on robotics and coding to
pre-service teachers at the undergraduate level and in-service training and to organise
courses to develop activities and course content (Cakir et al., 2021; Yang et al., 2022;
Zviel-Girshin et al.,, 2020). It is also recommended that schools, universities and
international organisations work together and provide the necessary financial and
scientific support for implementing international projects and frameworks in the coding
field in schools (Deniz et al. 2022). It is also emphasised that families should cooperation
with schools and administrations in order for students to understand the outcomes and
maintain their permanence, contribute to the process by supporting teachers, and continue
activities for these skills at home (Critten et al. 2022). Teachers were recommended to
select, implement and evaluate the effects of coding and robotics activities with
classroom activities selected according to the levels of their students (Cakir et al. 2021;
Metin, 2022; Pérez-Marin et al., 2022; Turan and Aydogdu, 2020; Yao et al., 2022;
Zviel-Girshin et al., 2020). There is no difference between students in terms of gender
(Bati, 2022; Pila et al., 2019; Zviel-Girshin et al., 2020). Providing coding education to
all children at an early age may be beneficial for women to choose engineering as a
career choice and play a role in meeting the increasing need for the labour force (Sullivan
and Umashi Bers 2019), contrary to what is emphasised in the literature in engineering
fields in the following years (Varma, 2010). It is also vital that visual programming and
unplugged coding activities are selected by students' age level, prior knowledge and
interests (Bati, 2022). In addition, since robotic technologies can be costly, receiving
financial support from projects or administrators can benefit researchers.

Since coding education in early childhood is still an emerging field, conducting more
research and increasing the number of experimental studies in this field may be
recommended. It is recommended that policymakers create curricula that include plugged
and unplugged activities for coding and CT skills with proven effectiveness and
efficiency. It is essential that these curricula are compulsory in schools and that teachers
are supported with undergraduate and in-service training to support the development of
these skills more accurately. In addition, since the age groups of children are small, it
may be beneficial for the development of their children as a whole if families are also a
partner in this process. Planning future studies so families are included and planning them
so that longer-term practices are carried out may be more effective in developing and
permanence the targeted skills.

5 Patents

This section is not mandatory but may be added if patents result from the work reported
in this manuscript.
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Coding activities in early childhood

Articles included in S.L.R. (continued)
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Articles included in S.L.R. (continued)
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Coding activities in early childhood

Articles included in S.L.R. (continued)
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Articles included in S.L.R. (continued)
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Coding activities in early childhood

Articles included in S.L.R. (continued)
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Articles included in S.L.R. (continued)
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