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[Abstract]

This study focuses on a comparative analysis between conversational Al models, ChatGPT 3.5 and ChatGPT 4.0, and human
programmers based on their ability to solve coding problems. Considering the difficulty levels of coding problems and algorithm
types, we compare metrics such as accuracy, execution counts, code length, execution time, and memory usage to assess and
compare code generated by the ChatGPT models to that written by human programmers. Unlike previous research, a particular
emphasis is placed on the Korean language, focusing on the content and quality of generated code. Furthermore, this study
investigates the differences between the types of coding problems addressed by ChatGPT and those tackled by humans, as well
as explores the distinct reasons behind coding failures in each case. Datasets used in the research and analysis, including coding

problem data, are made publicly available to foster active engagement and promote related research in the future.
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248 Fo] ChatGPT2] A52S o] Zo] g8 3lx} 3t} Table 1. Example of problem results data collection
Data Example

Write a program that takes two integers, A

) and B, as input and outputs A minus B.
Question P P

lll. Cjo|E{Al Input: A and B are given on the first line. (0
<A, B<10)

Input and output Input: A and B are given on the first line. (0
Al T < FolEol A [19] Al ¥8h= <A, B<10)

ificati ) o
specifications Output: Output A minus B on the first line.

Input and output | Example Input 1: 3 2

o|EX= J examples Example Output 1: 1
3halo] QS TS EAS xﬂ%}ﬁhﬂ, 2alo] A Memory constraints | 128 I\//IB
N s Time constraints |2 &/ 2 sec
2Rlg B3 AR BAE E 1 ATE 54 1S e
T AT IS AT OF-Ee] FAE =2 Al clils%i{gz{?on Implementation
Fo BA FRe e 7@, g, 3 5478, Avithmetic Operations
A, ZAE, BREX: AlEYeld, MEHF, a8 T
o Ytk o] AlolE tikd =z doj(C, C++,  E 2 EII 2 HOE £ o
- Table 2. Example of participants result data collection
Java, Python $)& A dsty £A4] do|x o} darg|Z w} = tp p: p: - |
. = ata xample
o BHE PAS AT Ark BA ol m E 6710 © Aoouracy Tais 0 3145
AEE=, AH, 25, ZHE, tolol2s, FHDE 445 Average number of attempts 1.4222 times
7} S A|= oA o] AE- ¢ ] A F O oy Output format: 299
2 @A A 7S] A @2 e A9 3 o
z o] A2 Helgle] = o] X i imi :
128 A A L0 S TSIl S S007A e umoer of prtipants by |00 T SXCeee 1
Z‘"(67H %7:“ X 57H Aﬂl:[]* %7:” X 10 T"j:xﬂ)% /ﬂ_xég]—?j\q ﬂ]jfz'" error type Output limit exceeded: 81
AEN A] o] E7) =& thooli el FH]| | FAl= e Runtime error: 27292
= o - o1 a Compilation error: 58139
Xé HET/]' E“O]EJ T#BE ?_]_SH X%]‘Q]E]M\:]— 7&:11]'31.9.;, E* A\/erage code |eng'[h 69B
2z A, 2= ZYEd 9AGA F 200712 A& A Average execution time 108ms
%z}\ﬂp} Average memory usage 114,107KB

ChatGPTE o714 o|n]#] 1&EE& AE 4= §l7] Wit

of oA E ek TAL oAE RSl YrEw

wasisi Aol ofelg ol B9 Al HelE g oetel Ao Sut K1
A SRS, olSlele S QNF AU GE gy mgangrg pe wed g onww o), 2
S A G HolFle ASARCE, QBN AT Ay gy o5 A 20 0F, Awe) 2] 29 0F, B
SIEIAE A dlel, A A ol dolel, ChagpT 0 ST T AT M 7] B S
B o) delele PAER, B 18 A e A L T e e
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Response

Re-query prompt
Error message=|| (6) Re-querying auely prome (3).ChatGPT Inquiry | | (4) Code Extraction |

Code

Input prompt

| (2) Query Prompt Generation |

Question data
Scoring Process |~~\ Participants result data

Additional _{

Description
web

| (1) Data Collection |
I

Coding Site

*N :Number of queries

correct
\ /
s, s

.. #

Paticipants result
(6 Analsis of resuts }< ChatGPT 4.0 result
ChatGPT 3.5 result

a7 1. A3 s
Fig. 1. Experimental setup

28l ChatGPT7F AAdeE F= Zo), 23] Ak wine] ALg © 2 ChatGPTE Ao ZFEIES A3l o]& ChatGPT
% dlolEl = g Pk, welo] Agste] sk g AL, 2 Al EAA A

A9 g AREE A dlolE e} AT AEE ¥ 3 =S AY, Aeh A A3 el B9, AA At
Mo mm FF F4 Ao lela 5 gl 71g skag Aok Bebl 25)9) 371 71818 AT ek A SR
TH20]. #A] dlole o] A2 wiE dare]F Ale|E[19] =S FFsto] F7HAR1 A ] w29 o wHE sl
ol glowmg, 7t 2ol g wo]x] YA A olg B Uh 28] 3 o Folw sy mEF A e, HolA
3l et EAISk 714 HolE S Rl 4 Ak HlolE Al A sl Bed L dEe xlelel 4uls) Ade) 34
L F 43 AFo g ol AH Az AdETE E 4 S 3 W o upxato 2 et} o] Ay = ouk Ax)
She TP N X2 o)folqel, T 4, P 0% N& £ & £33l 49 28 waae, 49 3 dies
7} AvE Hate] 92 AR, Xe AR 27H 2A1E ov)eh sfete] E AYES HAstekal A9 ARES dEA7] A}

11

. o] HolE e Bealo] 458 =Y HlAE ZAE BE A9
33 GPT 29 452 BAE 4 98 Ao /i,
1) o]l 54

& 3. ChatGPT 2t Hol®t 74 oA sfold 7lbe] 87 71%E AHESle] HolElE Sl
Table 3. Example of ChatGPT result data collection -
b t}. Selenium[21]& o]-&3fo] €

BEleAE A5slekal
Data Example o L -
Corect Beautiful Soup[22]& &3 B3 HRE F=3T) o] 3
Incorrect,Output format, Time limit exceeded. AL 2532 Bl do|=H A EE AF HojEE &
Scoring Results Memory limit exceeded, Output limit 7
exceeded, Runtime error, Compilation error. FH o2 PR3
one from these.
Code length 44B
o] TETE XA
Execution time 116ms 2) CI:IatGPT 9] ZEIE A4 )
Memory usage 113,112KB TS A dlolHE 7|Hke R ChatGPT7} iA4lE o3l
“This is actual data examples and the data is in Korean. Sl ZEE QAT 4 9= Ao LETEES AASIT], F o)
SMLEIME

= “obdl BAE F solal ;= deld ek B

hyA
LD
Je mFPet] 1Y FAFAA FEG 24 2 Y2t 5
o

Iv. Hadd U Aoz FAH o]9} tlEe] Y Alo|EdllA 4
et eA] 3 oA 9 aejal AR AR 8L vRe] A

o] ol Al Al Mas afgt 1Y 3 2% YAFT) e o] oA QETt d)A] o] =
15 B, 39 FRFAA 7% 39 A dlolelE 7uk AeH= Ao 7 A =S 2W5r] 98 MEE HedshaL of
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[43] A =l No] TOWE‘r N& 180 A 2ar 9o 2 g
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[E3] &9 3217 2 N* 155 N*9714] £
[elA] =] 2

[elA] 231

o
2
Ko

2*%1=2
2%2=4
2%3=6
2*%4=8
2*%5=10
2*%6=12
2*7=14
2*%8=16
2*¥9=18

"This is actual data examples and the data is in Korean.
a8 2. 8 ZEZE ofA|

Fig. 2. Example input prompt

3) ChatGPT A9

ol ZEIEY} F#H|H W, ChatGPT o) do] T&=

EE Este g9 dolEE gl GPT3.59
OpenAlolA Al &&= APIE AR&-8le] dojdit). GPT4.09)
785, oF APIZF AlE = A 7] wiitof] §] slo] x| A 23
Feom Fojgitt o) Hel At dA| Aol JEgS |
A Qe 73S wiAIsH ] fleiA 7t doje R HW
oA S8t} 1Y 4= GPT3.5 APIE o]-&3lo] 23}

oA ZEFIZECTL A Al GPT9] ‘HErole) & ‘/\F%XP

k=0 ZY H|AEof|A2f Q17T ChatGPT 3.5 &4.0 &5 B[ & HIHHA

(user) & A AslaL, ‘W-&(content) o= FH|9 o] T2
EE g3t

“role”: “user,”

“content”; “o}]] F-A| & F= ol F= AHF\n\n\nFA| : 5L
A7} FARE W, 7P 7 ST xa0 - \xa0T ES ol 2R
ARG AL ndE A Foll £ A9 AZIN(1 <N <
1,000,000)0] FFojXITh &4 Zolli= F AE ©|F3L U= Am 20
Zt}. (-1,000,000,000 < Ai < 1,000,000,000)\nE2] : A4 Zoll 4
A9 71 R S7kshs FE o] Aol "%ﬂf&q A Z= A

& ol

N
I~
XL
o

|
4
—

o] 1 4 Q= 7P 71 F7kehs H S @tk 2
6\n10 20 10 30 20 50\n\n Al Z=1 : 4n10 20 30 50\n\n\nA|
23 Z0]a, W AEHe 512 MBIH T
“This is actual data examples and the data is in Korean.
T8 4. ChatGPT3.5 API &2 ofA|
Fig. 4. Example Input for ChatGPT3.5 API

4) ChatGPT ¥4 3= 35

o] @A A= GPT Edllo] AAg Folx 7= Hgt
F=38th GPT3.59] 49 APIE AF&-3te] Aelalgl7] o
o 19 59} 7L0] JSON g2l g tD} JSONB“‘
01]*1

fru H Ml o [{m mlo
N
n el r&
e
ol

@ e, e A, GaelE

FE PR Aste] FEUT. W} o] muyke
o501 = Aol AA TS ALgae)
'choices': [{
'finish reason': 'stop',

'index'": 0,

'message’: {'
‘content': 'n = int(input())\n\nfor i in range(1, 10):\n
print(n, "*", i, "=", n*i)', 'role": 'assistant'} } ],

'created": 1680134939,

'id": 'chatcmpl-6za8Z2 A9aK0Eiu4ZGHJtNOkc10Kd9',
‘model': 'gpt-3.5-turbo-0301",

‘object": 'chat.completion’,

'usage': {

‘completion_tokens': 26,

‘prompt_tokens'": 254,

'total_tokens': 280}

18l 5. ChatGPT3.52] API EHH 0fA|
Fia. 5. Example response from ChatGPT3.5 API

<table class="table table-bordered” style="width:304">  <tr>

= 5 = <thady> <td>d/1e/td> -
a. A& htmlﬁoﬂ/ﬂvgi Wk s <tded/2</td> b, 18 S HAER An
<td style="width 5%">1§1<;m> <td>&he\\ip:<;td>
48 <td style="width:B%">1/2</td> <td=ghel lip:</td>
W s T s | <td style="width 54">1 /3</1d> <tdoanel | iprefid> w=12
<td style="width:52">1 /8/td> <tdsthel | 1p3</td> [ o
an 2z Az 24 <td style="width:58">1 /5</td> </tr OO el

</trs

atrx

41 42 . « <td2/1</td>
<t d>2/2¢/td>
<td>2/3</td>
<t d>2/dc/td>

Abaeninie & ol LI ICICICICIC I
ltrx <tdsghel |ip3</td> SO0 0O00000] B

<tr>
ad>3/1</1d>
<td»3/2</td>
< d>3/3¢/td>
<td>ghel lipi</td>

: atd style="width:5">&hellip;</td> <tr> .

ittt DOO0000000kE =, o] 35031 ¢
ol ¢ 0000000000 k2 LogiE  SWA
HOO0E0000000] |* | s 305371 91k

<td»8hel lips</td>
<tdx=ghel | ip:</td>

H

<tdxghel | ipr</td>
<td=ghel lips</td>
<tdxghel | ipr</td>
<tdzghel ip;</td>
<tdzghel lipr</td>

<td>hellip;</td> <ftre
<tdzhellip;</td> ody>

</tr>

“This is actual data examples and the data is in Korean.
38 3. ZEZE X[ ofA|
Fia. 3. Prompt enaineerina example
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‘role’©] ‘assistant’ & A|7g¥ F-8-2 A& 2] A] ChatGPT
o] IRl “role” & A=l AR, 3 AE 74
oA He] #uS A5 $3 8t “id” delHE &
st A7gsitt. GPT4.0 B29] 79, 4 Ho|x]oA] d& &
¥ FEoA Z= FEvhs FE3E GPT4.09] &

?%—

2 63 Pl GPT4.09 §¥e Z=5 ¥35%] %]
71 7 AE) AA, BA 2R 7 ol EH A 'aS A4Sk
A Eek A, A, A Sd e AYsiuA 25 Al
T = A9 AR, GPT 99 Wggle] g9 DTS A
e A7 Ak ARolM = Al 7HA] A5 HER Bt
o A2t

“split()’

g2

+ G strip()”
“split()”

of2of ool == FAIELCE

count_words()

# eroie)

ULk

"This is actual data examples and the data is in Korean.
18 6. ChatGPT4.02| &t oflA|
Fig. 6. Example response from ChatGPT4.0.
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oelw 8 2 O, AR 23 o, viRe] 7] 23} &
i, E9 2% o, e o, A9 oF 5ol vk

A= A& Aloll= pypy3 Ao1E ARE-SH). o]+ Pythono.
2 A% FI=E AEshe A5 AR 23 /{7 A A
g glojA o5 WAEl] flFteltk. Z=% Pythono =
AAE DA 5 FdE 913 pypy3E AlET Flo|B =,
AA FA7A7Y 2gek F=o] dlolE] 3 Aol sde =
A8 gt wmEbA Hit AaAgk Pt vEe LS
< AEE o] 712 pypy3®E, Bt A= Hol= F1= 7]
<! python© & AR E 53Tt

6) ChatGPT A2 <]
AAR BE Ges 3w ghas ks o
& dolBn® F=o] 0 FE WHshal sk

Fgort. ChatGPT R Z-9ollle 277 WA olfE

http://dx.doi.org/10.9728/dcs.2023.24.12.3167

3 EAE Sdaly] gla) 71 delg Sehs Ade
Ag A o7 AEsldvt Ad e Ao ChatGPT+

FHetel Awt meEg sk A9 Wit
GPT3.59] 749 APIZ 53] thA] dejaluiA o]d Aol ¥
WS- §X35)7] 98] g IDE 283 AY Z=E A
A F8h= 7, ChatGPTOlAl thA] dejato] A4 i 51
=5 et gye] 59 Aol disiA Hdj 33714 A
o] g,

GPT7} 3R] Al ol AeS 34| ks 49, ol

b I

U=l
[ oxl of
i wo ok

I
FROR EFH o] Toﬂjﬂ «V\} F=(pseudo code)tt &
W aes A3 Egehs A9k wd AAglE A 9
= A=E F3eHA e ARl A

-
AR FaElE AEe] §-

ad W, dabs A, el

M2 37 S A,

Foh A AT BAE s B8 A9
Az QST § 5 7 4] BN ASE Aol =
EIXEES HojFEh)

E 4. GPTOIH M3eH MHIo &7
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Solution search on the Internet

Explanation type Answer code

No explanation

Problem statement

Procedural explanation

Procedural explanation + Pseudocode

Algorithm explanation

Solution approach
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Table 5. Query prompt by number of queries

Queries Input data Query prompt example
Please provide a Python code to
First Initial solve the following problem: (The
L:resr generated problem statement is omitted).
query input prompt | The time limit is 1 second, and the
memory limit is 128 MB.
Second The code in the previous answer is
query Error message | incorrect.
Please provide the code again.
Third The code in the previous answer
qulerry Error message | resulted in a runtime error.
Please provide the code again.
The code in the response is
Error ;
incorrect.
Fourth message, . )
> (Explanation omitted)
query additional P ; h | ) d
explanation ease; re e( to the explanation an
solve it again.
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Table 6. Attempt counts and accuracy by algorithm

NEsi4ot HEE v|T

category
GPT3.5 GPT4.0 Participants

Algorithm try_cnt |Rate(%) | try_cnt |Rate(%)| Rate(%)
Implementation| 1.2 85 1.0 77 51
Graph theory 1.5 75 1.8 77 37
Mathematics 1.2 56 1.1 60 42
Dynamic prog. 1.4 31 1.2 27 38
alc;fﬁtﬂ{n 17 | o7 13 | 27 39
Data structure 1.7 25 1.5 21 30
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Fig. 9. Comparison of code performance between GPT3.5, GPT4.0, and participants

a. GPT 3.5 b. GPT 4.0

import sys import sys
n = int(sys.stdin.readline()) class Stack:
stack = [] def __init__(self):
self.stack = []
for i in range(n):
command = sys.stdin.readline().split()
if command[@] = :
stack.appen
elif command[e] ==
if not stack:

def push(self, x):
self.stack.append(x)

push':
nt(command[11))
"pop' : def pop(self):

print(-1)
else: def size(self):
print(stack.pop()) return len(self.stack)
elif command[0] == 'size':
print(len(stack)) def empty(self):

elif command[0] == 'empty return 1 if not self.stack else @
if not stack:
print(1) def top(self):
else: return self.stack[-1] if self.stack else -1
print(0)
elif command[6] == 'top': def main():
if not stack: n = int(sys.stdin.readline())
print(-1) stack = Stack()
se:
print(stack[-1]) for _ in range(n):

command = sys.stdin.readline().split()

if command[0] == "push":
stack. push( ommand [11))

elif command[6] pop":
print(stack N

elif command[0] size"
print(stack.size())

elif command[0] == "empty":
print(stack. empty())
elif command[e] == "top'

print(stack.top())

if __name__ == "__main__":

main()

Teturn self.stack.pop() if self.stack else -1

c. Participant1(high score)

from sys import stdin,stdout
input = stdin.readline

n=int(input())
=[]

for _ in range(n):
emd=input().rstrip()

if cnd=="pop":
stdout.write(l.pop()+"\n") if 1 else
stdout.write(" l\n
elif cmd=="si.
stdout. wr)te(str(len(l))+ \n")
elif cnd=="empty"
)te( B\n if 1 else "1\n")

="top
stdout. wnte(l[ 1]1+"\n") if 1 else
stdout.write("-1\n")
else:
1.append(cnmd.split()[1]1)

d. Participant2(low score)

N = intCinput())

stack = []

pstack = []
for 1 in range(N) :

stackInput = input()

if "push" in stackInput
push = stackInput.split(" ")
stack.insert(0, push[l])

=[]
patack.append(’-1")
else :
pstack. append(stack. pop(©))
elif stackInput == "size" :
pstack.append(len(stack))

pstack append( "1")
else :
pstack.append("0")
elif stackInput == "top" :
if stack == [] :
pstack.append("-1")

se :
pstack.append(stack[0])

for i in pstack :
print(i)

a3 10. GPT3.52t GPT4.0 12|11 &7IXP| MAst IE d|w

Fig. 10. Comparison between GPT3.5, GPT4.0, and participant generated codes
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Table 7. Code comparison between GPT3.5, GPT4.0, and
participants

wrong answer wrong answer

59%

2% 44%

memory limit error
3% time limit error
15%
wrong answer
memory limit error
runtime error
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Table 8. Example of coding assignment utilizing ChatGPT

ltem Description

Design a function using ChatGPT to determine the

Array ) .
operation average value of elements in an array. Optimize the
P time complexity using ChatGPT.
) ) Implement a function using ChatGPT to remove
Linked list . ) )
. ) duplicate elements from a linked list. Ensure the
manipulation

function handles all test cases using ChatGPT.

Stack and |Design a stack and implement push and pop
queue operations using ChatGPT. Optimize the overall
operations |structure, including modularization, using ChatGPT.

Use ChatGPT to implement a function that
determines the depth of a given node in a tree.
Compare the solution with a student's code using
ChatGPT.

Tree traversal

Implement a function using ChatGPT to find the
shortest path between two nodes in a weighted
graph. Optimize the code using ChatGPT.

Graph
algorithm

# 9. ChatGPT &8 2T nixof thgh "ot XA
Table 9. Evaluation for coding assignment utilizing
ChatGPT

Item Description

Accuracy of |Evaluate whether the solutions for each task are
ChatGPT  |accurate and produce the expected results,
utilization regardless of whether ChatGPT was used or not.

Adherence to |Assess the extent to which ChatGPT has been used
coding to enhance code readability while adhering to

standards |coding standards.
I Evaluate how ChatGPT was utilized in each task by
Utilization of S S
ChatGPT reviewing the submission document and code.

Assess its appropriateness for the given tasks.

Evaluate whether each task satisfies specific
requirements, including handling edge cases and
optimization algorithms.

Task—specific
requirements

Improvement |Compare and analyze the code structure

of code improvements made by the student independently
structure with [and with the assistance of ChatGPT. Evaluate the
GPT utilization |overall structure enhancement.

GPT utilization |Assess the creativity of the student in utilizing
for problem— |ChatGPT for problem—solving in the given tasks and
solving skills |evaluate the suitability of prompt engineering.
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