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The Effect of Applying Generative AI-Based
Instruction as a Cognitive Facilitator on High
School Students’Computational Thinking
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ABSTRACT

This study developed a design thinking-based problem-solving instructional
program by integrating generative artificial intelligence (GAI) as a cognitive
facilitator into a high school computer education class, and analyzed its
effects on students’ Computational Thinking (CT). A six-session class using
GAI as a learning support tool was developed and applied to the experimental
group, while the control group participated in a web-based class on the same
topic. The experimental group showed statistically significant improvements
in overall CT scores (t = -4.36, p < .001) as well as in all subcomponents:
Decomposition (¢ = -4.92), Algorithmic Thinking (¢ = -4.23), Generalization (t =
-4.04), Abstraction (t = -3.60), and Evaluation (¢ = -3.70) (p < .001). These suggests
that generative Al can function as a cognitive facilitator that supports students’
self-directed problem-solving ability within design thinking-based problem-
solving lessons, by responding in real-time to students’ thinking processes and
providing guiding questions and iterative feedback.
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Table 1. The Role and Use of ChatGPT in Design Thinking

Stage Roles of ChatGPT
Supports exploration of the problem context and
Empathize development of user personas, helping learners
understand real-life problem—solving cases.
Helps systematically structure the problem and
Define visualize the gap between the current and desired
states.
Facilitates creative thinking by generating diverse
Ideate . . : :
solutions and supporting their evaluation.
Assists in the prototyping process by offering
Prototype simulations and technical feedback.
Analyzes prototype testing results, suggests
Test improvements based on feedback, and supports
iterative refinement.
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Table 2. Key Points in the Educational Program Design

Category Description
[12basic AI04-01] Explore ways to apply artificial
intelligence to solve the Sustainable Development
Goals (SDGs) and derive a suitable project topic.
Achievement [12basic Al04-02] Design a project implementation
Standards plan based on the Al problem—solving process.

[12basic AT04-03] Conduct the project by
developing Al software through collaborative
problem=solving efforts.

Provide learners with opportunities to explore
global issues and experience using Al; enhance
understanding of the SDGs and problem—solving
using Al

Instructional Goals

Understand key concepts of the Sustainable
Development Goals (SDGs)

Select a target issue and investigate it using data
and case studies (e.g., focus on children, the elderly,
or people with disabilities)

Design Al-based solutions and implement the
project

Learning Process

Real-time feedback and resource provision
throughout all project stages—data analysis,
problem definition, idea generation, and
prototype development—using ChatGPT

Support Tools

Provide students with experiences of problem-
solving using generative Al and the SDGs
framework

Expected Outcomes
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Table 3. Comparative Learning Content by Session

- Learning Experimental Group
ion
Content Control Group
Orientation Introduce the SDG-based problem and
to the course provide training on using generative Al
) and euidance tools and web search engines effectively
on fgeirnin Learn the five stages of design thinking
struct reg (Empathize, Define, Ideate, Prototype,
et Test)
Research'smllar Analyze and
case studies and .
. . summarize user
Explore the USEr interview interviews using
p materials through
9 context of the web searches ChatGPT
problem and user Explore related Generate user
personas P personas through
reports and _
" Al-based data
statistical data on ;
. analysis
websites
Organize cause— L B
R Visualize cause
and-—effect analyses
and-—effect
. based on collected . . .
Clearly define information relationships using
3 the problem and e ChatGPT
Utilize problem-— .
set goals . Summarize core
solving frameworks .
. problems with Al
available on the
feedback
web
Conduct Use ChatGPT to
brainstorming and | perform divergent
mind mapping, thinking techniques
Brainstorm and then search the (e.g., SCAMPER,
4 explore creative web for relevant mind mapping)

P solutions examples Compare and
Compare analyze Al-
researched solutions | generated solutions
to select the best to derive optimal
idea ideas
Refer to similar Use ChatGPT for
prototypes found coding and design

Develop a through web & &

5 | tangible model of
the solution

searches

Enhance prototype
designs using online
resources

support

Create and refine
drafts based on Al-
driven guidelines

Evaluate and
6 improve the
effectiveness of
the prototype

Search for
improvement
strategies based on
user feedback

Set improvement
directions by
comparing with
existing solutions

Receive feedback
through ChatGPT
and identify areas
for improvement
Apply the "T Like,
[ Wish, What If"
method to assess
and refine the
solution
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Table 4. Composition of Research Participants

Group N
Con. (Web-based Learning) 44
Exp. (GAI-based Learning) 53
Total 97
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Table 5. Test tool

Factor N | Cronbach &
Abstraction 3 .86
Decomposition 3 .85
Computational Algorithmic Thinking 4 .88
Thinking
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Table 6. Results of the Pre—test

Group M SD t p

Con. 3.68 0.77

Abstraction 0.25 0.80
Exp. 3.72 0.85
Con. 3.61 0.93

Decomposition -1.11 0.27
Exp. 3.41 0.83
i Con. 3.59 0.80

Algorlthmic 043 | 067
nking Exp. 3.52 0.85
Con. 3.88 0.73

Evaluation -0.52 0.61
Exp. 3.80 0.84
Con. 3.59 0.81

Generalization 0.00 1.00
Exp. 3.58 0.87
Con. 3.67 0.71

Total -0.40 | -0.40
Exp. 3.61 0.78

*p <.05 *p <.01 ***p <.001
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Figure 1. Differences between Control and Experimental Groups in
Post—test

Table 7. Results of the Post—test

Group M SD t p
Con. 3.97 0.90
Abstraction 2.14 0.03*
Exp. 4.31 0.67
Con. 3.76 0.94
Decomposition 249 | 0.01*
Exp. | 421 | 080
ERI Con. 3.85 0.95
Algorithmic 225 | 0.03*
nking Exp. 4.24 0.77
Con. 3.85 0.93
Evaluation 3.25 | 0.001**
Exp. 4.35 0.57
Con. 3.85 0.98
Generalization 2.45 0.02*
Exp. | 426 | 0.69
Con. 3.85 0.91
Total 2.63 | 0.01**
Exp. 4.28 0.67

*n<.05 **p<.01 ***p<.001
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(t= 2.49, p< 05) g =2 Al oA T EA R TH
(M= 3.85)3 AFHTH(M= 4.24) Zto]| SAHO=Z foj]
Sk Zpo] 7} L}EH;HZ}(F 2.25, p< .05). B7} Yo A= A
AH(M= 3.85)3 APYTH(M= 4.35) 7toll BAZHOR &
ofu]gh xto] 7} LreRTHt= 3.25, p< .01).

Ao Ak B, GAL 7|3 shgol g 7|ut st
T AL A g AR G (et 2l B, g
Z4 A, 7h, Aekahol A goluld Fae Belst
}.

32 M od

4.3 SAATO] ¥t

Table 83} ZFo], EAIF ] AFH Atz APd (M=
3.69, SD= 0.73)T A5 (M= 3.85, SD= 0.91) 7tol| A4
FoJn)gt 2to] 7F yrebLbA] ek9kTth(t= -0.91, p= .37).

Table 8. Changes in the Control Group

Group M SD t p

Pre 371 0.78

Abstraction -1.39 0.17
Post 3.97 0.90
Pre 3.63 0.93

Decomposition -0.67 0.51
Post 3.76 0.94
: : Pre 3.60 0.82

Aﬁ?r 11t<hmlc -1.31 0.20
1nKing Post 3.85 0.95
Pre 391 0.73

Evaluation 0.36 0.72
Post 3.85 0.93
Pre 3.60 0.83

Generalization -1.30 0.20
Post 3.85 0.98
Pre 3.69 0.73

Total -0.91 0.37
Post 3.85 0.91

AR eWz AmEE, 248 oo e AP (M= 3.71)
B AFE(M= 3.97) 7holl EAH 0.2 §olu|at 2ol 7} Lret
U] ¥9tTH(= -1.39, p= .17). BA B3] JAE AR (M=
3.63)7 AL%(M= 3.76) Ztoll SAH o2 gojulgt xpo|7}
Uehba) grekehi= -0.67, p= .51). SaelEA AT e
A AP (M= 3.60)2 AFE(M= 3.85) Ztoll SAZo2

ofn|5k zpo|7F U] 9RokTH(= -1.31, p= .20). B7}
o w5k AP (M= 3.91)TF AFE (M= 3.85) 7tof] EAF o=z

f-oJn|5k xpo] 7} UrebA] 9keh(t= 0.36, p=.72). LBtE
P AP (v=3.60)3} AFFM= 3.85) 7ol SAIH o2 &
oln]&t xpo]7} LreRA] ekkth(it= -1.30, p= .20). o]49]
A Bol, BAIT(Y 719k S5)ollM s HFDY AL
ARt gl 2= 5kef aRloflA AR-ARS T AR o= {o

o ol 7} LERA 93oe-g Sttt
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4.4 A%

nSL

ko] w3t

Aol Amg Alagle AFA (M= 3.61, SD= 0.78)
o AR (M= 4.28, SD= 0.67) 7roll BAIH o2 Folu|gh 2}
o] 7} Urebgtth(t= -4.36, p< .001).

nSt

Table 99} 7Z+o], A|& Qold g AR W, A5} oo
2 AP (M= 3.72)T AFE(M= 4.31) 7hof| EAFHOZ 99
n)gt 2ko] 7} FERGTH(t= -3.60, p< .001). 24| Baf oo
ARA(M= 3.41)3 A (M= 4.21) 70l A 02 Fojnlg
z}o] 7} L]'E]"X/\]'E]’(t: -4.92, p< .001). e =A Al g
= AFAM= 3.52)3 AFE (M= 4.24) 7t EAZ o2 9
0|k 2po| 7k ERSTH= -4.23, p< .001). H7F 992 AR
(M= 3.80)3} AP (M= 4.35) 7to]l EAIZ 02 So|n|dt 2}
o7} UEbgtth(t= -3.70, p< .001). L¥ts o w5t APA
(M= 3.58)7F AF2 (M= 4.26) 7tol BAH R foJu|gh &t

o] 7} YebttH(t= -4.04, p< .001).

Table 9. Changes in the Experimental Group

Group M SD t p

Pre 3.72 0.85

Abstraction -3.60 | 0.001***
Post 4.31 0.67
Pre 3.41 0.83

Decomposition =492 | 0.001%***
Post 4.21 0.80
. . Pre 3.52 0.85

Algorithmic 423 | 0.001%**
& Post | 424 | 077
Pre 3.80 0.84

Evaluation =370 | 0.001***
Post 4.35 0.57
Pre 3.58 0.87

Generalization -4.04 | 0.001***
Post 4.26 0.69
Pre 3.61 0.78

Total -4.36| 0.001***
Post 4.28 0.67

*p<.05 **p<.01 ***p<.001
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