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The Effect of Generative Al-based Education on College Students’
Academic Self-Efficacy, Metacognition, and Problem-Solving SKills
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ABSTRACT

This study aimed to verify the effects of data analysis practice using generative artificial intelligence on academic
self-efficacy, metacognition, and problem-solving skills among university students majoring in computer science. The
responses of 30 subjects to 28 questions on academic self-efficacy, 52 questions on metacognition, and 45 questions
on problem-solving skills were analyzed quantitatively using correlation and paired sample t-tests, and qualitatively us-
ing interviews and self-reflection reports. The results of the study showed that the use of generative Al had a positive
impact on some elements of academic self-efficacy, metacognition, and problem-solving skills. In particular, there was
a significant improvement in self-regulatory efficacy and metacognition in the areas of process knowledge, planning,
monitoring, and evaluation, and developing alternatives to problem solving, but there was no significant difference in
debugging ability in problem-solving skills. The systematic study of the impact of generative Al education on the aca-
demic self-efficacy, metacognition, and problem-solving skills of computer science majors has both academic and prac-
tical value, and will provide an important basis for suggesting how to optimize the use of generative Al tools in future
educational settings.

Keywords: Generative artificial intelligence, ChatGPT, Academic self-efficacy, Metacognition, Problem-solving, Artificial intelligence
education
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Table 1. Demographic characteristics of study subjects

Category Characteristic Frequency| Rate(%)
Male 27 90.0
Gender Female 3 10..0
Age group| 20’s (Ages 20-29) 30 100.0
1 Grade -
2 Grade - -
Crade 3 Grade - -
4 Grade 30 100.0
Major | Computer Engineering 30 100.0
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Table 2. Academic self-efficacy Survey item composition
and reliability

Factor Num Question Cronbach’s a
Preference for Task 10 2% 3% 45 89
Difficulty 6*,7%,8,9,10 :
Self-regulatory 10 11,12,13,14,15, 83
Efficacy 16,17,18,19,20 :
. 21%,22%,23*,24* 25*,
Confidence 8 26% 27+ 98* .80
Sum 28 - .87
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Table 3. Metacognition Survey item composition and

reliability
Factor Num Question Cronbach's a
Declarative 8 5,10,12,16, 78
Cogniti Knowledge 17,20,32,46 :
ognitive —p g
Knoxgledg Knowledge 4 3,14,27,33 .70 | .89
Conditional
Knowledge 5 |15,18,26,29,35 | .65
. 4,6,8,22,
Paming | 7 | 34345 | T
Information | | 9,13,30,31,37, 73
Cognitive | Management 39,41,43,47,48 | -
Regulatio L 1,2,11,21, 91
n Monitoring 7 38,3449 .73
Debugging 5 | 25,40,44,51,52 | .60
Evaluation | 6 | 7192436385 g
Sum 52 - .94
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Clarification | Recognition et et I Aol =21 A QIR H3E 75 EE stk
Information Azd Ruxe= WHEE E4(Narrative Analys1s)~
Cause Gathering 5 16,7,8,9,10( .70 -
Analysis . 11.12,13,1 7 B3l BH3e) o) GeAAl BuT A
Anaysis | 5 | g5 ] T 2 Allsh A4 Wk 5& AEH o ojsjsn &
| Dherment g GITISL g Aalet. 47 B4 BAE ual] Sk ol
Alternative Thinking 9,20 81 _
Development [ 5 12122232 Lo | A AEE AP on 7] 4F HuAe] 8 &
e o 4 A FoAAENA FUste] s)A o) AL A
Planning/Impl Planning 5 ’9,:‘;0 cy T 83 %8}11} ‘8]'93\.[4'
ementation | Implementation 5 31,32,33,3 76 ’
and Risk Taking 4,35 ’
. 36,37,38,3
Performance | Cvauation 5 9.40 | 67 4, AT Az
Evaluation 41,42,43,4 81 Tz
Feedback 5 was .63
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Table 5. Pearson’s Correlation analysis results
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1
2 |44 1
3 5537274 1
4 ]330 |.655 | 216 | 1
5 [.556 |5737 | 170 [.7817 | 1
6 | 352 | 359 | 070 [.7247| 804" 1
7 | 4387 [ 5497 | -032[.635 |.762" |.683" | 1
8 | .405 | 409" | -.073[.630" [.817  |.813" 661 | 1
9 | 193 | 415" | -.038 | 488" | 580" |.662 | 674" | 571 | 1
10 | .370" | 4317 | -.002 | .526™ | .676" |.737 | .5997"|.834™"| .450° 1
11 255 | 429" | -.072 | .4917 | 6037 | .531" |.699"| .523" |.766" | .517" 1
12 | 423" | .357 | .148 | .291 | .388" | .543 | .400 |.590 .286 |.638 .081 1
13 | -.021| .163 | -.213 | .099 | .310 | .285 | .288 | .507 | .390 | .501 242 | 424 1
14 196 | 461 | -.019 | .540 |.574 " |.670° | .521 |.655 | .561 |[.682 297 |.615 | .505 1
15 | .405" |.6377"| 0.223 |.623""|.667""| .544™ | .600™" | .631"""| .452" | .696™"| .567 " | .381" | .414" | 555" 1
16 145 | 248 | 001 |.534 [.5951.626° [.596 |.656 412" 1.586 | .465 255 | .346 [ 518 | 424 1

¥ <05, **p <01, ***p {001 ,

1.Preference for

Task Difficulty, 2.Self-regulatory Efficacy, 3.Confidence, 4.Declarative

Knowledge, 5.Procedural Knowledge, 6.Conditional Knowledge, 7.Planning, 8.Information Management, 9.Monitoring,
10.Debugging, 11.Evaluation, 12.Problem Clarification, 13.Cause Analysis, 14.Alternative Development, 15.Planning/
Implementation, 16.Performance Evaluation
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Table 6. Paired Sample t-Test Results

Factor M =) t
Pre | Post| Pre| Post p

Self-regulato _
ry Efficacy 3.21| 3.39] 0.65| 0.67 | -2.092 | 0.045

Procedural
Knowledge 3.28| 3.55| 0.67| 0.65 | -2.699 | 0.011

Planning 3.38| 3.61] 0.59| 0.66 | -2.414 | 0.022

Monitoring 3.14| 3.50] 0.52| 0.64 | -3.298 | 0.003

Evaluation 3.14| 3.44] 0.65| 0.65 | -2.752 | 0.010

Alternative
Development 3.54| 3.78| 0.52| 0.59 | -2.762 | 0.010

Divergent B
Thinking 3.43| 3.77] 0.63| 0.64 | -3.144 | 0.004
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