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The Effects of a Problem Solving Process-Oriented
Programming Education Program Using Unity

on General High School Students’ Computational
Thinking and Learning Flow: An Exploratory Study
on the Potential Use of Generative Al as a Problem

Solving Support Tool
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ABSTRACT

This study developed and validated a Unity-based, problem solving process-
oriented programming education program for second-year general high
school students, structured around computational thinking components and
implemented over 20 sessions. Expert review ensured design validity, and
paired-sample t-tests and effect size (Cohen’s d) analyses confirmed significant
improvements in computational thinking and learning flow. Additionally,
generative Al was integrated into the problem definition and programming
stages (sessions 7~12) to support idea refinement and efficient debugging,
enhancing student engagement and the overall effectiveness of programming
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G: Experimental group (N=30)
Oq: Pre-test (CT Scale, Learning Flow Test)

Xi: Problem Solving Process-Oriented Programming Education
Program Using Unity

O,: Post-test (CT Scale, Learning Flow Test)

Figure 1. Research Design
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Table 2. Contents of the PSB=CTQ Scale
Factor CT Components N Cronbach’s a
Data Collection 4
Problem .
- Data Analysis 3
Recognition
Data Representation 4
Problem Decomposition 3 39
Soluthn Abstraction 3 (pre)
Exploration
Algorithms and Procedures 1 92
Algorithms and Procedures 4 (post)
Automation 3
Programming
Simulation 2
Parallelization 4
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Table 3. Contents of the Learning Flow Scale

Factor N Cronbach’s «
balance of challenge and skill 4
merging of action and awareness 5
clear goals 2 o1
specific feedback 5 (pre)
concentration on the task 3 89
sense of control 2 (post)
loss of self-consciousness 5
distortion of time perception 3
autotelic experience 6
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Table 4. Restructured Curriculum
- Focusing on Classes and Instances
Curriculum Area
Category 2(315 Revised Cu'rriculum 2022"Revise'd Curriculum
Problem—Solving and Algorithm and
Programming" Programming"
* Program development
environment + Problem analysis and
* Variables and data modeling
types + Sorting, Searching
Content « Operator + Data Types
Element + Standard and File I/O | « Standard and File I/O
(Knowledge & | + Nested Control + Utilization of
Understanding) | Structure Multidimensional Data
* Array + Application of Control
+ Fuction Structure
+ Application of + Class and Instances
programming

[12Inf03-08] Use classes and instances to create
objects and apply them to programming.
[Solution] By utilizing real-life cases of

implementation, students should be able to

understand and use the basic concepts needed for

solving problems. By creating and using classes

and objects, students can apply them to problem

solving situations.
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Achievement
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Table 6. Detailed Design of the Class Program

Problem Solving CT

Process Components | Session Main Activities Instructional Focus
(Choi, S. Y.) |(ISTE&CSTA)
. Undefstanding the} Unity interface « Minimized theoretical
Ist=2nd | ¢ Creating and manlpulatmg objects explanations and fragmented
+ Experiencing simple 2D games grammar drills,
- - + Practicing production of a 2D platformer game + Provided fill-in—the-blank
3rd-6th - Arranging and configuring Ul scripts that can be completed once
r ~ Understanding ‘Class and Object’ concepts and basic C# syntax in Unity the concept of objects is clearly
+ Writing scripts to implement game functions (filling blank scripts) understood.
Data + Selecting the topic and conceptualizing the game to produce + Expanded the scope to include
Problem Collection + Collecting essential materials for game development (assets, data, etc.) | environmental and local themes.
Recognition b 7th—-9th + Encouraged students to
A alta' + Finding meaningful information based on the collected data choose topics based on their own
nalysis experiences.
Dara + Visualizing the analysis results + Guided students to define
Representation listic. imol bl bl
Problem 10th realistic, implementable problems.
Analysis Problem + Analyzing required functions and breaking them into smaller problems | Allowed students to use
4 Decomposition yAng e & P generative Al to refine ideas and
Abstractio | Abstractio | + Identifying and removing unnecessary objects, data, and functions | 255 topic feasibility
Solution  |Algorithms and 12th + Writing code or scripts specifying the order and method of each | * Encouraged clear and concrete
Design Procedures process in the game algorithm design
Solution . 13th-15th | « Arranging and configuring Unity UI
Tmol . Automation — - - - + Enabled stud h d
mplementation 16th—-18th | » Writing C# scripts to implement algorithms nabled students to enhance an
- - generalize their implementations by
Simulation 19th + Testing Whether the game meets the intended purpose efficiently detecting and correcting
Solution * Debugging to solve errors errors with ‘generative AT’ support
Evaluation parallelization|  20th + Identifying tasks executed in parallel in the game when needed.

+ Improving and applying the completed program
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Table 7. Results of paired—sample t—test (N=30)
Descriptive statistics ,
Area Factors Test t p Cohen’s d
M SD
. pre 36.03 4.582 B .
Problem recognition post 40,30 6.979 3.816 .001 0.723
Computational . . pre 25.37 2.671 B -
Thinking Solution exploration post 28.07 3571 7.724 .000 0.856
. pre 44.90 6.880 B .
Programming post 4887 6.490 3.680 .001 0.593
R . pre 13.20 2.657 B I
Balance of challenge and skill post 14.67 2758 3.958 .000 0.543
o pre 17.33 249 | .
Merging of action and awareness post 18.23 2334 2.955 .006 0.372
pre 6.20 1.375 B .
Clear goals post 703 1217 3.470 .002 0.641
- R pre 16.80 3.210 B .
Specific feedback post 18.33 2845 3.857 .001 0.504
Learning . pre 9.87 2.360 B o
Flow Concentration on the task post 11.43 2239 5.395 .000 0.678
i pre 5.87 1.432 _ .
Sense of control post 6.80 1,349 3.247 .003 0.670
o pre | 1553 | 1548 | o
Loss of self-consciousness post 16.77 2 459 2.779 .009 0.600
N . . pre 10.07 2.766 B o
Distortion of time perception post 12.53 259 6.298 .000 0.917
. . pre 19.63 3.189 B N
Autotelic experience - 2107 3393 2.733 .011 0.437
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