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ABSTRACT

The purpose of this study is to explore research trends on Al-based mathematics teaching and learning. For this
purpose, a systematic literature review was conducted on 57 literatures in terms of research subject, research
method, research purpose, learning content, type of Al, role of Al, and role of teachers. The results indicate that
student accounted for the largest proportion at 51% among the research subjects, and quantitative research was
the highest at 49% among the research methods. The purpose of study was distributed as follows: effect analysis
44%, theoretical discussion 35%, case study 21%. ‘Numbers and Operations’ and ‘Variables and Expressions’ covered
learning contents most, and Intelligent Tutoring System (ITS) was used the most among the types of Al. ‘Student
teaching’ was the largest parts of role of Al at 40.4%, followed by ‘teacher support’at 22.8%, ‘student support’at 21%,
and ‘system support’at 15.8%. The role of teachers as ‘Al recipients’ was highlighted in earlier studies, and the role of
teachers as ‘constructive partner with Al'was highlighted in more recent studies. Also, role of teachers was explored
in pedagogical, Al-technological, content aspects. Through this, follow-up research was suggested and the roles that
teachers should have in Al-based mathematics teaching and learning were discussed.

Keywords Al-based mathematics teaching and learning, Mathematics education, Systematic literature review, Role
of Al, Role of teachers

M B

AR} AHRASIHO| M2 Al ACHZ7 eigtof [h2t Ats], ZA|, 28, 9=, WE ZE 200 A7t S QUCH O]2 A&l
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Education, 2021)0IA WEHY 7Y S Atel & oiLIZ TIXE - Al W A0 5
HIAIGIHDT, 2022 7HH 43

= u - ots Y YA £E'2
5t WEIFHM = CIXE - Al AYS 3T & U= 8 W
(Ministry of Education, 2022).

WR0IA2| Al (Al in education, AIED)0| CHSE MAIN, 27t Q7171 S7Hat0f| W2k(Park & Hyun, 2022), 28tu K0
ME Al 23 0|2H, AXA AFIF AZE0] RITH Al 23 ws Gz ot D2melal 3 sl d3 T o=, e "It A
S ¥ HQIs AR XS SHE AARC U 7HX| FHO 2 HL2E 4+ U=(Zawacki-Richter et al., 2019), =L £
SIIKM = 0] T Al A|ARI0 CHSH MAX0| 1 7|&XQl HL7t & 0|F 11 AUCH(Park, 2020; Shin, 2020a). £3|, XI5

2| A|AEl(Intelligent Tutoring System, ITS) § Al 7|8t 8l S SSHES S2510] JHE Yo £F Alg Z7|

= HEY WFS MSole g7t B2 HISE AHK[st=H|, Ol= + W7t CHE W0l HIsH 2{A=0]|11 MAZ0|0

S & Jeon, 2021). HtH Al 7|dk 48k W4 - St
0] =FE = S+= MAH, SetA G520 Hlof HHMo= M2 HO|Ct.

A&7t 2Ftok= CIX[E - Al 7|8t £t 88 XS flsiM= SREX|S] Al 7|8t ~F W
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offe I O|FOE 4= UL Z, ok WAL WAL S, Al, ot5 LHE, Wot S CHYet QA9 AS9EH At
stot=X|of =g It UL SIALE otX|2t LE HYE |ol0|5t SH&S flot Al 80| 2751 Y3 =7
u= - 50| SHE E S7s OFX U5 0|R0{X|X| 220{(Choi, 2022) Al2] 82
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HBHOZ SMGICL Al B3 A7 SHS BAF U £3IS ATE Al ZE 759 L Cof 243 A (Park,
2020), 29| 17 51HS Sof X - S DRKOIM| Al H70 SFS A3t A7(Shin, 2020a), KCI SH 3107 X
262 17 FH|, B | (Choi, 2021)7} Lk, BHXIDH 7| HRSS AIS B3 31 D4 - S5

S5t x| 3 2100] EIX| 942 C
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=
il
Hr
x
9'2
re Ho

Ch= Al AIAR 24 T X - SSUs T Wit WK 25 SS BHMoIAL, 42 ChatGPT S
A8 Al WX EENMXA| ZaotK|= ZolAtt. Mt 22 108 Zte] 23 2ol V&S Sl Al 7|8 =8F W= - Sh5
2H0fl tiet O3HE =012, 0| Sall Al 7|8 w=- - sbg S J #oful] A0 AAES MSOILLAL SHRACE

O|2X i

1. WKO[AM2| Al

WM AIE 28 M= FEHoH s/| Ht= oHst =Xo =2 ofF X|& 5tof| 0 Hof| {2|5t0{0F 2X| =5415H
OF ST}, ‘WKOIA2] Al (Al in education, AIED)'Q| 7HEE 1 SX0f| M2} 02 HAS0| Qo 2FE|0| 2Tt Holmes
Q| (2019)= WKUIA| AIZ ‘Al & Sh= St&(learning with Al)YTf ‘Al CHSt St&(learning about Ay 2 EF6t
Of MoISIULL. ML= AlQ] L0 M2t AJAEI ZHO| Al (System—facing Al), &t £M2| Al (Student-facing Al), 1l
At £HO| Al (Teacher-facing ADZ 2R EIH, SAt= ot 0 M2t | - FAH Y Al (Teaching young people
about Al), AIX|L|0] CHAF Al E2(Training Al engineers), #2|Xt L& Al £2(Training managers about A)CZ 25
ECh 8HH, Hong 2 (2020)= WKUMO| AIE Al 712 1S YOI ] 2Z0| M8dt= 220 siEst=s =T2M9
Al'?t Al AHXI7F B9 LHE0| &= ‘IO 22| Al' & 7tX|2 &SIt O, ‘EF2A 2 Al'e CH2 Wit s 1}
MO Hal5ty| 2fst £HOR AIE AM8SH= 0|1, ‘HERENQ Al'= 2 FE Wil0AM AIE &5 t4e=Z H11 0]
£ Sl&ote AS =HE otz 7HEO0|C O] 20| MEM 3t W= - SHES 2ol AIE #80t= 42 Ale 'T12AMQ Al
O SHEECIY & == ULt FAISH WO =2 2SIWK0M Al 23 A= 310|619 FS Al ML, HA, AdS gt =

oot 23S £31W R SIS 21| st YOO AIZ BB 4IRS st AIR T8

= 4 QICHChang & Nam, 2021). HAH= AIS 45t 1 LIS Olafsts o Wamol cu2k 35 siae 2R
S QEQI U, S 48 SA0| SIS Ik 5BHS F0|TX BH Tt MIE BHOITE 0] F S| B
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CHoH Limat Park (2021)2 Al 7|&8 &350 8 u % - St&E X|3ot= WE, -_rL-JF-, 2SS Al 7[H 8002 I
ot oot WHO| ZEHOI JYSS OlohE M A2l 7I0|gt WX &E0| O|F0{E 4= ULt SIULE. &, 488 W A0
MOl WAL, s, Al st& LHE, B7t S CiYet 249 43 9EX A7t 0{EH Hatol=X0| =5 BRES H7[okUC
O|zfct =o|E HIEC=E = °‘|-_rL01|*1._ uskt E= SHEAPLE Al AAY = B8 EESI0 Al 7|2 fefu|S Aot
D= S5 S Al 7|8 8 W - SE 02 FO|BHT.

2. st K0|Me] Al 2 A4t S&

(1) ELH A S

22 Wsad U OX|E - Al W4 - S50 20| M2t Alof gtet etils A7F S7totd! UL I ot s
OlA Al HEq A= O3 20| 2 7HKE 288 5 UL A, (QISX|s ) wath #&E ¢710[Ct 8 witoAM=
2015 708 WKEEH T2 MEd IZO 2 (QIFZ K|S $8hH0| HE 0 M2t AS K|S et WM i MAE BMot=
HTE0| sliohA 2ACHKIM & Jeon, 2021; Ku & Choi, 2022; Kwon et al., 2021). 6|E £0{, Kwon 2| (2021)= (QIZX]
S ASE WMIIMO| ‘B 5 QA'T} HIYE] OFAFS SAl H{Q|o} HI TEHM L1 SR HIAIS EAIOR HAM5H ] EX

Ir

oHdH, o= o=E &o

= YSICL EM, Al 22 5t g7 SeS EHAlst —E—.g_ HO|CHChoi et al., 2021; Park, 2020; Shin, 2020a). Park

(2020)2 = - 2| QIBX|5 EHE 7832 EF 2 FL2 7|58 M5 QB X5 SHE0| UAE X|25t= EXHQ

oISte $YSHHE HIE TESICE E5 Q7 WAIS SUXOZ K|St 4 Q= Yooy ht éé A} QSKs= &

28 251102 22|H0l 2HE WSE TR} USS OIS} Shin (20208)2 2015EEE 2020U7HK| X - =

S WR0AMQ| 2ISX|s AFE M WitE YO R MAXN F& UESIUCE 1 At ASKS2 8 wtolA 7+ &3]
MEEUL, =St Fotu F0M X5 FHE AAH ME F=E ANZEULL & UELEE B2t LRI A 9
HIZ0| 71 SUCH, WA= X HH0| ot HEX Aghg 35IRACE Choi (2021) KCIE XM'E0 AIME 26H2| =
=

22 [j4OZ T W2, A7 WY, A7 FHES BA6H0 KT Y BT, DAIDS, Wt DRUH A A7} (R0

T, N A7 HIS0| £ SO AN, ABXISH| T3t AL E OfHITAIR| QIAIS £A3H H7(Shin, 2020b;

Sim et al., 2023, Son, 2023) S0| ULt Shin (2020b)2 Of|H|=StI AL} QIAIGH= Of2 +SHUKUA Al M1t Al
M5

HR0IM DA HEUS T4 ZP, S ZH, It SPOIM ZHEIUCE AT AT, D4 SBOIN HHTASS ST 48t
Off Al 280 AlLHX 270/0, Ciofst Q30| £ Toilt Hafet XA U WS MUY 4 UKD, QXA - AN NEH
S0/l 17+ AUTH QIAIS JHXIT UQUCE S SHOIM Al JHH5H &S TSI st 2012 A3 4 UK, S
o ZHH AT 522 MaE 4 s ST QARSI BILO| STOIA AlS HTHOID THIN DAY YRS UAY
S SN - 268 B Y S WO 17} 20D WAL Al SBOL OSLDASO| B2 Difel
T2 49, AWM HENE, HIYHSE WL, HHOIAUT, AIO] HE NSt st TN ot HHSHE WIlet #H YR
. W, Al AIAR ES Al E72 22010 288 AT0IC Al AAHS SHAXI0] 222 HE5P HITEhD 10| 2
27t 8% 71512 HB5t0} 7K st

%%34 3—.*%% [Eots XIsd REHE AA-(TS) fIF2 850 ALt £5, =5
FOME St=ISFEO A et £ 4 %E O XME At & g7t o2 AR0IM 2= ACHChang & Nam,
2021; Lim et al., 2021). Al A|AE SUHHOZ Al =7 UM 8o B7= M2 HOICH 22 S
W SAH BE AL HEE SHL a—.*ﬂ’éoﬂ M AISXIs(ANS EE8t % - stg Yets BMSH Choi (2022)2 115
Stul0M ChatGPTE &&%t =8t 2E2dS A7, et AHMIM SHEAIe 2 - 2T 211 S 2418t Yoon 2| (2023)
7t HUE|UOLE, Ot &ot A7t 2O|X|= Y=L,

r_‘zr

r

ST Al 23 setus U AFHM Al 7|8 5t W4 - Shg A9 HI%% M2 HO|H, Al SAZ0|U XS FEHE Al
A 22 HHH0|L 7IEsSsHel AI*E"O HEeh A0 =-O| HF %Ef(Park 2020; Shin, 2020a). 0[2{8t W
STHH HI2 22 Al 7IESS US AU SAZCE 227t AR, 7ML= Al 7|8 +8f W= - S5 S OfEH
KIEAI7{ LI ZAA71H0f Ciet Wets I1I°*°H "7I O{ECkE HolAM SHAIZ7E UTHChoi, 2022). AlAH HLH= W L &0
ZHE AF0 Al 7| 8 W= - SIE0IMQ] WAL, SHY, Al &fs WE S HEo| HH=E 227t AT

(2) =l A7 S
=9 otug AT
&1 A520IC}. Hwangt Tu
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S8 20f, 7 he, o7 W QIZX|S2 g, Alel Y1E2|E, 718 7|& S SACE HERRZMot0] 0|At3 3 T
oM 7vy Ol MEE UCH X5 FHE AAMOZMO| Al9] HE0| 7hE HIHSHA| LIEHHTH=E ANE T

Nurwahid?t Ashar (2024)= 2017301 20213 Atojof] ZEE 2070 H720f CHSHH AN 2 IEGHRCE A7 At
=8 ShE0f| AIE &8ct= WY 0l= & RISt Xts Tot 2 w7 ME, 7He WAL AlY 7[8t ek sk

1, =3t | ZOM0iIM Al 23 == HTE, HEX olalf, 2921, AE, Ot0|C|0f M|t M2, gty So=2 RFEACE O|X
Y oy SES BMchE ATE2 3SR WKRUAM2 Al JEE BRots A0 =HS FUCL M, UM Al
20| st ofiH] StuAt Z2 HE £3IIAS| QIAS BAGH= H7L0|C). Chounta €| (2022)= K-12 WS0IAM u X|
2 T2 M AlG| TSt WALS Q| Q1A ME ZAIE S50 Bitotl, 3HY, MUY, FBY ¥ 229 HRANM ZUE M
HSISIICH ME ZAL ST 24 2 WME2 Al XA AI7F HHZ {EH =20 %! = UEX[0l| CHEH X|AO] £ EFSIR
Lt, AIE K9] 7|32 AAIGHT AULCL Yeo 2| (2024)= Al X[ A|ARC| LI, 13 U, HIZS2X| AL, WK Y

X ZHOIA oflH] ~StuALe] AF S HIISIUCE OIS Sall olH| WA St K0IM CIX|E =112k AIE MEdl= A2 52
4 X5, AI & IS ISk Ol SEE FO OH| AL W HEH JHYO0| O|FO0{X{0F St HIQHSIRCE A
uf, Al AIARS MESIALE Al ETE #80t= 0N o =S EMot= At H70ICt £3], SMYS0| =3t 0|
MEE AY, M2 S Al EFE 2N 86t AXM™ Aty A7t %‘:’Eﬁl I._|30HE|J_ QUCHFerro et al., 2021; Forsstrom
& Afdal, 2020). Forsstrom}t Afdal (2020)2 £5stuwd| 2|2 ORI= 22 _*-8-3._* 25t SF S Aldlct 5 SEH|A|
off w2t 2AM5H0] ~8t0| 0| =M Y= HHE & JUSS Eéﬁfﬁ’iﬂf. £ 2| (2021)= HMSXQl
X goroZ CX|E A0l Gea 2: A New EarthS TQI6t0] TSSHYIt WAIS [HQQ o A 718k STEM ==
St AIHIE E5IACE O|XME 29| 3t A= S A0 HIsH WAt AZE, WAZSH, B, It
MOl 23RO FQ THRA0| S, 3L S2 Ao ZHS & =27t st WO|CHLim & Park, 2021).

Al 2 A e GHMst U -  $3tug A= M| 7HX| HOIM SHAIZF QT W, 2F 71&2 H%O M5k 37
0| YA A0 XISl QUCH S, S Y £ MR 7|1Z0| M2 HIES ALtsto] X2
2 BMSHD Q= ER7F HRR0IACH, 2 =S HHOZ BMGH Gl TEX| §ARUCE 0]0)| CHal Hwangi-} Tu (2021)=
HYH 24 Q0= HAXE0] Al XA —?—3—.* SH50 11 SHEXIC| QM S MEXHO R EAGLY|

Eo_l A|0| Oc:{ A|0|010|"=

_'E

=5

()olI
20
r&"
gy
_>,i
_0
E

o AKX
EHHE TI:!O L

—uE
S0t b oITt. SH, 917 £ BA J1Z02 BEHOZ A0 5

Ploff HHX WHS HOIE=E Hefdh= A0 5= ¢ a2 24 S&X

= MG A0 Hlo, HUHO= WALS| Hets EMSH Mz ARALE Shin (20206)01|k| WAL AIE &0l X
TS ZIot=X|, Sdl0| JHEHMO = Al2t M3 AZSIU=XIE 2otz A0 S20iCH= Q1A oo = - 55 KN

O WALS| Hatg FEX At HXX HAsHBernacki & Walkington, 2018)2 —-—-.-rOfM_l—f NS o] Chalf XM

2 =OIotX|= AUCH AN, M Al SHEO| [HE Al bt wALS| Heto| HaE Hthot =z A7t HX| ¢Tf. 35|,

Al 7]8t £8t0 e A S&H2 EMSH 2L A= 2020~202130 HE JAN{(Choi, 2021; Park, 2020), 202230 S%&

St ChatGPTQt ZH2 MAS Al ISX &20F QIS HHEIE ILESIX| ZoIYUCt MMS AlQ| WS EHR0| A|EE 27|

'Hﬁl?l'ﬂ%, OFEIZK| =LY - 2| H0IM 8 Al 7|8 —1‘—3—.* s - SF50] ghet HEA SliA{0] O|RO{X|X|= EULCt.
AT0IM= 0|2 22 SHAIE HRASIIAL WHY Al & HTE 2ot 2[2 10 2t| Al 7|8 5t w4 - 8l AFE
[erog HAXN 29 DES StRACE Eok, Al 7|8 =8F W= - SES0|AM 2] AIE WAL MR dats X, X o= MR
Cf.
A7
2 A7= HAN 23 1E(Systematic Literature Review)Z Al 7|8t 28t 114 - SK50f| LSt O|GHE =0]7] 2l 5H
S0l 291 ZEO|H, St =X

= 70 MAX 29 1E2 MAXY RN Fus| oHAIE 27ot7| ol dshX|= ot
of E= LHel7] 2{sH

A= DE HZ 30151 III5H S&lold = AIEO ICt(Petticrew & Roberts, 2008). 0| 22|

EZ2 AW, AFE flet 02| FollTl Mefet 7|&C= SHE FHo| Tsotl, M, oI Met/ise HEE0|H, Al
o, Meket 7|20 He= ZE HFE st = MAXQ! ZA0|L, Sk, °"-_rl 1}°| EtEd Hot0|0, CHAm, otE St
o EXIt 0| CHEH MAXQI Fn ZHOICE 2 AN Al 718 8 W=~ - S50 TSt HAX 28 D& 1) A7
=M A, 2) 28 4M, 3) 28 MY, 4) Xz & X 24, b) Xte g H A Hﬂ*l &0 2 ZIME|ACHKitchenham &
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HS, HOL - Al 7|5t A5 T4 S150] et MK 23 D& Math Ed u

Ho

Charters, 2007). $HH, JAN 2 DE0AM= A7 MerY EXME WXISIIX} 2[4 2H 0|4 &t HE 0|F
sii5H= 710 EAEZICHCook et al., 1997). 0]0f] 2 HAN A= X} 2910] WXt HEES Eoff 23 M U MAHst= b5
7 ZUE EE5k= HEE SS2 2 TdlolH EfZHS St IXt &SI

1.9+ 28 23

2 o7 Al Jl5t 481 D4 - 40| 917 S PSS, AlS) ST IAS| IS MSHOR SMBIIR} BIRICE
T SHO| M2 H7 SHE ST 2T,

S, Al 7|8t 28t D4 - 8t BT SEL 0fHEDP

ST, Al 7|8t 28t T4 - SHS0|A AlQ] B2 21

SUM, Al 7]8t 23 T4 - SHSOIA TAR| HE2 BRI

2. 251 HM

281 ZM2 A ZH(0f gt MAESH HI0|HE $&6t= HAHOICHMengist et al., 2020). 2812] g o CHEXQ! O
O|E{H|O]AQl Web of Science?t ERICO| Al 7|8t s=3f W= - SH50]| &tot =S AMSIUCE Web of Science= 12tsf?l
ZM0I(Science Citation Index, SCI)2t A3|atstoIMOI(Social Sciences Citation Index, SSCNO| S5E 248t =
20]| CHSt StadHE MSE 20t OtL|2t OFR] QUHIA| SXHE|X| 242 ESCI (Emerging Sources Citation Index)77kX| I
&t5h= O|O|E{H|0|AO|Ct. ESH ERIC (Education Resouces Information Center)= 18 £0f E35}=l H|O|E{H[O|AR,
Web of ScienceE Soll ZMEX| 942 8t W - ot5 #E =F0| JUS 7I5dS 12ot0] MEHSIALL stils S0t
M Al A 7 =7] HA0|D AlQ] BF 3 7|S0| HEA| Halsl U= HES 1ot 23 ZdM 7|72 22 104,
20155 E 20244 5€MX|Z ZH-oIQICE. ‘Artificial Intelligence’, ‘Generative Al', ‘Al system’0|2k= M| 7tX| FH|O{
ot ‘mathematics’, ‘mathematics learning’, ‘mathematics teaching’, ‘mathematics education’@| 4| 7tX| FHOHE
X8l & 127HX|2] FHOE WH6IRL, M, =8, 7|YE0 FH07t ZE =22 25 AMSIICH O Zat Web of
Science0|A 52371, ERICO|A 3087, & 8317H2| =20| ZHAE|ALE.

el

251 My
3"1|71|&+ SHIY AP0l 4O BALA =20| T} A AEJt A7AN0 ETtAT} MEINS St S08 1Y
O|CHPetticrew & Roberts, 2008). O0f| Z{Ai3t 251 5 AAZH0| Harst 25 24 (oS ML517| 2IsH PRISMA %)
S Wf2} Table 13t 20| 3 7|Z3t H{H| 7|ES MASIUCHMoher et al., 2009). E&f 7|ZQ 2 Al 7|8t 25 W2 - &}
& B3 017, SREIHpeer-reviewed) IHS I SHAX| =2, HINT =21t M| =22 QIS =2, pdf YL0| HZ
Gle =22 MHSIAD, HH JIZ0RE Al 7[H M4 - 5 LIRS BEISIA| 92 917, AIZX|SO| 45t Ase Bt

7, G0 0]212] =02 7|&E A7t ZYE UL

Table 1. Inclusion criteria and exclusion criteria

Inclusion criteria Exclusion criteria
* Theoretical and empirical research on Al-based » Research that does not include Al-based teaching and learning
mathematics teaching and learning * Research that covers Al development or mathematical performance
» Peer-reviewed journal papers of Al
* Papers excluding irregular papers and withdrawn papers * Research that covers field other than mathematics education, such
* Research with original pdf text available as computer science and machine learning

* Research written with a language other than English

5 HiA| 7|1=(Table 1)0l @2t Figure 12 PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta—Analysis) Flow Chart2] HHE HX B2 MESIRULE. Web of Science?t ERICS Soff @2 831H = 5 &
= ZAS Melet 197HO| =20 5t = THAO 24X MEHO| O|FO{ACt. 1XH ME LHUM F HO| HAX= =22 =
1E6H0 A X0 2Xetet 909He| =ZS M2[otRULt. 1 = 2xt M8 LM = 1XH M8 HM MEE Z 98
=0 222 oM EE HiX| 7|=0 M2t AEZHY, 2T 57HE BM ACE MESIQICE 2 7= Alo] 25t

rol

OB

re
10 njo
ron

T oY
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=2| Ho|E{H|0| & &5
A4 E 2H(N=831)
Web of Science (N=523)

ERIC (N=308)

SX0/917] 0| 13, 27 M
23 a7, L Dy
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FEE A=A EHN=197)
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3 F 2O ZgE A7
(N=57)

Figure 1. Process according to PRISMA Flow Chart.

0|

SAIE 24 E7

Figure 11t Z2 2% MY IPHS HH Al 7|8 8t W4 - 8t A2 & 57H(20153 1M, 2016 2H, 20174 2H,
2018 3M 20199 3™, 20204 10™, 2021E 10T, 20223 8™, 2023H 12, 20243 6™)0| =T = UL},
4.2 25 Y BN
itz & 2 242 U8E =252 dARCE 248 £ U= 7|&S UE= HAOICH Al 7|8 =8F w4 - S50 2Hot
2312 241517| 21510 Table 29+ 20| AT0| BASS YSIUTL. 24| 7|ZOR A7 S8 ZE Al (2L AIEE 7|F
o1 917 Y, 917 WHS Bersiion, 0\9/0] 57 EX0I (et BEE 9] i 67 S, offs LS, AlS) 98, Al%] O
&, ALY RS FIIBIRC,
Table 2. Analysis standards for Al-based mathematics teaching and learning research
Criteria Detailed analysis criteria
Research subject 1) Students, teachers, systems
2) School level (preschool, elementary school, middle school, high school, university)
Research method Quantitative research, qualitative research, mixed research
Research purpose Effect analysis, theoretical discussion, case study
Contents 1) Primary & secondary education: Mathematics (numbers and operations, variables and expressions,
functions, geometry, probability and statistics), STEAM
2) University education
Types of Al ITS, adaptive system, robot, game, chatbot, LMS, generative Al
Roles of Al Student teaching, student support, teacher support, system support (Tuomi, 2020)
Roles of teachers 1) Teachers as passive Al recipients, teachers as active Al users, teachers—Al as constructive partners
(Kim, 2023)
2) Pedagogical role, Al-technological role, contents role (Ning et al., 2024)
AT Y2 1) SHERL WAL A|ARICE 2RI, 0] & &t WAts 2) stugE(0lF(el, =S8tu, 5tu, 158
ul, it 7|ENE MI28totirt. S W2 ¥X AN, sgf (72 LRSI, ¥ A7= T2 A8 SctHlu A
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= 2= Ol A== QIXE ERL2M0 Al dets o|0(oldl, shEAt X2 ot Ats M3 ¥ SS9 &Y 5T g9, d
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oM S5chM EgiLi= ZR0= HIES 12l 718 £E ez o0t oHH, WAte] gt
5t 5 ESIMOZ MBIt MA Kim (2023)2] teacher-Al collaboration (TAC)HIAMQ] WALS| &t 285 & 11510] Al
+EX2X 29| WAHteachers as passive Al recipients), Al AtZXtZA 2] WAt(teachers as active Al users), Al2te| A
M DIELZMQ| WAKteachers—Al as constructive partners)2| H|Z0| AAEIA=E], 0|0 2 =20 O8] 74X| H&t
0| Eg{it 32, AFXNE2 T WAL EiT ¥ IS HIEO=E Zt =F T 71& Xttt dots ottilS I oI}, Eot,
WALS| HAEHS X K-12 WAIQ} HEE Al A2 TFSI-E SEE AI-TPACKS] Ml 245 EIH510{(Ning et al., 2024)
WEstX(pedagogical), Al-7|&X(Al-technological), Li2&(content) F&tZ2 2™ FYE|QICE, 0| SILIC| =20|A
KA, AlI-7|128, WEX HE0| S50 E2H ZL27H IRE0(|U7| HE0| YH 2 1 HIFSS AlMGHK|= UL
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Table 3. The distribution of research subjects in Al-based mathematics teaching and learning

Students Teachers Systems
29 studies (51%) 4 studies (7%) 24 studies (42%)

St 1710 917 Cha EE Table 37} 2T4 SH4S [HYOR 5t BT 29H(51%)C2 I
5%), 2SSt 6™M(10.5%), Z&tu 10H(17.6%), 1SSt 8M(14%), Listul 3M(5.4%)22 2H O

0, 5 - DSSHI SH0| HIS0| ZSSMECH EUCE Ol B Al 7/8t B4 - 3% 77t £S3HT YFZ 0|20{X|= A
2

o

Ol |IL|

8
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CSH 23 AT 11H(19.2%)0] UAUCL WALS THAOR BF AT AT(7%) HO|ACH, OHIULALS THA ZA} 177} 2
(3.5%), B2 TN (HALOR B 2 - 1501 of 7} 27H(3.5%)0I AL

g'y
o>
=2
=
ret
=
T
1
re

Table 4. The distribution of research methods in Al-based mathematics teaching and learning

Quantitative research Qualitative research Mixed research
28 studies (49%) 20 studies (35%) 9 studies (16%)

At H2 Table 42 Z0| 2RUCH LA A7 HA| F 49%S AKX HE2E HUCH, 0] T Al A|AH Mg 1}
£ HE A% A7} 16™(28%), EI-Il ZAt S2 28 AL AT} 12]1*(21%)2 XKLt OIE £0, Pai 2| (2020)
OME =Sety 550 SHY 134HS MO E X|sH SEE A|AR(ITS) €8, UOlAl 2 (conventional teacher

instruction), A7 |FEH Xt& Q 7I(mater|al reading)2 M| 7tX| BIHOZ “A|Zt ET-_iP_I = LSl Sl CHSE wlas -
SIES AYUSt £ ANE H|WOIRLH G5 AL TS & s ZolA 0] £0ist S| dite HIMKX|TE Al A|A
H &80 '—f wAS| X|= G10] Xt& 7|2t o SS9 2L M HF7L UL E5, ITSE 8% tlsS2 oot dFE &

o
S| OFHCL. 3, T 7 20H(35%)0I4=8] 0] § 231 ¢7s 17HOR U H710| 85%S &t
QI OW(16%)0IU0H, F2 AT A2 S5t &1t YH AT QIEEE S5t BN 2A0| BYEs 4+

& A AL ALK Gillespie et al., 2022 Lopez Caudana et al., 2020).

Table 5. The distribution of research purposes in Al-based mathematics teaching and learning

Effect analysis Theoretical discussion Case study
25 studies (44%) 20 studies (35%) 12 studies (21%)

Al 7|8t 28 W4 - 815 19| ZX2 Table 52t 20| St £4A, O|2X HA, Q) Atg| €I A 7K 2 F2EQACH W
S g1t 240 251‘1(447) 2 7P HIB0| U0, £ Atz EHH0| 12H(21%)22 7He HIS0| IUACH 51t 2
T= Al AIAE 28 +0l|lM SMFE, 515 57| 8 B9 AN, AlE St AMOE EAM5H= A7} 20H(35.2%)2
2 {EE20|AL, LIHX] 5H(8.8%)2 02 Al 2t H|W HFAICL 0|2 EM A= A4l SeS EMot= ¢i+17t 8H
(14%), AlQ] WX &g HIor EtM X1 10M(17.5%), WAl 18 2t AT} 21(3.5%)0| AL A S 12m(21%)2
Al ANAHI S2 AIETE 280h= W - 815 48 Q49 5 20| £HE & A2, I A70l= OF& BO| THROX|
X 42 FHUCHLIm & Park, 2021).

Al 718 =8F W4 - St AN HMAIE S W81 Al R¥E 2X:= Figure 29 2L}, 85 &2
(54.4%)01| THEHATE HAIZ|AL, LIHX| 26™(45.6%)2 AIEIXI OFOITH BHA LHRO| HA|E 9 & X - IS8T 814 LY
g2 OE A7 29H(50.9%), st sh& &S HE 7= 2HE.5%)ULE. = - S5 o5 W82 £ ¢t 10
T(17.6%), X2t Al 6T(10.5%), &4 2H(3.5%), 7|5t 4H(7%), =1t 54 4H(7%), STEAM 3T(5.3%)02 2
M, CHSHW SHE L2 2T(3.5%) E—.— J&3l(engineering mathematics)O| ALt SHH, Al 7|8t ~8F = - shE A
T 57H T Al RE0| HAIE A= & 39H(68.4%)0IRACt XisE SEY AAR(TS)S AFESH H717t 18H(31.5%)2
2 MY HUon, 1 5 A ITSE 14T(24.5%), EH ITSE 4H(7%)0|ACH AIZ £ E72 28t A= HF| o
T2 9f 12.3%E A YO, 28 &8 A7 3H, MR & A7 1H, Al & o7 3HOIQAC. XS AI*E"(Adaptive

_|0II
o>

0

system) G1T= & 6H(10.5%), Bt AIAH EE SATRNA(LMS) S o SUE S AT 3H(65.3%)0|2
MM Al 28 $17= 5T(8.8%)0[RIC
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Figure 2. The distribution of learning contents (left) and types of Al (right) in Al-based mathematics teaching and
learning.
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Figure 3. The role of Al in Al-based mathematics teaching and learning.

(1) &AL

Alz F2 HAY, Hetd ITS L= Y9 AIE E8dls NE 5 SEUM atgit U AES oA Al= WAL
u+E ilote] StEXtoA ot WE H HE 200 = H0|=2| UME HSoHH ft 0|1 2 2HQI stas XIEoHY

CHSaputra et al., 2023; Suharmawan, 2023). 0IE £0{, Gonzélez—-Calero 2| (2015)0A ITS= U 2
= Flott o2 T2 MA Ot =X ol ZIYe| H&st @F L8, /AN AXE IF5017| flet =2 MS &
AE MSot¥, 1 21t ITSE &8t 182 th 28| s JZ0| 3 S7I6IAL. Eo Al= SS9
HE MBS0l XSKHOE -5l 7ts 7IS2E && 2F JHME X2 THTejawiani et al., 2023). MSL2H AX5| SHIE
ol AME MoK = LUKITH SHSAILHIHMO = MZI5H01 XHIO| SHAME JHMEIES RE5HAL, 1 2 =
A, ZO|X, HITH AL &AtS ZZI6HICH(Barana et al., 2023). £3|, ChatGPTt Z2 MA3 Al= 2%t 5 2
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22 LIEKGTE Wu 9 (2023)001A AlE St&RI0l $STH 45582 4

T MY 8% NB2 NTos WACE BN XUGIALE Jia  (2023)04E BS BS Al 18 2SO B &Y
o 4 U DSt ALIRIQE MA5HT E2 72X, AAZH IEY 2 18 E21 E22 Z76p| 93t XEH XS HZat
Of BIS STISICCE 3K TS 2T QIX| ALO|Q] BAE ZAGILL SHaXIQ| HOMZ Wk HBS 51O (Huang
et al., 2016), 0|2 B0|S QUBH= 8% WS HB5H0] SAXIUZ 31 5712 ROl YCHForsstrom & Afdal

2020).

Q) w=Xt XA

WX X2 SHEA7L OF "WAFE X256k AlQ| HE0|H, F2 ITS = A Al7L WA ¢ %”‘H o, Bt A
BS X|2ots YEHE LIEHRCE A TAN Ale WAA BSIPE0| Zete|0{0F ot= XMt 7|&2 W E MSotl &
O| RAI=E MH5I¥ (Lo, 2023; Zhang et al., 2023), A3 HA M= 22| A= 44, Ot0|C|0f HIZ, HA —1‘-°o” S Cfet
S8 T2 MNSSIUCHLo, 2023). H7t HAOIA Al= M HILE {1 oI5, X ¥ AL Yot E XIS

ot ofL|2HLuckin & Holmes, 2016), StMo| =T 5 J|HIOZ ZX) H74 M2F2 0|25t 0, CHFSH S J20] CHa &2
’“0* 052 MSotUCHShakya et al., 2023). 0|Z 0|&00] WAt= FX SHEBUN L=, Y, &, 24 5, HO|E S
SUS MESO =N ZNHE OtE 2, MHE I E PYS0HAH SF0t0 -?IEE =/ ofx! xHH ¢lo| HiZ AME L £+ AU
C}. O|= Qlal WAtz 7|Z0| B7t A[Zt0] Ol= =& A2l ZH|, Al T7t, ol A &0l St 22 B5H0l 2| S X
2lolz R2HO0| SUL, shlol Zidl AesS DL EYSHT Ws 7|s M0 BSots Ol O B2 AlZtS e = UUC

(4) NAE X

Al= StEA EE H0|HE 3, 24510 W AIAHS X|ASIA=H], 0] FE2 F2 shEH2|AA”—(LMS) &2 X3Y
AL G0N +HE|ACE Al= S5 0|, Al 21, ot AR, o M3 52| HI0[ES +=&otdl AtAs| E24st= §
&2 35U 1 (Gillespie et al., 2022; Phillips et al., 2020), 7|& H|0|EE HIZOZ 5H4 HE LS 0 =otCHHamim
etal, 2022). 3t AF= A& 2 QT HIM |52 234510 ZH 5HAHO| ZHR OFM JHA 2 HL0| LQEH & £ HOFSIYCt
(Pratikno & Lay, 2017). &t 0|2, Huang 2| (2016)0Af AF2E ITSQI ALEKSE &H4Q] M4 XA = QO 29| 55 LY
85 HY XE Aoz QOI510] MISotALt. O HIOIE= 2t X|4] #A7t Lot SEHEA=X| BOFAL, StEkt= 012
HIEO = 25t LIZ0| 26t FHE MENSI0] SHEE 4= URACEH Wo 2| (2024)0M AFZE ARE 7|8 HSY A|ARS
& Xl (learning map)E M350 7|& &5 R0 ME & Z=E tUiotH FZMQl HE mEMS MSoHUL. £
Urrutia®t Araya (2024)01M Al= SHS0| =3t HHOIM HIY2ES XIS 2 UX|5H0] H 11517 | KL}

y i —

r9£ .I_°,E

Table 6. The role of Al in Al-based mathematics teaching and learning

Student teaching Student support Teacher support System support
Provide effective and efficient Provide learning materials Design phase: provide an Collect and analyze student data to
scaffolding for individual tailored individual needs overview of knowledge and skills diagnose learning and recommend
students (Saputra et al., (Suharmawan, 2023; that should be included in the contents (Phillips et al., 2020)
2023; Tejawiani et al., 2023) Wu et al., 2023) curriculum (Zhang et al., 2023)  Predict students’ profile (Hamim et
Support students’ subjectivity, Support for group activities Implementation phase: provide al., 2022)
creativity, critical thinking (Bray & Tangney, 2017;  various applications such as Automatic grading and analysis of
(Barana et al., 2023; Forsstrom & Afdal, creating lecture materials, incorrect answers to suggest each
Zhang et al., 2023) 2020; Jia et al., 2023) providing ideas, performing student’s strengths, weaknesses,
Provide ideas for solving Give students emotional  translation (Lo, 2023) points for improvement (Pratikno
complex mathematical support and motivation Assessment phase: help create & Lay, 2017)
problems (Wardat et al., to learn (Huang et al., exercises, quizzes, and scenarios Detect automatically students’
2023) 2016) for student assessment (Luckin ~ math answer and provide
& Holmes, 2016) inconsistencies in it (Urrutia &

Araya, 2024)
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Figure 4. The role of teachers in Al-based mathematics teaching and learning.
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Table 7. The roles of teachers in Al-based mathematics teaching and learning

Roles of teachers in Roles of teachers in

Roles of teachers in pedagogical aspect Al-technological aspect content aspect

Monitoring students’ learning (Wu et al., 2017; Zafrullah et al., 2023) Leading role: direct use of Al Edit and adjust learning
Providing cognitive and emotional feedback to students (Cung et al.,  technology (Gillespie et al., contents (Forsstrom &
2019; Graesser, 2016; Rajendran et al., 2018; Reinhold et al., 2020)  2022; Hamim et al., 2022; Afdal, 2020; Reinhold

Providing opportunities for students to develop creative thinking and ~ Luzano, 2024 Patel et al., 2023) et al., 2020)
critical thinking (Barana et al., 2023) Auxiliary role: support learners’  Create and reorganize
Support students’ collaborative learning (Bray & Tangney, 2017; use of Al (Fissore et al., 2022;  learning materials
Forsstrom & Kaufmann, 2018) How & Hung, 2019; Paietal.,  (Levy et al., 2023;
2020) Pham et al., 2024)
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2022). WA= Al 7|8 SHE 7ot W &5 X ALE YHS SHYS0IA MEoHALL SHES0
ot OIS HIEOZ [ L2 2ES & & UEE =oAL H(How & Hung, 2019) ITS, A
O] Z{Xate A ES & &+ UEF 7 Mo CHet =2 MSotk= He(Pai et al., 2021) %E $H5HICE
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L8 ofare BryE 48t 2¢f U LHE XM W - 8 X2 HIEO| & 71X YA
2 LIERATE 50, TALS AIS 2R5(0] 19 IHH & WEE ZFaARCHReinhold ot al,
2020). 3t 0|2, Forsstrom} Afdal (20202 |1 DIIEAE 2RS 48100 E85= +S A6l 48tnp D27
o SHYS0| 43 =S SHI2A Ofs5i

-

Y S| 7ts4S ZMGIRCE 0 AN WAt 2Rt 4SXES Sof &

HEY + ULE o5 WE2 2ot Ol 2% 9eS +ASIRULE. ESt Bray?t Tangney (2017), Forsstromzt Afdal
(2020)01lA WAL= EHIZE2X], T272HY Y 22S £5F WAHNAM SEECZMN WKIPHut o5 SHE Yot s &
B2 ZFSINUCL o YoM WAE Z|IiSt SS9l RHS +8oIUCH, SIS0 =4M0l 258 HtE*OE M2 Jﬁ1l°r

mn Mo
=

S BIo2N WA} Y SO SEES B BA6h T
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TAE AIZH RIB3 3t Z28 AT6HE OIS 2SI0] SIS Maiet 18 KBS MEstD MEXSH: IS 435t
ACHLovy et o, 2023), 31 AT HAS SXISE 204 £850] LCis, SHE R2X J1319f YRS WSO B
Q0f W2t 2HS WAL M2S 2HIE 2HSIACHPham et al., 2024). 3K 2| 120 A0IA ChatGPTOA] 44

HE ol B F4Tt Q7 WA HO| Wi HaHLH SAXNCE R0I$t +ZE0M H2 AS 12 M(Jia et al., 2024),
Al7} Yot BlE HESI +=Hot0] SrdS0l|A O Meket JEHZ MSoh= wAte] 70| Ha=H0|Ct.

oFH, Al 7|8t 8t W= - SHS0IM WALS] RE|H A R JHX| EWL A, WA= AIE 80| AM AIE 214
St11 OlaliSh= A2 ZQMS ZXSIUL PES0| W PH0AML Al2l REHE QUXISHES QHLHSIALHFissore et al.,
2022). EM, WA= Al =719 2|8 AFBS ZXSIL StEAte| algX MM E AIF WS AS5HUCHNam & Bai,
2023). gtz gatet 22 Al 2 a 7 HotH +=EotX| Y= HITH
Ei=7t HMAUS A QQ%EEQEQEEMQ§RQQ% Xt ACHJia et
al., 2024; Zafrullah et al.
Al =75 XMoo= Af%ﬁrEE OtLie L ot
SIS ULOIK| UEE FHE T AT WAL 525t F F oL S AFILCY.

=2 & &I
2 o7 22 101 7t0] R - o A5tDY AT 57HS HAK 23 DAGI0] Al 7|8t 23t 4 - Bt AT SHS H
MBITH S5, AlQ] 3T} WAL SISS UM, KO SMSI0] 2511 HEUIM AlS] ISH HEE 95t Jto|ca
OIZ RTSIQIC AT ZME HIZOR o JHK| =03 BB TSt 2,
SN, 17 THAS BIOIA L G120t Q| G1720| KI0|7} LIEFICE 29| HT0IA 5 - TSI S (HAOR 3t Al 7|t

| O 25| AIZEl= O HISH, 2 AR0M= £55t0 BCh= 258t QT2 RIE| 1 QICHChang &
Nam, 2021). Ol =S8t WA} £S8tu WAIEL M22 W= - 3H500| s 8% E{=E HOICk= FHojA 7|215t A
O £ 4 UL} gl IE WAtS| Al 280] thet 21AIS Hlw 245t Han 2| (2021)0 WH2H, ¢ 7|, 2M, 7HL
oA 2T ZSWAR| BH0| SSUAEL SAXHCZ ROI5H X0|E HO0|H FH LEHIL} Ol= ZSUALS0| SSUAS

Off tIsh Al 2&0| =&i0] =50| 2 A0[2t11 Tf BO| 7|IHetCh= A AIALRICE,
=M, S =X B Al 7|2 8t W - shig S SFE 2 EO| A AIE 74 =9 O“'-_r“’l geks e ol U

Ch Al 28 +Y0IMQ XI5Y SHE AAHS 285t +Q EUE 2Mts =2l A+ £ 25 & 19H(76%)0]
2018~202040f LZlsH UACHOG, Auccahuasi et al., 2018; Cung et al., 2019). 0|0]| H|sH =ZLH St LU= 2 3~4
H 201 20212 ‘£ 8 Hlf S ITSE &8¢t 717t ZIYE|7| AIZSIRCHChang & Nam, 2021; Lim et al.,
2021). st wd HMZ SXOZ Sh= =2 A7 202092 7|1HCE SHE0| MAH| 21%E RIX[SIRAX| T, LA =
2 A7t OFX] OSSN WAl L Chdst 24 7+ 2HA0f et 712 HRH0| H7|=l& =7| A+ SAHOICHLIM & Park,
2021).

M, Al 7|8 x8F W= - Sk AR Al G2 IHE SHloA E2HH0|
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mEa 3+§o| SHY JHt QEES 5K K2 U QIX|M mSEH RIZ0| X0
XIH0| QUCt. 0|2 = M, Al 7|8t =8F W= « SESO0|M WA 7t2X
(K|m et al., 2018), A7t CtEX| Zoh= AEH, M JIS TR AL
O| I:‘I Q718 A0[2t oI =E L.
SUN, AlS| gtut WALS| Het2 A[Zte| SEO| M2t Mt 43-40| ZOMRCE =7| AU M= wAe| Al +8X2AM2| I
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O] OIFU{XIX| =2 *-‘?J%I% g o, CHfe stugoA X AT AlE 22t AT 55|, 2SSt BEh=
g AIE 8E Hiot Q0| MY += U= T - LSHUNMO| A STt W - SHE0| 2XH0| {F20[et AAFESE X
2S5t St

3 = US AO|L} EHH 0y of5 LHEO CHoli Al 7|8t =8F W= - SHE0| A|=E HQ7t QUL M3 H0M 3t ks
LHEE E4(Grawemeyer et al., 2017; Reinhold et al., 2020; Wu et al., 2017), LXI2HAI(Bringula et al., 2018;
Kautzmann & Jaques, 2019) § H|uwX £/ WE0|Lt EXH 2X|(word problem) (del Olmo-Mufioz et al., 2023;
Gonzalez-Calero et al., 2015)0{| 25t=l Z5F0| QUC} [M2tA CHFS 8k LIK0)| Tt ASX ARSIt §4 A2 H|

OFEICE MY, Al AIAEIS 45 SIS0 X85t HELLE AIS St E72 HE510] HY S5 o W4 - 8 77t 27
EIck S140| Alo) S7% B8 S 817 Y 52 UAS QIR YTEPY XA SUCH= H24E OIxfembodied
HOl, AL,

cognition) & E= Q17 b, SheH)at HIQIZHO], ANS| HIERTE EAt5H= AIAL SHZAY O|2(ANT)Q 2HEIM =
e =
A

o[l 4 IS HOICF. YU, Al 7|8t 3t D4 - SIZOIAO| AlS) T TARS| 2| B &g% S5t 9177} Lest
Cf. 2 G Al 718t 481 4 - SO AlS] SISHTH MAQ] QB2 242H EMBIIRIDE & O3 7t QS 45X o
TEE EIXIS RUCE Al 7|8t D4 - SIE0IA AlQ) S22t AL Y310 MEH0|T Ml NS FLHOR By
BH= 17} HIQHEICY,

HIzs=X2le M2 FH7F s S0 oo M2t Al 28 w0 £&ol=s WA 0| =2l UCt. 0] H
TLOIA EfMSE Al 7|8t =5F W= - SHE0IAM Q| WALS] HStE HIFC = Al AL 3tlAt7E ZER0{0F & BH=Q AYS H|OF
SHH Chadt 2L &M, WAL= AlQ] St 1 SHAIE QIAIGHD 0| Eatet & U= FEs ZF0{0F SiCt & SN E2
"=, Ale H-’—‘.‘-?_* EE 7Hal S Foret FE MT 8HS HIEYOR of5 HI0|H My 3 X dd, EerxHE, Bh=
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@ &S 11|-7'-3 1 3% JHM 2ot Kieter & lon], Y
H AL WALS etg B2 22 hF|, 22t = US
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to] LK(I)-U(You) HAIE A5t HAES |XI5H | o =5H0F SHHGuilherme, 2017). St & gg 7.:.
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—_

LHE0f| CHSt w4-5tM X|AIZ HIHO R Al HotE AE0l FE HHE 4 U= AES 2F0{0F SHCH(Nam & Bai, 2023).
Sin, WA fE SHES0| AlO]| CHSt SHIZE EfERt *OF% #E  ULE R ALS a0} 3._ Ch AIE 8517 M 22|
QllE[0] 4 3H SHEE0| W= IHOML A2l REHE KXol otEX TMMES RX|oIH AIE AHESHESE W =dlof ot
E|'(FISSOI’€‘ etal., 2022). S AlQ] & A| &2t RJ—|'% 124ot0] AlI7t MiSer EHOIL X522 M= +~&otX| 411 HIT
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