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ABSTRACT

This study explored the effectiveness of personalized scaffolding using OpenAl’s
large language model, ChatGPT-4.0, with the aim of enhancing elementary students’
mathematical logical problem-solving abilities. Based on Vygotsky’s socio-cultural learning
theory, the influence of Al-based hint provision on students’ problem-solving abilities

‘ and self-regulated learning was analyzed. The results showed that the hints provided by

'.) ChatGPT effectively improved the students’ problem-solving levels, particularly utilizing

Check for restructuration and verification strategies efficiently. Furthermore, this Al model accurately
upaates

RS identified the students’ errors and provided appropriate hints considering these errors.

a OPEN ACCESS However, such effects varied depending on the difficulty of the problem and the students

levels. These findings demonstrate the potential of Al as a tool for personalized educational

Brain, Digital, & Learning support and suggest its applicability, especially in the field of mathematics education.
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Introduction
2= SR RobollA =24 o] 22 7= mil - F25HH, =2 9] ShEolgtal & 4 Qe ol A =214
Ehg/d2 53] =2 th(Shin etal,, 2014). 2] = ﬂi% Al AFEJol| A ARo] ARgsh= /1015 ZHFEl7} o
3 4= Sl= 712 2 HEhehs 523 -5 Rt thFitting, 1990). TbA] 2] =] #AIE thRaL 35t
A2 v 0|3 =2 ARl AR H S 7|20 =22 AlSSHATE 253ME0] dEd 2l=2E g

HFohe 22 A1) Hol = 2 Q] of o] w22 SHok(Shin et al., 2014).
ol2{gh oj] -2 L QA5 YR lsl 22 32 7FsAdo] AAIE L Slt}. wSollA|e] 9154
s 82 Vygotsky (1978)2] AFE] FAd5=9] o] Zof] LA v A7 o] 22 wrgsh, S5AHE0] SAhA|
= léH 14| Eots NS st BAIE shE T o v]A 0l sidshs 3oLt S1E, oAl Z}EQJ 3
B2 £82 Alad o 714 @ol v 4= Ithal 7143k Beal et al,, 2010). ©] & Q15 -0l A Q1F A 52
F2 Y9 EAY wsd 94 fotsto] ZEake shs ek A Yok BE wALE S8 0#
& ALolA 2 g3t do] ASE A chDwivedi et al., 2018; Pardos & Bhandari, 2023). 53], 2| 1345 7|
ko] o112 @10} ®ell(Large Language Model; ©]5}F LLM)Q! ChatGPT7} %I}, ChatGPTE= AR} WA}

W&} Yot B w4 A9 S ot 58S HolRle Bt OMEHZhal 2022), WARe] g
= Bxshs HAEA s Aleshe A5Al s FEZAME GdshA -85l 3lth(eg, Shakarian et al.,

2023; Pardos & Bhandari, 2023). ZL&{Ur ChatGPT+ 2| Al 7]&0] 2.2 43} Juﬂﬂ A ChatGPTE &-85h= "
of gk A=20Ql dL= BESE A A o|th(Rudolph et al., 2023). ©]of] & AALojA= T jEZ]Q LLM?]
ChatGPT 40_% %L%g]_o:] o]_J_x]h E\:ﬂo] 5{_.6_0]-/\]-]5_4 _’_o]-x-] 1,—_3] _,_x-]] 0H7:l hEﬂLO_ O]:A]—/g];] ‘— H] 7_-”A—l
7 T2 ARE = A=A E ERlstal 2] =2 ol thigh AlAPEE Algstaiat shict. ofof] mlet 2
Aol A AR AR A= Thaat 2t

ALZAN. ChatGPT7F Al &0t o] =] 2A4|19] S E= 25550 el =2] 24| sl d 2 st a3t

7 A=71

ATEAR. SS9 2= FA shd S 571 Y15l ChatGPT7} Al g5h= 1 Eof| A Urehd v|A A7
2R ofw|3hr}?

Theoretical Background

Mathematical Logic

4>2]=2] SK(mathematical logic)> =23l A ARESh= BAIE=S o1 7|22 F¥sk= Sheolth ol=
UA} ofojo} Zhe AHeiQlofo] BT} @ 2 7HSAd S Fol 1, WA|E Fik ol 7HESHA THE 4 Qe E
=09 o] =2]3to] o] 2o|th(Kleene, 1943). 2] =2]3t] 519] Zokz = HAE, THOIE, A&, 2

do] & 5ol It E35] YA|+=2](propositional logic)2} &01+=2] (predicate logic)= AFE°] AF8oh= Q10| E
AEEE QAT 4 9 WIS 7|52 WESE, o= AR T} U Qg A 50) dhgkol 7]olska ik
(Fitting, 1990).

aiy
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Fe|=g g2 25eEE0] ehEot7] of"AI, 428 wgof Qlof ulje FR3F TS St Paul &
Elder (2006)= =2]4] Afale} =& F2lo| v ALl 522 76t 525, 4@5- ot ofu )2}
ato) ofe] RofollA] Fej ARl 24 Wele o Ego] Boka FY5Ich E5t Polya (1945) 2=2] 3
&o| 48e] mE of ol AH =2 Al A i dol Fast TS sttt BRI gAY F49 o
Aol A= =] 48ke] F o] HA F7kekal }lof, plef ARl E tiH|ohe Hloll = F 83 3k skt
2ACHNational Research Council, 2012). 0|4 4>2]+=2] S50l FQ3to]| = Estal HUSH =24 Al E %
58t sHYEoA| @tohe A2 SRS 7| el stE = fref =gk 7FE A= A2 4 A] 2t ©]of] Shin
etal. 2014y 2=2|8k2 25 3YoA 7124 = B o 2 s Xl%ﬂ‘;’iﬂ ,rEEE
o] 253MY9] =214 Al E & A7l SulE Hohe ARl Wi ol2kal sl 2 AtollA
+ Z5 ot SIS0 e HES A&kl eHYEe] 2] =2 A s d o] 7 ﬂ% | A E e

Scaffolding in Problem-solving

H| A 72 Vygotsky2] AFS] A G4 5=2] o] 2ol 273t 7l 0 2, &5 X141 olalet 5349l &
& Yoz o]F7| gfsl TR WA} AlEshE Al9S 2Jn]@tth(Vygotsky, 1978). ©l= St5APE 159
PR ol et S 4 U =g, AR ET 6 o] B & SEA WA ERolU FIE
£ Algohs A Ittt 28 8k, £5] A o2 1ol A HIAEA 2 7l olsliek Al i M 5
Ashzd| aabAQl =t A2 o 4= Qlok 4] a2 1FgollA At vAE g2 S50l A7) 24, A1
o8 e, 1221 9g A Abar ek -2 BRI ARALE /Al 7]+ ] E&0] HThHmelo-Silver, 2004). Bliss
et al. (1996)0]] W2, SHYS||A] JIEE | g5l= 212 vAE A M2k 2 slU=, £3] 1:1 Sk AHRo|A 7}
7 g olgtal F7gsieith. Al s 2ol A Al gkl = AAe 9l B S Eo] Aol Aok i

il

Hekg shgapl sl 23H 0 2 SAR BAlE SddoR shdshs 52 Pl o =go] Bt
(Rosenshine & Meister, 1992). 0] u]A/174] F-R 40l thet Q1Al} 87|, Q124 52) Wdol wet FHeIse)

JES Algshe AFEs) Al2Eol| tigh 177 Zas] Z19E| AL 91Tt Bames & Stamper (2008 =] 5 o
FollA shsAte] Hhgol the RIES AMs o2 AAShe Al FEIS IR, o] % AtolM = =2 ot
oM A5 FEVHRIES AlS3E W ShaAke] /g4 o] fofshA| = om A S 27)s
E0] 2ol EtH= 212 US5HATk(Stamper et al,, 2013). ©of] w2} i Aol = 2] =2 EAHIE AT
ChatGPT7F Al Sk HIA| 27 0] sME2] 422 241 s 28 /doll fezol He=A] Am Hekth

Large Language Model (LLM)

LLME 3% o] HIAE to]El & shoto] ARelo] osfiel /g 212 3sh= Q13 Als Zdoltt
(Kasneci et al., 2023). ©]= 7Hkgt o] RE] £A] o] o] HIAE7EA] ofsistal /dote 58S AYaL e
o, Tkt o) S A Pt} OpenAl2] ChatGPT2 Google?] Bard”7} tHEZ] Q1 =

0_9.

oS o] &l AP k=, o3| Sk B2 VA R, 24 A, 20F Ao SH HAE ER T
o} 21d& 35k Hl AHS-E 4 3l HhDevlin et al, 2018). 3] 4=t w-Fof| M= FA sl E 219, 7HEAR1 <

& A, 7ig v 5ol &-8-2 4 thRadford et al., 2019). & FLof| A= LLMY] o|2{st E4
THEA Q1 LLM?! ChatGPT4.0& AFE51e] 48] =2] FA|o| A 28 sH v| A o] 71-5-5HA] Ak
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Methodology

Participants

A Zojaks tig A 1258 65hd 171 SgollA 1 odof] F2olgh 257 9] shEo |t e EHE
wARIA Q7E]= =24 AL £33 dEfsto] Z5eha 631 d 0 2 A+ Zoj2 ks AAsklom, 25T e] 3
oj2} F rojet 4=} wittof| A Bh FXIZ Hol= 175 Al Q]2 247 (F12, 127 2]E4 0 2 A5t

Instrument
28] =2] T} Shinetal. (2014)014] 2551480 2 A A3t =] HZ £ B2 sh=to] 2 Modsio] A}
oIt F 59 25 FYH AP E Ul golA oj et ZHE 276k Tt Fig. 1:2> S0l Al

IOP 2] =2 IAol.

[©)

<TH 1> <2F 2>

950rgo] Y 7hao] olabg o7 HRSUCH | CHS RS ALY 5EL 1NHRE SR U
A.B.C.D 7152 27 g9 42 thzA | Ydh o 3 13t SMIEL 578 IAs| 2o
Aoy W FEVIE shASUT. O+ s 7189 Qlod che Wb £7A|TE o
Ago| 25 Fol1 T O, A7IEY A% FeUHH. US Ago] 25 oz 7 o, 1
A2 ol MIA7ra? B ST SAAYEES B T2 ol weIA|

Ly, 19k 23tap 3TAIEE Sl karc

B7159) Alg e wm2Mo| opgycy, 192 39haE S2AFE YAY 1A o
Crbaol Al e sy sutap 7A€ Wk

D7l5e] AlE ML LUME 2EME ¥R 4gh S2AIYE SR STt 2uh
obguct. 27A%E At

1gto] 39kmr FAIE o 4dbDp F34
g2 s AU

Fig. 1. Mathematical logic tasks

Data Collection

AT-EAI1E st ] oAl ChatGPTOA] JIEE 7| A -29] eAE9] Eo] tlo|E & 35ttt 3
52 FNE glo] o8] =2] IAIE HA| E1, o] F ChatGPTZH HJAISH ]I E % ':Hl Zo| & &5t
TS FEAE ol ol A S s dsilor Fo] I oF 158 = AQEQleh sHEe £ &
A= ChatGPT7F Q1A 4 U= & 25 ARSI Fig 22 ChatGPT4. 001] 7ﬂ AR At A U= 2
SEUYLE U7t o] ZAIE E E 4 AT E B2 Aot 42 o2 I EE FA 8.2 2431

AAE B Eo|t) 1 EX ChatGPTS] ] S T2 Talo] n2m e 2|2 MojE shto| 2 AA5Igi)

L4
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B CHE @ SRR S SHASLICH 8 T&0| 25 202D B [, 18 SHUET S
83 g2 Ol wHoIX| BE FOtEAQ,
19h2 28 TH SRA| B2 OFR| 24T
182 3T STAILS WAL 12X Lo W 59 STAIE S HOL
1902 4UHTH STAI RS 5HR| LQITHR 281TF SRAIE $CH,
12/0] 3EHTH ST AISHS FCHE 4¥HTH STAI T2 518 L9CH

0| BX|E T YL 4 Nae FO| 2 HHE D, IS8 422 25 Aot HYLC
ZH TR0 A L2 Z 20| +8 TEs10 STAIR R Y2 5 Ak tHE HoHEAIC
A G SIS T2 1 ALICE 017 A 2| 18H0] 28HTHE STAIRE 5P| LQUTH XS
% 4 L

T 2 EE Tl= 2o @2 5 ASLICE 07| A= 1810 38t e 5EkaE A2 3T
ot L

Stal AS U oA 2 Of = ghat Al = R =Al= OF | =3 &5

U IS T8 R LICk 07| A 12401 461k B S| R/, 260 AR
= AL Ch $1X| 2 23| 0|0] 1140] 284} A2 $1X| LYUCHE HS 2T YSLCE 1
Y =ITE

TER R

= T AA

OHR| S} 9IS 1% 44101 22 4 UELITHO
2 SHX| §YCHe AULICH O] WL 292

|
O

ZA=0M d2E2E SEAL, OfH ghi o] =+ A2 2

rr
Rl
i

i
of
HL
=
fo

ALEARE 25| Yot JIEE B7| A SHAYE9] E0|S ChatGPT4.00l Y5k, ChatGPT7 | Al &
Sh= S EE A5k s E0] 2Hdsh ol 18 5 =24 % ¢l Eo|, AES AAIst Zo] ol &

5}
o]k 2Md5kA] 92 SH= A5kl F 197112] F0| & ChatGPTOll Y staL 197112 JIEE 36kt

Analysis Methods

28] =a] IAof| T3t sHAY ] Zol2 Hrslr] 95l 68hd A= AE o] 9= A 72 54 o]Ate] A
AF3R S H7IAFE AASIRAT o2 FIEE HY| M 29| Fol7h FARR| &2 A41Ql HREAE Table 12] A
Al 9] 7)ol et 1~574 0 & A4 5T Table 2= Table 12] 7]5Eol| whe} A gt Hete] ofj Aloj o}, 7}
A 3150 M5 ebsto] 24 232 HF A= AsIAthF AL 154). ChatGPTZ A|AIgH RIES Hoj=7]
3o A o2 AnHE sk flsl ol Ea v 78S AAISHI:
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Table 1. Rubric for score

Criteria

Provides detailed solution process along with the correct answer.

Provides an incomplete solution process but presents the correct answer, or presents the accurate solution process but gives an incorrect answer.

Contains some inaccuracies but provides correct explanations along with an inaccurate answer.
Mostly incorrect explanations, but some logical reasoning is evident, and an incorrect answer is provided.
Provides an incorrect answer without any explanation or does not provide an answer.

Table 2. Example of scoring according to the scoring rubric

E bt
’ | B SE‘ 55‘1‘“‘\’1 [ 8 U5 o) 9
e 220l ( :( L iz 2 $rchgHA (A1 o) FONED X
[\\i‘ - i c;
o o B0 iz 2. =
e S
score 1 score 2 S
PijLk 511 BM&¢ Ll o2 5 -
P CA%R Kol (H)\: &, %, )
o /i% 2 P AT ok 2%l odluey, e
prol 347 = oRIMopien TR e ARoye BIREX
Sehaie 28alol WA L v ey O
¢ Laoior ol i AvE A2y Fleicr. L2 2RO
|18ko] 41 q,;_ & opla ey N ,ligﬁ;y:.:i Alar Blek,
26
oY cua
| Lt
ol
score 4 score 5
AT-EA 2] SHYSH= ChatGPT) RIS W71517] 91l 352 oMK S| W7 bket 5 2)7H 1974
Folo| tif ChatGPTIIA JIES 2451 ChatGPT] E 432 7151l 423t IIE 232 913

Fig.31} ZHo] T2 I E 2 Q|50 ZA|et Zo] 2 Zk7F A| A3t

0| 7+ Y7}AF= ChatGPTZF AA|SF S1EQ] £~F-S Table 300|A] A|A|SF H7bato] 2H5tic) Hrias
Anghileri (2006)2] B A278 A= 275 Lee (2019)2] BIAEE +E 71585 Fasto] 7Rdstalct. 4%
&7+ glsh Bl o

Vygotsky®] HI Aol 23 W) 2 S 83 olshE 4
o} g7t S A g3Isict
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OHESH Q. K= RS AL T +-2|=2| 2H § E0{0psHEH £ 20| R LICHLH 7 E
KOk K 0| ZO|E HAISHE F7 AAZ BHE 2T 4+ UEE SIEE FH Q. Ko Z0[o| A
TEE HE DM TEE THR B BYE YATAH QL

rEotM R H|, =8 = MAISHAIE =2 | ZASLICE 7 EA =2 5 JAeA EHTAIH
HAASHAS LT

<2 =

HE0120] 1| 7}50| O|AHE O E|Y&LITHA,B,C,D HHEL 27 X|Be| M C12 | 2
MEe 75| 2 5tASLLL s T=0| 2= 0|2t & I, A7HRO HE29 XSS M2
ol MR

1LAIS M2 2 F2 M, RS A T A QIL{CE

2.B7HEO| K|S M2 L=gHAH0| OF LT}

3.C7HEQ| X M2 MR elLC

4. D7HES| K| 5 M2 LEMME FREME Ot L|CH

<Z0[>

AZ}EO| X2 B MAULICH YLSHE BCD 7HES D5 B2M T CH2MES T} ofL|3

DL O|Z B S BANES B2H0| AT TYH A E M L2ZBCDIEES
240/ 1, 2RO Lt &0j2Hs £2 RCH S HA0j2Hs SO|LIL B 4Bt 4D 2
$BCDIEER BE ANYR 81 UEHLT SR ATIES| TR BeMYLT

Fig. 3. Prompt to get hints from ChatGPT

Table 3. Rubric for assessing ChatGPT’s hints

Item Rating

Logical accuracy 4 3 2 1

Reflecting student errors 5 4 3 2 1

Consideration of student's level of understanding 5 4 3 2 1
L. prompting and probing Y/N

Reviewing : :

) interpreting students talk Y/N
S?i?elg;ng provision of meaningful contexts Y/N
Restructuring simplifying the problem Y/N
rephrasing students talk Y/N
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Results

Impact of Hints

ChatGPT7} A Mg RIES Hoj27] A $0] 74 o2 AE vlwsl7] 9fsh o332 4= Al
At T ZAE Ak A2HE Bl wstl S w 1 EE A3 Fof Al 2 A7t felnlshA - A
=] A

o
2 UERATHp<05, Table 4). ZF EAE 2 AW EE o, EAl 1014 = RIEZH Al 5§ 24| 2] H47H

ol
-

F
=
LYot EAH 02 Foln|d Ahol7 Lrhix) ekgka, EApolA s EA|Zo] W47t olulsi okl
Ao 2 Uelgelp=0)
Table 4. Paired t-test results of before and after hints
Task M SD t P
Totl pre 229167 5.54755 036 0.048"
post 26.0000 492533
pre 13.7083 3.16886
Taskl post 140883 235753 0465 0644
_ pre 9.2083 405376 »362 002y
* post 119167 3.88885 - '
p<05

B 10142 247 BH4 5 20%0] BES 17] o] o] ] BAE alAsLk. ool wfzk M) Aol 2
Atk o SRS S| elsteh Sl 2= 105k 5] TN B 8 1l s
QLA EEFASD)E ] | ekttt Babs 212k o] @3S of Yol w7} o =2 B2 shyse]
4 BES Closp Leloton] 3L A)g 4z} ol shise] thi Aake o)} Zick Fig 4= 243 1
A4 BRE £ AHL7H S SHINE 22 24 Lelslol Lehd Zlolth FIE S A3 W] 4 H4Tt 5
AL SIS BTk E7H 40| MYl §1E A H-F2) 4 ol7h A RS o 4 9,

04— '
o t
0 vl—r[

sl s2 s3 sd s5 sb s/

Fig. 4. Result of students’ mathematical logic problem solving

s8 s9 s10 s11 s12 s13 s14 s15 slé s17 s18 s19 s20 s21 s22 s23 s24

pre m post

Brain, Digital, & Learning. 2023 Vol. 13 No. 2 190



ChatGPT as a Scaffolding Tool: Evaluating the Impact on Elementary Students’ Mathematical Logic Problem-Solving Skills

Fig. 5 179 sHAg 0] /g gh-ZA200 thet 71 E M3} 2o] FA|Fo] a4 o|t}. A2+ FFoi Xl 4719 ©hA] 5
T 7H2) tha] Afo|2H, 4ol A 2] H 2S5 Qlojok BA|S s e 4 Qe 174 S Fig. ()2 2
o] Z¥zto] ThAf= ofalistA|TE =24 S22 51A] ol LE2 AASIITE. 18y I ES Alg jh2 S
Fig. 5(O)°IA = SHIEA] 28 oto] &2 &2 AR 12, 13, 16, 1881 SHY I o] et FALSH IS B
ct.

@ (b)

Fig. 5. (a) An answer before the hint (score 3), (b) An answer after the hint (score 5)

Scaffolding Strategies Embedded in the Hints by ChatGPT

LF7FUE YEL] EolE YL JIEES QAT S W, ChatGPT7 | A|A[Sh= 71 E0] 4272 Table 52F
2t =2 A A ol e & 577He] oA 557H(96.5%)7F =2l 4 75 Ho x| ¥gtet ‘SHAYe] o
WG SRoll A= T 1T 7} 78 5% % e WA s 1R A] otk o] A9 7710] UIT Fig. 6=
Y 7 HH oA 1S B2 oflole) 39 Fol= T HA|TE Folag o] AE] o] Uit L
21U ChatGPT= B2 A Holl 277} ATl B3kt S of sl 1] o] SHHof A= 92.9%2] Hio] T
S Iy o] 7HE Hgkth W2 kS 2 7ol = Fig 72 o] WX, W&, 7Y, ‘He' 5 2580l
o|3fi5}7]oll= tha of )2 kAol & U ehe 397 ool it

Table 5. General Quality of ChatGPT’s Hint

Frequency (%), n=57

Item
5 4 3 2 1
Logical accuracy 55(96.5) 2(3.5) - - -
Reflecting student errors 45(78.9) 4(7.0) - 1(1.8) 7(12.3)
Consideration of student's level of understanding 53(92.9) 2(3.5) 1(1.8) 1(1.8)
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Fig. 7. An example of hint ChatGPT provided

ChatGPT7} RIES AA S wff ARS-RE HI A7 Ad2ke Ao HH Table 63 2. 2+ 702}

MANR? 0| A2 Defsl 2 AIH A TLEC|

PR RACE" - O] 2 A EH YL G4 = 0|2 F=opA Olslis

AL TR FO B st S A S FCE- 0| T2 F 7L t

23 H1E Y/

NE 37Fsl3l7] whzoll, o2 Zefo] el yehd 7495 2ete|o] lth ol A AIAIE HhEE(%)2 A

3IE F 35 ko] Yehd 21E0] HlE-2 oJn|Rtth Anghileri (2006)2] HIAIE 7 H2F &

o whe} Au

B, HESP = WA R1E 368%% LBt HESH] AR fds duE Sdfsial g5k %

(A=
=20

o] el G2 A B 3 19.3%, THY2] ¥ thA] Wol7) = 24.6%2 UEFHTE Fig, 82 ‘S2{otal &
ok AR S AHESHof|oth BA= 15o] $HA| 277 7|5 kS Zh= o] A9k 11 TS A7 9J5] Lotof

=2 XA uw

She S AR sHko] @A 7173719t jEE A7 sl e = e sial Tk

Table 6. Frequency (percentage) of scaffolding strategies in ChatGPT's hints

. prompting and probing questions 11(19.3)
Reviewing 21(36.8) . -
Scaffolding interpreting students talk 14(24.6)
strategy provision of meaningful contexts -
(0=57) Restructuring 48(84.2) simplifying the problem 8(14.0)
rephrasing students talk 44(77.2)
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