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[Abstract]

This study presents a structured approach to integrating generative Al into programming education and investigates the
performance and plagiarism-detection capability of leading Al models. ChatGPT 4o, ChatGPT 5, Gemini 2.5 Pro, and Gemini 3
Pro were evaluated on Problem Solving Programming Class exercises under identical settings using Sharif Judge—based automated
grading and statistical analyses. Gemini 3 Pro demonstrated the highest accuracy and output stability, followed by ChatGPT 5. To
address the growing issue of Al-assisted plagiarism, the study employed multiple ChatGPT-generated reference codes combined
with MOSS analysis, achieving a 0% false positive rate for non-Al submissions and up to 96.6% detection accuracy for
Al-generated code. The findings highlighted the potential of generative Al to support content development, instruction, and

assessment while also offering an effective method for identifying Al-generated code in academic settings.
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Table 1. Classification of the problems

3 Pro7t 81.67%2] 7V =& A5 HoAFN
E7HA] EEE % Gemini 3 Pro7} 90.00%2] 71 =2
TE B w2 1,200 )31, ChatGPT 5% 1,040
Gemini 3 Prot 1,080 < 53l & 744 419 =+
& A4 1995 1,0954, 291+ 1,038 d 0.2 A AI-O/]
7k S 191 e AR, S 29] Aunh
A
ol A glol AEE F Ak B, F44
AA B 7487, 449) 109] B 1,030 012tk
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nZi i o Lo >

AN AgTE =

Rty M=y

Eolgt 42 ChatGPT 4o, Gemini 2.5 Pro, Gemini 3
ProolXe= HIY SoF/7F shE A FAAIT,
ChatGPT 59] 4§- 235()& 2714 A7t w739
2ol AMFE()S 78 3t 5 AR 2FE 2P
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Table 2. Evaluation of code generation accuracy of generative

Als
version b 22§/th 1st arlgcéiilrﬁtempt
ChatGPT 40 61.67% 73.33%
ChatGPT 5 70.00% 86.67%
Gemini 2.5 Pro 75.00% 84.17%
Gemini 3 Pro 81.67% 90.00%

E 3. cho|Eof 2 s My
Table 3. Comparison of score obtained according to difficulty

=1

Criteria # of problems level
High 6 # of Score obtained
D'lﬁ'cul”y Medium 9 Criteria pro= | Max | ChatGPT | Gemini
eve Low 11 blems | score 5 3 Pro
String Processing 7 High 6 290 170 220
Abstract Data Structure 5 Difficulty | Medium 9 430 310 320
Sorting 2 level Low 11 480 360 440
Typ.e / Combinatorics 2 Sum 26 1,200 840 980
Algorithm
Backtracking 4 o | i~
= = = X
Graph Traversal / Algorithm 4 E 4. 78/L02|500 0E 25 M bl
Dynamic Programming 5 Table 4. Comparlson of score obtained according to type /
algorithm
H 2o /\}%rs} TE2IEE U2y} 7o) . Score obtained
L o
MEEME(1RD : A &l A} AxFEE T Criteria problems | Max | ChatGP | Gemini 3
oH. (A A3} Au% c}g%g akely” score T5 Pro
e « - String
i%l—]—l——-(ZX]') Eﬂ}\E ﬂ] O]}\ n7H %‘ m7H‘?—} %ﬂ].gﬂo} Drocesging 7 300 150 270
FEE A A (e F HAE AolA ~57
A gHE0] . = Aol 2 1~571 Abssttrrjgttucrj:ta s 200 110 100
o)a, me 1=} /\] o l':ﬂJJr H2AE Ao ) ,
olg} 7ro] 13} A% TETEL T Awn) o] Lot Sorting 2 100 70 50
9 AT o Zele AN gl ALLer ok a]zo]ﬂMﬂ o Zpe/ Combinatorics 2| 100 90 90
gul = o~ -
N A, = e oo | Backiracking 4] 200 200 200
F745HA) stk @, Al Aol o] s} Qi A
Graph traversal 4 200 150 200
E5 ¥3kste] A ]§“E} 12} Aol A EB3elA] B3k gl AE / Algorithm
Alo)|27} Q= A9 F BIRE Aol B A 5 E v T Dynamic 2| 100 70 70
G2 w2 e Sla)A] A STH programming
7= 3 =
UEAE LFLEA 71 ST Sum 26| 1,200 840 980
¥ 2& I A3E HojFr) 13 Al=R H718PH Gemini
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Gemini 3 Pro7} HIZE 70|25 sy SysA] &3k
A= 3 F2F WA F32(mushroom  farm2)©],
ChatGPT 57} HIZE Alo|2=E shte S3shA] 5:dh 24
= 11 5=} wlglo} Ald(Mafia game)©] Atk vhajo} A2
Gemini 2.5 ProXx 3] a4} &35t T4 =1, Gemini
3 Prooll A= BE HXAE Alo| 25 B9el= Ag &ax 75
£ A ATk mhajo} Al]lel] ik A 5o 7=
o] k.

Aol A8k A Al 4784 Mo disl] JA H=E
Aol F Ay FIS FAE 3 FA WA 5
2(mushroom farm2)¢} 7 54} ol}13(anagram), Z18]aL
13 =} 2#4d(sand castle) ]St} ThA] Dsld 4714 A
AR AIE 1, 22 A7 Sk BE HAE Alo)aE
THE e A A FIEE AT F YT AE7A o] A
s A= A Gemini 3 Pro7} 474 B4 = 7V 9
g des BAth A9 o /= fIlL, 1Ak A =TS
TP = A E wi)
¥ 32 Ho|%of w2 ChatGPT 59 Gemini 3 Pro 24

ANE vlugk diolrt. do|w=et #Agle]
Gemini 3 Pro”7} ChatGPT 5XU} £ d4E 7|53t}
I AE G/ nEE v 85 HeE g AdYE B
oA, FIRETFRe 4E F-ol4E ChatGPT 57}
Y =2 AFE 71593, 449 A 2= 3/
dag]E FHNAE Gemini 3 Pro7t H =2 A&
Fach 2 9o £33 dueFele wHe A9E B

vl 714 AAE Al HA(ChatGPT 4o, ChatGPT 5,
Gemini 2.5 Pro, Gemini 3 Pro)¢] X217 &4 34 &
(1, 23 N e T = H9)E AFESl] Friedman Test®
T A3 W 3 AR SR FonE A ztol7t g1l
H Aot Friedman Test A% AR = 12.19, Ak
(df) = 3, #23HE(p) = 0.0067°] Vgt A3 Fo)5
F(a=0.05 == a=0.0DHET} Fom=z A Al A
7y 22 2 Asds BEAAo R o9 §9u|3t 2}
oI7F &S EIFHp < .01). Bdl 7t 4 zpolE 7153}
7] 918 Nemenyi AR 248 Fa8t=, B <917t

74 =9 Gemini 3 Proy ChatGPT 40%ke] H] o A%
EAACE Feugh 2tolE HolA| kom(p = 0.641),
ChatGPT 5(p = 0.999) ¥ Gemini 2.5 Pro(p = 0.990)<}
o] HluoXE FAA fFoide S1EA Fdr w3t
ChatGPT 5%} ChatGPT 4o 7+ A%s =to] GA] BAIK
2 gomElA] ke Aoz YERITHp = 0.665). o]#]sk 2
= ] 2elo] vre] Al FUE H4E 5
2} 3t 9] 2pol7} A4 kA, 2670 EAlekE Alghd i
2 A7|E lE AR frofn|gh AuE viH| Sk
A8k 4= 9t} o ® E458}al Gemini 3 Proe AA| &
AlollA =& A0 E 53 vlEo] 7P =11, 0ot
1087 22 594 A A7 ddid o= Aol tha 2
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Table 5. Problem and test case pass of generative Als

59] Ao M= Gemini 3 Pro7} 71 $-

_ # of perfectly # of partly # of passed
Version passed passed ¢
est cases
problems problems
ChatGPT 40 3 (50.0%) 21 (80.8%) 8 (61.3%)
ChatGPT 5 6 (61.5%) 0 (76.9%) 8 (70.3%)
Gemini 2.5 Pro 7 (65.4%) 23 (88.5%) 84 (75.7%)
Gemini 3 Pro 9 (73.1%) 4 (92.3%) 2 (82.9%)
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Table 6. Plagiarism detection procedure
Step Description

Build Al-generate reference code set and test code set
Step1

for each problems
Step2 | Build student code set

Plagiarism detection using MOSS for 3, 6, 9 Al
Step3 )

generated reference code set, respectively
Step4 | Calculate detection rates and false positive rates

IEIE ‘U2 EAo) thell A& O 2 AAFE 12
NE wHeoj3Ed], S o8-S wipl_l,...,wlpl_12%

A zip o= FolH.”

ARE a2 S5 T NS B A5 AER ARSStaL, U
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oA Hx F= ME F7] 37} 69] S FHEo] FE3] LA
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we
FAH

7} Qlon), TEIE W,
st 5 o] gk A9

= 5 Ak

| 88 moss aee - o x
Submission Info | Browser | Get User Id

| userig 322163

Language | java
Chaose Base File(s)

OptionM: 100
Option N : 10000

Option € ¢

) Use Experimental Server ito://moss, stanford,edu/results/6/%622431118345

Choose Source Files. Clear Files (] Use Directory Mode Send Request

0 Restict FileTypes
Source File(s) i

Enfer 3 It of accepied xtensions (with oy
for example: ,cpp..cc..hpp

Hover over each Option Label

for information about the option.

o=

38 1. GUIZt = MOSS
Fig. 1. MOSS app with GUI
Moss Results
Tue Nov 18 17:21:29 PST 2025

Options -l java -m 100

[ How to Read the Results | Tips | FAQ | Contact | Submission Scripts | Credits ]

File1 File 2 Lines Matched
w5p3 S.java (75%)  wSp3 7.java (82%) 42
w5p3 Sjava (72%)  wS5p3 9.java (62%) 38
w5p3 7.java (76%) w5p3 9.java (60%) 38
w5p3 6.java (79%) w5p3 7.java (73%) 34
w5p3 S.java (66%)  w5p3 6.java (T7%) 35
w5p3 10java (67%) w5p3 6.java (T7%) 33
w5p3 3.java (76%)  w5p3 4.java (77%) 36
w5p3 4.java (76%)  w5p3_6.java (T4%) 35
w5p3 11.java (63%) wS5p3 9.java (53%) 33
w5p3 11java (63%) w5p3 7.java (67%) 33
w5p3 11java (63%) w5p3 5.java (62%) 33
w5p3 10java (63%) w5p3 T.java (66%) 29
2200914548, java (50%) a201513392.java (40%) 20
2201513392.java (19%) w5p3 12.java (14%) 7

8 2. 5FA 2 30f e #H ©X| 2t

Fig. 2. Plagiarism detection result for problem 3 of week 5
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Table 7. Plagiarism detection rate and false positive rate of
generative Als according to number of models

Thres
hold Detection rate (%) False positive rate (%)
(%)
3 6 9 3 6 9
20 98.9 100.0 100.0 4.6 4.6 5.8
25 96.6 100.0 100.0 1.2 1.2 2.3
30 95.4 100.0 100.0 1.2 1.2 2.3
35 93.1 98.9 100.0 1.2 1.2 1.2
40 87.4 95.4 96.6 0.0 0.0 0.0
45 80.5 92.0 96.6 0.0 0.0 0.0
50 77.0 90.8 95.4 0.0 0.0 0.0
55 62.1 83.9 89.7 0.0 0.0 0.0
60 57.5 79.3 87.4 0.0 0.0 0.0
65 471 66.7 77.0 0.0 0.0 0.0
70 37.9 58.6 69.0 0.0 0.0 0.0
Detection rates
1000
50.0
80.0
700
60.0
500
400
300
200
100
0.0
20 5 30 a5 40 45 50 55 B0 B5 Jjo
= Detection rate (3) m——Dtection rate (&) - [etection rate (3}
8 3. Agholl e BX|s
Fig. 3. Detection rate according to threshold value
False positive rates
7.0
6.0
5.0
40
30
20
10
00 -
20 25 30 35 40 45 50 55 60 85 0

= False positive (3]
O8 4. A w2 2EX|E
Fig. 4. False positive rate according to threshold value
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Table 8. Comparison of results with existing research

Detection False positive Remark
rate (%) rate (%)
Muntasir Hog o o Muntasir Hog’s
(SANN) 97% 3% best result
Muntasir Hog o o
(ASTNN) 99% 8%
This research o 9 i
(threshold 40%) 97% 0% Our suggestion
This research o o
(threshold 35%) 100% 1%
V.E B
B ATE A4 ALY A wle] TRaey w8
el m2l= FFS ZEA BAslaL, 53] WS d F)
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Table 9. Weekly topics of problem solving programming

Week Topics Problems
counting characters
1 Introduction decimal vs hexadecimal
3n+1 variation
5 Data alphabet calculator
structurel mushroom farm
card extraction
Data
3 mushroom bomb
structure2
mushroom farm?2
. anagram
4 Strings? finding Timo
5 Strings2 aIphanumenc/HanguI sorting
code breaking
6 Sorting KDA .
mushroom sorting
7 Combinatorics look—and—say sequence
anagram
8 Midterm exam written exam
9 Backtracking’ Timo prime number
card play
10 Backtracking?2 Knight
game contest
Graph Mafia game
11 -
traversal old Timo
Graph shortest path
12 i )
algorithms grasshoper catching
13 Dynamic canyon escape
programming1 sand castle
14 Final exam written exam
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