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The Suitability of Learning Styles for Learning Tasks--
A Case Study on Introducing STEAM Education into Robot
Microfilm Teaching in a University of Science and Technology

Jia-Wen Hu

Abstract

This teaching research program was designed to enable students from different backgrounds to
effectively participate in a general education class. This study was conducted at a university of science
and technology in northern Taiwan, forty-four students taking the general education course was asked to
choose tasks freely in the STEAM project in “Making a Micro Film for Robots”. The effects of learning
styles on task selection and learning outcomes were observed during the 16-week learning process.
The instructor set up a PBL project-oriented learning module according to the objectives of Bloom’s
taxonomy. By collecting and analyzing the questionnaires, knowledge tests, script assignments, and
video works of students, this study found that learning styles did affect the choice of learning tasks, and
students preferred to choose tasks matching with their learning styles. Students of the sequential learning
style (S style) mostly chose the STEM task of assembling robots, while those of the global learning style
(G style) mainly chose the ART task of shooting films. The two groups with matching style and tasks
(S + STEM and G + ART) obtained better learning outcomes in creativity, knowledge, and skills, had
higher satisfaction in learning than their un-matching counterparts. On the contrary for the style-task
matched groups, (G + STEM and S + ART), then they would have a high cognitive load in addition to
poor performance of learning effectiveness in the aforementioned three aspects. Therefore, an appropriate
division of labor in group collaboration is a key factor affecting learning effectiveness.
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Y 7 f# (Bloom, 1956) - fEAGRIEH » i
R R B ERR ARSI TH (R
1 HEYEE 2~6 TH) » BE %0 3% il B2 501 BE DA
i g R 2B i 55 TA A - G E T 17 B A - BE
S LLIE SR AIER R — 2 = — L SE B AR
AR < 3 S AT AR G e R 2 A B/ B S B
(F 1 HHYE—IH) -8 85082 E BT
B DUES 13 EAVANERER (F40E g he - s
rsEENES > HEEREE 20 %) -

FVU{E D B K1 {F (Engineer) » ¥
EAE M EN (Apply) WEHHEE £2
H H R 73 B B 40 E B BE 1| (Bloom,
1956) - $5 /Y /& & 1l 52 R0 5k AL /5 S 5 B
{E > E FH > E & 1% #2 (Sharunova, Butt, &
Qureshi, 2018) - A 7% b 1 5% 22 4= JE H
STEM #hF4H et a5 A\ 25 FE 2 B R
HIFE R B MR T8 B ok TIE#
72 - STEAM FRIEZA REHABARIF &
FANA AR (Zhong et al., 2022) » K
b 9% % i as A PEALAY AR SRR AR A I
A A B BB AE 2 A 0 TR AE e A AL TE R A%
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s AR E e RN 4208 (a0 lE 3 k8 4) - /5
TERCRE FE FIRFERVER (> 5 20 %> DIE2AE
FES 14 PHAIH TAER 4 5R > 2GR HEL
SiwE - HA - R EA -

5 7l 2 B% Ky %% 1k (Enrich) » ¥ &
A1 & 15 73 7t (Analyze) 32 (& H £ > B g7 4k
55 VU IH [F] £ Bf 49 £ 52 8 17 [ o (Bloom,
1956) - EZE Hm A STEAM 1y )5 = Zhifi
F 2R Bl o i T B A L
(Adriyawati et al., 2020) - {£45 T HIHERY
HIEM EAE % 24 BTG E R - A
T35y T e B G &~ FaHE R4 - 4K B
BRI Rl ISR RS AR IER
AT EEAI AR BB - 55 16 BT HY/ NH 52
FL[ERAE - HOE R AR 10 77 DAdEFF A F
M H/NGH B A G A 72 o

S NE A B Fyat-& (Evaluate) » B
BT 7 3 Ry aF i (Evaluate) @ fE22 5 H
REHY o R BRGNS R A Fa Y 2 2 AR AE
B2 R R A BN A 175 48 2 e {1 1 4

(Anderson & Krathwohl, 2001) - £ 4= 7f
BERREFANERZ a2 E
#8545y (Chu, Hwang, & Tsai, 2010) - {55
RE TS 5 IRV B2 E B AR R 20 S B T S 22
BEAmEEEFRAEG -

ey Baligg 3 STEAM X E P BE - 11
BEIEEE FRASHERE=E
T ERIVERAEIR A E 25 N ZE5E 2]
DU RERY - 41 & M 20 22 H AR /2 O SRS
BN RS 2EGE2EEHEETE
BABMRET#EES B EIEERY
7 FHF51 (Sharunova et al., 2018) ;fjf 6E
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/& STEAM SR Hy#: {E25 B (Chowdhury,
2015) - AWtFE LU {CHY STEAM 6E £
SAMER > B —— A E SR A R
HEE DA s2E AR iz B2 A Y 22
F A > B B R ZE Y 5T - B M A A AT
BRHE HAAENGEEERNEAGS
A DL BB ERGET PR 1R (R4 2R
Ff2% MR TER T 5

VY ~ SR EURS Bl 1 2

EHEBEARE T RE 5 R A E R
B BB EE WA O BR[O fEEE IR
AR EFEIE ) (Assis et al,, 2022) - 228
JEA R AR - B R 5
BT HIY AR (Sandman, 2014) < ®] LA
fRERMSANM THRENALEERNT
7 (Kraus, Reed, & Fitzgerald, 2001) -
P A B E L B A 5 G gl (22
BIRE IR T AE CERRY 7 =
PR PR E AV E B > 2SR A R AR A R
Bk AR B 2N e EE—
H AR Y SRS AR i B2 Bl R (Taljaard,
2016) - E2EEAL E 45 (8 AEEEE R
HIfRSF Ll B 2R A R H BN 28
AR AR B BRI A R B ARV B A (E
NE ey 7720 B8 77 X B A E R 2= Bk
W 5 M A1 S € 14 (Duckworth, 2011) - {
R AT RAEE BRI
DEYEY: S NP Y (59 T AR RS T
HY o {50 FH B2 22 AR B R (R o — B0 A SRER FR L &
a0 A B A R Al 5 R B T R LA

(Sandman, 2014) - i5 £b 3 55 fE £ R [E

SRR L SERREEREWEE



Hli=easiie s (kS Sl

Rig A2 7 XAV e B HEE
%4 (Collinson, 2000) - {[&#5 7= F A 5E
BERE BRI ST R E R
s E B E EEN YRS E L 1F
B2HIG BEERERM AR (AL-Momani &
Rababa, 2021) » 2 Z R4 « ZA1M0 > He 22 3E
EAFEHVEE RS —TEPRE -

e P e JE % &% Index of Learning
Styles (ILS) HY#2 > 45 T B A R AFHY Y
£ T.E (Marosan et al., 2022) » B-DIAT
BT 2 Fi R 42 B R & Ry T
= DUER T Z (Chowdhury, 2015) -« 1
TR BRI R FEZ ik B AR A
It > B2 AR A A B R R E O 2 8
L W Ty (Amabile et al., 2018) - 1%
AP ERE AR Y TR ECE Y - 2 S R RE Y
SHEEE BAAENFIFTES 89751 (Bimba,
Idris, Mahmud, Al-Hunaiyyan, & Shuib,
2017) -

ILS B E& &3 K2 EEE 7 R
1F1] PS5 A o S ~ /RS - AR B R [ [
Sy B fTEN Y (Active) / 2% AU (Reflective) ~
TE 823 75 = 5y Fy 248 AU (Sensor) / 1l 52
AU (Intuited) ~ 75 BV E [ & F 7y Ry 15 52 24

(Visual) / & 5B 8Y (Verbal) ~ 71 [HH = L
TR a7 (Sequential ) / 435& %Y (Global) -
ILS R HRA 44 B R/ E—HAGR
TE% » 45 B 50 HI5E > {8l 1A & 30 w] LB T
fE R IE FH - DL & [ BFE 75 oK (Sandman,
2014) < AW FEER HES U EERY 11 38 (5
4-~8~12~16~20~24-28-32-36-~40-44
) 0 R B 5y By A F (Sequential ) S AU
B4 & (Global) G #Y [y 7 & % ( & {4

— AR A ) - 218 = B PR By 2 BE
(Thinking model) - f5HY /2 I A 48 F5 B
fEEE Y HY 75 =0 (Job, Walton, Bernecker,
& Dweck, 2013) - & FRIHEHVEREIRERLE A
[EHY 52 b B A g HECE B RSN
A aE 2 ([H & =R (Assis et al., 2022) - —
it T2 STEM AA RS E L E G &
R AEAYRE TR o T Eifly i ART AA
Hy 3% B A EE A7 IR 4R 1 48 U8 4 (Chien &
Chu, 2018) - lHRE & —E&HIAVE K

NE G G R AT AR B B2 55

A2 E 154 (Taljaard, 2016) -

RE B RNEEGHREEE
JE % (Brown, 1998) » #1E{L (Adaptive)
HEHELNEEHINA I EANER  #
il 8 22 2 B2 A AN ) 1 B2 7 TR\ A AR A R 22
Ji% (Job et al., 2013) - fraf @ ML #Y
"ML RV ANRE T E AR
£ EAYIARE - B AR E IR B IB R e
i & 88 & A5 2k 5[ & (Collinson,
2000) - [y £2E F 1y 8 E H R B2 E AR
oy — {8 1 A {1 1 1 AR B A O B I
SAElGEE G- aFr S AIENZE H1E
BRI P 48 1 =% % (Sandman, 2014) >
i STEM fy VU 22 2 (F} 5% Science ~ 152
Mathematics~ T.f2 Engineering ~ 7 {i7
Technology) » 58 5 HY /2 F 51| 1 5 48 55 F8 4t
(Aguilera & Ortiz-Revilla, 2021) ; 48 &
G AR 2 EHELIF R E TP EEE
(Sandman, 2014) - [ ART 5& 35 7Y /& &%
B B E 4 (Henriksen, 2017) « £ 3Zk
rh g 3R > A R AR R RS 4 e 1 A {850
- STEM B S g fy #8775 » ART B G 1Y
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WA BUE AR T K E S B3

7 STEM (E# K& & G BU#EE R ART (L7

EO BN - JRUE M BB R R E
(S+ART, G+STEM) 7 B JE 1

FiNE: V1 1=

PLHIE ST (Cognitive load) » F5HYZE A
A PRAYVEC IR 22 A » 12 iR B B RS B AT RN A2 2|
N & faf ik BE (Sweller & Chandler, 1994) -
NAERHI &L (Intrinsic cognitive load) »
& 18 B K B 08 FE M SMNE B0 A &
(Extrinsic cognitive load) » 7k 5 Z 2 1 =
(Bannert, 2002) - & & {48 &8 50 & J5i M
B EHE ISR RS AR FFEA LT
gt & % 4 % A & {5 (Mayer & Moreno,
2003) < AR HY R E 8E RN A2 150 s N A
OB AL BEFH AR AT R I P A iy
RE & L& T8 Ry SME L %57 (Briinken,
Plass, & Leutner, 2003) - NAE &85 3K
BN BOM AR 5 1Y 5 S SR E RS ok
15 & i Al 2R B B8 s st F & BR A2 (Y J7 =X
(Hwang, Hsu, & Hsieh, 2019) - B 7 HEfS
Zy 8 B EFH W R » B2 Paas i€ T LA
Zrifi BT A B IR A &S 2 £ (Paas,
1992) » 1% &% Sweller o4 4 iF 73 By BH 7~ &
FESRHIN 5 JE > MIRAN B IR S HY 3 R3S
8 8 3l AL Ry 22 5o F 7B & % (Sweller,
2004) - (HALAR G D 6 R 7 8 A HOH &
HIER M - 8 R B L HEE TR Bk
FH o ARb 7% AR B H L B R DUS AR [E]
BAEEEPNARERRA WA EE
£ 8% (Chu et al., 2010) KEFEIEREE
AT AR Ry BRI Z hgat
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MAE SR THBEHHH RN R
Rl 8 o B2 AR AE A TE R D B RO B UK
Zon A EE S ARt A RE g N E

(Taljaard, 2016) > ZEN{E R T AR IER T B

'4H , (Lopez-Vargas, Ibafez-Ibanez, &
Racines-Prada, 2017) » A GE /K i2 i F2 2 o)
Ry B E B H B BH A B & (Germane
cognitive load) - [L4N ¥ E2E F (& AR'E
EAL (s 4 H L R - RE (o L [ B A 1 0 B Y R 1T

(Hwang et al., 2019) - STEAM JrEft &%
REZRHEEBETT 0 BT R EREE
HY A B A 58 R 22 £ o3 B STEM
1 ART FEE v DI H A2 f2 I T8 M
By A EE M S A B S Y B E P A ZE
AE S ARG R E -

— > WFFEANE ~ M R

A FE R &8 ILE — BT RR i R ER
(T M5t 44 LREAS B FREERE
FYEA STEAM 2 H54H » Ditkas ARFEE T
BA LRI BREBLENENTRRE
HEAS > BB LRV B 2 (STEM or
ART) » DLREZEEBHVEMEAL  BIHAER
1~ R RE RIS B AR S = KA A E R
Bt Fe e tr e 1

AW 9 SR W 5 B R
5 (T8 A BUS BB (S~ 4
& G) » BRSE 0ET A B E (E 1  TTE
PRI (E 75 WD 53 5172 STEM 4L 28 A
BTART i35 AR I - SRR %
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 mwms | |

| Rk | A1,
— Ha HEFIN
s O
R
—Hab{ M)

Hia| GERIE T

st BUECHEEL

1 BBEAR BHEBRBBVMAREEE

FofiE 7 S T B STEM sHi% s N T1F -~ K&
e GIUEE ART 0/ TE EREF I
RV K2 18 S BUEEEE ART 1R T
fE R 454 G #U3%E STEM 4H#% 83 A Y T.{F
o ERBIREM - R IEA = (A s

T3 73 Bl 2 SRR SR R Rl (s B
AR ¢ ICRE HIERE R (BT REE A

BIARIE) BESIHRSEE R (RAET -
TR o BRI AN N 2 FrAl

At se Z MR AL LA H—
WHdm b R H > Bl 22 B2 AR H B IRAVIE L
T HERTHENEEESZIEMNT R
M52 8 - 55 ARG 4R B &y H2 > ZRET &R
H A 2B LR E R B TR
HEBAEHREENNERE 2% HEREE
T T B S R AR B Y s B 5
=4 4m 5 Ry H3 > F5 Y2 38 1 (75 3 7 3%
T 22 B 52 B - SR D AL (RS 4 B i HA
ENAIRPSI o) S R YRR S e Ny
B RE 22 E Y 52 B oy B 2R TE

71 (H4a) J A&7 (HAb) Wi f 1 - 55 70
MRS R HS BB EE HEE
T3 I 52 %8 - HSa DURE A& 1o i B & 1] e
& -H5b DEFRENGEEERRBIER
AR -

A ZE AR R & (I —) 2
BAaREFESE S B REGEEE G R
WS DA ~ BIAS ~ R 7 = 3R {8 Al
2R M B B2 A A MK ~ 5 RE B S SR AE JE
SIHHAYESEE R 1 R L T Y £
FERC LUk R G (A =) 80 &2
T B IR 1B Y SR A e e B B R Y
IS ERIIEHB R RN T E Z R E L
i

L WHERGHEERRGET

(—) WHIeB REAG A
108-2 S/EILE— AT R KSR (51
RERREER g (G F 345 6> =22 5) » jdisE
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K2 BRABEHIVHRR

BRTHE R

G5 (G g 7550

- SRy RGP as R R EBHTEE | TIRSEMRERAERE STEM Al 4 6 5 R AT
AR N TAF - NS w188 ART 3075 TF - SBLZ EH T

- EERAS G B R R EHAEE - 87 S BUfRmEEE STEM ~ A NI 5238 A i & 3 B 1% 0
&ty G Alfm [ EEE ART - LESBZ EB T

3 BEBEREEEES R EEE - MBI EAVEERSENIEE I E BRI T Z RO
M e LD yEE

Hda SEESHERES SIS > RREERNNVEERG SN B S B E N 2 A fE
BEE - R

Hab SEER SR TR R ENEE > REERIE T HVEERSS W BRI 2 B
RIEEME - EDETUEL 13

H5a SEERBEE TS B2 ELE > BRI R EERAEAE  EEEBIEE T Z M
IRt & RS I=RCIIEL I

Hsb SEERBEEEES R ELE > BETEHEEEANREE  EEERIEETEE 2R
RRIRENEE - L SVELEL I

R N BB 2 0 88 300 A B A B K A
SRR T A AR TN 215 1R R BE AR AR
Ko BERERANE S 67 0 G RIFES
TR SE R 66 0 (HEEEASHERE
Ji  MEA 5258 EL A {20 46 B 58 BE A
44 N\ BUE AR By 44 13 UT A A £4&
B DIA R 44 N HETT R B o -

(=) WHrEHie B B SR Rl B A
Awtge EAR S AR T A DU
£ STEAM 6E #£27% (Burke, 2014) 1
INRTERT RIS - B~ PR R - 1 0F
AAb BFE > 2R BRAT S R Y AL SR AR
(Bloom, 1956) - 3 j5ll /&« All4E ~ L 18~ 2
fife~ FEF ~ oot ~ wF ol - @i B [ ALEA
sk I BESC RN ER 48 1B B 1 - 15 LAE AT
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A5 Z B IR E Ryl s Bk A
2 31 DRI JE 2 158 200t B2 B0 0 228 BE BUSR> $%¢
HEEES=6 (B -RE-F8) 7
AT o F— P& EE LU E RS SR B B A A
a0 5 PR EL &R ERLIRER (SPOC) /U > 3%
SAERZEEENRER T RIS EE
BEFEE BT (STEM dH4eka8 A2 ART
A F=EERE=ZHEERR  EFRT
FEHHETT 16 18 A &5y B Br s BB IR A -
EWMAKRSHEZLE (44 N) > BFET 2 Hl5
e EZ JER BLET & - HERF AR KX
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Hli=easiie s (kS Sl

K3 ARARERBITER

i/ st B TR A4 BRNIELENE
1. (iR .
WOL-05 2. MR H5 5 EH*&HU/IEJF’?% 0 @\ |
O A TR 44 (YR ERE S B 23 A 0 454 G 21 A
ST 4 SRR SR 6 A\ —SHEHERE A B T
E . JTN /BN A \EE ,
5. STEAM H3 ) MAE R #EEfE STEM T/F#& 28 A » ART T /& 16 A
6. i 1 (B R R
Woe.p3 | B BRI RIS %8
L S I ROER - A MEIAIESE (B AR 20 %) A FEEIIR -
;%% 9. FHIULE 1 BIABEEUYH S48 AN E RS T 0 & 1E5ER; STEAM {17 -
Z;k 10. 5T 4E [ L R A A %13 3
s LTS S 4 FIER (B KRR 20 %)
- 12. 554 ¢ SRR BB R 4 FEERMEE RS2 5 BB 1647 -

13. 554k e PRk LR B RDS

W14-16 14. BE7755
B 15, HEER0E
FH=H 16, g ELERUL

%148

GO TR (EAFBEERETE 20 %)

%161

NS Bl (10 %) o SWIEE %NS (32
%Déﬁ MEEER) -

SRR 2 7y > 7T kb 14 55 -

IR 4Ry 1-5 18 sﬁ'“*%éz%n%i
> B G B B 52 5 BAE AV EFE RS
KHNG £ S LHT’EEE?_Z@\%EEW)*C%’
G N B E AR ERSERE B
IH(ENMEEREBRIEHENEE R 2
FI (20 %) - 55 T 48 #E 17 52 38 A% 0 B
B EE 44 o fEe S B R 23 A0 47
& G221 A W HErT 4 B4 6 N3
—EMETEES NZ (HEBEEE
2) > SR AR R 2 Tl B 2 T A Y
B - BERAECE R SR AERE N E Y
£ WS WA T & T FHNHA
AW TIFE > 55l R STEM 405 B £ 54

ART fHR B ¥ B2 AT EETE (28
N STEM~16 A\ i ART) » (T 75 Y % 1
A B ENEE -

EVREIESS 6~13 1 iE B A
%E’\Jﬂﬁa‘ﬁw’ﬁ 24 FEABRE S
fir it W B T ZHRE SR FT 8 2 7 T
(STEM or ART) k& E52% STEAM {F
o bR TEm/ NETEREZ N RS 8 LEBJ:
(LAEPNIE 37 N &
thEfE A AR (20 %) > Al EHE RS 2
KA BIARSE pii% > AT LB 1T
EBERHNNI A RS2
HCEAE R RIS W E i DU
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et |

& 2

{5 O TE ~ 4 R T B s T
B T TR A3 11 H S ARG
SEAIEH (20 %)  HHETRTS - 5 13 B
(740 1 20 REBEFERART HISR £ RAE
HI3M 33 07 T 19 5 AP (20 %) < 55 14 51
16 38 £ 0t HUBEHB R - BRI H PR B 0
B HATILR MRS GRAVER S E
SRR R) 290 I 01T S T
R B £ (TR A S -

B BT RS FLAIE E - E L
B T 20 % I 20 % A 20 %
28130 % NEIESE 10 % H oo 6
2 DL F iz 50 5218 AL 7 408 59 100 186 28 A 50
ISR 4 - AT - R S
52 B VR DU (H I 4847 - AT R AR b
MGk 20 BB RE BL A B LA 4
A B SIZE- BE§ i - A3 - (4154,
35 B 50 o L - T U DR 5 9
YT B 4 (AT 3 (8 4) » SRR ~

~
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FTREBE B2 BERIRCHRS
1455 CRAREFE— KRG 257 84—
s 8 o (&l A A SE B B P > St A
T A 90 73 fii/NHAESEME S 10 930 DA
R Z e BIVEIE R ILE S B B & EIR
DU RGER > /NEIE SRR A ST AT e (&
DLANTE FIs A i 8 =T (8 A AF R 1E By
ELRIE H - B4/ TARE R R B 1R Y
STEM = ART> # A &2 8 HAL R AIE
R M AR - B 20 e =
M4 2 B EFERE NGB EMHE 27

JE AR RER SRR R T BRI HE

A

=R

&b —
Re —

BRI B A B A R

(=) MR ITE - EREE
KRG B R sFE UK (fF
M) EWMEER EREOTKE-E
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4 WMEBRXIIFR:BB/BABRRER

Joo MEGERLTMAIC AUHAIM G &H2E
G B ZR (A 1) - R — PR B AGER
B EEITIES BB A ABR
EAE &40 LB A EEAS R 44 5w %
Fi > HEE T FOA A AR (H A RE N Ry B 4L
ST 7407 % (Raleiras, Nabizadeh, &
Costa, 2022) - i ZOREL 4 B HTE S H R P
FRHSBIUME Y 113 EEER AR
&R S BM%GEE G AU » DUEREL A
[ L 2 EE R

BHME T RHEEEREZBE
R BRHEEEAGEEEA AR &
o NEEIRERERIRE 2R r—A
BIEE -7 8 i AT I (B =) < AR 5E
PR SR A& 17 82 22 (Sweller, 2004) 2| &
5 T S F 4 1R R S & % (Chu et al,
2010) - RIFALUHIE F A5 4 -

FE 2 E BRI 5T TR L B SR
SRR R MR — T et =/CA-F
o[BS Y T2 % 5 AT 3R 2 B AS > L A
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EREEIAGYREEEERIE T HAVEE
A (20 %) - £S5 — PSR H AR AR 1% > S50
F/ VB NG 17 2R 5 - &%
FIEE 20 AR B RS F LGRS
AAE RN TT I Z B2 E R (20 %) - FE5
P& B & B BRI &S R B2HHSE T =34 L
HE - H = BIRR RS RETRB@EE AR
B AN TERUGE DREE 2 575
AFERBE T H Z B E R (20 %) - fEH =
Pes P B e AR Iy > BRI S5 - DU AR B o 1T (E A
e WER B DUNE 3 I8 4 K
S LiEE PR

(P9 BF7EJ5k © AWEe 2 ZER Wil
W7E 5k > o3 e W E BR i Se ik
M SR -

L. ¥ H B o 78 - A B 5 P A (Quasi-
Experimental, Nonequivalent Control Group)
AEE BT 7% (Quasi-Experimental) »
NS TR BB T T ER L e
TER HEARIEER  &—ERHEEL
HYE SRR TT = BAE B ELF AT REAY R K
AT R G SR E B (Gribbons &
Herman, 1997) - KRR E TR E
2440, (Nonequivalent Control Group)
s et o AF AW {1 B #S 77 1 22 20 BIAR
Ry RN FH - 18 oy SHATBE {28 > D0 JH AT 4 1
JRA R ERS (DESR ) - U IF SR S B Hh A%
(Cluster sampling) » & £ 4= (¢ K [5] 7y 22
B k& 5y B W E % Rf (Kan Onttiirk, Kanig,
Aslan, & Kuguoglu, 2021) » &2 4: &L fiF
FHEINEEEAE XA E R EEE T = 2
AR RV EE RIS Elim R o8 AFE
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LRV AR BT E R E R AR
KHEEBES LB ESEERRANERRE
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2. [MERA:
(1) w3l
BRAPrEErMEEEA SR P ENEE
fy 11 {E B8 H (Sandman, 2014) » & 2 4 45
RfEFr S M- Blgr G IE M G B &%
Cronbach o 1 & {4 87 /& 0.76 (Collinson,
2000) - A 90.9 % (40/44) e A4 B
GERBLH AT M4 AR AAIHE SRR
fitsm e SRR AU IR ERET B &R DA R
R AU G Ry

(2) &M

&M EFA 2 B2 A R TG
BRI > 3 K TE 7] R0 & Ja] Wi {8 &1 47 TR 1A R
ERAEEHAMEREER 78 PR
AR SR 2 E A ER S
1~5 77> % & % Cronbach’ s a {5 A 5
0.94 (Chu et al., 2010) - & [mEEE R FIELH
G E3 8 B (Sweller, 2004) » H& AEL
BAf S EMAMELEE5)] 3 &> Cronbach
a {3 FE 5 B W (E A% 1 B 53 751 B 0.86 F
0.85 (Sweller, Van Merriénboer, & Paas,
2019) - FEwiE R EHBEEE XN E R BlT]
SRIZAEEZERERTIRCZ DI RZEE
BRI B 275

IERE A A T S BRI 5T 53
ZHEEATDEHEREZSEHE N E
45 -
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(1) BRIk AHFEERALUT
MR T TR
L. 3OS

HER A W T A AE 26 R — IR (8 A BR
Z BT Y 4R BRI R 8 2 B
LR BIAEEFEHAIE R - RA
fEERFE H AL - BifF B e 8
THEF T R B DA—E o R 55 48 FH LART SE YR

LIS YIVETER N

2. Rkt
EF LT R
(1) BB TR COBABRR
G BIRRIE 5 RS 5)

(2) 2B (ERGEE - ARRNE

e
a

4

-
N
o

3.t HE

ISR AL 7 BB AR B 43 1o i H
W5y Ry tE# (S+STEM, G+ART) sk
M % (S+ART, G+STEM) i 45 2L U BE » i
TTRYRTELEL > FR PR AS A L8 T A A

i

w8 RIS MEREART & B
i HEEp 2 BB EAEE - S
TR AFRE 2R ERE e Ui
SREBP T BT -

Bt B TR R

RIS ROEA R 44 13 (67 Bt
A (3 » BER 1 2  H  M P25 R M BR 2
AR T B RS 44 4
Bt EER R - BEE TR RS
A -

— ~ R ES B ER T (T

FH P 2 17 SO T 2 o 20 N BE SR U HE R
i AW 5T SO ET B A W R B T R
PUBE/NE&E AT 9> T (3 N &8 LT
75 LT - EF Sy STEM 4HEH 23 AFI
ART 0% F W P Bz - tIN L AHF 52
AL R B2 AENEE RS EMEE S &L 5
e GHESEZEHEBEER
RAhHE ZHEEBREEFREESS
BRI B4 23 N 87 % (20 N ) BE#E

R4 : BRIBGR - 16 - PBEBREFEREAMBERR

A 44 A Bl THREERE (n=28 ) ASCERE (n=16 A)
EE SR ERS (18 ) HERZL (10 A) REE (7T A KRz (9 A)
= S+STEM (20) 11 5 1 3
(23 ) S+ART (3) 2 1 0 0
gt G G+STEM (8) 3 2 0 3
(21 ) G+ART (13) 2 2 6 3
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B ART ag R KBIGEIERMERE S G
RIRIER A4 21 A A1 62 % (13 A\) B4
ART #1F > HH 38 % (8 A) %% STEM
AHEEHE RS N JREN &R B E R S IR %
EEPE R AR TIHY STEM TAF > 3k
GIEEEH G B LB DI AR
ART TfE-

AWt s E— P RERENR AT R
T BHREERER 9 28 L LRES M
B2 (EERLSS 18 A+ BERZC 10 A) > Rz 16 #4
AR (IR T A+ XL IN) -2
A RS BT B S R T @ o R
BN IE 5 -

HE ZEE (@S h Al LUE ) TR
EheayF AL 18 N DIER S BB 4
s N TIFHY AN 8c % > S+STEM (5 61 %
(11/18) + TR 2Bt £ 10 A A

B A B B (T ML RRS

TAE (5/10) 5 A S EFEE 52 College of
Humanities and Social Sciences(CHASS)
KIS AT AT H 86 % (6/7) B4i& G
HEEFEHRALIME (GHART = 6) » {HCF
BAEER G &GEaM SAg E MK A
HILE (G+STEM = 0) 5 ;L 2 XA
RERe S BIgh A& # L4 R (S+ART =
0) - BB NXERNES RNimBL &
BHEB TR S MR A g/ AR L
1 EHUR  EEBE T UEREER T
% BB () 2R 1 L E B B oM ) SR
TAENE BRI e T b E
AP -

= BRRE S MRS Rk

A FT R =T AFEZ & 15
B2 AR Y B R RN R DA R S Y R
EBIAR LR 03K 2 DL B M B ok B
B S AR TR ECREE 23

50 % & E R S A H B A HY
e Fngineering male Engineering female e CHASS male e CHASS female
S+STEM(20)
12
10
8
6
G+ART(13) S+ART(3)
G+STEM(8)

5 BRER DBALHBBEIRRESER
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A RF B B RE ME FIAY B & > DLATE R 3R AE
i =l [ 1 o LR Rl R AR
HEBEA ZMEE LEEBRE T Z A
s HRBNE LN R ERE
BEEHRRC AT I BAE (25 N) f
A 9N AR (p = 35D ~ A&k (p
= .183) ~AE (p = .494) I5 —IHEVERN
FHREAEENER EEAGEE (p =
496) FIEEHIET] (p = .467) £ AR
Al ABZ R ZE R S AR JREIPE A
A 5 BB AR Y B R - U T O
et PR B A 1 A {1 S22 0

B2 HRAEE 2ENERET R
e EHLEBEHIERE v EH
BEBRR - N ER BT R EEAE
RT3 ORI B Y B 48 (SF239 85.69) BHE = A
B THEERT RIELE (F15 77.54) »

K5 BRER - HRIESBABERK

p R 0.047; HEHEREBHVAIE £
FHE A (P15 85.44) B it (8 7Y BE Y
B4 (P19 81.54) »p B R 0.037 B4 :
BIMA o i 5 A 25 N B 202 O R 0 A ~ 1
ws N RO R R H - s AL gD
Y ek (HE 4) 22 R RO BT R 2 AR E X
FHE B MR FE 2 E B E s A
A ZHRE RO AR 455 © A 48 1 % (8 R 48 &2 S RE Y
FER b SCRF A4 ((F39 82.71 43) MIEEFY
24 (739 84.69 71) HVA m/K R R
WAL NESR (p = .051) > WA KL
KRR BEBREREE BART RAVE
A HA R ZER] R SRR E R & 1
se Al & (p = . 199) BB EAHEE (p
=.119) B> A BERER

B PRETAS [F) B2 RS & B B2 T ol
RO AW FEER IR Aw e R IEEFAIIER S

) aI% 13 b W £
ECEE AR
T pE V8 plE VY plE WY plE T pf
R 28 81.536 77.536 82.714 4.128 1.822
==+ 0.037* 0.047* 0.051 0.119 0.199
et 16 85.437 85.687 84.688 4.395 1.635
B4 25 82.600 78.640 83.440 4.224 1.762
52 0.351 0.183 0.494 0.496 0.467
7 19  83.421 82.947 83.421 4.226 1.744
FeE 18  81.056 76.611 82.722 4.130 1.835
R 0.309 0.343 0.495 0.494 0.452
2E 10 82.400 79.200 82.700 4.125 1.798
F4 7 86.571 83.857 85.286 4.466 1.573
et 0.288 0.327 0.274 0.335 0.361
7 9 84.556 87.111 84.222 4.339 1.683
Fty 82.955 80.500 83.432 4.225 1.754

R p <05 B BBEENE
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093) - T E RS B2 AR YRR AN S 0 I
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Bt5es IR £ AT MR HY &
HEAE G &5 BIAY SRR B ART I
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EEEME G &HFERH S R A5 STEM T
B (CF¥5 77.667) & £ K138 7 M5 B 45
B ETER S A% STEM TIEHY SR}
4 (CF9 87.75) - IS RHVESR & G
RIS ART TEE (PP 74.25) S fE R RE
T B EREEEERE G &GRS
FHAEBERE ART TfE# (FF15 85.778) » R
mAERES S G BUATEEE STEM (L5173
EEAC ORI

Gl 2 FERIE (P39 = 86.08) ~ Al
e (P9 = 83.31) ~ K{AE (P9 = 84.38)
SHREAREENERASG S G B B
ART R HVEME TIE#H RFEEAEE
B AL G RIAEERE T STEM 2%
a8 AHYIEEME TIE & (BRSPS = 79.25-
KK -F39 = 76.5~ fRE ¥4 = 82.13) - #f
EEEEAEARFMEN SRS G B E

X6 : RBEE - IFHREF PNERABPBRMHRRK

JEAE 73T jiigi )(\f;i AR AEk B mE A it
STEM  FER} 16 82438 78875 82.938 4.119 1.634 [Ef&5 T
1R S 24 (2000 eny 4 84.500 87.750 85.000 4315 1.660
A ART R} 3 80.000 78.000 83.333 3.620 2487 JEESTF—
(3 A0 SO 0
STEM  ER} 5 80200 75.600 82.800 4.000 2.154 &S TR
wagm SN xR 3 77.667 78.000 81.000 3.667 1.960
2L A ART PR} 4 80750 74250 81.250 4.705 1.660 JEf&IT—%
(BA) sept 9 88444 §7.333 85778 4672 1516
Tt 82.950 80.500 83.430 4.230 1.750
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Kifgeas 3 167 M 5y S A&
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E (20/23 N) 4R & IR IMEEER G 2L
H62 % TAIEMAHA ART T/E(13/21
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T B 7 22 TR AR BT S A 1 B Y - R
Bl 212 A E s IR M TIEA (S+ART,
G+STEM) #5 Fy /D 8> B2 EUAS K 18 o 47
PR S AL AIEESE ART 9 RAVAA 3 A

(513 %) - &xE IR EER G B Al
4% 23 N STEM HY7R A 8 A (438 %) »
JE M B M N By 103 (G M
11228 33) « fE— P ERET M TR G Sy

AT ST 2 TR S 1 R T S 0 DA T B R A
FAT AR R0 3 R e =07 Y B2 o e
TR chee R T EIEEHHIEE
MEEFEETE CREE  SBATAR) &R
IR 8 ST

EE RS R E R AR IERY S TSR N3
B S A\ STEM sifg /R ART (T85> ¥
HERR S RAEENZE MEE %
BEEEZNAE AMEFGRMEBEEEE S E
R T ART AR T/E > NBLEE A2 15
IR - GREE M MEEAEE (p =
037) > EREIRE S (START) - hEAEIE
TR o R R (X (3.62) HEg I &
= (2.49) Hy—F%-

EREE b a bR EEH G
BAEEBEARTHRA THEBEMEZFES
(G+ART) » ZEXERE T BITHIKLEE
Bty (AIE = 86.08~ KI5k = 83.31 it =
84.38) > H B K= (4.68) ~ SRR A
aft (1.56) Hy—FF LHAERIE (p = 0D F
R (p=.002) > EEEEHERE R G &L
{E38E4E TR M STEM % 85 A 4H 48 TIERY
B4 (G+STEM) - & & IRt BEayIRE
M#& (G+STEM) » 2 B R =TT IR
B2 (BIE = 79.25 Ik = 76.5~ Ko
= 82.13) - WML BER  HEEEH G
RINEA T HER TR EEN IRy
SERN LG RBEENEE B HENE
FERRERHTRIE L
FEANTFE > S2E AR T A —
2o IR YRR LA W > 73 B2 il P 4R i
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ERi [ N A= KT ik
B4 AT By R pfE P EEE pE WY EEE pE
=mgs  S+STEM 20 82.850 7.638 80.650 17.748 83.350 4.671
Rkl 75 0.267 0.403 0.498
S S+ART 3 80.000 2.000 78.000 10.392 83.330 2.517
Sims:  GH+STEM 8  79.250 1.669 76.500 9.621 82.130 1.553
%Tﬁmﬁ” 0.010% 0.150 0.062
&G G+ART 13 82.080 7.399 83.310 16.332 84.380 3.754
e/ S+ART 3 80.000 2.000 78.000 10.392 83.330 2.517
}mg/ﬁz 0.271 0.413 0.175
FHEEEE G+STEM 8 79.250 1.669 76.500 9.621 82.130 1.553
s S+STEM 20 82.850 7.638 80.650 17.748 83.350 4.671
Wg”‘ﬁl 0.035% 0.176 0.091
BEZWE  G+ART 13 82.080 7.399 83.310 16.332 84.380 3.754
by EMEE 33 84121 7.598 81.697 16.994 83.758 4.301
BIEDEE 0.026* 0.206 0.185
(ER=IE FmrEE 11 79.455 1.695 76.909 9.322 82.455 1.809
B F R p <.05 0 BB AR
k8 : BBER BMoTRBERRIERBON ( BEEEHR
Ehit R B ™ B2EEUnEE BRI =Eij
sl T SFy T AR pfE SFy fEAE pfE
S+STEM 20 4.160 0.746 1.640 0.749
J%%, 0.126 0.037*
FRMEFS  S+ART 3 3.620 0.647 2.490 0.456
G+STEM 8 3.880 0.743 2.080 0.741
Ef% e 0.002%* 0.032%
FR&FE G G+ART 13 4.680 0.367 1.560 0.485
K B4y T S+ART 3 3.620 0.647 2.490 0.456
e 0.307 0.397
AEEEB G+STEM 8 3.880 0.743 2.080 0.741
g b B 4y T S+STEM 20 4.160 0.746 1.640 0.749
n% A 0.031%* 0.329
HEZME  G+ART 13 4.680 0.367 1.560 0.485
gl dE g EME 33 4365 0.669 1.608 0.650
A BRI 0.009* 0.008*
M Rk 11 3.805 0.696 2.192 0.679

ik X R p <.05 > BREENCR
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DAFERE 77 A SE A E b R AR IR Z2 2R
] £ RS HY B2 A HUT RS R A B Bk
HYF B -

Wrzese s > SRl | B EE R AR - #i
BEREEREEBTN T 5 KA
guakat MEAHBEFESEEHENKE B
BAHEEBREE HFEARAEL T
REUBLEGRIFECKWETHLIF (F
M) DI & B B 8 U7 258 RIEH > B
BERAY 73 THUS RS « R a4t

106



Y S BUER AL BT STEM 4 25 A1y
TAE- Mg & IR EHHY G B S A R 58
ART 2 /1 TAF - i W BF 52 5 A8 BLE2 (T
T 1 2 > 8 28 KB AT AE JE FH Y R 3]
ECREEER BEAEAEIR - BE
SRR E NS BURSE A EIEAVEL T

FRESR AR B AT S B AR
HEE-EEE T E BIEE SR A&
HEFYIRE M (START, G+STEM) > #f
SEEANmEE LBt SN IRE N -

WtFesssm - & B E R IRE B
FUEEREAAR S M2 E SRS E T
BABC T - Ik R SR B R B T RIS
IIAE MBS B SR T
B EREEETH AR AR
LR T B B 2 B A A N2 Bl
s o SEPNE A KB - R BRI
e B2 PR B (LA E %It
HyEcst BBl TR R e 24 5 X8
A REERE L E—UHASE EAE
SHVFEISZERE A AT S > S BB
L BHEMHI AT - STEM A2 At
JEFAEHR > ART A2 A AEfE FAE SR 7
EHVRE G BEET K 6E P BRI 1 - AE
ARG EER R

BT ARIE R 24 Al
T EIDLE R — BEEEE R —
ERBEEHE B EIEE B EHEE
BT EAEH TR =84 STEAM
ZERHEEIR U %t #a s (T
%o WBEEEE A EEEBL B - &
EE MEE R T4 75 DL PBL 77 5%

107

B A B B (T ML RRS

ity

AR BE T E - SFERIE € SRR
WA - DL BB 3 st 3R AR
Rf 2 2625 - L AN > $EHYAS [F]JEL A By 22 A2 i
AT 5[ AR ZE R LN R R - — 7
MY EGET B R &E RS (GBS S) Bl
e (S G) WM - BMANE EER
HEEHEZH(ES S HBEREE(ES G)
AT =~ EERR LRSS (B S) -
GTHEEEG) U EFEEAHRE L
S RIFE Z I HERY B FE I #a A - G AU 3% A
2 1 75 E B B Y ROR A5 15 o 2T iE
A SIvi0 -4

W ge PR B i SR HE B R 24
KR &I E o SEETE 175 EHE R
HoBAERART BEANSKEE F2
FZHIAER R EBRETF IS B
BE > I 5% L A R 2 - i L B AN
IR (WEE )  BEEE KN
K& BB ENEMOEE T 248
TEETE R AEE RN L ER T = Fek
WL BRI E E - B2 E SN ER
HYR & LR R RS 7Y A2 & 0
BT ER2ANRAEE REESMEFREN
B 9 © i Jbh 2R PRI B AR {50 ) A A - A 3%
BEAME 44 A EAN AW 5C LR B 1L
BEAS ¢ b 38 DU R 70 SR B9 72 52 0 (E B 7Y 3
3 o3 4HE N SO/ N > mTRE & A BUE 47 i 1R
% B e B (B 17 1T > 50T FE FH L 30 43 iV B 52
GE LI - TR HEGR T H E SRR R HVREE - X
FH P 38 R mE /2 iR B HUEATE R
FEEBREERERETIT NFE—HN
Bns - 1% SR T FE FI R 2 BE i B 0B
g i, 2 A STEAM fE4H - 3l fn A4 JR



Hli=easiie s (kS Sl

"R AERERBEFERE BHEFRAN
gt o HEARWT R A EF Z IR HA S LA &
I AR E AR By B AR R ET g K> L STEAM
NEERBITTER - L=REBEFHEFER
SERBR R EGEE EE2% -

)

AT R B B 108 FE HHEE
EE T FEET B S RF > #% 7] 35t PSK1080076 0
stEIEA R T B2 HERBAIEHE -G
FERERE R et as AT Rl > i
HETEERNEMEEETLEER KR
Lg% B NTU-REC No:201907ES004 >
st = ¥ 17T H i % 108.08.01~109.07.31
HATEBKER KLV IR SO AT
EREA T ZH T EEEE

2530k

Adriyawati, A., Utomo, E., Rahmawati, Y.,
& Mardiah, A. (2020). Steam-project-
based learning integration to improve
elementary school students’ scientific
literacy on alternative energy learning.
Universal Journal of Educational Research,
8(5), 1863-1873. https://doi.org/10.13189/
ujer.2020.080523

Aguilera, D., & Ortiz-Revilla, J. (2021). STEM
vs. STEAM education and student
creativity: A systematic literature review.
Education Sciences, 11(7), 331. https:/doi.
org/10.3390/educscil1070331

Aheisibwe, 1., Kobusigye, L., & Tayebwa, J.

(2021). Bridging education gap in higher
institutions of learning using Bloom’ s
taxonomy of educational objectives.
African Educational Research Journal,
9(1), 69-74. https://doi.org/10.30918/AERJ
91.20.213

AL-Momani, M. O., & Rababa, E. M., (2021).
Remembrance and learning skills and
their relationship to academic achievement
among university students. Science and
Education, 2(12), 415-425.

Amabile, T. M., Collins, M. A., Conti, R.,
Phillips, E., Picariello, M., Ruscio, J., et
al. (2018). Creativity in context ; Update
to the social psychology of creativity.
New York, NY: Routledge. https://doi.
org/10.4324/9780429501234

Anderson, L. W. (1999). Rethinking Bloom's
taxonomy: Implications for testing and
assessment. (Report No. ED: 435630).
Washington, DC: U. S. Department of
Education.

Anderson, L. W., & Krathwohl, D. R. (2001).
A taxonomy for learning, teaching, and
assessing: A revision of Bloom s taxonomy
of educational objectives. New York, NY:
Longman.

Assis, L., Rodrigues, A. C., Vivas, A., Pitangui,
C. G., Silva, C. M., & Dorga, F. A. (2022).
Relationship between learning styles and
learning objects: A systematic literature
review. International Journal of Distance

Education Technologies, 20(1), 1-18. https:/

108



doi.org/10.4018/1JDET.296698

Bahrum, S., Wahid, N., & Ibrahim, N.
(2017). Integration of STEM education
in Malaysia and why to STEAM.
International Journal of Academic Research
in Business and Social Sciences, 7(6), 645-
654. http://dx.doi.org/10.6007/IJARBSS/
v7-16/3027

Bannert, M. (2002). Managing cognitive
load-Recent trends in cognitive load
theory. Learning and Instruction, 12(1),
139-146. https://doi.org/10.1016/S0959-
4752(01)00021-4

Bloom, B. S. (1956). Taxonomy of Educational
Objectivesl: The classification of educational
goals. Handbook 1: Cognitive Domain. New
York, NY: David McKay.

Bimba, A. T., Idris, N., Mahmud, R. B., Al-
Hunaiyyan, A., & Shuib, N. L. B. M.
(2017). Adaptive feedback in computer-
based learning environments: A review.
Adaptive Behavior, 25(5), 217-234. https:/
doi.org/10.1177/1059712317727590

Bozkurt Altan, E., & Tan, S. (2021). Concepts
of creativity in design based learning in
STEM education. International Journal of
Technology and Design Education, 31(3),
503-529. https://doi.org/10.1007/s10798-
020-09569-y

Brown, B. L. (1998). Learning styles and
vocational education practice: Practice
application brief. Columbus, OH: ERIC

Clearinghouse on Adult, Career, and

109

B A B B (T ML RRS

iy

Vocational Education.

Briinken, R., Plass, J. L., & Leutner, D. (2003).
Direct measurement of cognitive load
in multimedia learning. Educational
Psychologist, 38(1), 53-61. https://doi.
org/10.1207/S15326985EP3801 7

Burke, B. N. (2014). The ITEEA 6E learning
by design™ model: Maximizing informed
design and inquiry in the integrative STEM
classroom. Technology and Engineering
Teacher; 73(6), 14-19.

Bybee, R. W. (2013). The case for STEM
education: Challenges and opportunities.
Arlington, VA: National Science Teachers
Association.

Capraro, R. M., Capraro, M. M., & Morgan,
J. R. (Eds.). (2013). STEM project-based
learning: An integrated science, technology,
engineering, and mathematics (STEM)
approach. Retrieved from https://doi.
org/10.1007/978-94-6209-143-6

Casad, B. J., & Jawaharlal. M. (2012). Learning
through guided discovery: An engaging
approach to K-12 STEM education. Paper
presented at 2012 ASEE Annual Conference
& Exposition. San Antonio, Texas USA.

Chien, Y. H., & Chu, P. Y. (2018). The different
learning outcomes of high school and
college students on a 3D-printing STEAM
engineering design curriculum. International
Journal of Science and Mathematics
Education, 16(6), 1047-1064. https:/doi.
org/10.1007/510763-017-9832-4



B E B S

Chowdhury, R. K. (2015). Learning and

teaching style assessment for improving
project-based learning of engineering
students: A case of United Arab Emirates
University. Australasian Journal of
Engineering Education, 20(1), 81-94. https:/
doi.org/10.7158/D13-014.2015.20.1

Chu, H. E. (2021). Editorial: STEAM education

in the Asia Pacific region. Asia-Pacific
Science Education, 7(1), 1-5. https:/doi.
org/10.1163/23641177-bjal0026

Chu, H. C., Hwang, G. J., & Tsai, C. C. (2010).

A knowledge engineering approach
to developing mindtools for context-
aware ubiquitous learning. Computers
& Education, 54(1), 289-297. https://doi.
org/10.1016/j.compedu.2009.08.023

Chung, C. C., Lin, C. L., & Lou, S. J. (2018).

Analysis of the learning effectiveness of
the STEAM-6E special course-A case study
about the creative design of IoT assistant
devices for the elderly. Sustainability,
10(9), 3040-3056. https://doi.org/10.3390/
sul0093040

Collinson, E. (2000). A survey of elementary

students’ learning style preferences and
academic success. Contemporary Education,
71(4), 42-48.

Conradty, C., & Bogner, F. X. (2020). STEAM

teaching professional development
works: Effects on students’ creativity and

motivation. Smart Learning Environments,

7(1), 1-20. https://doi.org/10.1186/s40561-

020-00132-9

Craft, A. (2003). The limits to creativity in
education: dilemmas for the educator.
British Journal of Educational Studies,
51(2), 113-127. https://doi.org/10.1111/1467-
8527.t01-1-00229

Duckworth, A. L. (2011). The significance of
self-control. Proceedings of the National
Academy of Sciences of the United States of
America, 108(7), 2639-2640. https://doi.
org/10.1073/pnas.1019725108

Engelman, S., Magerko, B., McKlin, T., Miller,
M., Edwards, D., & Freeman, J. (2017).
Creativity in authentic STEAM education
with earsketch. Proceedings of the 2017
ACM SIGCSE Technical Symposium on
Computer Science Education, 183-188.
https://doi.org/10.1145/3017680.3017763

Genek, S. E., & Kii¢ciik, Z. D. (2020).
Investigation of scientific creativity levels
of elementary school students who enrolled
in a STEM program. Ilkogretim Online,
19(3), 1715-1728. https://doi.org/10.17051/
ilkonline.2020.734849

Gribbons, B., & Herman, J. (1997). True and
quasi-experimental designs. ERIC/AE
Digest (ERIC No. ED421483). Washington,
DC: ERIC Clearinghouse on Assessment
and Evaluation.

Henriksen, D. (2014). Full STEAM ahead:
Creativity in excellent STEM teaching
practices. The STEAM Journal, 1(2), 15.
https://doi.org/10.5642/steam.20140102.15

110



Henriksen, D. (2017). Creating STEAM with

design thinking: Beyond STEM and arts
integration. The STEAM Journal, 3(1), 11.
https://doi.org/10.5642/steam.20170301.11

Hwang, G. J., Hsu, T. C., & Hsieh, Y. H. (2019).

Impacts of different smartphone caption/
subtitle mechanisms on english listening
performance and perceptions of students
with different learning styles. International
Journal of Human-Computer Interaction,
35(4-5), 333-344. https://doi.org/10.1080/1
0447318.2018.1543091

Job, V., Walton, G. M., Bernecker, K., & Dweck,

C. S. (2013). Beliefs about willpower
determine the impact of glucose on
self-control. Proceedings of the National
Academy of Sciences of the United States of
America, 110(37), 14837-14842. https://doi.
org/10.1073/pnas.1313475110

Johnson, C. G., & Fuller, U. (2006). Is Bloom' s

taxonomy appropriate for computer
science? Proceedings of the 6th Baltic
Sea Conference on Computing Education
Research: Koli Calling 2006, 120-123.
https://doi.org/10.1145/1315803.1315825

Kaniawati, D. S., & Suryadi, S. (2016).

Integration of STEM education in learning
cycle 6E to improve problem solving skills
on direct current electricity. Proceeding of
ICMSE, 3(1), M-106-M-109.

Kan Onttiirk, Z., Kanig, M., Aslan, E., &

Kuguoglu, S. (2021). Reflection of

learning styles on students’ anxiety and

111

B A B B (T ML RRS

iy

learning levels in simulation education:
An obstetrics and neonatology nursing
experience. Florence Nightingale Journal
of Nursing, 29(2), 186-193. https://doi.
org/10.5152/FNJN.2021.19173

Kim, B. H., & Kim, J. (2016). Development

and validation of evaluation indicators
for teaching competency in STEAM
education in Korea. Eurasia Journal of
Mathematics, Science and Technology
Education, 12(7), 1909—-1924. https://doi.
org/10.12973/eurasia.2016.1537a

Kraus, L. A., Reed, W. M., & Fitzgerald, G.

E. (2001). Effects of learning style and
hypermedia prior experience on behavioral
disorders knowledge and time on task:
A case-based hypermedia environment.
Computers in Human Behavior, 17(1),
125-140. https://doi.org/10.1016/S0747-
5632(00)00030-3

Land, M. H. (2013). Full STEAM ahead: The

benefits of integrating the arts into STEM.
Procedia Computer Science, 20, 547-552.
https://doi.org/10.1016/j.procs.2013.09.317

Liao, C. (2016). From interdisciplinary to trans-

disciplinary: An arts-integrated approach
to STEAM education. Art Education,
69(6), 44-49. https://doi.org/10.1080/00043
125.2016.1224873

Loépez-Vargas, O., Ibanez-Ibafiez, J., & Racines-

Prada, O. (2017). Students’ metacognition
and cognitive style and their effect on

cognitive load and learning achievement.



Hli=easiie s (kS Sl

Journal of Educational Technology & Society,
20(3), 145-157.

Lu,S. Y, Lo, C. C, & Syu, J. Y. (2021). Project-
based learning oriented STEAM: The
case of micro-bit paper-cutting lamp.
International Journal of Technology and
Design Education, 32(5), 2553-2575. https:/
doi.org/10.1007/s10798-021-09714-1

Marosan, Z., Savic, N., Klasnja-Milicevic,
A., Ivanovic, M., & Vesin, B. (2022).
Students’ perceptions of ILS as a learning-
style-identification tool in e-learning
environments. Sustainability, 14(8), 4426.
https://doi.org/10.3390/su14084426

Mayer, R. E., & Moreno, R. (2003). Nine ways
to reduce cognitive load in multimedia
learning. Educational Psychologist, 38(1),
43-52. https://doi.org/10.1207/S153269
85EP3801 6

Oner, A. T., Nite, S. B., Capraro, R. M., &
Capraro, M. M. (2016). From STEM to
STEAM: Students’ beliefs about the use of
their creativity. STEAM Journal, 2(2), 1-14.
https://doi.org/10.5642/steam.20160202.06

Ozkan, G., & Umdu Topsakal, U. (2017).
Examining students’ opinions about
STEAM activities. Journal of Education
and Training Studies, 5(9), 115-123. http://
doi.org/10.11114/jets.v519.2584

Ozkan, G., & Umdu Topsakal, U. (2021).
Exploring the effectiveness of STEAM
design processes on middle school

students’ creativity. International Journal

of Technology and Design Education, 31(1),
95-116. https:/doi.org/10.1007/s10798-019-
09547z

Paas, F. G. W. C. (1992). Training strategies for
attaining transfer of problem-solving skill
in statistics: A cognitive-load approach.
Journal of Educational Psychology, 84(4),
429-434.

Quigley, C. F,, Herro, D., & Jamil, F. M. (2017).
Developing a conceptual model of STEAM
teaching practices. School Science and
Mathematics, 117(1-2), 1-12. https://doi.
org/10.1111/ssm.12201

Raleiras, M., Nabizadeh, A. H., & Costa, F.
A. (2022). Automatic learning styles
prediction: A survey of the State-of-the-
Art (2006-2021). Journal of Computers
in Education, 9(4), 587-679. https://doi.
org/10.1007/s40692-021-00215-7

Rolling, J. H. (2016). Reinventing the STEAM
engine for art+design education. 4rt
Education, 69(4), 4-7. https://doi.org/10.1080
/00043125.2016.1176848

Sanders, M. E. (2012). Integrative STEM
education as best practice. In H. Middleton
(Ed.), Explorations of best practice in
technology, design, and engineering education.
Jol. 2 (pp. 103-117). Gold Coast, Australia
: Griffith University. https:/vtechworks.lib.
vt.edu/handle/10919/51563

Sandman, T. E. (2014). A preliminary
investigation into the adaptive learning

styles of business students. Decision Sciences

112



Journal of Innovative Education, 12(1), 33-54.
https://doi.org/10.1111/dsji.12020

Senan, D. C. (2013). Infusing BSCS 5E
instructional model with multimedia: A
promising approach to develop 21st century
skills. Journal on School Educational
Technology, 92), 1-7.

Sentance, S., Waite, J., Hodges, S., MacLeod,
E., & Yeomans, L. (2017). “Creating cool
stuff” : Pupils’ experience of the BBC
micro: bit. Proceedings of the 2017 ACM
SIGCSE Technical Symposium on Computer
Science Education, 531-536. https://doi.
org/10.1145/3017680.3017749

Sharunova, A., Butt, M., & Qureshi, A. J. (2018).
Transdisciplinary design education for
engineering undergraduates: Mapping
of Bloom’ s taxonomy cognitive domain
across design stages. Procedia CIRP, 70,
313-318. https://doi.org/10.1016/j.procir.2
018.02.042

Sharunova, A., Wang, Y., Kowalski, M., &
Qureshi, A. J. (2022). Applying Bloom' s
taxonomy in transdisciplinary engineering
design education. International Journal of
Technology and Design Education, 32(2),
987-999. https://doi.org/10.1007/s10798-
020-09621-x

Stahl, G., Koschmann, T., & Suthers, D.
(2006). Computer-supported collaborative
learning: An historical perspective. In R. K.
Sawyer (Ed.), Cambridge handbook of the
learning sciences (pp. 409-426). Cambridge,

113

B A B B (T ML RRS

iy

England: Cambridge University Press.

Sweller, J. (2004). Instructional design
consequences of an analogy between
evolution by natural selection and human
cognitive architecture. Instructional
Science, 32(1), 9-31. https://doi.org/10.1023/
B:TRUC.0000021808.72598.4d

Sweller, J., & Chandler, P. (1994). Why some
material is difficult to learn. Cognition
and Instruction, 12(3), 185-233. https://doi.
org/10.1207/s1532690xci1203 1

Sweller, J., Van Merriénboer, J. J. G., & Paas,
F. (2019). Cognitive architecture and
instructional design: 20 Years later.
Educational Psychology Review, 31(2),
261-292. https://doi.org/10.1007/s10648-
019-09465-5

Taljaard, J. (2016). A review of multi-sensory
technologies in a science, technology,
engineering, arts and mathematics (STEAM)
classroom. Journal of Learning Design, 9(2),
46-55. https://doi.org/10.5204/1dv912.274

Wannapiroon, N., & Petsangsri, S. (2020).
Effects of STEAMification model in
flipped classroom learning environment on
creative thinking and creative innovation.
TEM Journal, 9(4), 1647-1655. https://doi.
org/10.18421/tem94-42

Yakman, G. (2008). STEAM education: An
overview of creating a model of integrative
education. Pupils Attitudes Towards Technology
2008 Annual Proceedings, 335-358.

Yakman, G., & Lee, H. (2012). Exploring the



Hli=easiie s (kS Sl

exemplary STEAM education in the U.S,
as a practical educational framework for
Korea. Journal of the Korean Association for
Science Education, 32(6), 1072-1086. https:/
doi.org/10.14697/jkase.2012.32.6.1072
Zhong, B., Liu, X,, Xia, L., & Sun, W. (2022). A
proposed taxonomy of teaching models in
STEM education: Robotics as an example.
SAGE Open, 12(2), 1-15. https://doi.org/10.11
77/21582440221099525

114



B A B B (T ML RRS

ity

RRP: 12 BiFIRY
EEE A ZE (ILS)- 5|FHE (Sandman, 2014) By E s PURSHE 11 8-

EE-EEEBEEHER B GREEENMEBTESHEE FREE LS
= R (4n) ERE AR CHYSE BRI s EIEE - NI 11 {EEE - &—8EA (a) 5 (b)
TEEE I - ARREE RS A B I R (A AR (40 BB R s E
BB eI (UR) BYE 5 - AR ERE H Y S KA SR IERE > B ARV B FE AR IEFEAY
ATNEREAIR (4F) HYELE RS IERE - 55 2 OFE A HEGR - A EE R EFEHY (FAEE A
FE R - DA B ERAY AR > S & 0F - DU N B EE

4. LML
(a) BEfREYHIAETE R E VRIS R Y -
(b) BE R YRR RS AE (R E AV 2 AR MY -
8. —EH IR
(a) FTARYEER T, BRI T R (@ =15 -
(b) B fESH1F > Pt RE ERERAVE T -
12, EHREER Ry - BB
(a) HIKECHY A —D—20K % -
(b) SLEfREEZ ARSI RREE ZRAP R -
16. EIAEIT—(EEEE S NGR -
(a) FAEF R EF A GENE EfE SR SR EE-
(b) & PG5 FARIE TR AR B A BB A= A RIS -
20. BPAGR ERREEA > —(EERT
(a) A28 M BR R T 5 -
(b) Jesa—(E = HE > 2% PTG B B M R -
24, WEVEN
(a) FHIEEHAIERY 74 BAEWRKEST) ot g5 -
(b) EMHEMENY - AR ESEERAL 2A1R  JARBT T
28. B EE RN E R LB =S
(a) T EAEAN AR TE2HAE -
(b) BEMR AR HRTEIRZ R AHIIET -
32. BB SCER WELHEE
(a) e BB TR X EAIGHE AR BET N
(b) Je BH AR E AT A RIER 7 » ARIEIZNE P IO LR -

115



Hli=easiie s (kS Sl

36. EIRALEE N LN, iFE
(a) BUERER-E FITERSEEE -
(b) SR 1% £ REE HLA A B 3 R Y S -
40. FEEA AT AR e e — (B A4 ST KA A2
(a) F—LER - (b) RAED-
44, E T/ NHP AR R R A AR - FREEECE A
(a) EHFEMEFTEREIET - BEAYP B
(b) EH AIRERVES IR - FIEAE B 2 Y SRR A I HE -

ENGR=—3 A i A= ;B=

FELLE 11 {EREES 5 A (VEE > % B 2R E R RA A TEFE - RZ ARG i -

116



B A B B (T ML RRS

ity

WEE 2« 2 I

B S BURERED L0 SR IRIEIEEE AL JAPTRE HOA BT n] ek fE 5 oy 2 40 R B
8 N RL 2 B R I e B > EAE BB (b BT B R 2 R B M R — R S8 %
SR Z FTRETE -

S EE G STEAM B2 L AME T & Atk N M MR E & MER RS
FrEfEZ 2R B RaREE R B EARRHE kA SR EIEEA  ERECTET IR
iz mTRE M -

B ERT RFIEE R AR A 2B EEHE - IEESECHT AR #
SEREEST - BB AT R LR ER S A S E E BN G EHIE S B2 0FE -

EE o RRAE D FIRFEERES T 1~5 77 (AEIEEREER S 41)

Hilb - SERBRAREERE - 5/HE (Chu, Hwang, & Tsai, 2010)

() 1. EHEETTHEE - LLLARTHY B E 7 =0 Bk

(2. EAEEGEE R E B EEHiHE

()3 FEHERETAEE  WEGERKANNES T AREFEENNE
()4 BEFEEREEG A ETEE

()5 HEHEMBE A LA B ST A REE

( ) 6. AL WE I LUEAHEETT g TEE

()7 HEHEEEFE HGHMFES

B - WS -2- BAIAMEE - & - SIFHH (Sweller, 2004)

() L EEEE PRI E A B KIS R Y

(2. FAE TIRARHILS A REME R E(HERE TS TR HE

() 3. R EEES MBS\ RETRE R

() 4. FrDE(EEEN AV S R ET R T

() 5. A e SR e AR B S8 IR

( ) 6. BRI YRR 7 UG AR R HIEE )

() 7. T B AR ARH O AR B B (E B2 S8 T SR &R

( ) 8. BE BRI T =N R BN E 28770 BRI IR B AT R SRRV RIS

ENSEy ) i BB A e R &R & A
FEEREEEE PR ERS B RS N BELI R 8UE

117



