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Abstract Software education is drawing attention as an education for fostering future talents who will
lead the 4th industrial revolution. The purpose of software education for everyone from kinder to
adults is not simply to develop programming skills, but to develop "Computational Thinking," a
problem—solving ability that effectively solves real—world problems based on computing. Therefore, how
to cultivate and evaluate computational thinking is a very important issue. This paper proposed a
method of applying a process—based performance evaluation method to evaluate computational
thinking ability in the process of solving learners' problems. The developed contents were revised and
supplemented through two Delphi surveys by a group of experts consisting of five university professors
and five incumbent information teachers majoring in computer science and computer education to
verify the effectiveness of the final model. I hope This paper can contribute to the study of evaluating

computer thinking ability from the perspective of problem solving.
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Table 1. Expert Delphi Research Results

Category Q Cv Cr CVR S

1.1 0.38 0.85 0.80 0.14
1.2 0.38 0.85 1.00 0.10
Problem solving 1.3 0.38 0.85 0.80 0.14
process and [ 0 00 [ 100 | 100 | 0.08
definition of
each step 1.5 0.00 1.00 1.00 0.00
1.6 0.00 1.00 1.00 0.00

1.7 0.00 1.00 1.00 0.00

2.1 050 | 0.75 0.80 | 0.15
2.2 0.00 | 0.96 0.95 | 0.05
CT Key 2.3 0.38 | 0.85 1.00 | 0.10
Element 2.4 0.00 1.00 1.00 0.06
2.5 0.00 1.00 0.9 0.06
2.6 0.00 1.00 1.00 | 0.00

3.1 038 | 085 | 1.00 | 0.10
3.2 019 | 092 0.9 0.11
Achievement 3.3 050 | 0.80 | 1.00 | 0.11

Criteria 3.4 0.00 1.00 0.80 0.13
3.5 012 | 095 | 093 | 0.10
3.6 000 | 1.00 | 1.00 | 0.07

4.1 0.19 0.92 0.9 0.07
4.2 0.00 1.00 1.00 0.02

4.9 016 | 0.92 1.00 | 0.08
410 | 0.00 1.00 1.00 | 0.03
411 | 0.00 1.00 1.00 | 0.03
412 | 0.00 1.00 1.00 | 0.03
5.1 0.00 1.00 1.00 | 0.06
5.2 0.38 | 0.85 0.80 | 0.14
5.3 0.00 1.00 1.00 | 0.08
5.4 0.00 1.00 0.80 | 0.13
5.5 0.00 1.00 1.00 | 0.00
Rating Criteria | 56 0.00 1.00 1.00 | 0.06
Hierarchy 5.7 0.00 1.00 1.00 | 0.06
5.8 0.00 1.00 1.00 | 0.06
5.9 0.00 1.00 1.00 | 0.06
510 | 0.00 1.00 1.00 | 0.08
511 | 0.00 1.00 1.00 | 0.06
512 | 0.00 1.00 1.00 | 0.06
6.1 0.00 1.00 1.00 | 0.07
6.2 0.00 1.00 0.93 | 0.08
6.3 0.00 1.00 1.00 | 0.04
6.4 0.00 1.00 1.00 | 0.04
6.5 0.00 1.00 1.00 | 0.05
Assessment
Criteria 6.6 0.00 1.00 1.00 | 0.04
ﬁs?;gt 6.7 0.00 1.00 1.00 0.06
6.8 0.00 1.00 1.00 | 0.04
6.9 0.00 1.00 1.00 | 0.04
6.10 | 0.00 1.00 1.00 | 0.04
6.11 | 0.00 1.00 1.00 | 0.07
6.12 | 0.00 1.00 1.00 | 0.07
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4.3 0.38 0.85 0.80 0.14

. 4.4 0.00 1.00 1.00 0.06
Evaluation

Factor 4.5 0.00 1.00 1.00 0.00

4.6 0.00 1.00 1.00 0.00

4.7 0.00 1.00 1.00 0.00

4.8 0.00 1.00 0.80 0.13
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Table 2. Propsed Computational Thinking—Based
Problem Solving Process

Problem Solving Process CT Key Element

Abstraction

Problem Recognition (key element extraction)

Collecting Data

Analyze Data

Problem Analysis structuring

Abstraction
(Decomposition)

Abstraction

Solution Design (key element extraction)

Abstraction (modelling)

Algorithm Design Abstraction (Algorithm)

automation(coding)

Program Implementation - - -
automation(simulation)

Generalization

Share and Evaluation

Evaluation
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Table 3. Achievement criteria by problem—solving process

Problem Solving

Achievement Criteria
Process

Problem
Recognition

01—01 Find problems in real life and understand the
current state and goal state.

02—01 Collect, store, manage, and share
problem—related data, and express it structured in
Problem Analysis|tables and diagrams.

02—02 To reduce the complexity of the problem,
decompose it into smaller solvable problems.

Table 5. Evaluation Elements by Achievement standard

03—01 It extracts patterns or key elements
necessary for problem solving, suggests ideas for
problem solving, or explores solutions to other

Solution Design | o blems similar to the current problem.

03—02 Ideas for problem solving are modeled for
computer implementation.

04—01 Explore different methods and procedures for
solving problems and present them in visually clear
Algorithm Design|algorithms.

04—02 Use control structures to logically design
algorithms for problem—solving models.

05—01 Select a programming language to implement

AC Evaluation Factor

01—01-01 Can you spot problems in real life?

01-01101-01-02 Can you understand and describe the current state

and target state of the problem?

02—01-01 Can you gather data related to the problem?

02—01-02 Can the collected data be stored, managed, and
02—01 |shared on a computer?

02—01-03 Can the collected data be stored, managed, and
shared on a computer?

0202 02—02—01 Can you decompose the problem into solvable unit

)
the designed algorithm. and It is implemented by problems
automation according to the characteristics of the 03—01-01 Can you extract recurring patterns or key elements
development environment and programming from the problem or data?
Program language. 03-01103-02-02 Can you provide an idea for solving the problem
Implementation [05—02 Write a program that receives data, through a pattern or key element? Or can you explore and apply
processes it, and outputs it. a solution to a problem similar to your current one?
05—03 When an error occurs, the program or 03-02 03—02—-01 Can you formulate ideas for solving problems and
algorithm is analyzed to find the cause of the error. design models for solving problems?
And fix the errors to make it executable. -
04—01-01 Can you explore, compare, and analyze different
06—01 Check whether the program was developed problem—solving methods and procedures?
through collaboration with colleagues, such as 04-01 - -
Share and |'sharing roles', 'execution of missions', and 04-01-02 Can you articulate your problem—solving procedure as
Evaluation | 'communication between team members'. an algorithm using text, pictures, etc.?
06—02 Share and evaluate results. And have an 04—02 04—02—01 Is it possible to logically design a problem—solving

attitude of giving feedback through reflection.

Table 4. Extract learning and evaluation elements

Achievement Criteria

01-01 Find problems in real life and understand your current state and
target state.

Contents Skill

Real life, problem, current state,

goal state discover, understand

Extraction of Learning Elements

— Finding problems in real life
— Understanding your current state
— Understanding goal states

Extract Evaluation Factors

— Can you spot problems in real life?
— Can you understand and describe your current state and goal state?
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algorithm using control structures?

05—01—01 Can it be implemented by automating the algorithm
05—01 |designed according to the characteristics of the development
environment and programming language?

05—02—01 Is it possible to implement a program without logical
errors using control structures, calls, variables, and operators?

05-02|05-02-02 Is it possible to implement a program that receives

and processes various types of data to obtain a desired output
value?

05—03—01 Can you systematically analyze and find the cause of

the error?
05-03

05—03—02 Can the error be corrected in a program—executable
form?

06—01—01 In the problem—solving process, can each person
divide their roles and accomplish the assigned task to achieve
06—01 |the task goal?

06—01—02 Can you share, share, and stay in touch with ideas
and opinions for solving problems?

06—02—01 Can you share the results with your co—workers and

talk about the good things and the bad things?
06—02

06—02—02 Can you reflect on your problem—solving process and
find and discuss similar issues?
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Table 6. Evaluation Standard by Achievement standard
(H:high, M:medium, L:low)

AC.N Evaluation Standard

You can find problems in real life, describe current and
H |target states in problem situations, and infer the causes
of problems.

Able to discover problems in real life and describe

01-01| M . S
current and target states in problem situations.

I have found a problem in real life, but I am unable to
L |describe my current state and goal state in the problem
situation.

You can search for problem—related data, classify it
H |according to the type and nature of the data, and store,
manage, and share it on your computer.

You can search for problem—related data, store,
manage, and share it on your computer, and visually
express the collected data in tables and diagrams.
They lack the ability to retrieve data related to a

L. |problem and store it on a computer or present it in a
visual form such as a table or diagram.

A problem can be described by dividing it into

H |subproblems of units that can be solved, and can
describe the connectivity between subproblems.
Divide the problem into subproblems of solvable units
and describe the subproblems.

02-01| M

02-02

L |Failure to divide the problem into solvable subproblems.

By extracting patterns or key elements from problems
and data, you can discover and present ideas for how
H |to solve problems, and explore, restructure, and apply
existing problem solving methods that are similar to
problems.

You can find a way to solve a problem by extracting
what you need to solve it from your problem and data,
or you can find solutions to previous problems that are
similar to your problem.

03-01

We've analyzed the problem and data, but can't find a
L |pattern or a solution to a key element or another
problem that is similar to the current problem.
Decomposed problems can be structured and
expressed, and ideas for solving problems can be
realized by computer by designing problem—solving
models.

03-02 I can tell you how to implement an idea to solve a

problem on a computer.

It fails to tell you how to implement an idea for solving
a problem on a computer.

04-01

By exploring and comparing various problem—solving
methods and procedures, you can choose an efficient
procedure and express it easily and clearly in a visual
form using text and pictures.

Problem solving methods and procedures can be easily
and clearly expressed in a visual form.

Problem solving methods and procedures are visually
expressed, but not clearly expressed.

04—-02

Logic algorithms can be designed using control
structures.

In designing a logical algorithm using the control
structure, unnecessary parts are included or necessary
parts are omitted.

It is not possible to design a logical algorithm using a
control structure.

05-01

The designed algorithm can be implemented by
automating the same structurally and logically according
to the development environment and characteristics of
the programming language.

It is implemented according to the development
environment and characteristics of the programming
language, but only a part of the designed algorithm can
be implemented.

The designed algorithm cannot be implemented by
automating it.

05-02

In order to receive and process various types of data
according to the purpose of the program, it is possible
to implement a program that outputs the desired result
by logically using sequential, selection, and repeating
structures, calls, variables, and operators.

It is implemented according to the purpose of the
program using sequential, selection, and repeating
structures, calls, variables, and operators, but
unnecessary blocks or objects are included.

It was not possible to implement a program that
receives, processes, and outputs data according to the
purpose of the program.

05-03

In the event of an error, it is possible to systematically
find the cause of the error and correct it in an
actionable form, such as continuously trying the test
and checking the code.

Random error detection allows you to find the cause of
the error and correct the error in an actionable form.

An error occurred, but the cause of the error could not
be found and the error could not be corrected.

06—-01

Roles were shared in the problem—solving process, and
each other's tasks were identified to achieve a common
goal, and ideas and opinions were continuously shared
and communicated.

In the process of problem—solving, opinions among
team members were not shared, so the program was
developed with an overloaded task given to one side
due to unbalanced role division.

In the process of problem solving, roles were not
divided, and opinions among team members were not
shared.

06—02

Through peer evaluation, they actively present their
opinions on the strengths and weaknesses of the
results and points for improvement. Based on peer
feedback and self—evaluation, they reflect on their own
problem—solving process and take an attitude of
reflection and feedback.

Through peer evaluation, simple opinions are presented
on the strengths and weaknesses of the results and
points for improvement, but the attitude of reflection
based on peer feedback and self—evaluation is
insufficient.

They do not give opinions on the results of peer
evaluation and do not reflect on their own
problem—solving process.
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