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ABSTRACT

This study proposes a programming education model based on self-regulated
learning, called the Learning—by—Prompting model, which utilizes generative Al
(ChatGPT). This model is structured so that learners can independently review
after programming lessons with the instructor. During the review process, learners
use ChatGPT prompting to verify concepts, design solutions to practice problems,

and experiment with new functions or solutions, thus supporting the application

tEMSY  DEchelm CHelel ZTEfSta) BiAlE, of self-regulated learning strategies. In this study, we implemented an introductory
SYTHS W WS} F i programming course with the Learning=by—-Prompting model for non-major
Aol LTI FRES W (WA students. The results showed some positive changes in learners' creative problem—
] 20244 102 28Y solving abilities and significant improvements in data processing and data literacy
sAR 202414128 09 efficacy. Learners' attitudes toward ChatGPT were already positive before the
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A course and remained so afterward. It is expected that the Learning—by—Prompting
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model can be expanded to various subjects that require self—directed learning.

* 0] ST 20241 BB |EHBSH
S[T7IRI0| SWEAITHEIAIY XI2IS ot 221

(2023-0-00044).

i

Keywords programming education, generative Al prompting, self-regulated learning,
ChatGPT, creative problem solving

2UHOIZBTY | MAY Al TETYS BB ADIZHeLS MY Ul T2y B Y 43


https://orcid.org/0000-0001-8921-6761
https://orcid.org/0000-0003-0555-8591
https://kace.re.kr
https://crossmark.crossref.org/dialog/?doi=10.32431/kace.2024.27.9.005&domain=https://journal.kace.re.kr/&uri_scheme=http:&cm_version=v1.5

THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 27, Issue 9, 2024

L. A&

Ad AtglE AZEY i (software, SW)et 525
(artificial intelligence, Al)& S3ll AFS] A 43t 711 =
FEote SWSAHARR = @Hsta glow, ofo wef 2&
AFE] Zofol| Al SWeF Al 7]&& olslistal ZA|si el A4
Zog 8o £ 9l L o]uEJ odgFo g 7hxE 1 9t

[1-3]. o]2ig At} 2 % Fsted, HlellM= 2018L4

Hat o wstol chet w1
Tol| oftA, ulHF TS

2 Az BAgll SW E%O 0 ool 4 dstcn
Azbo] Aol whak SW 8ol chat A
M Q40| F7bsHe ZO2 LreRg eI,
ol R rhs Eelo] A3 w4
£ QAo Yare W
Auistol B35k A
g A48 sjof s e

| 73 Stk ojo watstel, As
o] A7) [ Hopet 21|
o 4 RS FE AP NS
ofe} ICT 7149] 3 Al

opﬂ

¢}

o
Hi
=~ HJIO
2
wn

o
3] -1%' o
oz
n
rlo
wn
=
Kl
Ho

30,
P
o)
o,
1o
N
N
rlo
(e}

gl

o
i
o
2
)
ol
okl o

e o
ofo
19
L
l—‘O
o
o
ol

ol
=

Mo
>~
>
ot
£

fe w2 of o oE
o N o Lo
o> L
> o
Moo

H—‘

=2

O,

)

Bl

N

fu

>

=

il

u

i)

o2

o

>

oo

i

>

¥

o
)

o
2

H}

o

Alolel ap2 AFY Abne mEe 474
7

o o
lo
o
=
=2
El
U
[
&L g
oE
o,
ook
el
30 -

10 ol
o L ox

o an
> 0
N

N
N

N
N

N
S
o
+
Jhu
inj

i

lo
ox
)
fllo

O 19 Hr of o
W_'
™
o
Jm
ox
o
o
Ll

o RU
ol
AN
ook
1o

U :‘O
+d
=2
R=)
i)

>,
2 ox
ol
Ol
o
=)
iCh
2
%’
=
2ol

Ake] Hgat SW 3 Al 7|
sigAte) o) st 33

=1

L

N o L
o

L rlo dlo oz ro
)
> oH

9 %
) F_]{; to o
o o (g
z o
o ol
lo rlr
(T e
[ o

wn
=
o ©

il
fo
N
H1
st
al

)
rr
o)
o
ofl
o
ox
o
__)tl_"
oK
_O'L
rir

o
L9 ofy
o> o
o o
Frpe
)
Lo
olr
o 5 8
oo
5 %
ol 19
o
ﬂllﬂl s
Hr
(o)
T
N
iR
o 12
Lok %

)

Al71E ez dH% Zimmerman(11]9] A7
(self-regulated learning, SRL) =k} -FAFSH

gkok SkEab7E TR e WSS Hhs =0 )
A e AR 5 U DEY Felgi
ol Itk 27| 2 Mt Hieke] 28 FUlE FPabet
Aot 2y w47t BE shgato)A| 7 FE
A3 3710l Az g7kl SA7L ik

fol 2 r o 1E N

or 1k U.Zi Nz

[¢]

0.
i
4>
Mo ¥ DY O O o o H1 W fu

o oo kI I,L oy T

o,

=
ofof 2 Aol A= tiahad

AP AL HBIAE B tol
S

4315 (SRL) 42 A&

Zzae wsol 27|24 A gk 2d
Hio] L5 I g (learning-by-prompting) 2 &S A Fsct
giigutolzz oy el A WA Gl wpatel T2
a9 Ve S Skl 2d AES AR &, FHA o
74101]*1 AGPTeHe] ZE52d S 5o dA AEIH A
Soll 2o sEAs 2 ghaolie] da Adet AGPT

9} FAER A0S v, AE, Rt 2M ZpAle) 4
1 540l sl 2241 sh52 f=ste aaiiolth C
tigt QIEst AlD 9] Stsats tiide® o 712 eIy
4ol gguto|z gy RdS A g5t AlY ez &
20 shE make] Waks gelst] ffs) shsAke] o
2 FAlsE 2 wlolEl Aol gk 2] ase] HEtE
ZAFSEY. O A, 22T 4ol fle sheAtd =
2ligHlo| ZE 2 E Hel3 #8351 o] o] EAlsE %

Hlo]8 Helol oie 2H7] Estol A4
B ATE ofEkg PP AL A A BEdto] 47123
P (SRL) Meke HE3 7|2 ZR ey g 2 A
3 7ol 21 ojol7h Qlek. FFolis 2 Aol Rkt
bolmgmy mue maawy we ool choke wit
st A-gsto] tisky AAE

Ak et nae) w2 WAl A Uz Aol

olr

}‘N_I}UOLL_I
én:

2.1 2712485 (SRL) ekt =27 u&

271248+ (self-regulated learning, SRL)-2
47 (forethought)stal 11
49 (performance)dt H,
o) A|&4Q gtEe FXoks

T’L%]EH

o ju o

9] /\éfg(reﬂection)%
@O]EHIB] 2AH% 0

T

i
3

Y
i
)

AT Bergin[l4] 52 tigtd=s ez 27
(SRL) Ago] 7|% 2y AJtol| nlX]
ARRICE AT At wERRIA] W 2kl ejet
S =2 WA 5717 =R 4o ol
7o & uerstth Alhazbi 5[15]2 SH4
Fo12 & 5ol siAsta Ao egAtolA 2p7
dets ek vlg] skl o] € dix+ ¥} 3 &

AlRZe o Ar|zdsts A

rfy o
e BN oo 12 AL BN ) M BN B o B oz

my
olN o o9
t? Lo odk
o)}

=

a4



Volume 27, Issue 9, 2024

THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION

sHH, ol A ZzkN1610] 2l A7)z g st det
2 A8% AFE =21y 8 malo] Al vt Utk
o Aol ZzIey WEo| BA| & 4

ox ™
B o2 el
U -
X N = %

g ool =

ok o

i ¥ R
o

o=

2 Mo

=2

o

ol

ol

rr

)

il

N

b

i

=2

)

N

b

N

PN

2

yo 0
lo Mo
X
i
T
fu
ot
)
Iz
Hu
1
i)
g
ol
)
>,
d
e
N

I

)y
o ofr

H 247} o“&% & olth= Ae & 4 Aok
2 & AgolAe z2a 28] LIME
2217} —,—E@ o7z _,—Xﬂ oﬂéﬁ}% SRL &

T o)
-
oft

[0 ofl 2 2 oo mu mx wok m
oZ ; m £
z
FUIO Jp‘l'.
2> ml>
§ [
N7
N
E
i

Hu mo 2>

moh > RU 4 U O By ok
o
)3
fol
i)
il
et
0,
ol
rlr
12
rl
i)
rlr
By
i3
j?.l“
i
Sl
s
ie)
o

N
9]

J2oll A Qi utet o] L)y wee AuAo
2 Ale} 84 mEo)7] v ojele Ao thEHch B
2 A9, S WEHo| 2 71 H3 sigol Wast A
28 742 Adshs 2t A4 drlshe o o 0%
sith. wok m2 oy AHEe vle Aol sy Sol
QA7) ofele 4 gtk Alzko] ALbRA Be 4T}
A =77t 5RO, Ty wEe ofHs] 8

% SH4=E 'dot T

& 25 Qle 2 AT o] mEl(Large Language
Model, LLM)& gtiet Fo] B|AE o8& o3k &
Azt m =l 719k F3tst&(RLHF) eSS AHEs)
o] & nA AT EZR AT} SAFSHA AdolE AY
/gstal ohfet /1o A7 Ade +FF 4 Uve Ao
x2](NLP) 7]&olth. LLM2 ZHFEet QI7te] Adojd 4
2AgS AA FoA=tl tiEA QD AR E OpenAlQ)
GPT, Google®] Bard 5°] tt18]. £35] LLM 2@
Ado] Aoz HE ofg Iy <
dotAY FEE ZAste] 41 oﬂ% 7Is& Zﬂ%ﬁ Ur[ 9].
wpetA] 2t Aol & (LLM) 7 s

1:1
Hulat 2wy 28 4 Oﬂ %%

i
fru
kU
ﬂ
ﬂl

0?1

2 o

A —

2 AA3s}t}. Banic 52012 158y 2 ey
2 Sk (pair programming)d} MGPTE &850

ol 5
wf T2 aefga AGPTOl o

% St 3 Q14| Wkt
A< W Yilmaz 52112 $AHE Al =75 283
zzaey ol tis] sty =9 HalE A=,
3d A7t HH} S, U A, AFE 71& 7ol
L&ol FAT ‘T’Jt‘q ojuf mzaefy gy FE3}
22 A7t 9,\ % HE Aol ¢ Yilmaz 5(22]2]

£ AelM e AFE AL, =2 A, g 5

oA Y Al =77t FHH IS S
t}.

Deriba £[23]2 HMGPTE &85 T2 12 w30
Wt tho] A E BAS =T 2ARE Ao 21%7F
AGPT7F 2= AHg B 545 4] A& 9t =+
a2 A= HoF9l oL} 36%+= AGPT7F HAE
7|gko] opd ol AZo] Fste o oS AN
om WYY Al =79 A=Y L Y BAlE Sel
ot & o 36%2°] AFollA= HGPTOl tigh B 54 0|1
et ojFo] m ey w89l Hjuha Aba, S Fo

Al 7]eoll AR 92 nixl= 2HE =

Shl&S BT ol m2aed wsEnt oyt A
GPTE w0l 8% A2 24 A7 AibolA =
FAFSHAl A== wiEloltH[24]. whebA tishy HAHE
Al E78 X272 1% 272 5] lsire
99 AL R W §20% D2 AT E vstel #8
Wele A AAE Best it

kx| 27| 2A 3] #( ) ekt =2 ey wso] At

9l FFe vjWckes ATE I vk Yok 2™

B, A4 ATY) 5HOE BAlo) AA R AITHE BT
8 4 Al =L o= Al E 2t
=

]_

o N
1
.38 g

o] 2
=

e ox

HollA se] AYA W 2L A 2 A A
o] AshE 7H5Ao] Ueke A Juldict aebAl 5x
ol Z2A24Y DG VE 52 49 Aol ol
7o ofUje}, Y AIS HES AV 2o HS &
Aot gao= aﬁgzr AAA g mlo] W esitt

3. 8% Al 8% == ugrd
3.1. 2]gdHio] ZE =g (Learning-by-Prompting)
& Atolld s 22y 2EAPF 23 ShgollA]
e oS 2919 gt siet 3k Adelof Yol &=
Ao S| de 4 =E 27| 2 A HE(SRL) Aol 7|RtS
Iz S Lol 2fgutol gy g A|Qteitt,
2lgufo| TR L el 2 Fig. 1o LR Hie} Zo]

2R RE 22089 g 55 (studying)she ©HA
o} HGPTE &85t &3t WgS AAE B(self-

rev1ew)o}~ ﬁli A9 =209y i &5

o

9 ez u 3
o O]‘éﬂ(understandmg)s& 2 & (applying)e] Aol 3

B 802 B AR St 24 45 B
oM A4 UlES BI15k 2AIE Bstol sag
oluf sk 71 BAIS A, 2Y W 5 FEHo
= Agab oh dopt sz A 20t HelE
WS 29 JlMe Tkl A8t Sol mHe

NEslEE gEst,

45



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION

Volume 27, Issue 9, 2024

A Learning-by-Prompting Framework based on Self-Regulated Learning with ChatGPT

Studying

Interaction with Instructor

Self-Review
Interaction with ChatGPT

understanding the core
concepts of programming

Understanding Applying

practicing programming
with the learned concepts

t

Self-reflection

« analyzing differences between
output and the ChatGPT’s codes

* modifying the goals and strategies

« reflecting on additional prompts
and future learning objectives

Forethought

— ¥

.
"’establishing problem-solving
goals and strategies

Prompting

guiding coding for

problem-solving through

ChatGPT prompts

« formulating prompts to guide
ChatGPT to generate a program

Reflection

comparing and analyzing
goals and outcomes and
making improvements

* understanding the

« implement the

Performance

ChatGPT’s codes

ChatGPT’s codes

Figure 1. Structure of the Learning—by—Prompting Framework
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Table 1. Introductory Programming Curriculum using the Learning—by—Prompting Framework

Day Topic Contents ChatGPT Prompting
Understanding Generative Al and Introduction to the latest generative Al technologies Pre-test (,C reative problem splvlng,
1 . . . S . . data literacy, programming
Prompting Experience various applications using prompting .
efficacy)
Starting Python 'Inpt'lt/out;‘)ut and x{arlables
2 P . Basic arithmetic operations on data
TOBraming Practice: Calculator
Flow structures (sequential, selection, repetition) Let ChatGPT perform the in-class
3 Pyih Generating Procedures Configuring conditions for procedural structure practice
ython Practice: Quiz App (using loops) Expand the practice problems and
Programming - .
Basics Structuring Complex Importing external modules solve them using ChatGPT
4 u ;r bgl o P Defining tasks as functions Compare results between my work
oplems Practice: Quiz App (using functions) and ChatGPT’s output
Handling Complex Representing complexidaAta (lists, dictionaries)
5 Data storage (file input/output)
Data . ) . .
Practice: Searching phone numbers in a list
6 Data pre—processing Utlizing public dgta
Data preprocessing
Exploratory Aralvring Tran data (Exol o
Data Analysis |Satistical Analysis and nalyzing Titanic passenger data (Exploratory Data
7 T Analysis) Use ChatGPT prompts to perform
Visualization of Data L - .
Visualizing statistical results exercises
Text mining theory and applications Evaluate 1f'the results align with
Highlight keywords in English movie reviews and Korean the intended goals
8 Text Mining and Visualization shopping mall reviews using word cloud
Analyze and visualize key terms using natural language
processing
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Table 3. Survey for Pre—test and Post—test

Variables .
Survey Questions
Category | 1D
CPs1 [ enjoy finding problems and new ideas
through everyday experiences.
Creative | (pg) When doing a task, I consider it from various
Solving perspectives to find the cause.
Problem CPS3 I combine different ideas when solving a
[27] problem.
CPpsa [ often find solutions even when others say
there is no way.
DL1 I can define what data is.
Data D12 I can investigate and collect data necessary for
Literacy problem=solving.
(28] DL3 [ can explain different types of data and their
characteristics.
DPI I can explore patterns and trends in collected
Data data.
Process— DP2 [ can represent data in various ways, such as
ing charts, tables, and graphics.
(28] DP3 I can categorize data by considering its
attributes to make it easier to use.
Attitude CIl [ want to continue using ChatGPT.
toward CI2 |l plan to keep using ChatGPT.
ChatGPT I3 Since I can code with ChatGPT, I don’t
[20] necessarily need to know coding methods.
A+ 23
2 Aol Aet el TE R BAle Hgdt 1
g9l s B3NS VA 98, ARZAS) BRE FelY
A EE, ol A4} Holy X2 A%, AGPTO]| o

St Ej=2 B75lo] AP -ARE ALl A %4 o] gk Jstrt
AJEA] A k)

Table 4= APH-AME ZAte] ste|ne)d 4% 2as
L]-E}%H_ Al o]t,} 571- /\]—814 ko3 %}AZ]-E—Q] i}gx—] %xﬂéﬂ?é
2 AP HAHM=3.01, SD=1.75)H} ALEZAAHM=3.63,
SD=0.69)0A EAZH o & goju|stA FAit= TH(t=-
2.31, p=0.02). tlo]&] e Al A AIHAHM=2.42,
SD=1.50)°]l H]all ALEAAHM=3.73, SD=0.69)0llA] Z7}
om SAXHOR ujQ Fojuet S HoHt=-5.19,
p<0.001). o]&st At ol &8 2 o5 52o] IA
P ASS AARTE dlolE] 2] oJFF mot AP AL
(M=2.20, SD=1.56) .t} AFEZHAHM=3.71, SD=0.60)°l| A1
Fonjet A4S LETHt=-7.27, p<0.001). ol E74-&
Eal glojg] 24 9 2] 5ol gt g5ate] a5gtol
ZA3tE 22 onstet. HhH MGPTol| i3t Bz AR

HAHM=3.49, SD=0.99)2} AFZZ AL (
o] atol7t EA A 02 FojnlahA] ok

M=3.76, SD=0.83) 7t
LOYTHt=-1.18, p=0.13).

Table 4. Comparison of Pre—Test and Post—Test Results

C Pre—test Post—test
ategor: t
Y "M [ sD | M | D P
Creative
Solving 3.01 1.75 3.63 0.69 -2.31 .02
Problem
Data Literacy| 2.42 1.50 | 3.73 | 0.69 | -5.19 | <.001
bata 22 | 125 | 371 | 0.60 | -7.27 | <.001
Processing
Attitude
toward 3.49 0.99 3.78 0.36 -1.18 13
ChatGPT
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Table 5. Pre—Test and Post—Test Results on Creative Problem Solving
Skills

‘ Pre—test Post—test
Variables t p
M SD M SD

CPS1 3.07 | 1.67 | 3.73 | 1.03 -1.92 038"

CPS2 3.07 1.67 3.73 .80 -1.50 .078

CPS3 3.07 1.67 3.73 .82 -1.87 0417

CPS4 2.87 1.72 3.4 .99 -1.42 .089
*p <0.05 (n=15)
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Table 6. Pre—Test and Post—Test Results on Data Literacy and Data
Processing Skills

Pre—test Post—test
Variables t p
M SD M SD
DL1 2.80 1.65 3.87 .92 -2.62 01

DL2 233 | 210 | 3.67 | .81 | -3.84 | .0009""
DL3 2.13 | 241 | 38 89 | -4.31 | .00036""
DP1 213 | 241 | 380 | .46 | -4.06 | .00058"""
DP2 24 | 283 | 3.67 | 1.38 | -3.82 | .0009""
DP3 2.07 | 250 | 3.67 | .52 | -5.24 | .00006""
*p €0.05, ** p €0.01, *** p <0.001 (n=15)
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Table 7. Pre=Test and Post—Test Results on Attitudes toward
Generative Al

Pre—test Post—test
Variables t P
M SD M SD
CIl 4.13 1.84 | 4.66 52 -1.29 .108
CI2 4.33 1.10 | 4.60 40 -.84 206
CI3 2.07 | 250 | 3.67 52 -27 .396

* 5 (0.05, ** p €0.01, *** p €0.001 (n=15)
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