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Abstract
This research aims to develop a valid and reliable test to determine the coding skill 
levels of 5–7  years old children in early childhood. The study sample consists of 
children aged 5–7 who attend primary and pre-school education institutions affili-
ated to the Ministry of National Education in Ağrı and Gaziantep city center in the 
2020–2021 academic year. Data were obtained from 308 children, 101 of whom 
were five years old, 100 were six years old, and 107 were seven. As a data collection 
tool in research, the “Personal Information Form” containing personal information 
about children and their parents and the “Early Childhood Coding Skills Assessment 
Test” developed by the researcher to evaluate the coding skill levels of 5–7-year-
old children were used. In the validity analysis to determine the test’s validity and 
reliability, content-structure validity, criterion-based validity analysis, similar scale 
compatibility validity, tetrachoric factor analysis, and item difficulty analysis; In the 
reliability analysis, KR-20 reliability analysis was used. As a result of the findings 
obtained from the research, the “Early Childhood Coding Skills Assessment Test” is 
a valid and reliable measurement tool that can be used to determine the skill levels 
of 5–7-year-old children unplugged coding and robotic coding.
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1  Introduction

Children live in automated systems based on coding in their daily lives and grow 
up saturated with smart devices. Due to rapid changes in technology, children are 
increasingly exposed to these systems, and this exposure naturally increases their 
interest in how objects function or move automatically. The ubiquity of technol-
ogy positions it as an important cultural tool for children to understand the world. 
Therefore, the need for a workforce that understands technology in the future has 
made coding and computational thinking a training priority of national education 
programs (Lee & Junoh, 2019; Johnston et al., 2018; Campbell & Walsh, 2017; 
Manches & Plowman, 2017; Rogoff et al., 1995).

Children learn human languages for speaking and writing, natural languages 
covering all subjects related to experimental sciences (physics, chemistry, biol-
ogy, etc.), and human languages including social sciences and humanities, as 
well as digital languages, one of the necessary competencies for children to be 
successful in the digital world. is required (Briggs, 2013; García Peñalvo et al., 
2016). Within the framework of twenty-first-century skills, to successfully and 
actively participate in a digital society, all children must acquire basic digital lit-
eracy skills, including information literacy, media literacy, and information, com-
munication, and technology (ICT) literacy (P21, 2017).

Children need to meet with essential digital literacy and coding, which is seen 
as the digital language early. Because early childhood years are considered as a 
crucial critical time in the development of coding and programming skills as well 
as in all skills (Flannery & Bers, 2013; Campbell & Walsh, 2017; Ananiadou & 
Claro, 2009). In recent years, efforts have been directed towards teaching chil-
dren basic skills called specific computer science concepts, programming skills, 
and computational thinking skills (Relkin et  al., 2020). Coding, a new literacy, 
has become a fundamental tool for reading, interpreting, and communicating with 
others in a digital society, providing children with the opportunity to connect 
with technology. Beyond algorithmic thinking, coding offers a symbolic language 
in which children will have reading and writing skills (Bers, 2018b, a; Mclennan, 
2017).

2 � Coding / robotic coding

Considering the definitions related to coding, which is defined as a new literacy 
of the twenty-first century, coding; is defined as the process of writing the correct 
syntax regularly and sequentially and developing applications by using command 
sets in order to solve problems, provide human-computer interaction and perform 
a specific task by the computer (Vorderman, 2019; Bers et  al., 2019; McLen-
nan, 2018; Kalelioğlu et  al., 2016; Demirer & Sak, 2016; Fesakis & Serafeim, 
2009; Wing, 2006). It is a set of instructions used to define each step to per-
form a specific task or solve a specific problem and includes an algorithm design 
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(Lee & Björklund Larsen, 2019); thinking style in coding; Numerical thinking is 
seen as a process of solving problems using algorithms and developing a logical 
approach, analyzing and organizing data, dividing problems into small and man-
ageable parts, converting them into specific algorithms and converting them into 
programming languages (Bers et  al., 2019; Sullivan et  al., 2017; Gibson, 2012; 
Futschek & Moschitz, 2011; Arabacıoğlu et al., 2007; Futschek, 2006).

There is no difference between these two concepts, which are considered coding 
or programming, and both concepts mean giving instructions to a machine or robot. 
Coding can also be seen as the result of algorithms, a list of step-by-step proce-
dures to complete a particular task (Campbell & Walsh, 2017; Lee & Junoh, 2019). 
While coding is a relatively new term in early childhood education, children experi-
ence and use coding in their daily lives and routines through wireless applications, 
such as learning to tie shoelaces by following a series of steps (Lee & Junoh, 2019; 
Resnick & Siegel, 2015; Sullivan & Bers, 2016; Ananiadou & Claro, 2009). How-
ever, Resnick and Siegel (2015) state that introductory coding activities do not allow 
children to express themselves creatively or develop a long-term interaction with 
coding. Similarly, Bers et al. (2019) emphasizes that crossword-type approaches to 
coding skills will cause children to miss the opportunity to explore the richness of a 
programming language and coding as a symbol system that includes grammar and 
syntax.

Coding, which is accepted as a new language, should start with a simple order 
like acquiring the language (Bers, 2019). In early childhood, basic skills in cod-
ing include knowing code concepts and code cards (Futschek, 2006; Futschek & 
Moschitz, 2010; Gibson, 2012; Mittermeir, 2013; Sullivan & Bers, 2016). The 
coding process includes the skills of direction signs, sequencing, debugging, creat-
ing functions, loops, and algorithmic thinking (Lee & Junoh, 2019; Zamin et  al., 
2018; Mittermeir, 2013; Gibson, 2012; Futschek & Moschitz, 2010; Futschek, 2006; 
Welch et al., 2019). Bers et al. (2014) state that the design process of the coding cur-
riculum in early childhood should consist of solid ideas from computer science and 
engineering, which include debugging, robotic motion and sensing, using program-
ming instructions, sequential and specific instructions flow control.

Coding skills and standards for these skills are set forth at the K − 12 level by 
the Computer Science Teachers Association / CSTA (, 2003, 2011, 2019) and the 
International Society for Technology in Education / ISTE (2019). The coding skills 
revealed by CSTA, ISTE, and many researchers are listed in Table 1.

The Computer Science Teachers (CSTA) Standards are developed by the Com-
puter Science Teachers Association (CSTA), a nonprofit organization dedicated to 
empowering, involving, and advocating computer science teachers in the preschool-
to-college education (K-12) education process worldwide. It is written and main-
tained by teacher members of the Computer Science Teachers Association/CSTA. 
These Standards were first created and published as standards for Computer Science 
(CS) educators by the International Society for Technology in Education (ISTE) in 
2003, last updated in 2011, and ISTE for publication in 2020. It was rewritten in 
2019 in partnership with. The CSTA K-12 Computer Science Standards define core 
learning objectives designed to form the basis for a complete computer science cur-
riculum and its implementation at the K-12 level. However, the ISTE Standards are a 
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framework for innovation in education, and these standards help educators and edu-
cation leaders around the world prepare students to thrive in work and life. Today’s 
children are expected to be ready to thrive in an ever-evolving technological envi-
ronment. Standards for ISTE students are designed to strengthen the student’s voice 
and ensure that learning is a student-centered process (ISTE, 2016).

In the development process of technology, it is necessary to develop solutions for 
how the education they receive can be permanent and effective while introducing 
coding, which will affect the thinking skills of future engineers and software devel-
opers or in all areas of life. (Ananiadou & Claro, 2009; Ackermann, 2001). Coding, 

Table 1   Coding process

1A-AP-09: While writing the 

program, children can use the up / 

down directions as yes / no 

statements, use arrows to represent 

the direction while writing 

algorithms

Signs (Start, 

end, down, up, 

right, left, loop)

The child is read the story about 

the question. The child is asked 

to code for the monkey to go to 

the banana.

1A-AP-11: These are the 

instruction steps given while 

performing the algorithm steps.

Sorting

The child is read the story about 

the question. The child is asked 

to code the robot following the 

order in the story.

1A-AP-10:  Detection and 

correction of false statements and

transactions in the algorithm

Debugging

The child is read the story about 

the question. The child is asked 

to code the robot so that the 

monkey can reach the result 

without getting stuck in 

obstacles.

1A-AP-14:   A structure that 

allows a sequence of code to be 

repeated multiple times.

Loops

The child is read the story about 

the question. The child is asked 

to code the robot following the 

specified loop rule for the 

monkey to take the bananas.

1A-AP-11:  Parsing is the act of 

breaking down tasks into more 

straightforward tasks

Modularity

The child is read the story about 

the question. The child is asked 

to code the tasks necessary for 

the robot monkey to reach the 

result.

1A-AP-08: The algorithm 

combines smaller tasks into more 

complex ones.

Algorithm

The child is read the story about 

the question. The child is asked 

to code the robot according to the 

loop rule that will lead the 

monkey to the banana

1A-AP-15:  It is to create a plan of 

what a program will do.

Program 

development

The child is given the characters 

of the story related to the 

question. The child is asked to 

create a story using the pictures 

given below and to code the 

robot according to the story.

*Descriptions and pictures here are from CodingTest B form
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which is ubiquitous in children’s lives, needs to expose them in a developmentally 
appropriate manner. Developmental approaches that allow children to manipu-
late codes and do not require a computer are gaining importance. Using the com-
puter and unplugged and activity-based applications and robotic tools and equip-
ment while gaining coding skills is one of these solutions (Metin, 2020; Sullivan & 
Bers, 2016; Bers et al., 2014; Sullivan et al., 2013; Wang et al., 2011; Futschek & 
Moschitz, 2010). While programming can be seen as an abstract activity in itself, 
physical objects such as robots make the activity more concrete while also encour-
aging collaboration around the programming task at hand (Bers et al., 2019; Bers, 
2018a, 2018b; Campbell & Walsh, 2017; Levy & Mioduser, 2008; Reese et  al., 
2019; Bell et al., 2012; Resnick & Siegel, 2015; Sullivan & Bers, 2016). There are 
two standard practices for improving coding skills: Computer does not require the 
use (as code.​org) and is carried out using computer applications (Text, 2020; Bers 
et al., 2019; Bell et al., 2012). The concept of computer science unplugged, which 
embodies developmentally appropriate and abstract concepts for computer science 
and children’s basic skills, has been accepted by many researchers and has been used 
in coding education (Metin, 2020; Bers, 2018a; Bell & Vahrenhold, 2018; Bell et al., 
2012; Wang et al., 2011). In unplugged coding education, it seems more appropriate 
to teach coding through activities rather than computers, which are very complex 
tools for children to understand (Relkin et al., 2020; Metin, 2020; Bell & Vahren-
hold, 2018; Bers et al., 2014; Gujberova & Kalas, 2013; Kazakoff et al., 2013; Bell 
et al., 2012; Futschek & Moschitz, 2010).

Children can learn best in meaningful ways and fun, based on practice and inter-
action (Fleer, 2013). Studies on this subject have revealed that coding education 
is more successful when it is carried out with concrete materials and experiences 
based on activities and active participation of children (Metin, 2020; Lee & Junoh, 
2019; Wang et al., 2011; Campbell & Walsh, 2017; Levy & Mioduser, 2008; Bate-
man et al., 2017); Bell et al., 2012; Resnick & Siegel, 2015; Sullivan & Bers, 2016). 
Piaget (1964) emphasizes that it is difficult for children in the pre-operational period 
to understand and construct abstract concepts without concrete experience. Accord-
ing to Piaget (1970) and Vygotsky (1980), learning in children is based on the active 
participation of the child and concrete experiences with adults and their peers. The 
first effort for coding training to be based on concrete experiences is Papert’s (1980) 
structuralist approach based on Piaget’s cognitive theory. Based on this idea, it is 
emphasized that the programming of many studies should depend on the physical 
environment and objects for concrete programming (Montemayor, 2003; Horn & 
Jacob, 2007; Scharf et al., 2008; McNerney, 2004).

Bers (2010, 2012) provided a framework to guide the implementations for coding 
with the Positive Technological Development (PTD) approach, which guided child-
centered coding training. Today, the Positive Technological Development (PTD) 
framework, the basic coding and computational thinking skills approach, includes 
six C: communication, collaboration, community building, content creation, crea-
tivity, and behavior options (Bers, 2010, 2012; Horn et  al., 2012). This approach 
(PTD) considers the learning environment and pedagogical practices, and cultural 
values and rituals that mediate teaching and learning (Bers, 2010; Rogoff et  al., 
2001). Game-based digital learning (PBDL) (Campell and Walsh 2017; Futschek 

http://code.org
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& Moschitz, 2010), which forms the basis for coding training and requires the con-
cretization of the digital world by playing developmentally, and coding in activ-
ity-based approaches that provide a practical experience for learners and facilitate 
learning (Metin, 2020; Sullivan & Bers, 2016; Kamenetz, 2016; Lijanporn & Khlai-
sang, 2015; Bers et al., 2014; Kazakoff et al., 2013; Lee et al., 2013; Wang et al., 
2011; Stoeckelmayr et al., 2011; Futschek & Moschitz, 2010; Biazak et al., 2010; 
Scharf et al., 2008). Approaches to coding education in early childhood and compli-
ance with the development emphasized by the studies and especially suggested by 
NAECY, CSTA (2020), and ISTE (2016) standards should also be considered. Cejka 
et al. (2006) emphasized that by combining coding and design with the help of com-
puters, robotics, and Unplugged activities, students of all ages can provide a rich and 
meaningful learning experience.

3 � Assessment of coding skills

As children’s coding and robotic coding training become widespread, valid and reli-
able measurement tools are needed to evaluate these skills (Kalyenci, 2020). Many 
studies have been conducted on coding at the early childhood and primary educa-
tion levels, and in these studies, the training has been evaluated through interviews, 
observations, and questionnaires. In studies conducted at the pre-school level, Bers 
et al. (2019) implemented robotic coding training with children aged 3–5 with dif-
ferent socioeconomic levels and 16 teachers. Data were analyzed using quantita-
tive and qualitative methods. Before and after the application, a questionnaire form 
was applied to the children, and they used observations, interviews, and diaries as 
quantitative tools. Sullivan et al. (2017) also collected qualitative data with teach-
ers’ opinions and diaries in their study with pre-school children and used the Solve-
Its measurement tool, which evaluates children’s behaviors regarding robotic cod-
ing. Metin (2020) evaluated the training program he gave to 5-year-old children to 
support activity-based unplugged coding and robotic coding skills with the Basic 
Coding Skills Observation Form and the Robotic Coding Basic Skills Observation 
Form. Marinus et al. (2018) developed The Coding Development Test 3–6 (CODE 
Test 3–6) to measure cognitive skills that make up coding skills using robotic kits. 
In this context, it has become essential to develop a test to measure unplugged cod-
ing and robotic coding skills in early childhood based on activities.

Although observation and interview-based evaluations that measure children’s cod-
ing skills provide information about the coding skills of the study groups, they do not 
provide appropriate tools for evaluating the studies conducted in larger groups. In addi-
tion, questionnaires and interviews include the subjective approach of the researchers, 
and they may be limited in expressing the thoughts of young children, especially in 
expressing the abstract process such as coding. Another limitation of the interviews 
and questionnaires used in previous studies is that these assessment tools are applied 
after coding training. Children already experience coding skills in their daily lives 
and are intertwined with digital technology. For this reason, the importance and need 
for assessment tools to reveal children’s current coding skills and to determine chil-
dren’s current knowledge level, especially for educational programs to be prepared, is 
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increasing. There are many educational approaches and practices in the early years to 
support coding skills worldwide, and it is crucial to reveal the existing skills of children 
to demonstrate the adequacy of these applications and prepare programs for children’s 
needs.

There is a strong tendency to increase coding education in the early childhood years 
to be based on experiences. For this reason, in the evaluation of coding skills of chil-
dren of this age, it is seen that there is a need for assessment tools based on a positive 
technological development approach, requiring active participation of the child, and 
developmentally appropriate practices such as activities and games. For this reason, 
CodingTest, which measures coding and robotic coding skills, including concrete mate-
rials and stories, has been developed for early childhood (5–7 years old) children.

4 � Method

4.1 � Working group

The study group, which was designed to develop a scale for the coding and robotic 
coding skills of 5–7 years old children in early childhood, consists of children aged 
5–7 who study in kindergarten, independent kindergarten, and primary schools affili-
ated with the Directorate of National Education in Gaziantep and Ağrı. Based on the 
opinions of the working group school administrators, the schools in the regions with 
lower, middle, and upper socioeconomic conditions were selected.

Fourteen schools, including seven primary schools, seven kindergartens in Gazi-
antep, 14 schools in total, eight primary schools, and six kindergartens in Ağrı, were 
included in the study. A total of 308 children participated in the study. The study 
included a total of 143 children, 69 girls and 74 boys from the 5–6-7 age group in Ağrı, 
were included in the study. Of these, 20 girls, 24 boys are at the lower socioeconomic 
level, 25 girls, 25 boys are at the middle socioeconomic level, 24 girls, 25 boys are at 
the upper socioeconomic level. A total of 165 children, 78 girls, and 87 boys, from the 
5–6-7 age group from Gaziantep province, were included in the study. Of these, 25 
girls, 27 boys are at the lower socioeconomic level, 26 girls, 30 boys are at the middle 
socioeconomic level, 27 girls, and 30 boys are at the upper socioeconomic level. The 
demographic information of the children participating in the study is given in Table 2.

Within the scope of the study, it was determined that 32.8% of the children were 
five years old, 32.5% were six years old, and 34.7% were seven years old, while 52.3% 
of the students were boys 47.7% were girls has been determined. It was determined 
that 35.39% of the children had not received a coding education before, while 20.78% 
received 0–1 year, 34.09% 1–2 years, and 9.74% 2–3 years.

4.2 � Test development process

Generally, field experts (Conway, 2006) examine the test development process in 
five stages:
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Defining the feature to be measured: It was decided by which questions to exam-
ine the learning products to be examined (Büyüköztürk, 2018). During this process, 
the literature was scanned, the studies on coding, online programs were examined, 
and the teachers’ opinions who gave coding training were taken. CodingTest has 
been revealed by many researchers (Bers, 2012, 2018b; Bers et  al., 2019); CSTA 
(2020) K - 12 Computer Science Standards were examined together with the opin-
ions, and level 1A and ISTE (2016) standards for 5–7-year-old children were taken 
into consideration. The characteristics aiming to measure the unplugged coding 
and robotic coding skills that early childhood children should have (Table 1) were 
determined.

Item writing: After determining the relevant assessment tool’s conceptual struc-
ture and main framework, the item pool related to the assessment tool was created. 
The items are prepared in a way to reveals the behavior to be observed. After the 
scale items were determined, Positive Technological Development (positive techno-
logical development) development and activity-based approach were used to observe 
the skills of the children regarding these scale items.

It provides a model for the Positive Technological Development (PTD) approach 
introduced by Bers (2010, 2012) to understand and examine how the use of tech-
nologies or technologically enriched contexts can support human development. This 
approach (PTD) considers the learning environment and pedagogical practices as 
well as cultural values and rituals that mediate teaching and learning (Bers, 2008, 
Bers, 2010; Rogoff et al., 2001; Horn et al., 2012; Bers et al., 2012).

Piaget (1964) and Bruner (1964) emphasized that toric knowledge is realized 
through activity, images, and symbolic reasoning, and abstract concepts can be 
gained through concrete denials. For this reason, Biazak et al. (2010), which ena-
bles children to learn by doing (Lijanporn & Khlaisang, 2015) and interact with 
the environment, activates children and stimulates children’s curiosity and moti-
vates them and ensures that this motivation continues throughout the process, 
encouraging problem-solving. (Batdi, 2014). Rodwell (2017) appeals to different 

Table 2   Demographic information of the children of Ağrı and Gaziantep province participating in the 
study

Ağrı Gaziantep
Variable Group N N Toplam Yüzde (%)

Gender Female 69 78 147 47,7
Male 74 87 161 52,3

Age 5 years old 48 53 101 32,8
6 years old 43 57 100 32,5
7 years old 52 55 107 34,7

Coding education 
status

Not Trained 48 61 35,39 35,39
0–1 Years 64 0 20,78 20,78
1–2 Years 31 74 34,09 34,09
2–3 Years 0 30 9,74 9,74
3 Years and More 0 0 0,00 0,00
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emotions and allows different learning styles; another feature is entertainment, 
the activity-based learning process that includes activities such as games, music, 
rhymes in the learning process, 3C (Curiosity, Creativity, Collaboration)) is based 
on curiosity, creativity cooperation. These activity-based features include scrap-
ing an abstract concept such as coding (Scharf et al., 2008; Futschek & Moschitz, 
2010). Kamenetz (2016), McNerney (2004), Sullivan et  al. (2015) formed the 
basis for observing the behavior of children regarding the items written, consider-
ing that coding would be a facilitator for children in the evaluation process.

Games and stories based on positive technological development and an activ-
ity-based approach were used for children to reveal the behaviors they wanted to 
measure. The plot in the stories is designed to measure a different feature of the 
child’s coding. Pictures for each story and signs that the child can advance the 
coding process are included (Figs.  1 and 2). Care was taken to ensure that the 
visuals of these stories and stories are compatible with the age and developmental 
level of children, the structure and cultural characteristics of the society they live 
in and that they are prepared in the light of relevant literature and scientific data. 
Thus, the test booklet has been prepared. The measurement tool was prepared as 
A and B forms to measure coding skills in two structures: computerized coding 
and robotic coding skills.

Care was taken to ensure that the test items were clear, understandable, and fit 
for purpose, and instructions were prepared in this context. Checking whether it 
has the qualification to measure the behavior, whether there is a scientific mis-
take, developmental suitability, language comprehension, and whether the test 
and items are technically flawed (Baykul and Güzeller, 2015), and three com-
puters in order to reveal the content validity. Moreover, instructional technology 
education, two child development, and education, two pre-school education, one 
assessment and evaluation, one graphic and visual arts, and one faculty member 
working in Turkish language and education. The test’s application instruction and 

Forward Direction Card Right Direction Card Left Direction Card

Start Card Finish Card                                Loop Card

Obstacle Card

Fig. 1   Coding cards
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evaluation criteria have been arranged in line with the experts’ recommendations 
and have been made more understandable and more straightforward in terms of 
grammar.

In addition, Lawshe Technique was used to evaluate expert opinions. Lawshe 
developed the Lawshe Technique, and for the application of the technique, a mini-
mum of 5 and a maximum of 40 expert opinions are required (Lawshe, 1975). In the 
Lawshe Technique, the scope validity rates (CGO) are obtained by gathering expert 
opinions on the items (Yurdugül, 2005). In the form given to the experts, they were 
asked to mark the items as appropriate, not appropriate, and should be corrected, and 
to correct the items. In line with the data obtained from experts, the content validity 
of the items was statistically analyzed using the Lawshe technique. In this technique, 
ten experts’ content validity rate of an item evaluated should not be below .99. Since 
the content validity rates of the items within the scale scope were not below .99, it 
was decided that there was no need to remove any item, and the analyses were final-
ized by making the necessary corrections in some items.

Writing the test form: CodingTest consists of two forms. CodingTest-A meas-
ures unplugged coding skills, CodingTest-B measures robotic coding skills. There 

Monkey Monkey taking the 
banana Monkeys eating bananas

Monkey and friends playing 
games

Monkey and friends at the 
party Banana                 

Banana tree                                                Monkey on tree

Fig. 2   Story cards
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are 13 items in the CodingTest-A form and 14 items in the CodingTest-B form. 
In the test, each item is scored as “yes” (1 point), “no” (0 points). There is an 
explanation part in the form. The practitioner writes his comments on the appli-
cation process in this section. The explanation part contributes to the practition-
er’s interpretation of the results but does not affect the test score. CodingTest-A 
is the highest 13 points, the lowest 0 points, the highest 14 points, and the lowest 
0 points from CodingTest-B. The children’s high scores from the test show that 
they have coding and robotic coding skills (Kalyenci, 2020).

There are eight stories in both tests. The first two stories of these eight stories 
are used for the sample application. Each story has a plot, and each measures one 
or more of the story coding skills. The stories are arranged in order to measure 
coding skills from easy to difficult. The practitioner reads the story, and the child 
is expected to encode the plot in this story on unplugged coding paper using story 
visuals and coding cards. While the child is coding, the practitioner observes the 
child and fills the application form. The practitioner first performs the sample 
application with the child. If the child makes the sample application, the actual 
application is started; the second sample application is made. The test is termi-
nated with the child who cannot make the second sample application. The plot 
in practice 1 is to get the monkey to the banana. For this, the practitioner said to 
the child, “We will play a game with you. Now listen carefully. This cute monkey 
dropped a banana while wandering in the forest. He searched for his banana in 
the depths of the forest and could not find it. The monkey is starving. The monkey 
will take the banana here and eat it. Can you show me the way the monkey will 
go first with your finger, then using the coding cards?” it says and starts working. 
The story read by the practitioner is read clearly and understandably by making 
eye contact with the child (Kalyenci, 2020).

Test Materials: CodingTest-A Form includes unplugged coding paper, sign, and 
story cards. Unplugged coding paper is 9X9 square, and each square is 12X12 cm 
in size. It consists of pictures and sign (start-end cards, forward, right, left direction 
cards, obstacle, and loop) cards for the plot in each story. Story graphic cards and 
signal cards (Figs. 1 and 2) consist of 9X9 cm squares.

In the CodingTest-B form, there is robotic coding paper, cards with story images, 
and a robotic tool. “My School Bus” robotic kit tool was used as a robotic tool. The 
coding carpet consists of 6X6 squares. The size of each square is 15X15 cm. The 
story visuals are the same as the cards used in unplugged coding (Figs. 3 and 4).

Application: The test was written clearly and clearly to measure the coding and 
robotic coding skills of 5–7-year-old children. Before applying the test, a pre-appli-
cation was made. The preliminary application was made with 45 children, 15 of 
them from every age group, taking into account different socioeconomic conditions 
(lower, middle, upper socioeconomic). The application was administered individu-
ally and lasted an average of 20–25 min for each child. During the implementation 
process, care was taken to ensure that the child and the researcher were present in 
a quiet environment and that the instructions in the application were read clearly 
and clearly. The pre-application results were examined, no problem was encountered 
regarding the understandability of the items, the applicability of the application 
steps, and the measurement tool was not changed (Kalyenci, 2020).
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5 � Procedure

CodingTest A-B form was collected by the third researcher and three graduate stu-
dents who were informed about the measurement tool by the researchers. Before 
practitioners started the practice, they had been with the classroom teacher and par-
ticipated in classroom activities with the children for a while. Later, the children 
were taken one by one in a quiet room, and an individual application was made. 
First, the CodingTest-A form was applied, and after the CodingTest-A form was 
applied to the whole sampling, the Coding-B test was applied. While applying the 
CodingTest-A form, the practitioners lined up the practice cards together with the 
children on the table and chatted during this time. While applying the CodingTest-
B form, the practitioners lined up the practice cards with the children on the table 

Fig. 3   Robotic coding paper

Fig. 4   My school bus robotic 
kit tool
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together, chatted at this time, and allowed the children to examine the robotic kit for 
a while.

While applying the CodingTest-A-B form, the practitioners read the story of 
each application to the children and asked the children to show what they would 
do beforehand by drawing with their fingers and then using the coding cards. While 
the children were practicing, the practitioner filled the application form. After each 
story, the cards were put in place, and the following story was passed. The applica-
tion took approximately 10–15 min.

Oğuz and Akyol for measuring children’s problem-solving skills in early child-
hood for similar scale/compliance validity; The Problem Solving Skills Scale devel-
oped by (2015) was used. The scale includes problem situations to determine the 
problem-solving skills of children and a list of problem situations for these problem 
situations. There is a visual for each problem situation. By showing these images to 
the child, the problem situation sentence is read, and the child is expected to offer 
solutions to this problem situation. The scale scoring is 0 points if there is no solu-
tion suggestion, 1 point if there is only one suggestion, 2 points if there are two sug-
gestions, 3 points if there are three suggestions, 4 points if there are more than three 
suggestions. As a result of the application of the scale, the total score obtained from 
each problem situation shows the child’s problem-solving skills.

Coding skills also include problem-solving (Ackermann, 2001; Taylor et  al., 
2010; Wing, 2006; Wong et al., 2015; Csizmadia et al., 2015). For this reason, while 
evaluating children’s coding skills, it was used as evidence for the similarity between 
coding and problem-solving skills.

6 � Data analysis

In line with detailed information about the tests used in the study and the data 
obtained, item difficulty index, item discrimination index, and KR-20 reliability 
analysis were applied for the measurement tool’s reliability within the study’s scope.

For the validity analysis of the measurement tool developed; A versatile 
MANOVA test was conducted to see the effects of students’ ages on their coding 
skill levels, an independent sample t-test was applied to see the differences in coding 
skill levels of students according to their previous coding training, the correlation 
between the measurement tool developed for similar scale validity and the Problem 
Solving Scale its value has been examined.

While the Cronbach Alpha internal consistency coefficient determines the reli-
ability levels in the built scales, normally, the reliability levels are determined with 
the KR-20 test in the 2-tier structures in the form of Likert yes-no. According to the 
KR-20 formula, calculating is based on the assumption that each item in the test 
measures the same variable and has the same properties as the one measured by the 
test (Tekin, 2007). In order to analyze the reliability of the developed measurement 
tool, the KR-20 test was applied to 308 data. Reliability and validity statistics of 
the developed measurement tool are given in the findings section. Exploratory fac-
tor analysis based on tetrachoric correlation was preferred to provide the construct 
validity of the test developed within the scope of the study. Since the responses 
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given by the children to the items in the test were artificially transformed into two 
categories as 1–0, an exploratory factor analysis (EFA) was performed on the tet-
rachoric correlation matrix to determine the factor structures of the test. The tetra-
choric correlation coefficient is used to determine the degree of relationship between 
two two-category artificial discontinuous variables (Baykul & Güzeller, 2014; Kan, 
2011).

7 � Findings

7.1 � Validity analysis

For the construct validity to reveal the validity of the CodingTest, content validity 
(explained in the test development process), criterion validity, and construct-concept 
validity were examined.

7.1.1 � Construct validity

For the construct validity, the pre-test study was applied to 45 children, and the com-
prehensibility of the instructions in the test was tested. In order to determine the test 
scores of the groups whose characteristics are known as the second step, a t-test was 
conducted to compare the scores of the children who had previously received cod-
ing training and those who did not. Construct validity explains the result obtained 
from the scale and what this result is related to. It is about how accurately the pre-
pared scale items measure the determining properties (Akyüz, 2018). Results are 
presented in Table 3.

An independent sample t-test was conducted to determine the differences in 
the coding performances of children according to their previous coding training. 
According to the results of the independent sample t-test, it was determined that the 
difference between the coding performance of the children compared to the previ-
ous coding training status was significant (t = 12.105; p = 0.000 < 0.01). It was deter-
mined that the coding performance of the students who had received coding educa-
tion before (= 16.70) was higher than the students who did not receive education 
before (= 6.37).

It was determined that the difference between the robotic coding performance 
of the students according to their previous coding training status was significant 

Table 3   Independent sample 
T-Test result of the differences 
of CodingTest-A and 
CodingTest-B according to their 
coding education

Coding skills Coding 
education 
status

n x ss t p

CodingTest-A No 109 6,37 5,70 -12,105 0,000**
Yes 138 16,70 7,32

CodingTest-B No 109 8,36 7,08 −10,318 0,000**
Yes 138 19,14 8,92
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(t = 10,318; p = 0,000 < 0.01). It was determined that the robotic coding perfor-
mances of the students who had received coding education before (= 19.14) were at 
a higher level than the students who did not receive education before (= 8.36). This 
is the case for children who have received coding education before.

Construct validity, as another way, is based on the idea that children’s cod-
ing skills will differ by age (Büyüköztürk, 2018); in order to reveal the difference 
between groups with known characteristics, the MANOVA test was used to analyze 
whether the children differ according to their ages. Results are presented in Table 4.

Manova analysis was conducted to determine the effects of students’ ages on their 
coding performance. As a result of the MANOVA analysis, it was determined that 
there is a significant difference (F = 12.983; p = 0.040) in the coding performances 
of the age variable. When the corrected R square values were examined, it was 
determined that the age variable alone explains 1.4% of the coding performance. 
It was determined that the age variable has a significant effect (p < 0.01; p = 0.000) 
on the performance of robotic coding. When the corrected R square values were 
examined, it was determined that the age variable alone explains 7.8% of the robotic 
coding performance.

When the averages in Table 5 are examined, it is seen that the average success in 
coding increases as the age increases, and it was determined that the average coding 
values are 14.75. In robotic coding, it is seen that as the age increases, the average 
success increases at a higher level than the coding, and it has been determined that 
the average success values of robotic coding are 17.70. These results show that the 
age variable is more effective on robotic coding than coding.

Table 4   MANOVA analysis results of the effects of children’s ages on Coding Test-A and Coding Test-B

Source Coding group Type III sum of squares sd Average square F p Partial 
Eta 
square

Age CodingTest-A 547,461 2 273,730 3254 ,040 ,021
CodingTest-B 2963,696 2 1481,848 12,983 ,000 ,078

Error CodingTest-A 25,655,172 305 84,115
CodingTest-B 34,810,824 305 114,134

Adjusted Total CodingTest-A 26,202,633 307
CodingTest-B 37,774,519 307

Table 5   Analysis results of the 
average of independent variables

Performance Age x Overall Avg.

CodingTest-A Form: 
Unplugged Coding 
Skills

5 12,86 14,75
6 15,66
7 15,74

CodingTest-B Form: 
Robotic Coding Skills

5 13,28 17,70
6 19,52
7 20,18
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In addition, item difficulty index values were examined for the CodingTest-A and 
CodingTest-B forms. The item difficulty index shows the correct answer rate for 
each item in the test. The item difficulty index of an item takes a value between “0” 
and “1”. If this value is close to zero, it is interpreted that the substance is a prob-
lematic substance, and the fact that it is close to one is interpreted as an accessible 
substance. As a result of the item analysis, the item difficulty indexes of the items 
are between 0.20 and 0.80, and the average difficulty index of the test is around 0.50 
(Tosun & Taşkesenligil, 2011). Form A: Coding Skills Test in Table 6 Form B: Item 
difficulty index results of the Robotic Coding Skills Test are given below in Table 6.

When the item difficulty index in the test was examined, it was determined that 
there was no need to remove items from the test according to the item difficulty 
index since the difficulty indexes of all items were above 0.20. When the item dis-
crimination index in the test was examined, it was necessary to exclude item A.3.2 
from the test in line with the expert opinions because the discrimination index value 
was below 0.19.

When the item difficulty index in the test was examined, it was determined that 
there was no need to remove items from the test according to the item difficulty 
index since the difficulty indexes of all items were above 0.20. When the item dis-
crimination index in the test was examined, it was determined that there was no need 
to remove items from the test since the discriminatory indices of all items were over 
0.19.

In order to determine the factor structures of the test, exploratory factor analysis 
(EFA) was performed on the tetrachoric correlation matrix. The tetrachoric correla-
tion coefficient is used to determine the degree of relationship between two two-cat-
egory artificial discontinuous variables (Baykul & Güzeller, 2014; Kan, 2011). The 

Table 6   Item difficulty analysis 
results of the CodingTest-A/B 
form

Coding Test A Coding Test B

Item No Item Difficulty 
Index

Item No Item 
Difficulty 
Index

A1 0,57 B.1 0,78
A2 0,58 B.2 0,58
A3 0,73 B.3 0,86
A4 0,57 B.4 0,68
A.5 0,50 B.5 0,51
A.6 0,50 B.6 0,50
A.7 0,48 B.7 0,50
A.8 0,50 B.8 0,50
A.9 0,50 B.9 0,50
A.10 0,50 B.10 0,50
A.11 0,50 B.11 0,50
A.12 0,50 B.12 0,45
A.13 0,51 B.13 0,50

B.14 0,53
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reason for using EFA on the tetrachoric correlation matrix in this study is because 
the answers given by the students to the items in the test were artificially trans-
formed into two categories as 1–0.

Exploratory factor analysis based on tetrachoric correlation was preferred to pro-
vide the construct validity of the test developed within the scope of the study. The 
analysis process was performed using the FACTOR program developed by Lorenzo-
Seva and Ferrando (2013). The exploratory factor analysis is performed based on 
tetrachoric correlation because this technique is preferred in determining the cor-
relation coefficient between items in measuring instruments scored as 0–1 (Olsson, 
1979). The Hull method was preferred to determine the number of common fac-
tors to perform factor analysis. This is the finding that this method performs better 
than other methods used in determining the number of factors (Lorenzo-Seva et al., 
2011). As the factor extraction method, minimum rank factor analysis (MRFA) was 
chosen. This is because the method allows seeing the variance ratios explained and 
unexplained (Socan, 2003). Thus the variance ratio explained by each factor can 
be interpreted (Lorenzo-Seva & Ferrando, 2006 After the factor number and factor 
extraction methods were decided, oblique rotation was chosen as the method of fac-
tor rotation in the program, technically Promin and factor loadings of .30 and above 
(Büyüköztürk, 2018) were preferred as the test items were not completely independ-
ent from each other. Within the scope of factor analysis performed under these con-
ditions, the suitability of the data to factor analysis was first evaluated according to 
the Kaiser-Meyer-Olkin (KMO) coefficient and Barlett sphericity test results, and it 
was found that the KMO coefficient was .86 and the Barlett test was significant. In 
order to talk about the suitability of the data to factor analysis, the Barlett test with a 
KMO coefficient of over .60 should be significant (Tabachnick et al., 2007). Accord-
ingly, it can be said that the data are suitable for factoring. As a result of the analysis 
performed, the program suggested that the test be one-dimensional. The variance 
rate explained in this way is 67.10%, and the opinion that the variance rate explained 
by a single factor should be at least 30% in the literature (Büyüköztürk, 2018), the 
opinion that the test can be one-dimensional has been strengthened.

7.1.2 � Criterion‑dependent validity

The validity technique that examines the relationship of test scores with one or 
more specified external criteria is called criterion-dependent validity (Büyüköz-
türk, 2018). For this purpose, the criterion-dependent validity of the CodingTest 
was determined by the randomly selected 100 children (53% female, 47% male), 
five years old 35 children (21 girls, 14 boys), six years old 32 children (13 girls, 
19 boys), 7 Using the problem-solving skills scale developed by Oguz and Akyol 
(2015), 33 children (19 girls, 14 boys) and the problem-solving skills scale between 
the coding skills, the similar scale compatibility-compatibility relationship between 
the two scales was examined. The results of CodingTest and the “Problem Solving 
Scale” are presented in Table 7.

A relationship was found between the two scales at r = .89 and r = .93, p < .01 sig-
nificance level in a similar scale validity study. This result was seen as another proof 
in determining the validity of CodingTest.
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7.2 � Reliability analysis

7.2.1 � Kuder‑Richardson KR‑20

The reliability analyzes of the CodingTest-A Form and the CodingTest-B test were 
examined.

When Table  8 is examined, KR-20 reliability analysis was performed to deter-
mine the internal consistency of the test and the reliability level of the Cod-
ingTest-A test (KR-20 = 0.973 > 0.70), and the CodingTest-B reliability level (KR-
20 = 0.978 > 0.70) was determined to be high.

8 � Discussion and future guidelines

Interest and educational applications for coding, which is seen as the language of 
our age, are spreading rapidly worldwide. In addition to being a new language of the 
age, coding skills also significantly affect thinking. While computer and unplugged 
applications are expected to support children’s coding skills, there is no valid and 
reliable assessment tool to measure and evaluate this skill. For this reason, Cod-
ingTest was developed to evaluate the unplugged coding and robotic coding skills of 
5–7-year-old children. CodingTest is designed as developmentally appropriate and 
activity-based based on the CSTA and ISTE standards and the skills revealed in the 
literature. The test’s psychometric properties were tried to be revealed with 101 five-
year-old, 100-six-year-old, 107-seven-year-old 308 children with different socioeco-
nomic conditions.

Expert opinions of CodingTest: After the pre-application process, it has a struc-
ture to measure the unplugged coding and robotic coding skills of children between 

Table 7   Findings regarding the relationship between CodingTest and Problem solving scale

**p < 0.01

Variables CodingTest-A CodingTest-B Problem Solving

CodingTest-A: r 1 ,891** ,838**
p ,000 ,000

CodingTest-B: r 1 ,928**
p ,000

Problem Solving r 1
p

Table 8   Form A: reliability 
analysis result regarding the 
coding skills test

Tests KR-20 Number 
of Items

CodingTest-A 0,973 27
CodingTest-B 0,978 32
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the ages of 5–7. In addition, to reveal the construct validity of the test, the coding 
skills of the children who had and did not receive coding training before were evalu-
ated. It has been shown that there is a difference between the test scores of children 
who have received unplugged coding and robotic coding before, and this situation 
measures the determined skill of the measurement tool.

Structure validity is to determine the difference between known groups. For this 
reason, it was investigated whether there was a difference in the CodingTest scores 
of 5–7  year old children according to their ages. It was determined that the age 
variable had a significant effect on the CodingTest performances of the children. It 
was observed that as the age of the children increased, both unplugged coding and 
robotic coding success averages increased. In general, children’s skills increase with 
age, developmentally. The increase in age from the CodingTest provided important 
evidence of the validity of the test.

Although the expert opinions on whether the items in the CodingTest measure the 
determining structure are proof, an exploratory factor analysis (EFA) was performed 
on the tetrachoric correlation matrix to determine the factor structures of the test. 
Within the scope of the factor analysis carried out, firstly, the suitability of the data 
for factor analysis was evaluated according to the Kaiser-Meyer-Olkin (KMO) coef-
ficient and Barlett sphericity test results, and it was found that the KMO coefficient 
was .86 and the Barlett test was significant. According to the analysis results, it was 
seen that the data were suitable for factoring. As a result of the analysis performed, 
the program suggested that the test be one-dimensional. Following the purpose of 
the study, CodingTest was applied to students in schools located in regions with 
lower, middle, and upper socioeconomic conditions, taking into account the different 
socioeconomic conditions of the schools affiliated to the Ministry of National Edu-
cation, in order to determine different situations and gave the same result of the scale 
in groups with different socioeconomic conditions. The total score is obtained from 
the double Likert type measurement tool, and a high score indicates that children’s 
coding skills are high. The A form of the test measures unplugging children’s coding 
skills, and the B form measures their robotic coding skills. In order to evaluate cod-
ing skills, the A and B forms of the test can be used together or separately. The test 
gives the children the flexibility to decide which form to use according to the type of 
education or practices given or the preference of researchers or practitioners.

Overall, CodingTest has been demonstrated to be a valid and reliable tool for 
measuring unplugged coding and robotic coding skills in children aged 5–7 years. In 
previous studies on coding and robotic coding, evaluation methods such as observa-
tion, questionnaire, interview, test (Bers, 2019; Sullivan & Bers, 2016; Metin, 2020; 
Marinus et al., 2018) were used. In the development process of CodingTest, all these 
measurement tools guided and shed light on the development of a valid and reliable 
measurement tool.

CodingTest is a valid and reliable tool to measure the skills of unplugged coding 
and robotic coding of children aged 5–7 and provide information on the unplugged 
coding and robotic coding skills that should be acquired by children aged 5–7. This 
measurement tool will also contribute to the educators’ awareness of coding skills 
and their evaluation of the educational content in the pieces of training given to 
their children. Early childhood is a period that requires developmentally different 
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teaching methods and techniques for children. For this reason, the educational expe-
riences given in this period are carried out through activities such as games, stories, 
and music. Although children experience coding skills in their daily lives, Lee & 
Junoh, 2019; Resnick & Siegel, 2015; Sullivan & Bers, 2016; Ananiadou & Claro, 
2009), educational practices for this skill mainly involve the use of computer-based 
or puzzle-type approaches as Bers et al. (2019) stated, and are insufficient to support 
coding skills. Considering the feature of this period, the application process of Cod-
ingTest also consists of stories containing a plot. The developmental compatibility 
approach leading to the development of the test and the fact that it includes activity-
based applications will also guide the preparation of the training content to be given 
on this subject.

According to the results obtained from this study; It is planned to standardize the 
test, reveal its normative values, and revise the scale in a way that does not require 
an application to children. It is thought that a tool can be developed to measure the 
coding skills of children aged 5–7 in the computer environment. It is suggested that 
it can be developed in older age groups, considering the coding skills revealed by 
CSTA and ISTE.
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