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W R EYIEE R B B R A, - B
K2 TT - KA BN B TR KR FEAEE] -
LT Ak 5 thZH B H AN R SR e BRI 7
SKELHATF - A REEITHRMIRNARGET (3
Fi - 2025) o« AT HEE (Artificial Intel-
ligence » DU fEifE AL) $efiir se 8RB =022
LB IZ FE F R T B SRR BoE sk
Kl EL 81 ¥ 26 AL IR RERI AN E] - AL Ry T
Hrp—ffgk s R T B - Sk e A A
FERY B 7E 55K (Huang and Liem, 2022) °
FHE A A Ry B0 » B ALBESR A - R
LGNV AP ST NE: JE S22l blE Ey/lzEts)
ZHRHS (Yang and Wang, 2023) » 2L
InEEALAHERAE R 258 (Amonova et
al., 2023) » HEFER BRI S they
Bl o B BRR PR FR T (Jost et al., 2025) » Ff
HIEAE AL FS & T BB B R E 5=
B4 iy 22 Bl [ @y BH A AR (Limonova et al.,
2024) © ifi Al THAYEHBIE A RE i G
AR » A AR A » # 5 ER
EAEBINY (Chen, 2024) - [KlIth AT B A &
BRI 22 a8 B 5 S A BB =URt
W R RN T E .2 — (Makarenko et
al., 2024) - {HIEIERFSEARZE DUEARY AL T2
H #8555+ (Johnson and Davis, 2024) - ifij
AR IR RIS R T 20 A iRy
etk - 2RHEST Al I BhELER R B
WM ASE - PR SE LT B AR Y B
EER e ST - ZEIICLESE AL
THEA MBI - (L2 R
MR PR EE 75 ZE— P HRET (Armesto
Arias et al., 2025; Khalkho et al., 2024) °
Lt - ARBFFEMERRRS ALERBIEEE R

BB GRS ERE  BREEE
G AL A BhEEt A - dRs — A n R
T ICE YRR B 'S 250 T ALEE
ARG TR | o BORIFFELL 2024 72
BRA7 AR YIEE (LUT R RHEAE )

46

< Al BB FREEIS CERDOEERE @ 2
BEARZKRZL) MORIITEEE - ZRAHTAE Al
ST A ) B R U S B i o B
TR B ERE RS (1 1) -

SCRAPAS

— RERHE Al ETEYERZ2EE S
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R 2 ) B AR 2R (R 7 Ea r At
5% B =X 2 B AT il 32K 0 5 Ry i LA
ARSI EZE T (Liu, 2025; Peleg and
Baram-Tsabari, 2017) » " B &, MORHE
IR EEEESAITE R - 7R AR FTEL AR A
BRGR - DU SRR B AT - LG
T A B CER G T B BB SRS s (PR
F 0 2020) ¢ [FIRFEEIC AR SN R TEY)
BEWEEIZ FEF - W9k Es B REH SR T8I
SRS Rk A BRI B B A (Lee et al.,
2013) » BIZ1 Magni (2002) £ H T8k
BT E) , (theatrical communic-action)
HIBES » P8 R BB B RE Sy B RE I S 7>
w7 R B R R 2 R 1 JRK
S - RS R -
& 2 WY B HE e s =R
W R WS v B A Lviv i Y 26l
YRR HE ! Sd B BRI - DAHEBN I Y8E
BE > MBI a8 724 T Al
s ) BT RRANIRE )T 4 (Karamanov et al.,

L AIESRIERIE CBIFEBH : BERR
) o (2RI E AR AR L)
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2023) ° |fii Kiurski (2022) £ th g% 5l
EREI R AT 0T - BBV EEEISHY
BB IREAL & T T IR BHL L B 5 2 B
AT HEEERERREER - T RE S
AR B L ey £ 1 A T L T RS b Y B i B
B T ECE RS B R BB
SRR - AIRYER R B S SRR - 55
— 710 » Peleg and Baram-Tsabari (2017) £
FHREH R ER (AR A) (Robot
and 1) FEITEREIZRE AT - P15 B HERE
IR MR ETE E AR - (HEREERY AR
WAL - ZREHBI ARG EHAE 8 Bl 8E B 75
EERE S o SAERRL BRI RE S S
S ERTER G » AR TR R - AR R
R R AR o R B R B FLER )0 R 2R
i H R EEREEES -

S—JH » AVTETEYRERE iy E
FA AW I (Liu, 2025) © B 5% 0 Yu et
al. (2024) 5732 58 M8 1% SORK [E] S H
Al TEfR G0 MY B fE R B a3 ~ A EhieEs
B\ S 22 B S T 1) S AR B R » L HAE
i AACHERS B RE A B IR EE 1T - B
411 Ritchie and Meng (2024) 2335817+
TEEM2THY)8E (Museum of Science, Boston,
USA) #E1THFZE 1 » 35E Al BB
Bl 1) i E o s S T e B B S A TR
BB R AT 3T 0 FIRES DR
FEHE IR R T Ry -

FLAh » AT Bl 2540 HY 5 858 & R AT AE
ELPY Fiocruz A=din Y8 (Fiocruz Museum
of Life, Brazil) F7& . - BZAEZ T TEIBEAL
i AT LA 2R B B Al Rl 55 Y B 5 T )
A A ik g R A B IR Y R AL -
{5 AT SRy 22 B 36 S SUARBEER AT I AT
MIMERERETH - [ - {EEREI =R
5 B EE] Al Bashny 3R R = - AR
YRR ACR RHER S 2R 2 TLEL AT
77 (Gonzalez et al., 2021) » [K|Itt - FE BRI
Al TEEAEY)EEZHd - ]88 ALTE
i AL 2R AL T & LAY Ak

B o WORWIFER R ABRET AT B 5E B 50 E]
PR A -

“CAIRMABBR EEEIEYESRREE

&=

R AL $firry R B R 0 i AL A
B B B B AR s e Ry — R BT HLAA 3y
Bl 3750 A B Uk s B A R
Al NMEREFET IR 2 B R 15 AL -
JRRETR LR N 25 1Y 22 E B (L (Deniz,
2024; Liu et al., 2024) °

WECHZ A B2HHRN K AL A H)fE
FATA SR B RS BB 2 B2 W SehS
fEH - Al B B REREE 2 T Sl B A Bl G 22
B IE R RCR » R R H ny i 2
IR M B B R Ef % (Belkacem and Hireche,
2025) » FRHLANRF 2 E R (Yaseen et al.,
2025) » AFEFHEREEE ST (Almusaed et al.,
2023) o SR80 AT 1535 A G I RE 15X
BIRREHIISE - ERTEERET Al 2 & 8E
PR R - (H B RN R IR R R iR Aoy
#T (Panciroli et al., 2024; Thiel, 2023) - [Xtk
ABFFEELSA Perry (2012) FirEEHIAY T Selinda
BRI ) - SRS S BRI Ry AL A H)
BT AT BIRRG RF T B2 PR AR o

Perry (2012) faH » BURAEEYIEEHY
BWIE T - T B (Motivations) ~ Z2Hi
(Engagement) B2 %5 5 (Outcomes) 4 3 1%
1] 2 &y s B L RN G FIER I 2R3 - T T Bl
B PRIEMT RS 2R - &
FELFET L ~ AR ) ~ BRERIESE - T 28
R EU R AT B R L A - T RS ER
BB RE BB A (Perry, 2012) » 2R
I » Perry (2012) M AR ME—LEHAE 3 %
11 MR A5 BERA 1R - AR RT ST mT
o E B B SN R EIERY - 1
B[R] P TE i R e B B g A Al 22 B 22
158 (Ho and Lee, 2024; Lei et al., 2024) °
FERRAERH A BRI IHEE T - BBy
T B AL R i = 1 2 B (Lee
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and Kim, 2025) = ZA 0 - ARWFgeEE LA
WFoeiE -

HI1 : BfSEr st 2 Bl as L A

- B A BB R R A 2 R AE
B BERAE SRR AR R
= (Lin and Wang, 2023) - [K]22 Bl 5
HA 2R AR s o A ] B BRI R BOSUR R
WAEITEH CHEE TR EYT (Zhu et al.,
2023) » KIFLAHIZERR H DL Mt FEiiREs -

H2 : ZELE B IRAE A IR
AR A AT R b se B -
el B R e b ] 2

Perry (2012) AT HIAY " Selinda 81
BREREAY Hh TEpRE - T 2B, THRER
3 FEMTE - o) B HOE A - E oG
WAL FCRUR S B R ARy - HE
HAEST ~ FRT0 B0 EERIPREL S RE
PRl S H s S B (Akram and
Li, 2024; Mun and Sam, 2022; Riiterbories et
al., 2024; Simén-Chico et al., 2023; Zhang,
2024) » KIFEAM SR BB  AYREE 4
BT T L > TEFET L > TR TR
B~ T HE L 5 VBRI o PR 0 2B
R 2 mm e S - REE SR
TRl e B BB E ER T 5 e e 22 B Al 0
FFHUERR - B e RUR 2 AR5 E ErY
17Fhy ~ IEAMTERE - BRE PR R AR &
BB A 2 1Y (Elsayary, 2023; Han et
al., 2024) » [KILAWSELE " 228 ) S

Tk a8 | 4 TEVBAEBIE - ik - RIS
43 RIIEELfA Perry (2012) 380 YIRS RIS
BN BB R BAEBIEE S T RS
7% TOCEREE - TG RUE - T ERE
FEFt 4 o KDL - ARWFTERZ 3 TERE I B
BHRIER] 53 Fy 13 TEESRAEIE > 415R 1 -

= + S-O-R #& &I (Stimulus-Organism-

Response Model)

S-O-R fEIEIZEFH A. Mehrabian and J. A.
Russell (1974) $2H090EEZ0HE - BEME
B T AONESHIER o anfeTsg B E BERY T I ERAR
RE B TIT R o ARIBEESY - T
WL (S) FERYZRED | 3 I FERY AN ER B K]
TR - T AR L (0) A E A
BRE O ERFERE - ELRRAIE ~ B REEER A
JE BB RIZA T E T B e an o ge BasZ R - 1

M 5 (R) HIl2 i s i A% e B B9 1T Ry B
Pt iRiE - Bl Ry BRAY T I3 - S |
(Stimulus-Response, S-R) fEAUFHEL » S-O-R
RBERAAT AR IRRE S T R HEHERE A
[AT T B 38 &5 F A 308 55 EIK (Pan et al.,
2024) o BIANAE BR 5 0 B 22 B 3 2 35 1 5T
Hr o+ S-O-R AU L R 72 i FH 2k g e p )5 v
A MR BB S S BRI R ORI - afer
SRR R G B CHERE) -
MM BB EIT R (KFE) (Hochreiter et
al., 2023) ° Ktk - & g A TEIRRERY
IYEH > S-O-R 1 HURES B8 2 A U HA A
AT Ry -

3 - B S - SfE (S-O-R) AU
A B IZ FE R #E EI - F LU S MER

T TIeRE TRy~ TIERE L~ TRRAT, RN r] 2 B BRI H W INAEARRE - 3 A
B » h@ = | w=
Motivations "\ Engagement "\ oOutcomes

(

2. IR AREKRE ([ 2, ARFIeia i)
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PREK Zhang, 2024
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88 Han et al., 2024
154E Elsayary, 2023
P Han et al., 2024
- Bl Elsayary, 2023
Han et al., 2024
=z Elsayary, 2023
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ries et al. (2024), Simén-Chico et al. (2023), Zhang (2024)
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IEFEEE (H) y Je " 2HEEEINERES
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2l -

— AT Z Al EENIRERRRE
(REERPLEHE « ZEERMA) BHEH
B BIET H Rt e B RS KR 0 - 2
ML YIS S (2023) SEEEH A
VIREAE B RO AE T B - RS ST
FEREAR - MR R BRI B R (R 5
ARRETH & - AT EBREA 3 15
USRS WNESNINEZ LS VPR UL S R (ot ]
SR TR B B 5 Rl h S RN E S RE A AR B
B A o 3 IEEAM R BT SrREan s
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EEEHE A M E A WHELRATE 235
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ARBFFERY 2024 =11 HOHZE 10 H
HEITE R - S H RS (EERF
HEHE « REEARAK) Kl - TR
45 5rgE o FHRBITERGT - 1EHTH BHtART R
HEFTH RS E Al HEhERET - SR RELL
fahE AL I Bl 227 BUEE A - ARG R
% - e N BBGER R T2 S AT
e - HERTC R R - K
WFFeE S b B/ N FR PR P AEE SR
TR ET TR - (HREA SN A
B R EIEE ARSI LR
By - SER RIS R - ISR S ml LS/
s L E B g - ARG IHEILE 120 A7
FLEE S HIEE - fEERER KRN 2 HER
29 13 EASH B R 91 43 - BalE
R 75.83% ° 3% 2 BRI T B2EAHAEATLY
SN i

= - M%RBEE

AWFTE L 54 T 5 o3 T Wi {8 32 2255
gy o BTl B ML E L EAE
B AR R AR EE - B AR A
HiE 13EEE - 2 BIFFEANTTEATIE
L 3ETEAE I - bk (5 5 HE
H) ~ 28 (5 4 HBIESEIE) BEER (5

4 ISR - A H B R TR TR
EIGETTHIR - DIRFAL S B IE A T e 52
LA o 3R 3 REREAHF ST [ R T
S -

m- HEFMITHE

TR R 53 foe N T A TR
#E, (Partial Least Squares Structural Equa-
tion Modeling * LA & PLS-SEM) ks
HEET AT TR o AR R DA 5 7 Ry B
BE RS 20 - PLS-SEM BESE FARIE
HREE R B A BAHE G IRAITSEEE - (AL
TETYIRE 208 I AHR I 2 R S Bz
JEF3 (Gao and Keller, 2024; Ratumbuisang
et al., 2024) » AH5EH A SmartPLS 3.0 #X
B o NGRS R B R e E T T o0 - BE—
RSP EAEAEY (measurement model) 215
JEBASREE BB PR B R AL RS ASAEAY » AfE

JELL S RETSUE S -

[FBF - Ry PR 5E PLS-SEM 347 BT i 1
B - ARFSERE0E T 10 f5EAT L (Ten
Times Rule) » Bl AN & 75 R i Fet5 Y
Hhg A [A]— P AR B I o B KR I B 10
5% - W HE PR E A8 E JT (power level) 3#
0.8 » FHE 7K HE (significance level) B 0.05
(Barclay et al., 1995; Hair et al., 2011) ° &
BRI IE A BURERE » P AR A B
By 68 » HURAWIFEERKE AR
DASZF53I HE T #4812 PLS-SEM 4347 « g
TR R A B B L AR T - AWEFESS DL

R 2. RHRELAESR DM

58 L)l R B2t (%)
5l B 56 61.5
a3 35 38.5
FHEER| B/ 1-3 4R 58 63.7
B/ 4-6 R 33 36.3
st 91 100.00

BRI + ARTFEHRET AT
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&3 BEER
b BE BR=En B B
N BBRIRPOY Al T E) - FRAUEE AN EEE PR EER
Ml ﬁ*‘% /%E %%Dg&r)
M Mowatons  mEpy  EEISTR) Al BRERAD | HEESIRRE SRS
M3 B BRI PRENER - REBEDEESITHRY ?
M4 e AFRBERP - HERBENSWEEBICTREEES - —E50118
BRI 2
M5 | FRBBRPHRERBHSEHERR - MTBRPOY Al EHEFEEE
- Bojfay e
= BERER - B8 Al BENBEL - BB ER KK BTN
B Enesement | fuye  BESORBET  SIREANMOE - ROGRE4MN—0H
= = BRI ?
B3 =040 RBBIEP - REZSHICABEVREERE © —HETNNB P
o KRB OERERE ?
B4 T ﬁg@ﬁﬁtﬂ BRSSO AGEHEE - —BTiiNE PR
%7
+ = NBISBTTEENR  BHEREIDSERITEIAHNNEN
0Ol TER FEREE RISRE ?
02 Oucomes  mps DEOSBEERSEEMBSE - 58 Al ANITREANFEA
T SENAIRER  BRYMERREABRERETE ?
03 VERIABE) g??%%é%i‘éiéﬁtﬂé BB E BRI EIR R EEEE0R
04 KEgR  HBEBETEERE  JUFERESESRERH ?

TR - DFEE E AR R U 2 A R 2ok

G*Power 3.1 $RHSEITIEE JI53HT (F test,
Linear multiple regression: Fixed model, R?
deviation from zero) » %1€ BHE /K o
0.05 ~ ¥ %€ JJ power = 0.80 ~ R E £ =
0.15 (HERER) » IR EHBIEE = 1 - 43

MG REUR - B DR ERy 55 AT
FEEEERAY R 01 t - BURE R

PLS-SEM 53 #fT ATl L MRETHHRE JTEOK -

W 7E BT AR A

— ISR

AHT B R ST B A 5
BHSNE - DURREOR B BAG SR m] 5 B2 B 5
TE

52

Hi o MEEHSMS @ LHEFAR
TR FEAZ(E i (indicator reliability) B A5
—E0M: (internal consistency) ° HRIFETESC
AR - B EERNEAREER DS
A 0.5 (Metsdamuuronen, 2022a, 2022b) *
Ao AG R (F4) % FrEEH
Z RZ AR E ks e — P - e
PEHE o BRI —EME T - RefE PR32 E
FHHEXEENBEE St - TR
HIFH&EE (Composite Reliability » fifH
CR fH ) ELF Cronbach’s Alpha < #U{H - #&
$% Fornell and Larcker (1981a) FTHH YA
#E » fHAFEZEER 0.6 » Thorndike (1995)
HI[fZH Cronbach’s Alpha FEEFA 0.7 » T3
4 FUR » X 1H 2 AH 513 B K Cronbach’s



TRERNS

VBREIE Al ERRABYBEEINEHEHRS

&’ 4. QISBREEIEHRETEREHGHER

s - BERHY HEEE SEI9EEZNS
B8 5 3 = E=3
L] BR FRR(LIGEHE (Cronbach’s a) (CRE) (AVEH)
Ml 0.852
M2 0.840
ik M3 0.845 0.907 0.913 0.730
M4 0.809
M5 0.923
El 0.714
E2 0.708
22
2 - 0.888 0.806 0.817 0.638
E4 0.867
01 0.870
. 02 0.835
R 03 0.849 0.884 0.891 0.742
04 0.891

K 5. BYPIE (Fornell B2 Larcker %8l )

ZORICI © ABIERRE AT

Ko BYE (ERE- BFFELHE  HTMT)

BB Fomﬁ?é%ﬁfﬂ?ﬁ% wE RS - EEEEFQ%HTMT )
ENig 2n BR ENig 2n BR
Big oss B S
ey 0.734 0799 ey osst
R 0.645 0.617 0862 R 0.839 0722

BRI - ARFFEHAET AT

u

Alpha B EFFHIEFIME - HREREEEXRE
HEYIRI A -
TER R B RR AL D5 T - AW sehele T
K ESNEE (convergent validity) Bl W& FE5EE
(Discriminant Validity) ° R & Fornell and
Larcker (1981a) 25 » SEHE AN &
(Average Variance Extracted * LT f&i %
AVE) ZHi&@ % 0.5 DUELRA AL -
AWFgE R AT TH 2 AVE EIE# 0.5 -
FREREA RIFAIEEE - BREHT
R > Fornell and Larcker (1981b) FiRTE
TERTH .2 AVE P J5 AR KR B At R T
IR FH R CR I - DUREREAS R T & 1
1E - o frasse (F5) 75 Fra%ETE
I Z AVE $ﬁ$ﬁ%%ﬁéﬁ£ﬁiﬁfrﬂz%ﬁ
HIMHRRGRES - B8 E 7 AR ERATE PR
B - Ak *ET}%? Henseler et al. (2015) ZHJF

BRI - ARFFEHRE T AT

¢ AR B R E - FRE (Het-
erotrait-Monotrait * f&if§ HTMT) HWMERES
Y 0.85 T B AS AR HE - (KR 0.90 Ry L
RREHE - ATAS IR (R6) #UR » #ERF S
AR ATAE @%ﬁﬁﬁg‘ifﬁ 3 0.90 BYHE
i@ el ez » 2B T AT ER
ﬁﬁi@ﬁ?ﬁ"]@#ﬁﬁﬁ

Z - AEBIRBIETE

AW TEAE RSB BRI SR
% 7 BLE 6 FTs o s AT RS SRR - B
%ﬂﬁ@ﬁﬁ%%ﬁﬁ$%mfmm
p <0.001) » ZFff &% HI - Lk 4b >
HHEBESAEFEZIERZZE P =0.617,
p <0.001) SZFHEER H2 - $5 &S » A
WrTes it R RER (H1, H2) 25 EEE
ZFF e

//\
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In recent years, artificial intelligence (Al) and drama-based instruction have been widely
applied by museums to science education, boosting interactivity and creating new learning
opportunities for children. In this study, the influences of Al-driven interaction in theatrical
science education on children’s engagement and learning outcomes were investigated. The
research focus was the 2024 Beyond Time: Dinosaur Futures interactive Al children’s
theater at the National Museum of Natural Science, with 91 audience members serving
as participants. Guided by Perry’s Selinda Model of Visitor Learning, which comprises
motivations, engagement, and outcomes, partial least squares structural equation modeling
(PLS-SEM) was employed. The results revealed a significant positive effect of motivation on
engagement (f = 0.734, p < 0.001), and of engagement on learning outcomes (f = 0.617, p
< 0.001). The Stimulus-Organism-Response (S-O-R) framework was used to further explore
the underlying mechanisms, namely how external stimuli affect individuals’ psychological
states and behavioral responses. The findings supported both proposed hypotheses: (1) Al
interaction enhances children’s learning motivation, which in turn increases engagement; (2)
higher engagement leads to better learning outcomes and behaviors. Key indicators emerged
across the three dimensions. In the motivation phase, children’s sense of autonomy in the use
of Al and the curiosity or confidence that was sparked by Al interaction significantly boosted
motivation. For engagement, Al-facilitated deep thinking and social interaction played
central roles, while physical and emotional engagement played secondary roles. In terms of
outcomes, knowledge acquisition and meaning-making stood out as primary indicators of
learning, while emotional resonance and attitude shifts showed positive but lesser impacts.
Based on the results, integrating immersive and interactive Al into museum science theaters
not only enriches the content of traditional science exhibits but also encourages children
to connect prior knowledge with Al experiences (e.g., image transformation and real-time
projection). This connection fosters deeper interest, stronger identification, and enhanced

learning performance.

Keywords: artificial intelligence, museum learning, theatrical science education, children’s

education
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