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ABSTRACT

This study conducted a scoping review of 19 studies on math chatbots conducted in South Korea. The study
analyzed key research themes and types, mathematical content and its selection criteria, research methods, roles
and design principles of chatbots, technologies employed in chatbots, and the roles of teachers and students in
math chatbot research. Through this analysis, the current landscape and growth potential of the math chatbot
research ecosystem were identified, leading to several directions for future research. First, ‘studies on Al and
convergence, ‘exploratory research; ‘research on geometry content;, and ‘literature reviews’ should be expanded.
Second, further studies should establish a consensus on the safety of personalized instructional chatbots and
then develop technical solutions for their implementation. Third, additional studies are needed on teachers’ roles
as ethical supervisors and students’ roles as ethical adherents regarding Al and chatbots. Fourth, future research
should allocate adequate research resources to studies on teachers’ noticing and specialized content knowledge
(SCK) in chatbot-based teaching and learning environments, as well as the impact of chatbots on students’ thinking
processes. Finally, three research topics for a systematic literature review, which should be conducted once sufficient
chatbot research has been accumulated, were suggested. The study provided specific directions to ensure the
systematic and continuous growth of the math chatbot research ecosystem in South Korea through this analysis.
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£, 1 Xg 5 8™ O Cfst 202 &Hitstal QICHClarizia et al., 2018; Oh et al., 2017). £5], Z20|= ChatGPTLt
Llam 22 AUA 2 H(Large Language Model, LLM) 7|Fe] ‘MY Q18 X|s ME0| M| glo] Fot Hs5S Ho|H
M, 29| stAt 271 25| Stk YCHKaczorowska—-Spychalska, 2019).

£3tg 20 2010 H 0|E1?J ME2O| 7HX|0f| F=o6t7| AIRISHHA|(Kuhail et al., 2023; Wollny et al., 2021) ¢
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HlsHZ(Faqih et al., 2022; Kabiljagi¢ et al., 2022), £=8tX - HTH A1l (Fagih et al., 2022; Gil et al., 2023), 8%|=
Skaf(Laksana & Fiangga, 2022; Rodrigo et al., 2012), 0 AH22| HEM(Gil et al., 2023), k& FHH(Melo et al.,
2020; Nguyen et al., 2019), 7|2t E0{(Kabiljagi¢ et al., 2022; Laksana & Fiangga, 2022), AA|Zt D|=8(Matsuda
et al., 2013; Melo et al., 2020), st HMZMH(Kabiljagi¢ et al., 2022) SHO|M Q9|0|5t 17t Y= W2 LIEG
C. z[2 =24 stu s 20MME Of2{gt R a7t HAS E7| AlEotHA, HIWX H2 7[7t SOt 2E A7} W=
H B7totH ME2 A7 MERA7t FMET AUCHe.g., Go et al., 2024; Kang et al., 2023; Ryu & Ko, 2023). £9], #|
= ChatGPT O1-preview Z2 M3 22| 450| IR 245iX|12(OpenAl, 2024), 2025 =E Al CIX|E L ItN
(Ministry of Education, 2023)2| &4l 7|s22 Q3 X|s MR0| X2| 230l 2}, L 3 MR AF= 0 25 A
o= Holrt,
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ICHMunn et al., 2018; Tricco et al., 2018). 0|2{5t =X
T NH2 HEH d&ot= AE A7 2010A CHE2t RS A=k AN, S NS 8850 =E E8Y
(Arksey & O'Malley, 2005; Mai et al., 2014). 4%t T =0 FHEHS -E-g._*ﬂ’g%
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CHCampbell et al., 2023; Munn et al., 2018). \|22 St2 200 M= X|AlQ| %‘ﬂ.‘ol SE2 o+ UL FHHY 2NHS
ol2{st X|4& SIS HAXMOE BMACEMN, RMHO= A0 o= SHS AEol= Ol =3 % T °'Ef. A, of2:
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O|2X i

X1t 217t ASE|HA(Clarizia et al., 2018), WS 20T 2010HEE E2&OZ 9
SIICHKuhail et al., 2022). 0]0f 2} 20| WEH JtX|Qt 21t ME TtsdS &lst/|
HOIA CHFot ALIF 2ME|QUCE 0|25t ALSS SH H2 YA M2t FF5HH, Table 1

2o/ W
o
°

o 0|2, 7|2X, 4
T 20| BT O, O O, B O, 23 HTE PR 4 ULk 2420 AT L0 610 THIOS AHE C1S
3z,

Table 1. Types of chatbot research in educational contexts

Type Purpose and approach

Exploratory research * Research to establish a theoretical foundation for the educational role and use of chatbots
* Presentation of a theoretical blueprint related to chatbots in educational contexts through literature
review, surveys, and expert opinions

Development research  * Research on developing educational chatbots
* Development and improvement of chatbot algorithms or architectures, with evaluation of technical
and functional indicators in a controlled experimental environment

Implementation * Research on the educational use of commercial chatbots
research * Verification of the pedagogical performance of chatbots in realistic educational scenarios, and

investigation of their pedagogical effects, user experience, and acceptance in actual educational
settings

Integrated research Techer— * Research in which teachers or researchers develop educational chatbots specialized
centered in specific content and investigate the pedagogical effects observed when students

use them in real teaching and learning contexts
Student- » Research investigating the pedagogical effects observed in teaching and learning

centered contexts where students directly develop and use chatbots

BtS Ot o= H30|CHKooli, 2023; Kuhail et al., 2022; Stohr
, s ZAL 208 BN HIXOIY S Soll LS W2o|A] MHE
, A ISt O|2X HAXIZ MAISH=H| =F0| ULt O|2{t B A= T AL, &8 A
T, S8 ARt 2 45 HHE ot 012X - MM E OfESCH= MO AT MENA 7L FA-EE7] ARG =7| HA

Bt gl MR E%’E*. et 2-Z20f| Cfet
et al., 2024). 0|2 = f
o 2t I, Agt 7% g S0

fll.
I'-IIZI

qE E?LE WeEg MRS JHUot= HAFO|CHDaud et al., 2020; Kim et al., 2022). T2 2 2&112|
malol 52 JNwetT, 14X0S XS Als HHOIM Meol Ha, Nak, oz
T1eN - T1SH KBS IFSICE 0215t g ¢ QIBRIS T X0 H2I0t 22 012 74X| HEXH
OF 0| TEMOI J|E U J|s YLD M5 HMS FEoks O SR8 AL SO,
I.

o
MES NSNMOR #25H= HLO0|CHAnnamalai et al., 2023; Drushlyak et al., 2024)". £& ¢

*"71||-f 29| ot A% WAWS Z2 A0 772 Ws ALE|Q0N M2 wastM 28 Hsg SQlotALE AN W

S SY0IM SHE0| YISt W4 SN0, G5, 252 &), 3200 st AL8AL Y L 88 52 TS0 AJAt
T2 MSeit. ol2fst &g Sz AEX SHE J(HeE MR Hedu ME JIsdE &0loty, 0|2 HIEQ R 3K0|
SE W - oF5 WEE JHUSHE Ol =28 O, Lot/ S0 LSt st X -L'=°|E A3}t o 38iStot.

S o4= ot A7 oA 3R I YDt 282 SA0| Aot ALE, Wkt T FF et S T 55
7b QUCE WXt e 58 G E WAL ARXL EE HE SatH u-%% MRS JHUSHL, 0| StEAE A &85t
= u - sk ”—'.@foﬂkl LfEH-h_ WS S TAFSHE H3L0|CHBaylor, 2011; Cheng, 2024; Kumar, 2011). ‘&t
SA T2 58 A= SEAL 02 20k XA, 58, QIBXIS, 7[Et ED1|°| XA )2 Seoto] 2Y MRS NSt
1 S2FIEE 5= —_rLOIEf(Guo & Li, 2023; Pearce et al., 2022). XjAITtQ| M2 S I LUSH= HHS skE S7I2 FA|
HE dstot, Lot eEXtofA 88t QI83Xse FHE LYt X|A2 SEdts st 4SS M3 5+ UCHPearce
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et al., 2022). CIA| 25l 0|2{St H7= AE Ao =HIE G_FEDr OfL|2} QIZX ST} 85t

% AN = O
Ol= zZ QSX|s 2lEZAI2t 8218 AA4S ZXcts HAZIN W] HENE A8 Z0[st= HolM S235HHLong &
Magerko, 2020; Ministry of Education, 2021; 2022; Song, 2023; Tadimalla, 2024). £35|, 31232 JL5t= 22
0|5 Heo| &80tz MEEN M O QSX s R 71Xt &F ’2|E 70| OloHE &= U otH, ZNHOZ QFX|s

2B HAIE 2 SUHOZ SIFst 4= Q7| SHt(Pearce et al., 2022).

0[9t 20| M AT ST HT YA W2} HT AT, Y AT, B A7, 2E HTZ S 4 YO, 0213
QEBI0M Zizt0] (T RS TRE DI HD WAIS JIXPME, HTHOR LW ASHLI WS HMIC S
3, §7 GTE 0|2 EUS OR1sl0] A5 G170 7[30| Bl= O|2X - AN S2 MTat, Y - B8 - =3 A79
2o M T 0|20] AET SEX =0| S| J|0{3THCreswell & Creswell, 2018). 0[213t HolA 02t 22 S
S20) M2t U 31 MR ATS SO, MR AT MEATL 2 W DHGIT YEXS HPH JUS SO ATy
2 4 9100, 0/ HIEIOR ST MEIA|O| MOl LHS 91t S 70| WEHS HAIE 4+ 9UTt.

2. W Mol 32| Hatut Ol A2

W MM SE AL7t FUSHEI0) et HEO| WpstA Agtit 0|0] [MHE S1t0]| CHot HAA =o| Shht - ALY
Ct. 0]2{5t =20f| W=H(Kuhail et al., 2023; Wolly et al., 2021), Table 22t Z0| W€ H2UA HEZ2 EXOZ W4
XHteaching), SHtXHpeer), St&XHteachable), ZXIXHmotivational) MO MEQL Z2 47tX| A&S 35t 4= QUCH 242t
O] gt} 0|0 [MHE Wotd S0 Dol LA =2 HATHEM Ch2ut ZCt

Table 2. Roles of chatbots in educational contexts
Agent Role

Teaching » Acting as an instructor, the chatbot guides students’ learning or recommends personalized content based on
their learning history and data

Peer * Acting as a peer, the chatbot provides explanations and assistance regarding concepts, terminology,
problem~-solving, and the use of educational technology in response to students’ questions and requests

Teachable * Acting as a learner, the chatbot performs the role of a learner to prompt students’ teaching activities

Motivational  * Acting as a motivator, the chatbot offers positive feedback, such as encouragement and praise, to boost
students’ motivation

=]

= 8%, 0|", HI0|H 52 HIEC=Z ot QY &
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al., 2018; Nguyen et al., 2019; Redondo—Hernandez & Pérez—Marin,
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E3f7l floH SHEANI WS X}) Hets St MRS TIEX|= -2 9| && S7|15 FTsh
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Table 3. Design principle of chatbots in educational contexts

Principle Explanation

Personalized learning  * The chatbot supports personalized learning by providing customized learning paths or feedback
Experiential learning * The chatbot encourages and offers opportunities for reflection on learning content and experiences

Collaborative learning  * The chatbot promotes and provides opportunities for discussion and collaboration among students
through open-ended questions and quizzes

Learning by teaching  * The chatbot allows students to take on a teaching role by explaining concepts and content to the
chatbot, which requests explanations or examples from a learner’s perspective

Scaffolding * The chatbot sets appropriate scaffolding to support student learning

Affective support * The chatbot provides various types of emotional feedback to help maintain students’ motivation and
interest

Social dialog * The chatbot offers opportunities for social interaction not only on academics but also regarding

everyday life, future education, and career aspirations
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= == FE0I0 2X 22 =F 24HS FEOUL. 0|01 2Xt IZLet - K| 7|&S HIECZ 2kt 2 =329 =22 E4E
SHUCE ESt 7|Z0] W2, A0 M HE{O| QIZX|s WAHEE)S A THZ ot =28 ZSISIYUCE X 7|z XM
ofd, =+ &5+ 1 - W WY H4H Q= =21 S5(RHY) AIARE FHZ SIX2, HR2 R M 240z R
= === HSIACE 0|5 Sall ZIZHCZ 198O =2(KCl && =& 14, 8¢ == 5)S 2|5 24 Y= FE5IUL.
Figure 12 23 HMRE] 2T HEMX|Q 2PYS QOf5tCt 55|, 0l2fet Z8 HE & MF IHE2 ATAS0| WEXHC=
Aot £ ZEZHQ Wi dE A =2 HFS Sofl =oALt oHH, M thyoz M¥E =22 M=, MA, 2% A I
StaX|Fat 22 AMlet HE= S20 Lo
Literature Search
RISS
Primary Inclusion/Exclusion Criteria
v * Inclusion
R N - Papers dealing with chatbots, Al, tutors, Al
P"mary Candidate teachers, learning systems, or tutoring
Extraction systems
— + Exclusion
(n=57) - Duplicate papers
< - Foereign papers
- Papers not related to mathematics
A 4
Secondary C?ndidate Secondary Inclusion/Exclusion Criteria
Extraction + Inclusion
(n=24) - Papers with chatbots as the main topic
- Papers with Al teachers (tutors) in the form
‘ of chatbots as the main topic
- + Exclusion
- Papers not related to elementary, middle,
v high school, or university education
. . - Papers on learning systems or tutoring
Final Included Studies systems where chatbots are only minimally
(n=19) or peripherally addressed

Figure 1. Literature search and selection process.

2 o1 T 3t M 22 A0 LIEK 27 RIS RH(RQ1), 43t LT A 7IF(RQ2), T WH(RQ3), 32
3T} CIRIQl §2] 2 32 7IS(RQA), LIS SHE0| OIZHRQB)Z 22 57HX] SBI0IM SRS SSTAS BTt A
O 4%5t7| Yok ST 22 BASS BEIICY,
2 A7) SO RYAQN'S EAY U, KBE Table 134 20| 7 A7, Y A7, BE 47, %Y #72 wRH
T, FH= 29| 23 AT0IN HOIE AIBXIST 8 LSS T2I5{01, 43t FH|, AIBXIs FH, 83 F

o .
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‘28t gt MY 7|Z(RQ2)UIA 48t HE2 2015 WY £8t0t WKIPHO| ‘AN ‘UHE QA'S 7|Z0Z EFaIRC
(Ministry of Education, 2015). & MY 7|&2 QRS0 LIEHt MY 7|&0 HHE 27 0|22 7iE 2F Wi(open

coding)% 22610 HEstot! 250t CHStrauss & Corbin, 1990).
T YH(RO3I)'2 Table 42 22 $31u S A7 WH S5 0|&5t0] 2F6IALCHSong et al, 2013). A LHS ZHAH

T, Omow MR, SHATE BRI, 2 WHo| 619l JIFORE SHATE Y - 53 - HEATY BAXTE,
YHOITE FAAITGL ABOITE, WHOITE AT, SANLAT L 2YUHATE, BBAITE YH-TY B8l

FNEAL=E 2 FOIULCE

"'S'J%Ql Agtat CUXrol 22| U M2 7|=(RQ4)0IA SE| A2 Table 22 Z0| WXt SHEX}, stEXf, S7150 00|
FofRa, Ol ¥2|= Table 32t 20| 71218} o5, X of5, &S 3—.*?, Aul o, HIA 24, M XIE,
SHE A2 2RSIALE MR 7|82 ABKISS MY, X, 2ot 71s YHES 222! MLOps(Machine

Learmng Operations)g & 116t0{(Shah et al., 2024), 7 AEH(development stack)dt 2 AEH(operations stack)

O TEGIRCE e AEKS S JHat0) WRSH 7| 2S0|H, 22 L (bulider)?, 7|78, HIOIE 715 S0| ZatE &

QUCHShah et al., 2024). 2F A M2 220 M5 43, X0 QS 7|& Z3C=, 0fEZ|AH 0|18 T2 724y QI

0| A(Application Programming Interface, APl), ZEIE A X|L|0{& (prompt engineering) S0| E&HE £~ QUCHPark

et al., 2024).

OfX[2C 2 ‘WALt a9 AEH(RQL)2 /MY THS Soll SSHY XI0|HS AR HFESI6I0 2F6IACHStrauss &
Corbin, 1990).

Table 4. Mathematics education research methods (Song et al., 2013)

Method Sub Explanation
Literature Review research * Literature analysis, critique, synthesis, and review research based on prior studies
review in related fields
Analytical research » Mathematical, philosophical, epistemological, historical, psychological, linguistic,

educational, and pedagogical analyses based on existing disciplinary content or
methodological frameworks

Quantitative Survey research » Research on data, conditions, or current status using surveys, checklists, etc.

research Experimental research » Experimental studies analyzing group differences, pre—and—post time series,

cross—sectional, and longitudinal data through statistical analysis of test scores

Qualitative Case study » Research on individuals, classes, or cultures through interviews, observations, and
research surveys
Instructional * Research on instructional development through teaching experiments, interviews,
development research and surveys to apply localized or domain—specific instructional theories
Instructional action * Critical and practical instructional research through the analysis of documents,
research observations, and interviews, or data from teachers, students, and classroom

environments

Mixed—-method Mixed-method research * Quantitative and qualitative mixed—method research using an analytical framework
research and small group case studies to categorize levels or types of thinking

Curriculum development < Development of curricula, resources, and models through a mix of literature and
research instructional practices aimed at forming instructional theories

(2) =4 2y

= HF0M= Table 52+ 20| HFASO0| Z 2xHH|0f| 27 2T - WAt HES %3H =4 oy —E—% MAMLR =
MLt FAHMOZ HIEH TEa 20k R, 7= MAEE, MR A7 Rl FH(RQT), #8 e ¥y 7I1E
(RQ2), &+ LH(RQI), % Fetnt CIXQ! H2|(RQ4), wl ARt SHHO| HSH(RQ5)0 Hs._ g AIE(Codlng Sheet)g 7
ZolUC. SM, AFXS0| 6719 240l ot BMES HIECR JHE TS SOt 0|0{A uit HEE Sl 2
Q) X0IE HE & X851, 2F Mt APKS| HES ZFSIACE A, HFRS0| ZHE Y MHS HIEYS=Z

OII
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1970 2210 ot 7HE FEE st 2, E'(°I74) AHO|E =2l Z=Eot) i%‘% 2= ol

oHH, =8t LI M 7I1Z(RQ2)dt wAtRt sHlo| ASH(RQD)2 20| 2E TES YT WHE SYUoHA 2XtH|Q WXt
BES UHoIACH Eot, o5 LHR(RQZ)E I, oF ==0M 0 JH | HE 247t SEE 2 A= 1HRR 7
ot ZFSIALL OIS S0, 'HIet H|E', HHA HHHE SRS & =22 8 W82 225 1Ho=z AT6IA
(Kang, 2024b). OFEZEX|2 Z4RO| HED} TRl H2|(RQ4)H WAt SHlol HE(RQE)E ZEE Uk, of =20 K2

JHR| S5 gkt ARl #l2, WAL sh o] HHO| LIEtE 3R 2SS 1M 22 Alott| ZFoIRACE

Table 5. Analysis process

Process Explanation Number of studies Period
1st coding * Perform individual coding 5 7.15.-7.17.
1st cross-review  * Cross-review of individual coding results and confirmation of agreement 5 7.18.-7.21.

level

* Review, discuss, and reconcile coding differences
* Revise and refine coding strategies

2nd coding * Perform individual coding 19 7.22.-8. 4.
2nd cross-review * Cross-review of individual coding results and confirmation of agreement 19 8.5.-8.9.
level

* Review, discuss, and reconcile coding differences

o7 2

1. 2L £33 A0 THIY Y

S ot A% 0l TS SO 24 S Table 63 20k 6 | HOIHE 459 012 21BN 8
B2 FRZ 3 ATE YR LEIGTE A7 3 DOAE T - B8 - 28 270 22 NS A7} i SHBIGOLY, O
2x E012 DRios BT A7E YR UGN, THHOR ATER [ST 2o,

Table 6. Themes and types of domestic research on math chatbots

Theme
Type N
Math Al Convergence
Exploratory research 3 3
Development research 1
Implementation research 8 1 9
Integrated research
Teacher—centered 4
Student-centered 1 1 2
Total 16 2 1 19
A7 FHE= £8H(16)2 2 Ot 2t ISXIS(Q2)2 88H(1)2 FHZ o A U EHJLH(ES U2 Hk). HE
QZX|s 2lE2A| LS Iol SH0| 8 RS JHYSHZ=S S A7(Go et al., 2024)2 SHH0| Ate FH=E MRS 7Ht”
5H= DPROIAM CHYsH EHQI X|AlS EtEIER & B7(Ryu & Ko, 2023)Y S0| IHEX{O|C}, 0|9 Z2 TS HIZ WX
= X2, AT HEHA UM QSK S 8ES SHRE oF ZFetEX =7t ARSI /gs ENELL 0l2fct ZelEA
=0= Z2 QIBX|s ZEHAY 8H AYS ZXSH=E BV W HEN 2= HoM 012 ZL238HHMinistry
of Education, 2021; 2022; Long & Magerko, 2020; Song, 2023; Tadimalla, 2024). [I2tA] 7L AE{AH| LHOIA 0|2
of ZIelEX =97t S ZAUcHE EQ7I UCH, 0|2 floi 25 HAZM AUSK s 82 FHZE UHR= 77 S0
774
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g 7t ULt

AT FYCEE E©HF AHEEQ), MY AFR(1), 8 A7) € =
et al., 2024)2} 20| O|2X ELHE OtAst= SIs A 1719 7|

, 2022) - &2(Kim, 2024a) - 2% H7(Go et al., 2024)2+ &

(Creswell & Creswell, 2018). 0]2{5t HMO|M 47X AT Q30|
7] AMEREEZS EOELL CHEL 9= 7HY - &8 - 5§ g1 22 43 870 ok B+ 3171 Oia M2 HO|EE, &5
ARZ2= 012X 7|8 S105| & &= U= B+ A0 onl-_rLJH TS S&0| 292 Uo7t ULt

0|2t 20| ZLH =3t M AT MEA = GA= BT 02 AR FH|I2E RAS OFREL UULCE 0| Soff A+ “HEfA|

AtE

ATA(6)7F 25 LHEHGCE. B H+1(Choi, 2022; Kim
8H0| £l= 0|2 - sHMH E2 MB35k, HE(Kim et
2 AZ A= 0|29 AB1 =9|9| Mstof| 7|0fStct
T Eoist A2 AL *"EH71| LHOIA AN XA 7L &
A

LHOIA] ZFeh2 X =09t 1A RMIAI7F HEE7| AI"*°”°% SIOISIRACE. Ol2iet ZHet2 ™ =7t Al% St 1, SH-1H X|A|
7t S SA6HE 5 ARE, 24 AT X Oa M2 HOj| Sols ASAsH 882 FH=2 o ALt &7 S0
AN S S0l 2 B/t UL 015 Soll A7 EiAIE TS 2 H0|1L MAXR! A+ HEjAZ ALsHM o
g 5 AS AOICt

2. FUY S8 R AP S5 LIS MY T|E

(1) 2L 23t %2 A2 33 L2

=LY 5 M H710| 45t L0 CHSH FH, stz AN 2= 212t Table 7, 81t 2Tt YHYHZ = o AHAH9) 1t
SEN SAH(9) WES H|wH B0l CHEREAD, 2XIE A(2), &4=(2), 7I5K1) W= Y& CHE1 UL ESt, ASX|s 8t
)t 7IEH1)ZA 2l=2|(Ahn et al., 2023)= CHEL AL}, stAHER = 2S8HWI(13)Q 1S5 (10) LHE0| ZO| CHE
oML, Sstul(4) LI L2 CHEOIRICH
Table 7. Mathematics areas and content elements

Areas Content elements N

Number and operations Numbers up to four digits (2), addition and subtraction within two-digit numbers (3), addition 9 27
and subtraction of three-digit numbers (1), time and clocks (1), fractions (1), addition and
subtraction of fractions (1)

Algebraic expressions  Linear equations (1), linear inequalities and systems of linear equations (1) 2

Functions Ratio and proportion (1), proportional equations and proportional division (1) 2

Probability and statistics Data organization and interpretation (1), probability and its basic properties (1), permutations 9
and combinations (2), binomial theorem (1), meaning and application of probability (1),
conditional probability (1), probability distribution (1), statistical estimation (1)

Geometry Plane figures and their components (1)

Al mathematics Flowcharts (1), text data representation (1), text data analysis (1) 3

Others Mathematical logic (1)

Table 8. School levels

School level Elementary Middle High Total

N 13 4 10 27
OIXME =L =3f M S ME A= BE FAUZ S+tot, H|w X Chfer FFut st g0 ZX 0431 7t =5t i8S
CHE 1 QUACE CHEH LHE B M= SAtR 4, 84, 7|5t FHe I °”'-_rl7f CtA 2X5HHO| UL, stz HUME Stug
A7t YKz 42 HOIULE Mt &£ AFZAM 0|2{8F ZAtRt 4], &=, 7|5t G Sstulg2 04-?‘7} =5 E

O} QL.

B 01213 1T STt FBOH +HT 4 UTE, MRO| M5 HMO| 5t AT Sars| ZIHE|O{0F BHLt. XY 32
2 EXSH L£A0|L B, Je|TE X2|ote O QUO0A CtA H|Sto| QIO M(Dahal et al., 2023; Lee & Kim, 2024), IHIHZ
0213t MZ|E {loHM T E+Lt APl (222 LI, I[N 5)& HAISHOF St HIESES US| STt 0218 X3t
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HgEd2 S/t 2ftEl= O Yo7t 2 = ACH T2t 2Rt 4], &4, 7lot SHUM S| A7t HEs| 282 = UES
AL HERA| LHOIA ZHO| S H0)| Ciet 1Rt =0l SHTHE|O{OF BHCt.

28t LHZ M 7122 Table 99 2L} 0|2{5t 7122 SL20| WK S0In} 7|SX SR04
“EH’HOE Ol 2 5712 LY 4 U £3 LIRS MHSHS O £ 51 USIC CHA| L3, M 20| o Xast 2t
LHR0| SARIXIO] THet R85t 710|S2 MBBISICE Ol2(et MM 524 ST AAHA L] ME 720 et et k=
o/Z g Tt ACH AT FHEY LS M 71FS MTEE [S1 2Lt

Table 9. Criteria for selecting mathematical content in domestic research on math chatbot

Theme Content selection criteria Description Example
Math High-difficulty content Select challenging mathematical content Ahn et al. (2023)
High—frequency error content  Select mathematical content prone to frequent errors Kang (2024a)
Content beneficial for Select mathematical content where student achievement levels vary Kim (2024a)
personalized learning widely
Content suitable for chatbot Select mathematical content where chatbots can work effectively Jeong (2024)
technology
Al Content necessary for Al Select mathematical content required to understand and code Kim (2024b)
technology implementation specific Al technologies

Content suitable for Al chatbot Select mathematical content that is easily processed and converted  Go et al. (2024)
training into training data for Al chatbots
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0| QUCH(Kang, 2024a). ‘XEY &t50| RESH LHE'2 e 7t HF
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MHSIEE StCHJeong, 2024). BIE E04,
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<

Cgh Gt 0] HEEAL. TNz, 2 A7} 2H, X A7} 8, B A7} H.j =8 A7t 48 =R
Ch. 31917120 20, 28 (P2 HIE - 38 - ZE 97t 28 NYECH U AR2E TAF AT} 61, ME A7)
2 HAEULT. BH ALE A A7 2, 2 YA 2, YA A1 SHERC. 2 AA2E S -
A S35t 0117} 3, WU JHt AT} 18 LIEFACE

Table 10. Research methods in domestic research on math chatbot

Method Sub-method N
Literature review Review research 2 2
Analytical research
Quantitative research Survey research 6 8
Experimental research 2
Qualitative research Case study 2 5
Instructional development research 2
Instructional action research 1
Mixed—-method research Mixed—-method research 3 4
Curriculum development research 1
19

Total

O[XME =W st X A= 2o AR 2T A7 Tdet S+ Y-O| ASERUL. 0l &2 A SUME S7
SEIA LHOIM ChUSt WHEN HI2S Azdl 2ES 2HED. oot PX(Ryu & Ko, 2023) - 2X(Son, 2023) - 28 &
(Kim, 2024a)9_ Z2 A= o0 o 1 ®172(Choi, 2022; Kim et al., 2024) 7} CtA M2 ™O|QUCH £35|, 281 g7

23 17 0|2 ENE DRAGI 45 A7 et

S 24 = of X LIEHLEX] 2RUCH 2 ZI5t1(Giles & Harrlson
2023; Grant & Osanloo, 2014), =7| TtA|9] A7 MENAH| 7t OPHXMO 2 HiMst=0| 7|01°H:f 0|43t MY & HEZE
= 0|2X 7|82 3115| & & U= 28 A0 A7AN XS S20| e I UL
4. 3Ll 8t S o0 LIEP SH2o| ogtut X0l #2| U MR J|=

(1) =LY 5 S A0 LIEH ”55 o| Agtut CXl |

=L AR AP0 LIEH 2o Aoty CIXRl A2|o] UA = 212t Table 11, 122 2Lt RO A== SHIXL 0

OIMEZL 7k B0l LERRL, TRl He|2= FE ME &7t 7+ B0l LIEHIT. 1

A
Lt o1 e
UE SREH, B SR)2 Livo| STEE, 3o A8 R B2 ohet 018 B2

af 2R

Table 11. Roles of chatbots

Category Teaching Peer Teachable Motivational ~ Object of inquiry Total
Literature review 3 2 1 6
Empirical research 3 15 1 3 2 24
Total 6 17 1 4 2 30

Table 12. Design principles of chatbots

Catogory Pefsonlzed Exprietl Colsboreve floese aogng Erctol | Socal - forvaon g
Literature review 3 1 2 1 1 8
Empirical research 3 1 1 3 4 3 12 27
Total 6 2 1 5 5 4 12 35
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S Hx I’“OE HHEH, RO A== SHAN(17), B5XH6), ZTIRHA), SHEAKT) HYO| ZF LEfGY, FI1H0
2 MR XA7LeHE 0] Els g tH2) Ao & 6%9& Ch. 242 CARR! B2 2= 71218t 85(6), BIAI 273(6), M

X|4(5), AtelH M2’(*9(4) A s5(2), Fus sta(1) #2l7t LEHt,
FE M3 22l(12)7 SEOIRULE. 0[XE A= MR Az = SHIAL
b B0[ LIEFRLCE

He|0f ot O|2X HZdt 2H1H +f Ato]of O]

O=Z Heot HOSH IS sidst=

E7} 71 B0l LR, Tl He|2= Z2 MES et 7
2L 2 Aot 23 A2 U0 ATHEH, SRl ekt CiXel

s ofg Hels LB HUCH, F71H
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ﬁ?oil)\1= ’HE I1I+(1 2)°| le;OI v 31(44 4%) THQ15} ag(s): *H:HI-I o g -rorq(1 1, 1%)

H(15) &l I:|I30I 7P“ 34_(62 5%) WRHG) Y| HIS2 Xz A '—fEf'-”if(12.5%).

FX|OF AlE
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O[XY 22 FAUAME HMR0| H=HO = b 49| sigs 2tUiotl HEatots waAt AL JHQlst b #2|E MR &
QoA LR UL EHH| 2T A0 MR2 F2 M0 QWS M SEOIL =38 F= S= AU ZE NS &
2|E MEY QAUC CHA| Zolf, O|EHL 2= HEY WAL MRS X|efolil UKD, HHHLZE= 35 HOISH RO
0| LIEHL LD QUL

A HEA| LHOIA LIEFE O2f3h Zt=2 R0 CHer O|2H X|gfdt UM MMA 713 2t J"-I I ECh 2%
AU A= Of2{eh Zt=0] O|2X X2kl 7|=XH M| AfO[0| A st ARIX| 52 THE QUMM HIR 'XI% HHE,

0|2t &X| AfO[2] ZH5= F017| ?lofl == 27t ALt

(2) =L MR oA stus A0 LIEF R 243 7|s

=L 8 % A0 LIEHS SR A 7|&2 Table 131 20| i AN 2H ABOZ Lbw|UC}. 0|2{3H 7L AE4D}
2F AHOE CIYSH A2 WH, 7|& £2MY, 28 - HIt HIOIE 7L ZSEQICL 0|5 Sal A% 718t w4 - SI50M 7|&
Off CHet Olatiet O|F CHR= FEe S2ES QoA 2 AR E= AHEH 51t 20

Table 13. Chatbot technologies in domestic research on math chatbot

Category Development stack

Operations stack

Builder * Integrated development environment
* Commercial builders: Kakao i Open Builder, Danbee Ai

* Commercial chatbot builders: GPTs, Wrtn, SNU Chatbot

* Programming languages: Python, JavaScript
* Machine learning: Graph2Tree, Doc2Vec

* Rule—based learning: Rule-Based Algorithm
* Fine—tuning

Technical solution

Data * (Problem, solution) pair training data
* (Error, prompt) pair training data
+ (Question, answer) pair training data®
Platform * Web, mobile, tablet PC, desktop PC

» Programming language: Python

* Markup language: LaTeX

* Prompt engineering

« Scientific computing platform: Wolfram Alpha

* (Problem, solution) pair evaluation data

* Web, mobile, tablet PC, desktop PC

N ABS MHED, M UHRE S8 Y 27°, 48 Uh, 48
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AlSH 5t , EfES PC, HIAZE PCTH ARSEIACY.
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0|2t Z0| 3} A2 A0 LIEHH 7[&2 ADEQ0{2} SIEYE ORLED 04 CHUSHAl LIEHRLE. O 3% 7[4t
&k W - SIE0IN WALt BMYO| 7| Ololiet 28 A ZQMS LXSTHAmballoor & Naik, 2024). E5t, W 3
oM 0]218t 7|&E 3E3dt= XS0 st =X 3712t 0[] [ME 7|& SSAtS| I o st 7Hsd8 HoED

(UNESCO, 2023).

2 LIH(Wolfram Alpha)S0| AFSEI{L, ZatE d52 7167 flo 7t CIOIE
E2 9, 2o, =3 PC, HiA3E PCE LIEHHT

5. LY 8 345 G0 LIE AR SHago] oft
(1) LA ST D4 BS
G0 LIEH-H TAFS) SISI0] T3t N R Table 149 ZiCh, M4 - 31 TROA TAHS 30| B4
o2 -

L ot M | u
X, SHX S K M 2ol ME2 & 2A 7t
LIEFS 1 (Engestrom, 1999), WAte] St & JHHAKKang et al., 2023), 3% XHXHCho, 2023), = EHHXH(Yoon
et al., 2023), t& MAXHRyu & Ko, 2023), &5 EZIXHJeong, 2023), Al - 22| H2|Z=XHGo et al., 2024; Yoon,
2023)2 22 a5 2e|XHcurator) Y= MetE(UCt THAHCE HI{EM L3} 2Tt

AS Poi| mef, SHROA w Fg S ZRE E7|A =L 12 24t WA

Table 14. Teacher’s role and instructional activities

Role Instructional activities N
Pre—lesson
Learning designer * Design learner—centered lessons, including chatbot—-based projects, coding, and Al 14
* Develop tasks, activities, questions, and instructional strategies in collaboration with
the chatbot
* Establish evaluation criteria for chatbot—-based lessons and prepare prompts
Chatbot developer * Develop chatbot algorithms, architecture, pipelines, and databases 5
Chatbot tuner *» Tune and prepare chatbots through fine—tuning, prompt adjustments, and algorithm 11

modifications
* Prepare hardware, software, internet access, and user accounts

During lesson
Chatbot collaborator * Monitor student progress and status through chatbot—student interactions and outputs, 7
providing feedback and prompts

Learning facilitator « Facilitate student activities and interactions between students and between students 7
and the chatbot through brainstorming, scaffolding, creating a collaborative atmosphere,
emotional support, and mentoring

Al - Chatbot ethics supervisor * Educate on Al and chatbot ethics, including data distortion, bias, privacy, copyright, and 3
limitations
» Monitor and make decisions on chatbot outputs
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Table 15. Student’s role and learning activities

Role Learning activities N
Chatbot developer » Programming activities for chatbot development, such as coding, debugging, and prompt 5
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adherent * Learning about and complying with Al and chatbot ethics, such as data distortion, bias, privacy,
copyright, and limitations
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