Journal of the Korean Association for Science Education, 39(6), 755~765, 2019

Seieins atAHEle] ZHEA TH

0|Zks",

gt gj
=

AISHS{ENQ} AlsiAZo| 2| &

AENS*

'University of Missouri-St. Louis, *F-AFH&km

The Development of a Scale to Measure the Innovation Configurations of STEAM and
Analysis of Relationship between the Innovation Configurations and the
Usage Levels of STEAM

Jin Suk Lee', Tae Ho Song*
"University of Missouri-St, Louis, ?Pusan National University

ARTICLE INFO ABSTRACT

Article history:

Received 8 October 2019
Received in revised form
25 October 2019

4 December 2019
Accepted 2 December 2019

Keywords:

STEAM, The scales to measure,
The innovation configurations of
STEAM, The usage levels of
STEAM, Preparation, Design,
Implementation, Evaluation,
STEAM training experience

This study aims to develop the scales to measure the innovation configurations of Science. Technology,
Engineering, Art and Mathematics (STEAM) from the perspective of elementary school teachers and
investigates the effect of the innovation configurations and related environmental factors on the usage
levels of STEAM based on the newly developed scales for the innovation configurations of STEAM.
The scales for the innovation configurations of STEAM are based on analyzing the various previous
studies and in-depth interviews and consist of four sub-configurations: The ‘Preparation,” ‘Design,’
‘Implementation,” and ‘Evaluation.” The innovation configurations of STEAM was investigated with the
developed scales through 266 teachers who are leading STEAM school teachers, are involved in STEAM
research group, or are implementing STEAM in general schools. The final 19 questionnaires for the
scale of the innovation configuration of STEAM are confirmed with exploratory factor analysis and
reliability analysis. In order to examine the relationship between the innovation configurations and levels
of use, the direct relationship between four sub-configurations and the usage levels of STEAM and the
effect of environmental factors on the innovation configuration and the usage levels of STEAM have

been conducted and their interactions are considered. The results show that ‘Implementation’ in the
innovation configurations of STEAM and ‘STEAM training experience’ are most important factors to
improve the usage levels of STEAM for elementary school teachers. It implies that the scales are very
helpful in improving as well as figuring out the current innovation configurations of STEAM.
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Table 1.Demographics for Participants
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Table 2. Development Process of STEAM Innovation Configurations Measurement
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Table 4. The Usage Levels of STEAM

AgeE g
0 AetA) oFs W Uk $Rms e 8 9K Eeka Aashd gkt
I oeldElold WA e gRRdagel Bek ARE ga glKv Aaska oK o
I zul W e SUAEES AAlskel ) Foltk
I A el ey HE BTARSE MG do] 7 ehe ABS ofshd] WS Sl ok ofe] ofrtgo® 2d) AR
TR A el geta waH O olfelx|a ik
VA Qaste] At @A gRkag S QrgHoR Aaish glonk e 1 duks Ahdstet el ey Faka ot
VB awste oy U SPUES] SRS Aol Bojgels] Sislo] SEoIA ANSHE A4 B7lel 2Asle] SRIAL
s & 44, Bekstol Al
v sqse oy U SHEES] S AAE Adwion polr| gsiel @A) Adeln Ui BREW B SRANRSS
s S, mekste] Aol vl
v el g e SIS SRIALSS] S AL ool SAES it SUUARRS] dittolt EUE 2 glow)
O fus

Aze e gska gk

2. 2AF E79| AN HF

7). S 20l B4 BT B,
4

oflt
fuj
et
A
o
ol
FfF
1
-
1o
Mo
b
o
4
jin’s
MN
=3

i

tho] kA7) TR W] ofs) nht
Z2J3]+= Kaiser-Meyer-Olkin(KMO) 712 0.916
HH A3 Zro] 24 .5 o] AK(Ferguson & Cox,

1993), 8 O} ¥, 9 o]Ael w ke 4k Zhe Lo,

2206.077(dE=276. P<0.001)2 A7}AS 7]7kstas ola] aolEso]
7Fedhe Holql

20 2= A8 B X(principal component analysis)T} H]2] @2~
(varimax) 27 RS 283 29 B4 At T 7f olde]
f3104] 881 Falko] 04 opdolA, 9] wAdS sixl= 57N
O] FEAHFHEA-EREA, THEA-TARNA, A L2A-F2A
Al, AEAZ A AA(FE RS, Hed-2513)S AASH
o] Table 59} Zo] 25 471 8215 RIsIGIth ST 47] 28l
9] KMOZFS 0.9180]1, Bartlett ARG x>=1658.839(df=171.
P<0.00)Z H%F AASIRIL, EAES 542%2 =2 AHdS 7}
A,

Anrow olgHon £2% 410 2918 wiEeR HgHo
2 9] 2], 9] A7), 451 99, eI B} SRRl 4]
wH|Y| AS, AR CRmE A aS F3k0] vHe, ‘wsad o]
ofalf, ‘&I 2A T} 4P, TRl SREALY] ofsf = A E L

T Al el AAEAER, S, A9 ey,

= . . f2l 5k

]‘;1 o =383l AlFa2l o ol PP — Cronbach’s a
o Sabe ] SHAA TH+9 7}

Q3 52} o3 707 .096 077 141

Ql 220} 22| 3ol i 645 159 023 240 0.676
Q4 4 T2 22T LA 623 353 252 027 :
Q2 FLTA o) 608 151 296 122

Q9 2}l 7 A A(EA| ) 264 742 041 .000

Q10 o)A A A|(EHE) 151 714 .090 .180

Q11 A Zox A AEE) 033 11 187 133 0.814
Q13 (10) A AB(EA) 177 577 162 337 :
Q14 A ARFEAE %) 217 552 316 338

Q8 e &5 308 475 296 155

Q21 AR ¢ 069 -.025 787 121

Q20 IAE 203 .149 766 076

Q19 99 WEEREALE 119 323 ,532 160 077
Ql6 (7 SodulA 238 373 480 295 :
Q18 TAFA 184 399 464 .165

Q15 SGAI7E .063 310 408 334

Q22 7} H7pap 121 .146 200 755

Q23 3 37199 153 100 146 753 0.729
Q24 3) B7FEA| 214 271 105 .699
*()e Hx Y EE gue

759



Lee & Song

A AREA, A BEY, U §/5Y
ok 491 £ S SHie] S, QAP 97
A S0 R, A, S T
o2 FAEgon|, ute 2 Frhacle kel B,
B7EAr = =]k
gl gateAnge) A Fele 2ok wrel Ales
317 98, &3 7+ WA daie S =33H= Cronbach’s a A4S
sl Table 6l LebhSich 2 23k A RLEAS Folo
NMEA 45 ZSAHETL29] AA| Cronbach’s o A= 89402, ‘4=
QNP RAA, SUL, W acle] 23 BEe)
Cronbach’s a Al 676904 814 =302 Uepdth dulzgo=z
A2z} 7 o)Ak ] 42871538101, 9 o|Ato|w e A3}t &
4 Q1o HF Z(George & Mallery, 2003), 0] SAEF= AlgAdo] gkt
o g 4= glek

745

iy
fo
ro
M
k
Q
)
E“
2
3
Q
o)
fo+)
Q
S
5
<
@,
VJ
®
Ei
2 o

A
A, i—’r‘ix—? R"LE‘@ AE 3ols}7|9 OP/\1 24 o]
Z3(7}o]|A53k, GFL, RMSEA)9} 252324
(CFDE 33l A5 08}'93\1:]1 A= g2 dukd o g GFI, CFI, TLI
=9 0]/\(}, RMSEAL 0.052 27 7]&2& Al&-3thHong, Song
& Yoo, 2012). o] A7e] =4 w9 A slorsgt =
161.332(AH3-= 144, p<0.153), RMR2 0.025, GFI+= 0.936, CFI=

oom ZHRFY a0l Hals ujgo R we] LAY
EFgJ(Construct Validity)& &gkt 7/4711d B4 @v‘#

FA(Convergent Validity), THEEFFAJ(Discriminat Validity) 5

AR Avht 2 TS SASIEAE A5 4 am(zw
&, S 2, 2019). Table 60 WPt = Q21 Fapfo] A4 o=
ROk A 0426 > 0.4)S A3 RE Ezeh A}
0.5 oAl Ao7 eI (Bagozzi, Edwards & Phillips, 1991;
Hong et al., 2013), 2= 2% 9 219] 7'gd A== (Composite/Construct
Reliability, CR)?} HFE-A=Z(Average Variance Extracted, AVE)
L 7171 073} 0.5 oJAke 2 VER) FAs ASERd S ZH= AoE
TtE] it Bagozzi & Yi, 1988; Hong et al, 2013). THEFFAS
Hrsh] SIS 47 24 8018] BE 7Ksgt Ao maS) ul
oFrrd] Afolo] FlolAl 2] §-2J5tk x}o](Bagozzi & Phillips, 1982;
Hong et al, 2013)5 H]al 531800} 24 23} 2 AoF dlso]
HA|oF el o] Fho|AlEgha} F-2J3t AfolE Kol Z41g o] e}
S 1T 4= Uik

2250l Chet ArRHRE S aRieZoll Chigh

7L 7lesAE

geAEe] ek Qi Aalet Aago] A
Tabe 7 AN 1S} 2 efsg#{% )74t o] B

2 P T
03473 =0 m_ﬁi B} i%—u&xm A= 4

0.909, RMSEA= 0.0212 2% o] Ajl: 7|&S 531 T3 AT oA Brlaole] Hapo] A Egky, 229)%H]
Table 6. Convergent Validity by Confirmatory Factor Analysis
=744l ZgEs zAuel) HIEEE £Z20% PValie — EZa CR AVE
(A=) A
eI xZA3 1A 1 0.711
B2} 0|3 0.719 0.100 .000 0.544
ENCESS 0.820 0.526
WL ol 0.878 0.109 .000 0.640
EHo| vk 0.858 0.122 .000 0.552
AN AREAY 29) 1 0748
ZAA AR 0.825 0.081 .000 0.672
oy xolsqa AA()F AE) 0.821 0.086 .000 0.638 0924 0670
o)z MA|(EH5HH) 0.823 0.086 .000 0.674
Zpolz] MA(EA L) 0.906 0.098 .000 0.660
e 5 - =39 0.755 0.078 .000 0.647
[KIea el 1 0.426
AR 1.257 0.187 .000 0.597
B ECaR =] 1.293 0.220 .000 0.575
e . 0.876 0.547
WA 1.351 0.238 .000 0.641
$-oJHpd 1.527 0.256 .000 0.762
SGA7F 1.453 0.261 .000 0.630
B7FERA 1 0.720
B3}t 7o 0.902 0.102 .000 0.689 0.894 0.739
w7} 0.807 0.094 .000 0.662

760



The Development of a Scale to Measure the Innovation Configurations of STEAM and Analysis of Relationship between the Innovation Configurations...

Table 7. Descriptive Statistics
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Table 9. The Effect of Environmental Factors (Two-way ANOVA)

2489l ujgel / AFRE
A AY 2.708
ojzen] AL-AY 144
A 230 * ool 6041 IMH78) < G0l 1ol 12399
WA A 701
484 A E 010
A8y WA AT 194
Ll A A .000
S A Hr-AE 3.970 ** 60A17H]TH2.095) < 60A]7F01/eH(2.300)
A G AP 248
A 159
w7} A-Ad 5.421 ** 60A17H|9H2.437) < 60A]7F0]A} (2.613)
w2 038 * lobelA. G0A 310182 480 — G0AIsIol 2T
WA A 1.764
A HrZd 6.970 *** 60A17F]RH2.005) < 60A]7F01/H(2.660)
WA AT E -007

*: p<0.10, **: p<0.05, ***: p<0.01
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Figure 1. The Interaction Effect of Work and Training
Experience on ‘Implementation’ of STEAM
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Figure 2. The Interaction Effect of Work and Training
Experience on ‘Evaluation’ of STEAM
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Table 10. The Effect of the innovation configurations of STEAM and Environmental Factors on the usage levels of STEAM

(Regression Analysis)
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