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ABSTRACT

This study aims to design and implement a generative Al-based programming (Python) class for
middle school students and to examine its effects on their Al literacy and academic achievement.
To this end, six first-grade classes at a middle school in Gwangju were divided into an experimental
group (three classes) and a control group (three classes), and a five-session Problem-Based
Learning (PBL) program was applied. The experimental group used ChatGPT to carry out activities
such as prompt design, code writing, and error correction, whereas the control group learned the
same unit through textbook-centered traditional instruction consisting of teacher explanation and
practice. Al literacy was measured with a 24-item questionnaire composed of six sub-domains on a
5-point Likert scale, and academic achievement was measured with a 16-item multiple-choice test
developed on the basis of the curriculum achievement standards. Analysis of the pre- and post-tests
showed that the experimental group demonstrated statistically significant improvement in all sub-
domains of Al literacy, with particularly notable gains in prompt-writing ability, ethical awareness,
and critical thinking (t > 2.7, p < .01). The total academic achievement score also increased
significantly from 78.5 to 85.3 points (t = 2.51, p = .015). These results suggest that a PBL-based
programming class integrated with generative Al has a positive effect on middle school students’
conceptual understanding and problem-solving processes, although causal claims about long-term
effects or higher-order thinking as a whole go beyond the scope of the present study and should be
interpreted with caution. Nevertheless, by experimentally comparing an Al-integrated class with
a control group, this study presents a concrete instructional model for systematically integrating
generative Al into middle school information classes and provides practical foundational data for
future lesson design, teacher professional development, and the integration of Al ethics education.
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Table 1. Affordances and Risks of Generative Al in Programming
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Table 2. Al Literacy Components and Operational Definitions (This

Study)
Component Operational Definition
Understanding | Foundational knowledge of Al principles,

of Al Concepts | mechanisms, and application cases

Prompt Design | Ability to craft effective prompts to elicit desired

Skills outputs from Al tools
Awareness of | Recognition of privacy, copyright, bias, and factual
Al Ethics accuracy issues in Al use
Understapdlng Critical reflection on economic/societal effects of
of Social Al
Impact
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Component Operational Definition
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Secondary Education
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Table 7. Instructional Conditions by Group

Experimental Control (Textbook—
(PBL + ChatGPT) based)

Realistic tasks; student—
generated prompts

ChatGPT for examples,

Component

Teacher—presented

Problem framing examples

No Al tools; textbook

Tool use debugging, refactoring & IDE only
Feedback Al + teacher guidance | Teacher guidance only
. Pair/whole—class sharing Pair/individual
Collaboration : .
& reflection practice

Separate unit test; open— | Same unit test; open—

Component | Items (n) Sample Focus Key References
Ethics 4 Priyacy, copyright,
bias, accuracy
Social Impact 4 ECO.HOH?IC/§OCIetal
implications
Self-directed 4 Exploratory, iterative
Learning learning
Critical 4 Evaluation/revision of
Thinking Al outputs
Total 24 5-point Likert a =.89
3.4.2 34 A= A}
Ue|EI Ze Ty el 47 J1Ed RiEs
e 16 go R 24sIsIc. 299 e Ae 39

Table 10. Programming Achievement Test Composition

Assessment
ended survey ended survey
Format Items (n) Content Coverage Scoring
] ] ] Multiol Output, Variables/Types,
Table 8. Lesson Structure by Session (Applied to Both Groups; Al Use Clﬁ 1ple 10 Functions, Conditionals, | 1 point each
in Experimental Only) oice Loops
Session Tosle Core Activities (Experimental: Al- Constructed Code Aexphlanatl(?n/ .
integrated) Response 2 correction; algorithm Rubric—based
« . » design
7 9
1 Python Output Prompt "How to print in P}/thon. -
— create/test print() variants T Max. score
Unit—aligned .
; ; ; Total 12 . reported in
9 Variables & Data Ask/compare variable vs. type; competencies cesults
Types analyze sample codes
Prompt “Write a function returning
3 Functions the sum of two numbers” — run/ o _
<Tale 10> 2 AFo)A A&7 T2 1Y HHE 72
4 Conditionals Draft conditionals; Al-assisted Ate] 4 QAE AAISE Zloltt. 7t FAl A 167
error checking; guided exercises stog Z8 wiol A2, 34, ZAL HIER = o)
Generate loop—based code; iterative SIAl Mo 1= C oa mC o Jl=a
> Loops execution and refinement A WS A2A et Ee 2% 2 A VIeR
(rubric)ell whet Astleh. AA| 23 4= 162FolH,
Bl 4712 RYSE GiPgE FUHoR 2HsEs
34274 £ AAE AL, A BifolA= o] HAte] TS o=
2 asct,
3.41 A4 BEA A&

AYPYATLE v o 2 671 519 I X

39 54 YAE HeE A5 Wy did e
Cronbach’s a = .892 &3}t £ F8HY fFof gk
Al 0% ol o} M-S 24Tt

Table 9. Al Literacy Questionnaire Blueprint

Component | Items (n) Sample Focus Key References
AI Concepts 4 . U_nderstandmg}
principles/mechanisms
Prompt Design 4 Crafting effective
prompts

AH AAHRI A5 E R Al ARSI HE HAD —
5AHA] 4] 2] - ALE HAHABA G2 E A A3
BHE AAD = *év‘i— %OE gtk A/ A
A AT }\]—.394 =]
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Table 11. Data Collection Timeline and Procedures

Week/

Phase Sessi Activities Artifacts Collected
ession
Orientation;
B consent Al literacy (24),
Pre-test Week 0 confirmation; achievement (12)
baseline tests
Weeks 1-3 Lessons per Table Prompt drafts, code

3-4; Al use in Exp.
only

Intervention

(5 sessions) versions (Exp.)

Al literacy (24),
achievement (12),
survey responses

Post—tests; open—

Week 3 ended survey

Post—test

w
(@)
{
e 1x
oL
rE

A% BAS SPSS 26,0 AHE3tel AT U] TS HE ¢
A%, Ae 7 SURR 082 ANIATHSI4E a =
05). A= N2 =(0)& AEeta, £ #4 A 7|2 5AS
Hstedth. 34 ARE £74 78 YeRHoz ags
o, - 1-84-2U-AE 59 PAA 71EE ArEsto
HEekstal Med Rleg Bisiglon, g4 A& sl
ZEEAE ashA) sttt

Table 12. Analysis Plan Mapping
Research Interpretation

. Measure Statistic/Test
Question Note

6-subscale | Paired t (within),
scores (24 Independent t
items) (between)

Subscale and total
scores reported

RQI1: Al
literacy gains

RQ2: . Paired t (within),
Achievement UmAt test (16 Independent t
. items)
gains (between)

MC + CR
combined total

$:1040198 -241212-HR-
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Table 13. Changes in Al Literacy by sub—domain(Pre—post)

Sub— G Pre—test | Post—test ¢ p

domain roup Mean Mean

Overall Al | Experimental 3.12 421 3.48 | .002
Literacy Control 3.18 334 | 102 | .115
Prompt
Writing Experimental 2.95 4.28 3.12 | .004
Ability

ALEhics | g perimental | 3.10 410 | 278 | 007
wareness
Critical .

Thinking Experimental 3.02 4.35 295 | .005

T

SFATHt = 2.51, p= .015). HFH B3
olA] AFE 79.2% 02 4% JUlstglout, foulgt ol

LFERLR] @kokth(p = .129).

Table 14. Comparison of Academic Achievenment Scorese

Group Pre—test Mean | Post—test Mean t p
Experimental 78.5 85.3 2.51 .015
Control 71.9 79.2 1.04 129

o] A1t= ChatGPTE €83t PBL 4%°] Python 7]
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Table 15. Types of Postive Students Responses(Examples)

Type Example Response

“Tt was nice to study alone because it
answered my questions right away.”

Satisfaction with
Immediate Feedback

“Even if I make mistakes, [ can try again, so [
felt more confident.”

Encouraged by
Repetition

“It was fun to create different versions of code
using prompts.”

Support for Creative
Expression

Table 16. Types of Students Concerns(Examples)

Type Example Response
Doubts About . . . »
I'm not sure if the answer is accurate or not.
Accuracy

Concern About
Over-reliance

“If I keep using Al I'm worried I won’t be
able to do it on my own later.”

44 27} A3t BA

B Aol Ae 2lEeiA] # 3RHEELE 247
Z A8 Abd)o] tial AFA-AFS AR Skt oS &
B 744 =712 AAskch O A= <Table 17>0]

AT

Table 17. Item—level changes in Key Al Literacy
Competencies(Experimental Group)

Item (Competency) Pre Post 4 t p
Prompt Writing |5 g4 | 421 | +137 | 872 | <.001
Ability
SelLf*d“.eCted 302 | 421 | +119 | 913 | <.001
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