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[Abstract]

This study aimed to develop a sustainable programming education solution utilizing LLMs by designing
a Programming Education Prompt (PEP) based on pedagogical perspectives and validating its effectiveness.
While existing LLM-based studies have shown limitations in cost and scalability issues by focusing on the
lack of pedagogical perspectives and the development of individual API-based services, this study presented
a solution that can be utilized without restrictions in all educational environments through a prompt-centric
approach. Applying Design-Based Research methodology, the study went through iterative cycles of design,
implementation, analysis, and redesign, with a group of 12 experts participating in the development and
validation of the prompts. The developed PEP consisted of three domains: concept learning, programming
exercise, and debugging, and expert review confirmed high validity in all domains (CVR=0.83-1.00). In a
15-week quasi-experiment (N=46), the PEP group showed statistically significant improvement in algorithmic
thinking compared to the control group (p=.010). In the evaluation domain, statistical significance was not
achieved after multiple comparison correction (p=.022), but a medium-sized practical effect was identified
(6=0.41). This suggests that LLM-based programming education should be implemented through systematic

design from a pedagogical perspective beyond simple utilization, and demonst.
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IlI. Research Methods
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Table 1. Expert Group Details

Number of
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Table 2. Scale for Developing Programming Oriented
Computational Thinking

Factor
(Number of Description
Question)
Conceptual knowledge refers to
understanding and using programming
Conceptual structures, including the syntax of
knowledge programming languages and the
(12) process of breaking down problems
into meaningful parts and focusing on
core functions
The skill of designing meaningful
Algorithmic structures when solving problems
thinking using programming concepts, including
(7) the ability to understand, apply,
evaluate, and create algorithms
Refers to the process of addressing
the suitability of algorithms, coding,
Evaluation programming, and systems, including
(14) items such as error evaluation,
debugging, effectiveness assessment,
generalization, and result prediction

IV. Research Results
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Table 3. PEP Draft

Type Prompt
You must support C language programming
learning from an educational perspective.
Understand the following points and respond
Role to the reguest accordingly: . .

Setting =Use a friendly and encouraging tone, like an
educator
=Explain using real-life examples
*When generating code, prioritize readability
above all else.

Explain C language concepts using real-life
examples and provide sample code. Responses
should follow the [Template] below.
[Template]

Concept HiH .ancept Explanation: Basic concept

Learning descrlptlon.

### Real-life Example: Example where the
concept is used

### Sample Code: Short, highly readable code
### Notes: Important considerations for the
concept or code

Generating a Parsons problem where learners
arrange code sequences using (concept) in
order of difficulty (Level). Respond according to

Progra- the [Template] below.

mming [Template] . _

Exercise HiH Problem: [Real-life s.ce.narlo problem]
###  Algorithm  Description:  [Algorithm
explanation]

### Parsons Problem: [Present scrambled
code]
Provide (Hint Type) to improve the code below,
following the [Template] below.
=Directional Hint: Detailed instructions on the
area to focus on
*Tool-based hint: Briefly describe the task to
be performed

De- sExample task hint: Provide similar example

bugging code

(Code)
(Improvements)
[template]
### Hint Type: [Hint Typel]
### Suggestions: [Provide assistance based
on the hint type without revealing the correct
answer]
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Table 5. Revised PEP

Type Prompt

You must support C language programming
learning from an educational perspective.
Understand the following points and respond
to the request accordingly:

*xBasic Background Settings**

=Use tone appropriate for beginner learners

Role *Provide detailed steps that beginners can follow
Setting =Prioritize explaining fundamental principles of
concepts

=Utilize real-life examples

**xProhibited Items**

=Prohibit use of C++ or other language syntax
=Prohibit optimization algorithms beyond
beginner comprehension

Explain C language (concepts) using real-life
examples and provide sample code. Responses
should follow the [Template] below.

[Template]

##4# Concept Explanation

=Core Definition: Simple definition
=Operating Principle: How it works

=Purpose of Use: Explanation with real-life cases

Concept ### Sample Code

Learning e
=Minimal code showing only core concepts
=Variable names: Clear English with meaningful
names
*Comments explaining key lines
### Beginner Precautions
=Most common error types beginners encounter
*Points to check when errors occur
Generating a Parsons problem using (concept)
in order of difficulty level(1~3). Respond
according to the [Template] below.
**Problem Settings**
=Focus on core C language concepts
sEvaluate computational thinking rather than
syntax memorization
*x| evel Settings*x*
slevel 1: Sequential execution, basic
input/output (5-7 lines)
=L evel 2: Include conditionals, loops (7-10 lines)
s evel 3: Utilize functions, arrays, pointers

Progra- | (10-15 lines)

mming

Exercise | [Template]
### Problem:

=Real-life scenario problem

sAlgorithm Description: Algorithm explanation
### Parsons Problem

Arrange the following code lines in correct order
to solve the problem:

c
1. [Code line 1]
2. [Code line 2]
3. [Code line 3]
4. [Code line 4] .... up to 15 lines maximum

Provide (hint type) for (improving/fixing errors)
in the code below according to the
** Hint Typexx*
=Directional hints: Detailed guidance on areas
to focus on
=Tool-based hints: Brief description of tasks to
perform
sExample-based hints: Provide similar example
code
(Code)
(Error message)
De- (Improvements)
bugging [Template]
### Problem Analysis
sError Type: Compile/Runtime/Logic
=| ocation: Line number or function name
sSymptom Summary: Summarize current
situation in 1-2 sentences
### Hints
=Hint: Explanation using user-selected hint type
Prevention Method: How to avoid the same
mistakes in the future
*Good Practices: Things to always check when
coding
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Table 6. Results of Second Experts Review

Validity Agreements CVR

Role setting 12 1.00

Concept Learning 12 1.00

Programming Exercise 11 0.83

Debugging 11 0.83

Accuracy M SD

Concept Learning 4.67 0.47

Programming Exercise 4.00 0.58

Debugging 4.83 0.37
RE =2 EQ] Aol CVR 3 7|&(CVR>0.50)&
#1}519 009 PEPO] A0tu} u]wsto] JjAEl 7S slolar
4 Qloh Eo =S| Ptk BF 400 olgeR =l
Eolon] Pyt 5 HAL T PEP ZQh} H]wsto] 7j
AL o1 B2 AUS FEslo] 45T 27142
QEIRL AAJSHA] igron] MR 23T oA 5 Y
LEEES YEU 4 Yt A9 AL Basih 94
S vidste] 71T SHAAIE MY AlRE SUboR A

ot PEP 7ie grastaict

5. Effectiveness Analysis

7 719 o] Axjol| wet s PEPY] aibde
golsty 27y W8S st LLM &89 0|22 d
stetol7] 9l <Table 7>} o] £AHES TsIGIC

Table 7. Quasi-Experimental Design
Gy 0, X 03
G2 0, Xo o)

G1: Experimental Group(n=23)

G2: Control Group(n=23)

01, 02: Pre-Test Scale for Developing Programming-Oriented Computational Thinking
03, 04: Post-Test Scale for Developing Programming-Oriented Computational Thinking
X1: Utilizing LLM with PEP throughout C programming

X2: Utilizing LLM without restrictions throughout C programming

01 3A12P 155:19) C 2y 40lM AE A
ke A Aol PEPO] Avlet @7 81118 4 Alag
Agety mgnE a0 24 gol A o, A 3
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R3S NS A5 Ae <Table 831 2ok

Table 8. Results of Shapiro-Wilk Normality Tests

Factor Group W p Normality
Control 0.944 240 0
Conceptual E -
Knowledge | “XP€T™ | ggg7 | 017 X
ment
) ) Control 0.893 .022 X
Algorithmic -
Thinking | BXPeri= | 5913 | g3 0
ment
Control 0.907 .041 X
Evaluation i-
Experi= | 5904 | 035 X
ment

e AR 2, A1 RN B x 7ol &
Z5x] OIITHp<05). TRhY WA dwie shwet
gl mE gl Qolo] ol wlea AAQ
Mann-Whitney U A4S AA|519ct Mann-Whitney
U ZAAL g|gy AXog Mzo] 271 AbAL A X

£ wj2A] 92 o 288 4 ekt Ao itk olof &
A9 AT 71 vlo] HES Yo ¥ 2 9loi3s]

ste) @ 2t inie] A Abe AR B Auke
<Table 9>9} Zttt

Table 9. Results of Computational Thinking Pre-test

Mann-
Factor Group M SD Whitney U
z p
Conceptual Control 2.84 0.91
Knowledge Experi- 271 105 -0.211 842
ment
. . Control 2.40 0.75
Algorithmic - _
Thinking | EXPeri= | 5 | ggg | 0097|962
ment
Control 2.78 0.90
Evaluation i- -0.270 796
Bxperi= | 5210 | .96
ment

ot gl Aer L%EHE%(p>.o5>.
AT Aol 479 gt AL Faof dishA gt e
2 2A517] all (Fig. 2)9t o] vfA S22 AREsto
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Table 10. Results of Computational Thinking Post-test

Mann-
Factor Group M SD Whitney U
z p"
c tual Control 3.54 0.54
onceptua - _
Knowledge | EXPeri™ | 3o | g4 | 1268 207
ment
Algorithmi Control 3.20 0.64
gorithmic - _ .
Thinking | EXPEr™ | 3, | ggg | 2287 010
ment
Control 3.37 0.71
Evaluation i- -2.300 022
Experi= | 340 | 0.62
ment
Factor Cliff's &2 95% CI® Effect Size
Conceptual 0.22 [0.12, 0.56] Small
Knowledge
Algorithmic 0.45 (0,14, 0747 | ™Medium-
Thinking large
Evaluation 0.41 [0.07, 0.71] Medium

1) *p < .0167 (Bonferroni corrected: o=0.05/3)

2) 16| < 0.147 (negligible), 0.147 < |5| < 0.330 (small),
0.330 < |8§] < 0.474 (medium), |8] = 0.474 (large)

3) 95% CI=Confidence interval estimated using
bootstrapping with 5,000 resamples.
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