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Abstract— The early childhood software education is being actively conducted, but research on evaluation of computational thinking is
in its infancy. The purpose of early childhood software education is to cultivate the computational thinking through activities centered
on solving problems in everyday life. Evaluation in software education is very important in that it not only measures computational
thinking simply but also improves computational thinking through evaluation. As such, guidelines for evaluating computational
thinking that can be used in early childhood software education are needed, but they are very lacking. Therefore, in this study, the
researcher developed an evaluation tool that can meet the ultimate purpose of software education, cultivating computational thinking.
The developed evaluation tools are a software education effectiveness test tool and a computational thinking test tool. They were
developed to the level of development and interaction of the early childhood. The developed evaluation tool has been validated by
software experts, early childhood education experts, and early childhood teachers. As a result of the second step validity verification,
all content validity was confirmed. Through this, it was confirmed that the evaluation tool developed in this study can be used as a tool
for evaluating computational thinking. This study provides implications for evaluation of computational thinking for early childhood
software education. In addition, it is meaningful that it has been suggested to be effectively used for proper evaluation in early childhood
software education.
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software education. In order to cultivate computational
thinking through software education, the 5th and 6th grades
of elementary school, and middle school are conducting
mandatory education. In recent years, it has even covered
artificial intelligence education.
As such, software education is gradually expanding, and
studies on teaching methods, learning methods, and
effectiveness verification are actively being conducted, but
studies on evaluation are relatively insufficient [2] – [5]. Since
cultivation of computational thinking is the ultimate purpose
of software education, although how to evaluate the
improvement of computational thinking is a very important
issue, the research on this is relatively incomplete [6] – [10].
In order for such education to be carried out effectively, not
only the educational purpose, the content system, and the
educational program, but also the subjects of education must
be appropriately evaluated.
The evaluation method of early childhood software
education introduced in previous studies conducted so far is
focused on the evaluation of creativity, so its purpose is

I. INTRODUCTION
Education in the era of the 4th industrial revolution and
artificial intelligence is rapidly changing in various directions
as it faces a new phase. While the future society and the
technological revolution of jobs are leading the change in
human resources, Through education reform, lifelong
learning, and re-education, individual competitiveness should
be maintained and economic opportunities should be had [1].
Software education is very important in providing this
opportunity for all.
Accordingly, software education has also come to search
for a new medium and a new method of education. It is not an
education that unilaterally transfers knowledge, but is
becoming an education that nurtures the ability to think so that
students can solve practical and meaningful problems. If it can
use the contents that can cultivate computational thinking
through the experience of solving problems in problem
situations related to real life, it will be a more desirable
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whether the educational goals have been properly achieved
[24]. Early childhood evaluation aims to maximize individual
development by evaluating the degree of development of
infant, the effect of interactions with specific early childhood
education programs and infant, and individual differences in
each infant ability, characteristics and potential [25].

different. Creativity is the ability to produce new thoughts and
is a characteristic of human intellectual ability [11]. It is said
that creative thinking takes the form of tying distant thoughts
together [12]. In other words, it is the result of a new
combination of two or more thoughts. Creativity can be said
to be the ability to derive useful results, including new
thoughts and opinions, by modifying or changing existing
thoughts or ideas. On the other hand, computational thinking
is an approach method to solving problems in a way that can
be implemented using a computer [13] – [16].
Computational thinking components can be broadly
divided into Abstraction and Automation. Abstraction is a
thought process to express real life problems in a form that
can be solved. Collects and analyzes data necessary to solve
various problems in everyday life, and presents them in an
easy-to-read manner using necessary expression methods
such as diagrams and graphs. After that, it is the process of
decomposing complex elements into small units, extracting
variables necessary for solution, and designing an appropriate
solution model [17] – [19]. In other words, it can be defined
as the ability to understand the computer's problem solving
method and apply it to the problem solving process in real life.
As such, creativity and computational thinking are
different areas, so it is desirable to evaluate them separately.
In addition, when the more emphasizing the computational
thinking, the more creativity is bound to improve naturally.
Therefore, early childhood software education should also
be evaluated according to computational thinking, which is
the ultimate purpose of software education. This study aims
to develop a tool for evaluating early childhood computational
thinking that is suitable and valid for infant.

B. Method of Evaluation
In early childhood developmental research, it is applied in
various ways depending on the purpose and method of
evaluation, but the commonly used data collection methods
include observation method, questionnaire method, test
method, and interview method.
Observation is a method of collecting objective data by
observing and recording the behavior of a study subject that
appears naturally in everyday situations. Observations are
made to find out the development of infant, however, all
objects, scenes, and situations in infant and class, such as the
interaction between teachers and infant, and educational
environment, can be object of observation [26]. It is an
evaluation method that can be usefully applied to research
subjects whose expressions are inexperienced. Compared to
other data collection methods, this method requires relatively
less cooperation of the object of observation, while the
observer requires a high degree of professional skills.
Questionnaire is a method of analyzing the contents by first
writing a question related to the content to be researched, and
having the subject answer it. However, it is difficult to use it
for infants, who it is difficult to read the text, and there is a
limitation that the collection ratio is low when it is delivered
to the home.
The test method is a method of collecting data on the
characteristics of a study subject using standardized tests.
Since it is possible to predict, measure, and diagnose
individual differences, not only can the developmental
characteristics be understood through the results, but also
relative comparisons with the same age group are possible,
which has the advantage of obtaining objective and specific
information. However, in order to apply to younger research
subjects, it is necessary to carefully select and conduct tests
with sufficient reliability. Interview is a method of collecting
data by asking a question directly to a research subject and
recording the responses. It is possible to observe the behavior
at the interview and ask additional questions depending on the
response. Since it has the advantage of collecting more
detailed data, it is a data collection method frequently used in
early childhood development studies. However, the results
may vary depending on the interviewee's subjective
interpretation or the interviewer's conditions, and because the
process is one-to-one, there is a disadvantage that it takes a lot
of time and effort.
In summary, this researcher proposes a Test method and a
Questionnaire+Interview method as an evaluation method for
early childhood software education. Fig 1 shows the
complementary relationship between the questionnaire
method and the interview method. By using the questionnaire
method used in the empirical research method and the
interview method used in the interpretive research method
together, the strengths and weaknesses of each test method
can be supplemented.

II. MATERIAL AND METHOD
The concept of evaluation is classified differently
depending on where the emphasis is on education. First, when
the focus is on confirming the achievement of educational
goals, it can be defined as determining how much educational
goals have been achieved through the curriculum and class
activities[20]. Second, when the focus is on making a decision,
it can be defined as the process of making decisions about
class improvement and individual students through the
collection and use of information [21]. Third, as Integrationcompromise theory, when it is used for the purpose of making
certain decisions about the process or outcome of education,
it systematically investigates and utilizes the value and merits
of the process and outcome of education [22]. Therefore,
evaluation can be said to be a series of processes in which the
degree of achievement of educational objectives is judged, the
outcome of educational activities is measured, and the value
of the results is judged.
A. Purpose of Evaluation
The purpose of the evaluation is to check the degree of
reaching the educational goals and to improve the quality of
learning and class. The content of the evaluation is the
achievement standard, and not only the outcome of learning
but also the process should be evaluated [23]. That is,
education evaluation can confirm whether educational goals
are set correctly, and whether plans and processes for
education to realize the goals are appropriate. And ultimately,
it can be said to be a series of processes to confirm and judge
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activities and reset the direction by revealing whether the goal
of software education has been achieved. In particular, it is
possible to find basis in the evaluation of how much
educational activity has reached the set goal, what is the factor
if it is not achieved properly, and how it needs to be modified
[30]. For this evaluation the questionnaire+interview method
is the most suitable. Since it is one-to-one, it takes a lot of time
and effort, but even the thoughts and actions of early
childhood can be observed. The early childhood software
education effectiveness test was based on an example of a
question presented in the study of 'Development of evaluation
factors for SW education in elementary and secondary
schools' by Joo-Yeon Park et al. to examine the effects of
education on early childhood [31]. It was developed by
reorganizing the questionnaire+interview method by
modifying and supplementing it according to the level of
infant who is 5 years old and the purpose of the study. It was
developed as a questionnaire method, but in consideration of
early childhood inability to read texts, a reading interview
method was also used.
The test sheet consists of 4 areas and 13 sub areas. It is
divided into values, attitudes, computational thinking efficacy,
and interest for the overall contents of education.
Value area consists of the following evaluation elements :
The importance of SW, the usefulness of SW education, the
importance of SW education, the convenience of SW, the
need for SW class, the need for SW, the preference for the SW
class, the satisfaction with the contents of the SW class, the
expectation for the SW class, the perception of the SW related
profession, and the awareness for SW related major, and the
will for SW education. Attitude area consists of the following
evaluation
elements
:
Programming
immersion,
communication through class, interaction with friends,
interaction with teachers, cooperation in class, creativity
through cooperation with others, sense of community, and
responsibility for programming ethics.
Computational thinking efficacy consists of the following
evaluation elements : The field of computational thinking
efficacy consists of the following evaluation elements: effort
to solve a task, ability to express one's own thoughts,
inquisitiveness for programming execution, active class
participation, confidence in programming, confidence in
information processing thinking process, and achievement
through SW class. Interest area consists of the following
evaluation elements : Interest in class, interest in learning
activities, persistence in class, and interest in SW. The
question was designed with 5 points that early childhood
thinks it really is, 4 points that it is a little bit, 3 points that it
is normal, 2 points that it is not, and 1 point that it is not at all.
The computational thinking effectiveness tool sample is
shown in Fig 2.

Fig. 1 The complementary relationship between the questionnaire method
and the interview method

The purpose of early childhood software education is to
cultivate computational thinking through activities centered
on solving problems in everyday life. Evaluation in software
education is very important in that it not only measures
computational thinking, but also improves computational
thinking through evaluation. Therefore, it is suggested that the
evaluation of early childhood software education should be
conducted in two forms: a software education effectiveness
test and a computational thinking test.
III. RESULT AND DISCUSSION
A. Computational Thinking Effectiveness Test Tool
Development
The evaluation targeting early childhood implies that a
value judgment should be made on the overall process and
outcome of early childhood education activities, rather than
focusing only on learning achievement in early childhood.
The evaluation method should be appropriate for the
development and experience of early childhood, and the
purpose and nature of the evaluation should be beneficial to
early childhood [27].
Programming is not necessarily included in the evaluation
of computational thinking in early childhood. Even without
programming, if the problem is effectively solved using the
concepts and principles of computer science, it can be
included in computational thinking [28]. In a study on the
development of a diagnostic tool for elementary and middle
school software education capabilities by Jae-myung Yang, et
al.(2017) it was considered that there was a need to expand it
by constructing sub-items according to the problem situation
and consisting of contents that can be experienced in real life
[29]. In addition, it is necessary to consider the composition
of the scenario as the subject of real life, the composition so
that the problem can be solved with only thinking ability, not
including the professional concept, the thinking ability of the
problem solving process, the question considering the flow of
thought, and the level of vocabulary suitable for school age.
The details and methods of the evaluation tools derived
from this basis are as follows.
It is a test of the effectiveness of software education.
Through this, it is possible to improve the overall educational
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Fig. 2 Computational Thinking Effectiveness Tool Sample

test can be secured.
The computational thinking evaluation tool sample is
shown in Fig 3.

B. Development of Computational Thinking Evaluation
Tools
After introducing the computational curriculum in the UK
in 2014, the evaluation of computational thinking began to be
discussed in earnest. The evaluation of computational
thinking is conducted in three types, using a specific test tool,
a survey, and an observation method [32]. Brennan & Resnick
presented three types of evaluation methods in the framework
for computational thinking evaluation, an automated
evaluation tool using the Scrape tool, an evaluation through
interviews, and a method using an evaluation tool [33]. Seiter
& Foreman proposed a method to evaluate computational
thinking through scratch output in three aspects: Evidence
Variables, Design Pattern Variable, and Computational
Thinking Concepts [34]. In order to confirm the achievement
of the ultimate purpose of software education, computational
thinking must be evaluated. However, it is not easy to develop
standardized items to measure this because of the abstractness
of the thinking ability itself [35]. In addition, there is a need
for evaluation by developing evaluation questions and
methods according to the purpose and content of software
education and education methods.
To find out the effect of improving computational thinking
through software education, the computational thinking test
was based on the questionnaire in ‘Bebras Challenge –
Castors : Years 4 & 5’, in addition, taking into consideration
the characteristics of early childhood in Korea and early
childhood who are not familiar with letters, it was developed
by reorganizing it into a picture-oriented test paper [36].
Each question is structured in a balanced way, including all
areas of computational thinking, problem analysis, problem
decomposition,
abstraction,
algorithm,
automation,
simulation, and computer science, so that the reliability of the

Fig. 3 Computational Thinking Evaluation Tool Sample
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TABLE I
SOFTWARE EDUCATION EFFECTIVENESS TEST TOOL DELPHI CONTENT
VALIDITY

C. Test Tool Design
The early childhood software education evaluation tool
developed in this study proceeded with Delphi in two steps to
verify its validity. In the first stage, to verify the validity of
the evaluation tool development, 10 university professors
were composed of 5 software education experts and 5 early
childhood education experts. In the second stage, 5 in-service
early childhood teachers were composed to verify the validity
of the field application. The study sequence is shown in Fig 4.

Detailed area

Average

SD

CVR

Q.1

Usefulness

5.00

0.00

1.00

Q.2

Importance

4.90

0.30

1.00

Convenience

4.80

0.40

1.00

Q.4

Necessity

4.40

0.66

0.80

Q.5

Class
satisfaction

5.00

0.00

1.00

Q.6

Career search

5.00

0.00

1.00

Q.7

Immersion

4.60

0.49

1.00

Q.8

Communication

4.30

0.46

1.00

Q.9

Cooperation
(Sharing,
Collaboration)

4.40

0.66

0.80

Q.10

Accountability

4.90

0.30

1.00

Q.11

Selfdirectedness

4.90

0.30

1.00

Confidence

4.70

0.64

0.80

Learning
interest

4.80

0.40

1.00

Area

Q.3
Value

Attitude

Q.12
Q.13

Computational
Thinking
Efficacy
Interest

Table 2 shows the results of Delphi content validity for the
software computational thinking test tool. The validity of the
contents was confirmed as the CVR values of all the items
appeared above the standard 0.62.
TABLE II
COMPUTATIONAL THINKING TEST TOOL DELPHI CONTENT VALIDITY
Fig. 4 Study Sequence
Q.1

1) Level 1 Expert Delphi
To verify the validity of the developed evaluation tool, a
validity test was conducted with 10 experts consisting of early
childhood education professors and software education
professors.
The content validity formula is estimated by (1).
ℛ=

ℯ

Q.2

Q.3

Q.4

(1)

Q.5

is the number of cases answered as appropriate, and N is
the total number of panels. The content validity ratio is the
minimum value according to the number of panels, and it is
judged that there is a content validity for the item when it
reaches over the minimum value. In this study, 10 respondents
answered the questionnaire, and the content validity ratio was
based on CVR of 0.62 or higher.
Accordingly, the validity of the evaluation items was based
on a CVR of 0.62 or higher. The validity of the contents was
confirmed as the CVR values of all sub-areas were shown to
be more than the standard 0.62. Table 1 shows the results of
Delphi content validity for the software education
effectiveness test tool.

CT
Elements
Automation,
Algorithm
Algorithm,
Simulation
Problem
analysis,
Problem
resolution
Abstraction,
Automation,
Simulation
Problem
analysis

ℯ

317

Q.6

Algorithm,
Automation,
Simulation

Q.7

Problem
analysis,
Problem
resolution

Q.8

Algorithm

Q.9

Algorithm,
Simulation

Q.10

Abstraction

Computer Science
Area
Algorithm and
Programming
Algorithm and
Programming
Algorithm and
Programming
Computing system
composition and
operation principle
Data analysis and
data presentation
Algorithm and
Programming
Computing system
composition and
operation principle
Data analysis and
data presentation
Algorithm and
Programming
Algorithm and
Programming
Computing system
composition and
operation principle
Data analysis and
data presentation

Average

SD

CVR

5.00

0.00

1.00

4.90

0.30

1.00

4.70

0.46

1.00

4.70

0.46

1.00

4.90

0.30

1.00

4.90

0.30

1.00

4.70

0.64

0.80

4.40

0.66

0.80

4.90

0.30

0.80

4.70

0.46

1.00

2) Level 2 Field Application Aspect Delphi
In order to verify the validity of the evaluation tool in terms
of field application, a validity test was conducted with five
early childhood teachers.
Accordingly, the validity of the evaluation items was based
on a CVR of 0.99 or higher. All CVR values were 0.99 or
higher, confirming content validity. Table 3 shows the results
of Delphi content validity for the software education
effectiveness test tool.
TABLE III
SOFTWARE EDUCATION EFFECTIVENESS TEST TOOL DELPHI CONTENT
VALIDITY (FIELD APPLICATION ASPECT)
Area

Detailed area

Average

SD

CVR

Q.1

Usefulness

5.0

0.00

1.00

Q.2

Importance

4.8

0.40

1.00

Convenience

4.8

0.40

1.00

Q.4

Necessity

4.6

0.49

1.00

Q.5

Class
satisfaction

5.0

0.00

1.00

Q.6

Career search

5.0

0.00

1.00

Q.7

Immersion

4.6

0.49

1.00

Q.8

Communication

4.0

0.00

1.00

Q.9

Cooperation
(Sharing,
Collaboration)

4.2

0.40

1.00

Q.10

Accountability

4.8

0.40

1.00

Q.11

Selfdirectedness

4.8

0.40

1.00

Confidence

5.0

0.00

1.00

Learning
interest

4.8

0.40

1.00

Q.3

Q.12
Q.13

Computational
Thinking
Efficacy
Interest

TABLE IV
COMPUTATIONAL THINKING TEST TOOL DELPHI CONTENT VALIDITY
(FIELD APPLICATION ASPECT)

Q.1
Q.2

Q.3

Q.4
Q.5

Q.6

Algorithm,
Automation,
Simulation

Computer Science
Area
Algorithm and
Programming
Algorithm and
Programming
Algorithm and
Programming
Computing system
composition and
operation principle
Data analysis and
data presentation
Algorithm and
Programming,
Computing system
composition and
operation principle

Average

SD

CVR

5.0

0.00

1.00

4.8

0.40

1.00

4.8

0.40

1.00

4.8

0.40

1.00

4.8

0.40

1.00

4.8

0.40

1.00

4.4

0.80

1.00

Q.8

Algorithm

Algorithm and
Programming

4.4

0.80

1.00

Q.9

Algorithm,
Simulation

4.2

0.75

1.00

Q.10

Abstraction

4.8

0.40

1.00

Algorithm and
Programming,
Computing system
composition and
operation principle
Data analysis and
data presentation

Society is rapidly changing, and with the change, the
structure of life is becoming diverse and complex. Infants will
face a wider variety of problems to be solved in the future
society. In this era, software education is bound to be a basic
literacy that everyone must learn for their future life. It is not
just a method of memorizing and acquiring knowledge, it
should be an education that fosters computational thinking
that can discover and approach various problems in daily life
through algorithms and programming, think, and find and
solve optimal methods. There is a need to be an education that
can be approached naturally so that early childhoods do not
perceive software education as education, and think of it as a
play or experience while hanging out with their peers. Also,
evaluation is absolutely necessary to check whether these
classes are well-formed for the purpose.
Therefore, in this study, an early childhood software
effectiveness test tool and a computational thinking ability
test tool were developed suitable for the purpose and target.
Content validity was verified through expert Delphi, and the
conclusions were as follows.
First, the evaluation of early childhood software education
should not be a creativity test, but a computational thinking
evaluation that meets the ultimate purpose of software
education.
Second, the evaluation method should be suitable for the
developmental state and experience of early childhood, and
the purpose and nature of the evaluation should be able to give
benefits to early childhood.
Third, evaluation of early childhood software education
should not only measure computational thinking, but also
improve computational thinking through evaluation.
Finally, through the results of this study, the researcher
hopes that interest and research will continue so that early
childhood software education evaluation can be properly
performed in accordance with the purpose of education in
many countries interested in software education as well as
Korea.

Table 4 shows the results of Delphi content validity for the
software computational thinking test tool. The validity of the
contents was confirmed as the CVR values of all items were
0.99 or higher.

CT
Elements
Automation,
Algorithm
Algorithm,
Simulation
Problem
analysis,
Problem
resolution
Abstraction,
Automation,
Simulation
Problem
analysis

Data analysis and
data presentation

IV. CONCLUSIONS

Value

Attitude

Q.7

Problem
analysis,
Problem
Resolution
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