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ABSTRACT

This study empirically analyzes the impact of generative AI utilization on
university students' computational thinking and problem-solving skills. The
research compares learning outcomes and course satisfaction among students
in a mandatory general education course at J University, categorized into three
groups: those who did not use AI, those who used Al selectively, and those who
used AI mandatorily. The results indicate that learning outcomes improved
significantly across all groups, with the highest levels of learning effectiveness
and satisfaction observed in the selective Al usage group. In contrast, while
mandatory Al usage enhanced learning effectiveness, it also increased the
learning burden, limiting improvements in satisfaction. Additionally, students
who did not use AT also experienced learning improvements, albeit to a lesser
extent than those who utilized AI. These findings suggest that generative
AT utilization should be adapted based on students' experiences and the
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Analysis of the Impact of Generative Al Utilization
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Table 4. Teaching Methods by Semester

Semester Method

2023-1

Generative Al Usage
Not used

Flipped Learning

Al optionally used for
problem—solving

Flipped Learning +
Optional Al

Flipped Learning +
Mandatory Al

2023-2

Al mandatorily used for

2024-1 problem—solving
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Table 5. Coding Assignment Steps

Step Description Major Activities

1 Initial Code Writing Analyze pmi’g‘;’ plan, write
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Step Description Major Activities

Review Al suggestions, compare

2 Al Code Suggestion options

3 Code Comparison &

Select or refine the best code.
Improvement

4 Final Code Explanation Explain the final choice logically
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Table 6. Survey Questions

Category Question No, Count
Data Collection, Aqaly51s, and 123456789 9
Representation
Problem Decomposition and 10,11,12.13,14,15.16,17 8

Abstraction

18,19,20,21,22,23,24,25,26 9
27,28,29,30,31,32 6
33,34,35,36,37,38,39,40,41,42 10

Algorithms and Automation

Simulation and Parallelization

Course Satisfaction

Table 7 Table 69] A& £l AFE S 2 &
FEHUS A3 149 JEE AA, AAF =49 AF e
Q]—Q-E}EE 7—] o]— 7—]0]]:]— /\]ﬂE%‘oE EH JEH }-
ke Ohj4—(C1ronbachs Alpha) Al45 AHgste] &8 7+ U
A X5 SHston, By fo/dS B7hst7] 93
KMO(Kaiser-Meyer-Olkin) 772 A5ttt 291
A2 Zdex £4E 5ol +385tlor, 22l A
AlAbol| = vl Sl (Bartlett) B2 8351
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Figure 1. Factor Analysis of Thinking and Implementation
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Table 7. Measurement Tool Validation

Factors
Factor 1
No. Dec(cljrrxi);ci:gon Factor 2 Factor 3 Cronbach's
Abstraction ’ (Courge (A'utoma'tlon, Alpha
Algorithm ’ Satisfaction) Simulation)
Design)

11 0.718 0.055 -0.096

15 0.710 0.011 0.008

14 0.703 -0.018 0.016

13 0.703 0.012 -0.035

12 0.692 0.051 -0.091

16 0.670 0.043 -0.068

10 0.660 0.046 -0.077 094
20 0.650 0.039 0.010

19 0.632 0.053 0.159

22 0.613 0.027 0.224

23 0.516 -0.005 0.315

21 0.500 0.017 0.169

39 -0.082 0.830 0.052

41 -0.030 0.812 0.001

40 -0.097 0.807 -0.010

34 0.072 0.753 -0.080

42 -0.051 0.752 -0.008 0.916
36 0.100 0.740 0.018

37 0.000 0.726 0.018

33 0.081 0.648 -0.095
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Factors
Factor 1
(Problem '
No. | Decomposition e i Cronbacs
S (Course (Automation, Alpha
Abstraction, . . . .
. Satisfaction) Simulation)
Algorithm
Design)
25 -0.044 -0.016 0.862
24 -0.018 -0.003 0.846
30 0.018 0.007 0.798
0.930
29 0.050 0.027 0.774
31 0.036 0.055 0.703
26 0.149 0.034 0.635
KMO (Kaiser—Meyer—Olkin) 0.970
Chi-Square 36864.645
Bartlett’s Test of Sphericity df 861
D .000
4. A7 At

_l—/\:_\l_ h O > O O o L -1 = O o
3% AL B4 28)o] 8% Aol nlx|& L st

th& Table 82 2+ 8t WAollA st aH(EAlE3,
S o

Fas), Qe 4 =
=)9) AP AFE B Aol S tebd oIt Table 8ol
g x}o](Post-Pre)® oz}, &1 3 7](Cohen's d)7}
A AA = o Bk FAE kg aate] AoiA 2715 A
Hoz umd 4 JEs st
Table 8. Paired t—Test by Factors
Category Post —
Semester Pre/ | Mean | Pre |Cohensd| ¢ p
Factors )
post
pre |3.0554
Factorl 0.3436/ 0.54 |-5.310| .001
post |3.3990
2023-1
pre |2.1244
Factor3 0.6917)  0.96 |-9.645| .001
post [2.8161
pre |2.8992
Factorl 0.3472|  0.56 |-5.722| .001
post |3.2734
2023-2
pre |2.2729
Factor3 0.2602| 0.76 |-7.616| .001
post |2.8998

Category Post —
Semester Pre/ | Mean | Pre |Cohensd| ¢t p
Factors )
post
pre [2.9231
Factorl 0.5846| 0.42 |-3.862 .001
post |3.1833
2024-1
pre |2.2358
Factor3 0.5846| 0.77 |=7.275) .001
post |2.8204

SHE 44 43, 371 g WA BRolA g5

ojatA] Skt 202 e TH(p<0.05). &
A2, 2448, gaeE A oAM= BE g7]olA At
AECH AFS ool |onlstA S7kstslen, §35], A8/
g Al A=A 2-8(2023-2)0llA 7 2 S71=0] Yl
TH(2.8992—3.2734, p=0.001, d=0.56). ‘AH53}, AlE-20]
A FAe BE g WA olA {on]dt o] e
o, AMAY Al D57 28(2024-187)) oAM= 7H4 2 -3
(-7.275)3 =& &3 371(d=0.77)7F A =&= 0, 35
B9 g5 aaprt Eo] Fr2tl Aoz sfAlHEnh A
Ho= 909l 32 shg AT BA|glo] dHEA F3ollA

o 470l v 2712 Belom, 291 18 BE 7)o
F0 420 ane fAsc

‘Y MR Y AL A=A 2-8(2023-2)0l 4%
FonE 27171 e o m (p=0.001), Z@2 g 28
(2023-1)3F 28/8% Al 42| 2-8(2024-1)0ll = Fofm| &
Zpo] 7k vrEhLtA] ;‘R}Ur(p>0-05)~

Y R A Bl S YUY AT Y 2

e 49 BEES 245t o8l £
42 Segstol, 44F A1 S BA0] 2 50l AL B

2 o Fush 2astat
Table 9. Course Satisfaction Questions
NO. Question
39 Overall, I am satisfied with this course
41 The coding assignments were helpful
40 The learning content was appropriate
34 This course was beneficial
42 The quizzes helped my learning
36 This course was interesting
37 I would recommend this course
33 [ actively participated
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Table 10. Paired t—Test by Factors for Course Satisfaction Questions

Category Std A A3}, JR 2ol AP Al 2§ FAlo] nj2
Semester Pre/ |Mean| N (Std. Dev. Error t p L _ - _
e | of Mean Folulgt 2fo] 7t ERIE G 0 (p<0.05), §4 EFolrl=
pre |3.880| 193 | 0.774 | 0.056 AR AFS igto] ZhAashs AT UERGTE E5], A8
39 -2.554| .006 - - = .
post| 4.090] 193 | 0.840 | 0.060 83 Al 247 E-8(2024-1)0lA = "o] £=ollA Xﬂ%o_ il
4 |pre[3960] 193 J0732 Jooss | | A= shaohe ol T&o] =t ol ‘I'I‘—/]D]O]_ 7}
post | 4.150 | 193 | 0.856 | 0.062 | ' UehdA] 29kth(p>0.05). o= AA4E Al W44 g8o)
4o |2 | 4010] 193 | 0760 | 0055 | | S5 AlSo)A Huto g 223e sp=As ]A}jq_ A A
post| 4.210| 193 | 0.796 | 0.057 & A7} ZAAS A Qste date 2agl S B
4 | Pre [4230] 193 0816 | 0059 | | T, AE Al E1E iR ow gasfof slope orukzt
203-1 | (PO AO0L 193 | 0841 | 0001 of e ol M AHe/d S AR 4 olck web, 7
I pre [ 3.960 | 193 | 0.880 | 0.063 2553|006 3 AIS 283 117 28)o] 7| & & 15} HhE A]
post| 370} 99 |05 | 0% e 5 DEEE HYUCHL DY) ofn
3.800| 193 | 0.875 | 0.063 oo o ~ S
36 vo00 195 090 Toocr | -048]| 148 w3k, U o] 49 6%1301]71] 2718 Zo|tf 2ol
ost . . . - . - -
: ME YA Al B2 Z-8(2024-1)01A |-ojn|st Hlkr}
3y | Pre | 3610|193 | 0.007 | 0065 | P orareh 00) | A AL mad e
-3. . s >0.05). o]+ s Z
post [3.950 | 193 | 0.951 | 0.068 R “‘j\ p>0.05 ;jj] LAT e
’6‘ 5 O 15] XA o] sk foz iR Il
pre |4.320] 193 | 0.790 | 0.057 Hel 2 ErAlAl & °E7ﬂ s 8%l o S A
33 post | 3.970| 193 | 0.857 | 0.062 4.119 | <001 E}X]t‘ L%L%—%g EO%T':E’]' Z%X}-O/] /\6]601:54' }\c]ﬂ/\é_o Al %]_
pre | 3.630| 193 | 0.826 | 0.059 2 A9 Afolof| utet, g5 AE ) WA o] thEA U
~5.804 | €001 = . = _
¥ post | 4.090| 193 | 0.778 | 0.056 3804 <00 bt 7HsAdol ok AR sEAES BdE AlE 4=
4 | Pre|3:680] 193 | 0791 | 0057 | ool Aoz &astHA A s AFEE YA, &
post | 4.240| 193 | 0.832 | 0.060 | ' ShEAME2 A Al o2& 7t ot = Aol thet REZ
s P 3.760| 193 | 0.789 | 0.057 7301| oot L7 WS 9] A4S A 7oA E3E 4 dth
post|4.310| 193 | 0.755 | 0.054 | ’ ol2)at Axl= A Al B8 HAlo] 4 gItE =0
4y | Pre [3960] 193 | 0789 | 0057 | | L g 2HF0l Qe o & o) x|k, 2 urAlof| wle} oL
025 post [ 4.000| 193 | 0.848 | 0.061 AR G2} chs] e & 9)2.8 ATt 3],
g | Pre 37801 193 | 0789 | 0057 | o5l gy AAW AIS AEHoR 83w BARs), 245 I
post] 4180} 193 | 0.874 | 0.963 el AAS Aga, Algelol W olA Y 2 E71E
3.560| 193 | 0.853 | 0.061 - -
36 [ -2.167| 016 = H3lon, £¢ vEx JA| Fon|stA| F7Fstqict. bt
post [3.750| 193 | 0.896 | 0.064 o, Agxgog AIE D P D
4, Lpre 3490|193 | 0861 0062 | | o1}, 4] BT WIS .01514] SFOLT) ol AAIE Al
g . — — © S -
post [3.890| 193 | 0.886 | 0.064 . o . ooc
ore 14.030] 193 | 0.790 | 0,057 &89 A= l"é o] g&AEA REoE 285 7H54do]
33 : : : 0.261 | .397 o]e o olnls
post | 4.010| 193 | 0.816 | 0.059 Aae ol C’Jq_' ) )
pre |3.750| 193 | 0736 | 0.053 upebA, B8 Al 28 A2 ehEAke Abs/da A
3 post | 3.990 | 193 | 0.794 | 0.057 ~3.164) <001 & BAots WFo s dAEojof st, & Ud&Ql d4
4y | Pre [3930] 193 [ 0700 | 0050 | ggo| oz}, g5 Fxe} ehgAr EAol wet okt 3
post | 4.060| 193 | 0.824 | 0.059 | ' B2 283 vt Qi
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40 -2.083| .019 o
post| 4.130| 193 | 0.763 | 0.055 4.1.3 8t &7+ B4 A} goF 9l AJALY
pre |4.190 | 193 | 0.748 | 0.054 , .
34 2.505 | .007 obd AmE Ak B Ax} sk HFA s g
post| 3.980 | 193 | 0.854 | 0.061 i = %Z o 2, st Al EL}E} e
2024-1 ore |3.850] 193 | 0.798 | 0.057 ol 429 WS oflA] Zpo|7} UERG O, 53] HAE Al
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Table 11. Box's Test of Equality of Covariance Matrices

Box's M 97.535
F 3.230
dft 30
ae 2999164
p <.001

Volume 28, Issue 7, 2025

Table 12. Multivariate Test

Effect vlaue F dfl ar p
Pillai's Trace 0.978 |16761.735| 3.00 |1150.00| .000
Wilks' Lambda | 0.022 |16761.735| 3.00 |1150.00| .000
Intercept .
Hotelling's Trace | 43.726 |16761.735 3.00 |1150.00| .000
Roy's Largest Root| 43.726 |16761.735| 3.00 |1150.00| .000
Pillai's Trace 0.042 | 8133 | 6.00 [2302.00| <001
Wilks' Lambda | 0.959 | 8.203 6.00 |2300.00| <001
Al Usage .
Hotelling's Trace | 0.043 | 8272 | 6.00 |2298.00| <001
Roy's Largest Root| 0.042 | 16061 | 3.00 |1151.00| <001
Pillai's Trace 0.136 | 60.151 3.00 |1150.00| <001
Wilks' Lambda | 0.864 | 60.151 | 3.00 |1150.00| <001
Pre/Post -
Hotelling's Trace | 0.157 | 60.151 | 3.00 |1150.00| <001
Roy's Largest Root| 0.157 | 60.151 | 3.00 |1150.00| <001
Pillai's Trace 0.010 1.924 6.00 [2302.00| .073
Al Iisage Wilks' Lambda | 0990 | 1926 | 6.00 |2300.00| .073
Pre/Post| Hotelling's Trace | 0.010 | 1927 | 6.00 |229800| .073
Roy's Largest Root| 0.009 | 3.510 3.00 |1151.00| .015
Table 13. Levene's Test of Equality of Variances
Levene
Statistic 1 wz P
Mean 1491 | 5 1152 | .190
Problem -
Decomposition, Median 1379 [ 5] 1152 |.230
Abstraction, | NMedian with adj. df | 1379 | 5 | 1112.313 | .230
Algorithm Design
Trimmed mean 1504 | 5 1152 | .186
Mean 2432 | 5 1152 | .033
Automation, Median 2359 | 5| 1152 | .038
Simulation | Median with adj. df | 2359 | 5 | 1138.778 | .038
Trimmed mean 2487 | 5 1152 |.030
Mean 3882 | 5 1152 | .002
Course Median 3813 | 5 1152 | .002
Satisfaction | Median with adj. df | 3813 | 5 | 1142985 | 002
Trimmed mean 3875 | 5 1152 |.002

Ao (p<-001), =529
G835t Z R AP AL B8 W0 s ETE =
ol tl 24 ARl Y2 nX AR FAHH.

RERA, 2bEsk, Algso]d” aRleli = 449 Al 88
WAl 7F go]u| gk 2ho] 7k LpehA] ekgkom (p=0.075), A
43 Al 28 HhAat Aaglol ek Gt Eotets AF
S B} sk, Y AL 8 WA IF APA-ALS HE) 7F
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Table 14. Between—Subjects Effect Test

Dependent Type III df
Variable SS

Problem
Decomposition,
Abstraction,
Algorithm Design

Source MS F p

38033 | 5 7607 | 17423 | <001

Adj.
Model

Automation,

Simulation 37310

124809 | 5 | 24962 <001

Course
Satisfaction

14146 | 5 2829 | 6.613 <001

Problem
Decomposition,
Abstraction,
Algorithm Design

11288.531) 1 |11288.531)25857.355] .000

Intercept .
p Automation,

Simulation 00

7125437 1 |7125.437|10650.357

Course
Satisfaction

18037.293| 1 |18037.293442161.426/ .000

Problem
Decomposition,
Abstraction,
Algorithm Design

6.589 2 3295 | 1.547 <001

Al
Usage

Automation,

Simulation 075

3479 2 1740 | 2.600

Course

Satisfaction 033

2932 2 1466 | 3.427

Problem
Decomposition,
Abstraction,
Algorithm Design

30772 | 1 | 30772 | 70486 | <001

Pre

Automation,
Simulation

Post 120683 | 1 | 120.683 | 180.385 | <.001

Course

Satisfaction <001

7073 1 7073 | 16,532

Problem
Decomposition,
Abstraction,
Algorithm Design

Al
Usage
*

0.671 2 ] 0336 | 0769 464

Pre Automation,
/ Simulation
Post

0.647 2 | 0323 | 0483 617

Course

Satisfaction 4140 2

2070 | 4839 .008

Volume 28, Issue 7, 2025

Source

Dependent
Variable

Type 1II
SS

df | Ms F D

Error

Algorithm Design

Problem
Decomposition,
Abstraction,

502.928

1152| 0437

Automation,
Simulation

770.726

1152| 0.669

Course
Satisfaction

492.843

1152] 0.428

Total

Algorithm Design

Problem
Decomposition,
Abstraction,

11829.491

1158

Automation,
Simulation

8020.972

1158

Course
Satisfaction

18544.281

1158

Adj.
Total

Algorithm Design

Problem
Decomposition,
Abstraction,

540.961

1157

Automation,
Simulation

895.535

1157

Course
Satisfaction

506.988

1157
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Table 15. Post—Hoc Test — Al Usage
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Dot | e | e | DB | S| p [T
) 1) (1)) Lower | Upper
Opt | .1409 [0.04756| 013 | 0.0243 | 0.2575
Problem ot Mand. | 1740 |0.04756| .001 | 0.0574 | 0.2905
Decomposition, Not | -.1409 (0.04756] 013 |-0.2575|-0.0243
Abstraction, Opt.
Algorithm Mand. | 0331 |0.04756] .785 |-0.0835| 0.1496
Design Not | 1740 0.04756| .001 |-0.2905|-0.0574
Mand. Opt | —.0331 |0.04756| .785 | -0.1496 | 0.0835
Opt | —.1317 |0.05888| .082 |-0.2760| 0.0126
ot Mand. | -.0885 |0.05888| .323 |-0.2328 0.0558
Asqtomatjon, o Not | .1317 |0.05888 .082 |-0.0126| 0.2760
imulation Mand. | 0432 |0.05888| .764 |-0.1011| 0.1875
Not | 0885 |0.05888| .323 |-0.0558 0.2328
Mand.
Opt | —.0432 |0.05888| .764 |-0.1875| 0.1011
o Opt | .1182 |0.04708| .043 | 0.0028 | 0.2336
Mand. | .0894 |0.04708| .165 |-0.0260| 0.2048
Course Not | -.1182 |0.04708| .043 |-0.2336|-0.0028
Saisfacion | O ["\png | 0088 [004708| 829 |-0.1442] 0.0866
-~ Not | 0894 |0.04708| .165 |-0.2048| 0.0260
Opt | 0288 |0.04708| .829 |-0.0866 0.1442
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