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B S AT R ATRE SR (PR AT R
Je BB R RE R (0] 8 > A PR L P 2B ATHY
ettt K ME R M8V ARG K T » nEH)
BN« H#h T 52 ChatGPT (Chat Generative
Pre-trained Transformer) » [ FE KAV RS
ik MREENE BRI E k4TS
(“Artificial intelligence,” 2024) -

TEHE EAWAHRZHIER - Zawacki-
Richter=:(2019)4741 772007 ~ 2018 FALfE 555
BEHIFEER S REATEZE WY E R 77 R
&R« — ~ BEE {5 KM (profiling and
prediction) » 7T 2 EH A (learner model)
SR A RERRYTEON 5 — ~ HERHE A
4 (intelligent tutoring systems) » YIHEFEEY
EEBEM K2l 2 R R 5
= ~ 5F& I EFi5(assessment and evaluation) >
WHE B et a2 A n B A 5 I -
AL 248 K A {L(adaptive systems and
personalization) > ZIFEHEE A(LAVEE S [O]6 -
75 2 i FH AR 2 (5 A A (R HY AR fig 2 T B Ak 2
A EZACMEEE B Y « AR RATHY —RADR
W% o HEVALL B g R iR - tHItkR T3
AT EHIERSN » AT 5 MR Y
ATE T fe T EEFAE 52 EAIChatGPT K H
BhENGEDS - MR AT 1 S OB E
B R SRR BENEL - AT
BT AT S IR IT th BER 2 -
Ry TIREAVEZF YR - st
FEHER YRR - SRR g i AR 5T AR
o MEER AR S FERZ T B Y M e ARk
AJREHIBSE T

IR B EATEEE AT - CA &%/
SRR AT B SO B A ROERET » A1 Zawacki-
Richter5 (20 19)fRIFHFE T ~ BAF ~ BR ~ 1FH
B - AMEBEHIPRE S at ~ AIRVFER

e

FR—

I3 72007 ~ 2018FAIE S 5 A E I 146/F
WFFEERSL © Jia Q02 KIZEF 7 ~ £ ~ #
I~ Bz - R ENEERE - HEEH®
o 72013 ~ 2023 AERMEEEFHYT6
bR L - Crompton$: (2024){RIFELF}
BERE ~ vt ~ 97 - xR - BEEE
% ~ ATHVER ~ AEZEWIPKEL > 047 17
2011 ~ 20214 A{EK-12H 146 E 5 5
ZhouZE Q02K ACFIAT] ~ BZ ~ F547 -
BERE - AINFER - EHRVADERE - i
gk~ Bl - BEEW - £ - BEEH
o AUEHERIER - AUEZEIHE K FZ
& MTT2010 ~ 2023 AR E A S /Y130
R E R IHFTER S © HwangZs (2024) ((RE5 2R A
I~ BZ - AINER ~ fEFAVADERDE ~ i
FeHE ~ BREEE) - WIS - HErERY e
HRR - 3T 1996 ~ 20204 AE R A
HI 2R E S b ot
B|EXRRA X B EERNENEE
T2 A R 2R AR R R o M 508k B
AR A2 (2024) 2 AT AIERIEZZ
BHEmSL - R IER B 20y STk iram e
A [El A IR i ATE R BU8 U 98RO Rt
o B FEEAUTRERRA - &5k Jia%gH
T E IR S 0 BEAA AT EES AT
RERET MR AT R R E T AR E
PRI > BEE ALFLHTHY AR 38 2 - TR HET S
PrAIREREY)EAER - TR S (BRI 22 =
T AR B S A E R At 2 15
FH 77 16 F] B 1 R U Le PR B R & 2 ATEE S
ERERERES  HHFEHEHEEEARD
FIRE AU B A A 0 KRS E
PRI 22 B I FE Y PR R HARE © i —LEIEE S
& LA 1L 5m L (position paper) 5 F 3 &
(theoretical paper) @ B L B IR HFF M E
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B~ 1735 B EmHEZR(T.A]. Lin et al., 2024) »
BEFE IR E S TETE oA - — I ) DA
R IR AR B AVE RIS 38 B RIDT SR
g > 55— 07 » EEBING EARKAE
FRHEZE o % B : By RE R B S Ty 7 1) -
T JaZUREN ER X EFHWeb of Science
(WoS) Kz Scopusiy20134F.6 F 4202346 F AL
TERMEEZE YR L > 15 Sam S F BRI T
W N International Journal of Social Robotics (5
&) ~ ETR&D-Educational Technology Research
and Development (4%8) ~ International Journal
of Technology and Design Education (418) ~
Education and Information Technologies (45&)
Frontiers in Psychology (3%&) ~ British Journal
of Educational Technology (35&) ~ Journal of
Science Education and Technology (3%8) & IEEE
Transactions on Learning Technologies (35&)
ESHIT B BBERHH T - IR
HIAN A AT gEd R m B E R e B AT
MIFRIEEEM R ENALE © &ikJia%m
HUgEEF2023F6 H » HALER CAE2023 ~ 2024
FRARBNER - NIEFEE202346 H1&HY
s SCHELT I AT o AR ZERY 3mSR 5112024
FEIH - WINT B — R R SRR 0 B
AEHZERR T o3t BRIt S o T IR E
bFEEm S -
FEAMATFE S e = AR 2 Z0E 1y EI 1)
UZEET 2R » G5 © International Journal of
Science Education (1JSE) ~ Journal of Research
in Science Teaching (JRST) Jz Science Education
(SE) » & H & R oA it = HAFIRY £ 2R A
W > F—FE =R TR E LB &R AR
EHEHAT] > 41IRST ZAE19634EA1T] ~ SE
EAEI9164EAIT] ~ USEZAE19TOFAIT] - 5
CREBE=AEITENEREREAE T E R BT

#%4F Social Science Citation Index (SSCI)AYHA
FICAIIRST/ZAE 19824 4 U % /£ SSCI ~ SEfZ
TE19844F ~ IISE/ZAE19874) » (A M S F Bk
25 (U1 20234E1F WoS i 2L $%2,4 125 JRST
YRR ~ 1,945FESERYERSC ~ 3,500 1ISERY
i) o B ARG I EE KIEEE
a3 0 LG AR PR 1 B R E [ - S R T A S
HILETREREZS  HNAmMBE RS ER
o AR AT E N = A RIS
AR R B TRV 0 4020234 #JJCRE
“Educational & Educational Research”# 7l
(9756 HA T & » IRSTHE$448 ~ SEHE474 ~
IISEFE$4169 » [RIBE AU S R i Y S & B 2
FEEHE S B I SCE - o frHy4s Rt
BAERROREMSE - &&Z2BETAE TR
RS 2 ME ORI ST - o R
18 = ZAHAT](M.-H. Lee et al., 2009; T.-C. Lin et
al., 2014; T.-J. Lin et al., 2019, 2024) » 2Lt %,
GO E - $HEE =AW S RIE
ForEERIFTAE  EREREREREMH
FEAE AN [ HeF T it B Y — A 52RO B it -
i AW FE Al St ¥ 5 = AR BT - AU sk (e
WoSRHIRAIFIARTA SCE » (R E S ATTERHER
BEWFRABIRN S8 H — e RN -

Ry T W i ATTE [EL = (8 o SR 32 S o o
BEMFRNES fGE - AERIERETRE
Z B RNFEEAEREAPREL - KR BRI FE
Ji1A] > ARZE R EE DU S E R

—  BEWS AR =R 8 Ea 7
o (IR R S @SS Ry ] ?

o BEEWE  ANEI = AR GEEEER AT
o HEEWISTATE L AIERAY ~
MEAGTEC TR ~ HFTekst ~ tH5e7
%~ BERE R ?
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= BEINS - ANE = AHeE R+
FRE RGN R RS Ry fr] ?

&\ ~ BF9ET5

ARHZEAHRASCRCE BRI % (data inclusion)
TR PRISMA%EH] - PRISMA & X B
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses * 4% #8242 © &
G0 — ~ CEMEZE B (identification) ;
T~ XJERET#EE (screening) 5 = -~ fFEfEME
(eligibility) 5 VU ~ g% 3% C8k (included) &5
AR FEILFR AV BB RO #E 1T [ BRI 58
(Moher et al., 2009) - JRAZANE 1 - (i &2 ERHY
FERAN AT

HoFIWoSH# = - fEFEE (title) ~ 4
S (abstract) ~ BH§EF (keyword) i fir »
PUTRAf#E#4 5 » “artificial intelligence” ~

“AI” N “AIED” N

“intelligent tutoring system” - “expert system” -

“machine learning” -

“recommended system” ~ “recommendation

system” ~ “feedback system” - “personalized

learning” ~ “adaptive learning” - “prediction
system” ~ “student model” ~ “learner model” -
“data mining” ~ “learning analytics” -
“prediction model” ~ “automated evaluation” -
“automated assessment” ~ “robot” ~ “virtual
agent” ~ “algorithm” ~ “machine intelligence” -
“intelligent support” ~ “intelligent system” -
“deep learning” ~ “Al education” » PR&[HA T K
IUSE + JRSTJSE - @Al Lplps T A
WA R A > 55— & 1 fie 0] H 8 =5 o (o P 2 1
REFET “artificial intelligence” Kz “Al” #EfT3C
R > HREENEFRBDHEIR -
275 i 5 ATRFE 2R S48 M SRR El b 72

i RV - L - AWTSEERN R

Tﬁ fitWeb of Science (WOS) & fHEE
£ e IR
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BREET > S LERH R T BT iaE (2024) TSR Py
(s FHE TR =S RRSE T-E AHEAY -

(LA HRAsEF 1 = SR am S > A
FERE S AT e SCAETT WA P B B 8 0 SR — PR ELAR
SR A TEE CE— KR —E 8 RIES4R
NENREE - TSRS > I E L
oA EAVHER - M S8 R R4 R
NENREE - MR BRI
WAL 7T B AT R BA AR MHRBA BV S
RIEF It SCE PR AR 2 TR A I3 “deep
learning” [LREASHET > {HELEERY “deep learning”
REEAIRY “deep learning”) » %5 HAE —ALAHF3E
FHIEr BBLATLRAHBHAYSCE - A PR LR
NE o IR E LR 26 S E c N
28 E o PR AT E R — K
5B ARE)RIEE28R SRS - WILHIE %
NEER REEIRANGR S T EEE R
88.9% o SN WAL FTE 0 A —EIE 7y
LI TE T T e e AR R — B - R (T
PEFE B S5 oM R 3R BLATA AR RARY SCE » R
HEbR - fcf2® N25SROCE - M R U ERHY25
R ESR . HPISEAHEEME - 10R4HE
HEEHHIT -

B o MR LA T S (=) o i - BFE
— ~ ATERTEAY

= - EERAL TR

= - gt

U I

I~ B -
DL AR A RS —

SHIEH

— ~ AU © ATEREEIRE S5 Zawacki-
RichterS:(2019) RIS - 200
(B

R IR FFHI(profiling and prediction)
VR BRI HEE a4 (intelligent tutoring

systems) ;

(—
(—

(=) 5¥&E ik (assessment and evaluation) ;

(PU) 758 M b 2490 K2 {lE A\ {E(adaptive systems and

personalization) ©

& 7% Zawacki-Richter g HAY 580 E
FEAMERA - 5—FZawacki-Richter
FHVam LA E SR E IR SRR
SEH - B AR B IR M E A B
GESL 0 BB TR A R ESTRR AT ST
FAL 53 J80% > 4Hwang$5(2024) FBond 5
(2024) » [T & PU{EET I ME A A 4R S
AR WA GRS I 0 T R (E AR -

(F) W& R} 17 (research data analysis)

(7)) BIAIRVEREL sz 285G (view/perception/
experience to Al) °

DAUT s £ B RIRYEREA -

(—) B E E M5 R TR PR B FE F Ry i
AL EE R R (learner model){FE s THMI(E
> WA REZRYTEOMI -

(EEBRBE 245 - IWER F 22 ER AL
RECIFHE - EEEEZEE I K
PEAR

(Z)FFE R ¢ SR EE R EHAIKSL
BTN E > WHBETE LR -

(10 7 PEAL 2 48 R A AL - BEBE A 2 e
FHATAHZ A AAE Rom ALY R - 40
FEHLE LR g -

(F)HFEE R AT HEER b 58 E R A AL
RaMBEZHFHRER » WREE
FHEE (PISAERHE) YL AT -

N ATAVELRE RSz /48 B ¢ FLER 9T
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F R AE A M A ALRYERE - Jisz
SR8 o

o [FEAAALNMTEC T A ¢ [ HAYATR T E
T AV E A LB (E D B - H oot
HRF S E H P (o P B BT ARl e T 2 30 8%
TR 2 A R S B
S ALl e TH RS R AR - &
FELUT 5B 1

(—) B AEE = FEH (natural language process)

(Z) BEES 57 (clustering analysis)

(=) A5kt (i.e., random forest and C4.5)

(VO) $E I 4E 4 8 (artificial neural network) » [If
B2 DUS a8 A s Ry ER e R RS
Z1Convolution Neural Network(CNN)

(F1) 27T [ElEF 73 Mr(multiple regression analysis)

() H At BT LA E TSRS - R AHYER
FROR S LA - SRR i e T 2R
HAE-RwmXAER » A Em 2
(support vector machines) °

=~ WFZEREET ¢ SRR ET AR IE Bryman
(2004) 05T 8% 5T HY E 2o R o S AR HES T
GRS+ o Ry DU 8B -

(—) EEz% =t (experimental design)

() FEET 22555 T (cross-sectional design)

(=) HEE IS T (longitudinal design)

(PO) ([ ZERIT 5T 5% T (case study design)

Mo~ IR T4 - B9 AT E C#E Bryman
(2004) #0752 J7 AR E 28 Fe o AR T
GRS o o R LU 28 (&A1 -

(—) &R

(D&

()t

()R
(T) LT
I BERE
(—) 4h e 2 B/ \(k-elementary)
(=) Bl (middle)
(=)=t (high)
(F0) K E2(college)
() HoAth
TR ERT » "= BRE RS

(singular coding) > "— ~ T =, ~ TpO

Je U RIERFZE 4R (multiple coding)

92& N m%r\n%
— iy

AT BB RSB & - 41fE2
FrR 2R HA T By 7= 2K HITSE(28%) ~ 155@2K
FIRST(60%) ~ 3E5 EISE(12%) » A il —

FLLEAER SR EIRST » [N ] HIRSTUL
SE
12%

IJSE
28%

JRST
60%

B2 : 25FHIAIRATIDM
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SR 25 AVAERH SCEE - TSER/) < 182555

1 ISREEREHIT60%) ~ 10 ESIFEZ
5E(40%) - HFFHENEFF 2K E 15 Lhim S ([E3)
1987 1EIEE =8 (Good, 1987) ~ 1994415
B 5 (Andaloro et al., 1994) - 20084155 &5
(Liu & Ruiz, 2008) ~ 201215 & #5(Yeh et al.,
2012) ~ 20154F 1 E5 855 (Vitale et al., 2015) ~
201941 & 55 (H.-S. Lee et al., 2019) ~ 20204
1£59E 2725 (Zhai et al., 2020) ~ 202 1F4R5 (255
B8 [Song & Wang, 2021; Vyas et al., 2021] ~ 2
BIEE 5 [Cheuk, 2021; Odden et al., 2021]) ~
20224F 255 (1S B3 Zhai et al., 2022] ~ 155k
BHig[Wu & Tsai, 2022]) ~ 2023F 6= 3HEE
Z&[Karahan, 2023; Koérpeoglu & Yildiz, 2024;
Martin et al., 2024] ~ 35 JEE & [Kubsch et al.,
2023; Li et al., 2023; Zhai & Nehm, 2023]) -
2024F 655 (45 H 28 [ Ariely et al., 2024; Tan
et al., 2024; Wang et al., 2024] ~ 2B IEE
[Erduran & Levrini, 2024; Sadler et al., 2024]) °

4.5

3.5

2.5

1.5

- EBMEOTER

HERs 215 ACEIISE ~ JRST ~ SEfRE
ATV E S I ATaS 5 S5 5RM05 T AIFE
GEE R "ERAMALGMTE T A, - Tt
gesstat .y~ TWHSRITE L B T HEEERTEE
Rotsh - HEERWRIFTIR - 5ot (CATE
FIEANHAHARE » 45BN EE M K TE
HI6FF > 40.00%)EBLET-8 KT (6% » 40.00%)
e 2 ATTE RV B2 S R 5 R FRUHIAN
6fE R 7 » SRR TR K VR 2 L8
HEFL > SRR AR S F » 22
T ELE Ry ~ 1R 2 TENMISTEM (Science,
Technology, Engineering & Math)FEfE ~ 1R TH
SHIES 481 AE 7 (interdisciplinary competence) ~ 1
e TR 2418 5 Jj(academic resilience) » B5E
TETHHIE ER] - FEORIHY B ARER A AR E] - B
B EHE6ETT T - B AR B EETER
ZE ST MEFEHBUR - B6EHFERTEY
ENHEYHLAARE - 4R 5 HEEFEEA Y

: AAAD

0 &=

198719891991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

B3 : ZFEERIF

BEEm eI ER
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{LHYRPEAEA -
H25(13.33%) 30 F AIE FH ARl #E 1T
e E R AT - i —E 0 WoSUZEEHY
17 1 S B R E2HE5% (scientific inquiry)FHREEHYSC
EREE > DR TN T E > B
AIorHr2015 PISAERHE - DIBR ARIIFLE R 2R
BB PLEMHBRVBCEIHE - HERZ T -
BRI 2148 RO AL 2 50 S A8 AABAYRH

EMEED > BEMEELG A 1IRER X
(6.67%) » ItEfam e 48— (EAE B B2 ftE2
H BB 2 A E RS EAET R
A RERSL(6.67%) - IR SUE M 48 KV E
—fEREFELE AMEEE B EIEERT 4T - HEE
EHVEA 1R (6.67%) Hg b 5tam il IFALRE
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MEAEFEE R > 26.67%) ~ BERE T
(37 » 20.00%) ~ JATFAH(47F > 26.67%) ~ HH
LR (3R » 20.00%) ~ 2 TT[EIER 7347 (2
@ 0 13.33%) » FLAME ST SCE A A HAL
HIF T e T H » 4157 [ &% (support vector
machines) ~ fE##EE §E (fuzzy logic) ~ VELO
% AR A A FERATTEC T A
EHEL—LIIATR(TR » 46.67%)FEHAH—
FEAFR s TEAEEFEF - fEp5Eakstm
5] > EEEHE R (TR  46.67%) » HX
e TR aaT (45 » 26.67%) ~ {E 2=/
FeaaT (30 » 20.00%) KAt Bt Feast (1 -
6.67%) » BEgarat G % AT REE NE 2 T
TR EAIE AT T HAVREE - RILIHZEEL
ETE R TR REE o fEFE T AT A E o 45
R —F DL EAYZE 6 A& S 50y 7 =0
(8% » 53.33%)ETTIHZE ERIATULEE » HK
(E (40 0 26.67%) > BEEE[ME
(3% » 20.00 %) ~ EhHEK (3% » 20.00%) FIiEE
Z% (3% » 20.00 %) - 1% - EHEFEEEAHE
KE - BB B S A FENEE R
[ - &S REURHIT R EZ B E R EE F
(9% » 60.00%) » HZIXEEH 4R » 26.67%) ~
RE(4E » 26.67%) R AHERE 2 BI/N3TR »
20.00%) » B EHEAR » 6.67%) °

= FFEEMEIIE

I 23R 10/ 2K HUSE ~ JRST ~ SEFRH
RAIFFEER AT TSR - SEREUR
FEAVEREZZENER L > A7R(70.00%)5
FRaTRFE R - HA 4 (40.00%) A 5T
BT EZSFAE AL ~ A3/(30.00%) 55T
BB R THM > H25R5(20.00%) A PEET i
FLERLIT ~ A 1R (10.00%) 5 PRad BER
BA40 - MBI A R AERI 28
HIAFEIRER] - HiE S EH EGEAE DL T3 ([
FREE R () AR ZE R R AEE

BB~ (2) ATRP S EER BLE R HJEAE
PRERELE E ~ (2) AISR S0 Sl 5e ]
ST B E e i

(AR EHENENBEEEER

FE10FRIRE SN A 75 (70.00%)5
NAERESTATHRIEF B E » HEZEMEH
RSP E R EEMEEFER A 08 - ZhaiF
(2020)Hy 5L F T LR PR S A — R P22
SR Z AR A R > 015 i e 22
T3 2 RT LGRS F 20 R 56 9 i B2 AR YRR D
BRI RLERAREE - AR D 2R A TRty &
i - [fiiZhaifiNehm (2023)AYF5E 015 HIALE
T RCHERY & m] LUR (A (BB Y (0] 65 45 2l i
MHIETE T E LU AR » BR T IEHAYRZE
ZAh > By i M E A AVEA R B8
2P0y EAYTEAE R REBLPRER - (40 Zhai %5 e
AT -

However, most of the algorithms

(68%) are content specific, which

means they could only be applied to

the same item and are not generalizable

for other contexts. (p. 1446)

Among the studies, only eight did
not require humans to label the data
to build the algorithm, which means
that most studies used a supervised
ML approach (39 articles) or semi-
supervised ML approach (one article),
which requires significant human
effort. (p. 1446)

i LE TR ) H AR Es 2 Y EEDA
WA EBEARERES - RIEAEAN K
HYIEHE o T HR EREREN AT ETER
FRECHETTR SRS - DAL OBH 5% ple A B
[ > i H A RFE R BA RIRTERTE -
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[EIREETYEEDARE » Cheuk (2021)f5H
s 5238 ml g IR R (o FH A BA T 2 AR A
FEGERE > R REEER NERGTMES -
OAM R AR AT B A BB ERERNER
iR & > RO ERRE RS R AT 5E
b T — RN RE AR A REE - BEUR RFE
BEAEAE o T A ZE RSB TR GO AR
— D AREIAVE EweRE o AR SR A&
BHEACHE M - Kubsch5(2023) ¥4 AlffF &,
AN HEREI AT E S - H/ 8N ERE
s E M E AR o A E Y A e
EENRE - HEARAKER - —E I EANE
I HE NIRRT o BRAE - PERRAEAE Ryt eR
SEEE ) ER W EEE 5 i 55— 5 =
e IR B A S T s s A
R REE AR S R - REAIRCH A
AR RE M N A A TR B -

Kubsch5(2023)F2 Hi 41 58 A A i s
BT HENMERE T HANR A NIRRT
SRR R E Y A o R OT AR A B A A
(BRI > DU Am B e AR B E - Al
EtEa N AR A E AR AT 5
T NBFUEEEZ BB - gL PR
SRR 5 BN R EHAIE &R
HEvE R T EE NS0 TR » TRE0E R
TR NBEIDHAVEZE R o ZhaiBiiNehm
(2023)#E— L5 H1 H ATE HAYAIR R (bias) &
H=FEFA 77 AR R 72 (deviation) ~ Z&E
$E =5 (systemnatic) FI{tH 5] (tendency) [R5 Al
FEEIR RURIRE » Li%(2023)5% B FH A R I fi#
Rt iR AR - R ME TSR
EWARAT - S5—T7HE AR Rl SR iE A
FEE R EE K H EREBAENER: » FJREE
B D SALFHRBARYZEE. » MRS DR AR
RS ENIRE S -

By TR A m SRR - AHBEI ST &1

e

FR—

BURE4E T » ZhaiBiiNehm (2023)fF & 2%
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Abstract

This study aims to understand the research trends of artificial intelligence in science
education by analyzing publications in three selected journals: International Journal of Science
Education (1JSE), Journal of Research in Science Teaching (JRST) and Science Education (SE).
The analysis is mainly divided into overall development trends, the trends of empirical research,
and issues discussed in non-empirical research. This study analyzed 25 papers after systematic
screening. The results showed that the time distribution of these papers roughly reflects the wave
of Al Fifteen of the 25 articles have empirical research. The development trend of empirical
research is reported mainly based on the type of artificial intelligence application, the artificial
intelligence technology or tools used, research design, research methods, and education level.
The results show that profiling and prediction, and assessment and evaluation are two most
common applications. Natural language processing and decision trees are the most commonly
used artificial intelligence technologies. Experimental design is the most commonly used research
design. Traditional testing is the most commonly used research method. Junior high school is
the most commonly surveyed education level. Ten of the 25 articles have no empirical research.
These 10 articles mainly discuss and report on the following three themes: potential challenges
and reflections of artificial intelligence on science education evaluation, potential challenges and
reflections of artificial intelligence on science teaching and learning. Potential challenges and
reflections of artificial intelligence on science education academic research and journals. Through
the analysis and discussion of empirical research and non-empirical research papers, this study
finally provides some suggestions for future research and science education.
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