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HEDUEE (LRSS 2AEMER CEE TS > DR HEERE  FERELEE
AR (Troussas etal., 2020) ; JNA 22 RHEIRA I BRELERIZAE & - FER R 24
WyEE - fHEA DRI TN — 0 RN - SR G  [ERF
BEEEA BRI E R HAE (FRE - REZE > 2020) o XHIA0FEE B
BRI R 2 SRS I 2R 3R 7 UK 5 |2 4E > AR E 24 2B ek » e r2y
R o BIANAE R Y S0 ERAR TP B T S E P2 > SR BURE AN
B fr s PR AE ) AR E N R4 - HE R IRR I AE H i Y B
(Hong etal., 2022) - JRAEEGTEAVRE RIS IEE, > 24 o R H S E R NFC
BECERE S LA BB ANUSIFRIE LGSR > MRGEEE~TEREZ24E1EE
BOEBERE - BN EEIRAH S SR EE AR (MEE - 0§
2022) - fEfEHEL R E R B REMEN SR G TR o B v B &)
ZHhERE S FEILREE e EEANEENHY (Ak & Kutlu, 2017) -
GRS BRET T SRR N Y e T T 20 0 SR BB AR A Rk
SEREERNRE > r IEHREETIEAEE T TEASS B T2 AL, -
TR DUEA B TR VYA Z R EIEEA A > & DUE AR SE RIS B A
RIS E 2T BV ERE - "2 AB A& sS &
"EEFEE R TR EEE o ERMEENEE T RRIEEENRE - WA
I N R > AT BB G R TA B S TSR B EA PR
AR LR B R B S AR BT BURE B 2 AR R & - oA
EREAT SRRV O o EI P R A B BRI BRI (RS -
BXPSRT - 2020) - XAMERTEERAHEBEIZE T - EIEWZEL (ZEEE) hER
AR 0 RFERAESYAH o 1R = B PR R B B AR R T DUSE EGRAR (S s B ARAN » f
TEBAE B2 B AT g E I R SRRV R 1 (REfEE - 2022) - VA HSCIE B Al
FEBAL VAR TR HETTHREK - DT MEER AR AR IR IER AT 1% - A UK I BATRAY AR
AU BRI DUROIEBKENZ 092 R G RBURIEBU AR i k= vy DRI oA
Dro oy A8 EG - MLt N — CME T % B - EE A (E (Hoetal, 2022) -
BEZRSTRI ST s i BB ] e iR MR Y H I e 2 BB - 2T
MEEEEN B4 (Hussein, Ow, Cheong, et al., 2019) - {HER L& 5E £ AL E
SR E ISR RS ) BN A A AU R S e R e DA AT E 22
FHHE LRI aE R 2 LU BB AN EET hA EHRE - EE0 0 e E R R
BN RO B2 MEAZ TR - B8 ET BINEZERZ > S. Y. Chen &
Macredie (2004, 2010) E[f5H s 280 N Z A HFEE ~ MRIRIREAIES » H
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T ERGT RN BURA BN 2R & S S RN 5 A F 22 E RS M S BRI E R - AR
EACHERERE - R T RRBLEE o ERERERANIITR S o I ARIZE LU
Tl [V HEFT AT

A RO E LA R

WS TR R R AT B AER B R A A R EET TN R
BRERG > EEAE - BREAMGEREN - AR LRSS E =
AP [F R B2 A BB ORI BN Y 2 2 > DU B 22 A il Y 25 I8N
EEE EREEAVRCR o B TERIE —HEY > AWTFEECE TR T TFEAE -

1. BRI HIERE A R SR BB R 2 7
2. BHEEIH AR LA R S B R B 7
3. BEENEHUHAIBIEREA RS2 ARTEATE ?

Rk 3
#1453 5%

FEEBRAARGE K B iR E A B R A B B EE RS
J3i% (Byun & Joung, 2018) o 87 ##igk (228 i F BEHY H AL (E 82 AR AE B E ISUIRF
INREERE - REERE R DI ENE R T T - BURHERN A A B ISRy T 2
& LI DERE A ELE B (Hussein, Ow, Cheong, etal., 2019) - #E[MHEFHE2E RiCHE -
WISRRTAHTR RS T 24 THEHEITT - 851 72t £ 12 TR ERER SN
B GREUREER BT R A A RNV E (Tokacetal,, 2019) - ##Ek=(
BEZFRDRSIA - BIFER TR HESEE - PR - B - A - HEE - [EEEfisg
gL RE R Z 0GR MK (Cruz et al., 2017; Hamari et al., 2016 ) » HFeilBa
HEIIATE B AR 2 B R (Cagiltay et al., 2015) - AR [E]RG 83+ IR 2K
TREG - BT ER R > NSREER P SR EN TS - 228 TR B2 8%

(ter Vrugte et al., 2015) » BNl =AY RV H # AR IR SN YRR © (Rl
FeATEIA I - AHE AR U E FE W 7S R RN R E HY s a T A B B
R S [E Y B U s B BB ) 7R B T PRET (Hussein, Ow, Elaish, et al.,
2022) - EINZER TSRV ER 0 BISTEAN FE R 2 A o A E I RE Y
BRI -
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TR SR E RS G IR ERCR - WIRTHEA T e E B HI SPGB 4551
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BRI R ENEEE - SREEMER T B X8E > £RE
SRE NI RBEH PR T PR ERE R -
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& (Deleeuw & Mayer, 2011) - i [&] {53 B (R R AETR TS A SR B BRI 2
FCSHIIE ff H#)e# 2 — (Hwang & Chang, 2016) - i AL [ (5550 5 o i A {35
TCRMPE TS ~ FMEER(ES - (EEE AR R 1S R LS = Ay S AR
IF[EI125 ) (Seaborn & Fels, 2015) - & it 2NV ELE B - HEMESE
Ry (Cagiltay etal., 2015) = S35 AU R LAE FIEAH G LLBATIESL T - NIL
0 A (1T s N 8 - RELERTHER i (Hwang & Chang, 2016; Partovi
& Razavi, 2019) - pEEVERGR (Yang etal., 2020) - st AR B (i U2 S
ZFTLAEE BRI BN RS R T RSB - SRS DR A A
GARBEF DOEE| AR - WA BIREREAGE > ArEE2 ey (C. H. Chen, Law, etal,,
2018) ; e BN » BEE NG R R B B SRR 25 R E]

(5RZE4E ~ BRIG(= > 2018) -
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H i (EE2EHYES (Dillenbourg, 1999) - FF& (T HIEREEEANEGEEL > 40
Sung & Hwang (2013) ZEE {7 {FIEELZ4E Mintool » £-2 Bl EEE 7] DR IE BE 2
R EHAE > WHFEHSEE R - GERETAEF N RS HH BRI
EEE > FRMES 72BN B BEER - VAVt E B R AR
ERRIREEHENT RIS > S nT R A A o (22 8 1 UE R 45 T 22 2R [El8 (Colll
et al, 2014) - HHELAHIGFERE REC 2 E B A B/ NER S EAIEE (Shukor et al.,
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2014) - HEEEENREEGFEENGE S - HEMEIARFEEE A (825 E
FTRRERF NI HRGAYIR S > HE1T/NHET SR Fifp (FGE) (Balakrishnan, 2014) -
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2020) - {EFEHERERETHOERSEEE HAEIE - SUaiE REv D RS (5 g EE
RO EHEFE  FIEE T B RIS RS SR AR E TS - I8 T EEERED
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HREAEAE AT (C. H. Chen, Shih, etal., 2020) - &5 ZifF g\ S E A F
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BPAIIRAS - EERAE TR SERR - BIli% MAERRRTIAVERIE - Cfg N AEfpa i Bemny
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EENERT R E Y o BB B A o BB RIS - S
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HEIEHERT » ST S R R E N SR —C 2 I3 TTEBERR
HENE(E4R TR -

R ik
TR g
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TR o By 8 (6L > 73 BIAE = (8 [F 22 SR P B o) - 56 — P B B AP IR A

RS, - T EIMARSEERE - TEERGER, - TREDT e B2
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VU B AT FE R B B BORAR - D =PEEL - TR R ERAT—8 - S T84

RS AFEEGETNEEE - B IR M _HEE TR > AIERIEE RI/NHE -
BEPEPRTEE T B =B HAETT - T2 HE T - B RS RBIRE - BT

A B E AR B G TE A RS - DU EZ ISRV ATR N - B2 Bt B AR B
RE - BAGtE G R (GORE) MEE (EAE) - F=FEERHEREREKD
feidE - ENEBRERYEE /U > ST RAEE 2 HHREEFERNERE - WEE AR
FHENE - 2 ERETRE o RIBHEEE AR FEIED BT AR 8520
LI K-means JEECETEE > BRIACHERET AT — SR AR ARG 8 7R
IR E N TAEMHRBAEREE - HEUAR e T SaaRiE RAR R RGREET - (NSRS AT
T SRR EERSRIE T [F] I BEERpRERBAVER A 12 A Rl YA 42 A~
PREAEAVERE 22 N - RESEERGS R IR AR BB S ERE EhATIRMN] - S PEEER B Rt
AR IS UEE R E G - AR SE BB RIETT ANOVA DIFRTEEE
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e
EHERER AR
THRIA

EYHHEE

AWFEER Pintrich (1989) AfEthiHy MSLQ » HrpERE Btk G I A 31 i (40
WigRAR) - R =(Eme - AR T EERT )~ TRy ) T EREGY S
E{ER EEEETAE HERE R ~ SME BRI TEEE - WO RTEEER
FYPERIFI SR8 R R B B BARE - IR AR ISR R -

AT L

Fo TiREEAERNEAG « S PR i E AT 24 DU R AT e st
IS EE RSB L > RS H i stst 7 — D RREFERE (Jong
et al, 2012) > WEDIEBASEERGHNEENRZ BT - MENENRE R
HoH =07 - FE R TR SRLESH NS, A8 F1E6
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w— BEASEERREEAST

—Hy * BN SR B B
R i H
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2 A PREAYE SRR EE A -
3 Far LHHTHS ) ERISEREL R B f A 5 -
4 Far LPHTIE ) SRBREEIAHE -
5 M ST SRR AR -
6
7
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M fElEE T EREEAE -
RRR LR E R S TR 2
KR BEE?

FE - PR TS
RER EH
1 AL P B R T B R4 o
2 BRI BB T AR EDRE -
3 BEER T IRE LIS B -
4 BAERE BT R S R 5 -
F=Ey - BSEEE A G S

RER "EH
1 MR E A R RN E R -
2 AR E R SCEAIAZ R ﬁzﬁfﬁ&/\
3 HEER B Z iR B B E R
4 AT %%%&kﬁ&ﬂ’ﬂ%ﬁbﬁjﬁ% E?ﬁzl%&’f‘ﬂﬁ il
5 SRR E 2 RSO S ?
6 E ISR E LR S R e R AR -
7 BRNS  REREEEERN -
8 WRLNBHSKAT AT » HisY 10 SRS E AT 2807 2
9 R R R ?

=
o

A B R RS B U A e IR AR AR B 2

ERRAF R AFRER  MHIRIFEEE - FE - T8 - AFEE - FEAEE
%7 NS 8 MRMEE  BET R rTnM’ETﬁ‘W"JE@ﬂ J o E 4B B
BRHFRRAELEER  FARERMMEEREE - FAE - %8 - AEE - JFEAEE  F=

oy TS E AR, 108 F 1 § 4FI% 6~ 7 EEEHUW%B%W
B NERAP R LEFER  F5 L/tl.’l R B8 A TERER ML

B EEHI RSy - 5 9 BRI 10 SRS ELEE 1b§ﬁﬁﬂ’7{f % DT RRERAmy
EEAE By THECRRI B REE o] DU B2 A4 1 280090 ARHFE DAL RIS TRTH -
FRH SPSS #EATERI T » ERIAHE KMO HUR#E V) g E A1 Bartlett BkEU iR E - =1
HEA) KMO {E5r 55 678 ~ .797 F1 .769 » TS lEITINE I > 5T T
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RRMENAZ IR E R EA RAFHTERSIE - HEL Cronbach’s o #E{TENZREE
I3 0 GEREUR o B350 F 848 ~ 778 1 .886 - FRonfGEA A —ENME o FAATHI
BIESERFEER - A EARKFERENESREEN RRHEEL -

BRERW
2B S %A T Bl S ik AL B 64 BT AL 8] 2 T

TEEEEATHI T » AU SRR ~ 5% Z =424 1T ANOVA fRE »
GERBUT ZAHAAE B T A o R THY LSD Bt E R - MRS A 24 FEH
i AN AIEZ S B PSR EL: > ERATEHARER > FEE EE(En
B4 HEEEIAHERK - AT B HANY 2 EE R G0 ANOVA i E B -
SRR R SR - RARR T RE R AERGE "FELK ) BIA
HEMNEH > B4REGRBMEERIRA LMELENELRE > THENEER 2N
BUEERGZE R (Davisetal., 2020) - HEEEARUIRE ARG TIEZF > B
AT BER RIS A 2 E IR A P d) - A B R B AN 2 HE - itk ilA
B EHIEA DUBE B R B Y BUR RIS S — R TR A RYRUR - 45558 B RIS mT LA
[FE(RBEE % (Zabala-Vargas et al., 2021) - HHIL A > HEECEL S o] DU hnS2 AR Hy 22
i > R BNV R B AR - HR > B R ] RE L R A R B B
FEEHRE 5 ANEL » FIEE SRR TN > 24 R E A
B2 femies TR EE i (Indiani, 2022) - REBSCRTIAST - RS
il A T A T ] DLUE A FEE TR 2R - I H o] UK K& {b# 2 #i2 (Pando Cerra
etal., 2022) - ARWFFRAVGERB 2 HET - LHEHAGE SRR ZERRENS &2
SE T U v DR R A T SE B R 2R AR IV E T -

R AEERE - PF  E-HSERRESTHMERN LSD REDH

HIFIEE (1) HIEEE (D) EEERE (1-]) BENE
18 th 4.96 556
% 20.39% 030
th B ~4.96 556
% 15.42* 025
= 8 —20.39% 030
th _15.42* 025

*p<.05
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2 F PRI T Bl S AZ B 6 AT 4R B o 7

AT FEHET T A B I E AR B2 A A S A ST 3 T AY B2 st A& U 4H Y
ANOVA 3% » IR =Frr » EBEABARGREFET - AR E BN RER
HIHEAY I - En e RN B MIE B T R SH AR E TE2EEET - it
iR A MR BB AIR - 2800 > ERFET - AR ESEAE
HEFHRA TR > BUNMERERE T - M MIRE R A SRR in (F &1
HEHIEERG IR -

HRREEE P EREL - tERTA BEiR T RS E st A B T -
BN RE RIS R A AVERE R 2 B T SR AV IHBR - L HAES R A (EE S
o MR E R A BE RIS - ATRE RN Ry E MR CE A BB PRI EE
TRt > AR HE R I 2 RV ERESTA

BRI SRR S - tFHERTA TEEE TS E GRS - H
e A T - MRS E R BE AT - B r e Ry s M AU (i
TESRGEMMISHET W B A DS - SEIRERENEEM MR EE > R
LRt F L EEEIRNEE - AR IS B OIS E R -

K= AARNBEERSERADEEERNSEE MR RE ANOVA RRTE

HIFAZE meEkiEsl  WER  (HEG P9EC fUEsE F{E i S o

It AR R 12 69.330 15.663 0.092 4.300 .05
3 12 67.190 18.868

R i 12 62.920 22.203 3.808 4,300 .05
3 12 78.330 19.002

WERE  FIH 12 32.917 14.055  19.668*  4.300 .05
3 12 60.000 15.811

t BB AT 42 56.952 14.645 9.693*  3.957 .05
3 42 46.577 15.871

R i 42 53.214 14.091  24.889*  3.957 .05
3] 42 68.452 13.902

WEE R 42 33.333 12.671  47.813*  3.957 .05
% 42 52,619 12.890

3= w|ARE A 22 50.909 19.290 5.160*  4.073 .05
& 22 37.216 20.672

mRAE R 22 48.409 17.887 4918* 4073 .05
3] 22 61.136 20.115

WEE R 22 39.318 12.276 9.029*  4.073 .05
3 22 51.363 14.241

*p<.05
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HREAE > A FEIAGAR AR AEAEA R R R T B2 E Bt R B & B Y
FRENIRR S - BN AWITEARAHE FR BB R RIS E R A ERER -
B B BAT AT Bl S sl AT B0 AT

ERFEEFEMET  KHEHEEEENEANBIEEE2ENEBEXETE
SRR [F R T RV Ry (rl PR 22 5 « fEE /S T DA B RIS /S
HER A S BE AR S~ T I =R i (E R =RV R A IR AR (] - 2 T REAE —E RS b
FERFET FofrT PR E RS N A g A P A -

B\ : REXEEESEHRBESENSBERERBR
4.4
4.2
4
3.8
3.6

3.4

3.2

L PN 5oy 3.71 3.88 3.68
w R 354 3.97 3.82
w7 R 421 3.94 412

BRI 2V AT S - AT RERR=Z S5 10T N Rt PRI RESZ EIAIEK
REERYIRA] - I H &k = BLEE T EhAE%E - 2RI > EEEEeR 0 - MRS,
SHENAES © 2 H RN T eSS A AU AR ORR -

KIS TRy SR A4 3 = R R 4 AR & 1l RIS R EA
— R > FRRETE IR EISEER - ST RE R N R P B e SRV AT AR - W] AER A
AR H B & B CRVERE T OISR -

MHELZ T > MR RS E MR b (B AR Bl SR A RS F A -
18 W] RE T R o fh (7T B i AL R 0 —EERE > w] DAGE B 45 2 SRR L K
FrAlZ SRR > MRS SRR > rTRER N R ] 5 SR A (F o
[EPNC =
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MAEHE—F TR AERVEEE RS - AUTFEUEEE] T IR E s =rY
HASEL - BEENEE MBS T AR E BGER - Bt 7 2L EES RV
BEAFRIER - Pl —SB2 A TRt I Z 8 iR > R AT DR E L) -
L B e A S5 AR

T Bl o3 A2 G A 0 7 B 2 gk X5 B K 0 3 M 55 A

REGHEGE TR B AN A E R BEE 2 AENEA - EhfBEENRE
WA E G AN SRR (Yu et al, 2021) - ZEHIE - B
FIERE A IR B R L2 E te s B2 A 2 B R SRR M IS Y
E2Amuks (Nguyen-Viet & Nguyen-Viet, 2023) -« 2RI AISRIE Y72 B e G 2 A4 (T
BT R FARTAE (Wang etal., 2017) - AWF5eH B R4S R AN ML T $ A RIERARE
R EREL > BABX AR A EE - BETERE A M= B E RS E
fe4aE /7 R EE DAE B S o 823 - i M7 BE AP R B R
AIRE R Tt M AT o FI BB - phoh - MM R E AR EFE
R AT BB RS e E AR Ut (P SR A Bk 5 17 -

HIAESenitse AR E] - AE ek B E R s 2 TR NP 2l — B PReg g
HEEEERAR (Chan et al, 2021) ; IVERTTHE BN 8 v FHIR R K-12
BARRBRAEFR  BRITHEAEEEE - RIEEAESAR  EEHSREHMER
#% (C. H. Chen, Shih, et al., 2020) - &FEUARHITAIECR BN E S ATIFT AR (B
KEEAFHZL) (C. H. Chen, Shih, et al., 2020) - WG4 T H IR ARVEIES © 5P
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Game-based Learning Modes Adapted to Students’ Knowledge Levels:
Single-Player, Competitive, and Collaborative Modes

Chien-Hung LAl

Abstract

This study aimed to explore the impact of three game modes (single player, competitive, and
collaborative) on the suitability for students with different levels of knowledge. Through a
six-week experiment with 76 third-year university students, this study developed a learning
system with three game modes. The participants filled out the learning motivation questionnaire
before the experiment, which is divided into three phases (each lasting for two weeks) for
different game-based learning. A pre- and post-test on learning achievement will be conducted
before and after each stage. After finishing all phases of the experiment, the participants filled
out the learning motivation questionnaire again as a post-test, and also a game mode preference
questionnaire. The data collection covered students’ online behaviors in game-based learning
systems and school learning platforms. K-means clustering and SPSS were used to conduct
ANOVA analysis to evaluate learning effectiveness. The results showed that game-based learning
could effectively improve the learning motivation of students with poor knowledge. Students with
average and poor knowledge were not suitable for single-player mode, but suitable for
competitive mode. Students with superior knowledge did not prefer the competitive model.
Collaborative mode was suitable for students of all knowledge levels, especially students with
advanced knowledge levels. This study suggests that teachers can choose appropriate learning
modes based on students’ knowledge levels. For students with poor knowledge, game-based
learning can be used to improve learning motivation; for students with superior knowledge,
collaborative mode can be used to stimulate learning interest.

Keywords: knowledge level; game-based learning; learning mode; learning motivation;
learning achievement
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