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ABSTRACT

The purpose of this study is to verify the validity of the revised STMI, which is a revised and supplemented version
of the Systems Thinking Measuring Instrument (STMI) developed by Lee et al. (2013) for high school students. For
this purpose, we used data from 475 high school students' responses to 20 Revised STMI questions and 20 STS
scale questions. Validity verification includes item response analysis (ltem Reliability, ltem Map, Infit and Outfit

'.) MNSQ, and DIF of male and female groups), exploratory factor analysis (main axis factor analysis using Promax),
e and confirmatory factor analysis using structural equation model. And central/cross validity verification and
mmiBdStES comrelation analysis between the two scales were used. The research results are as follows. First, as a result of the
item response analysis of the Revised STMI 20 questions, ltem Reliability was .98 and Infit MNSQ was .84~1.39,

€ OPEN ACCESS and valid results were also analyzed in item Map and DIF analysis. Second, in the exploratory factor analysis, all
Brain, Digital, & Learning sub-questions of the five sub-factors showed factor loading values of .3 or higher, and the reliability of each factor
2024, Vol. 14, No. 1, 1-19 was .631~800 and the overall reliability was .863. Third, in the confirmatory factor analysis, all model fit values
https://doi.org/10.31216/BDL.20240001 were good (x2/df. 2406, CFI: 923, TLI-.908, SRMR: .046, RMSEA: .054), and the convergent validity and cross-
Received: March 08, 2024 validity were also established. The results showed that the model was suitable. Lastly, in the correlation analysis
Revised: March 19, 2024 with the 20 items of the STS scale, the conrelation between all items was .754, and the correlation with STS items
Accepted: March 20, 2024 for each sub-factor was high, ranging from 426 to .658. Therefore, in the case of the Revised STMI, significant
© 2024. Institute of Brain based Education, results were obtained not only in construct validity but also in official validity, and the results of this study showed
Korea National University of Education improved validity resutts compared to research results using existing scales. Continuously, additional validation

This is an Open Access article research should be conducted so that the Revised STMI can be applied to various groups, including not only high

dstributed underthe tams of school students, but also elementary and middle school students, and college students. In addition, ongoing
theCreative Commons Ation Norr Commercl h on the relationship between thinking and other leaming-related m hould be actively
License (i reatirecommonsorgicensesh research on the relationship system thinking a leaming-re easures should be a
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us, distribution, and reproduction in any medium,
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Introduction
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(Kowch, 2019; Lee et al., 2018; Maani & Maharaj, 2004; O'Connor & McDermmot, 1997). ©]2{gt A| AR A}al=
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N2ko.2 2015 9 202 /7 Tkt 8T gol A e AlAdat AR o] Shke] Belo 2 AAET 9l
0] 519) 433 71200 217 A2, ofat Al A AL 52 ofsfaze] AT A7} -8 ETHMOE,
2015,2022; Park et al, 2019).

=-2] 9] Al|of| A= =] 9 =7kt & EFH(INGSS)Ol Z3HE Dimension 22] Crosscutting Concepts
oA Tt 7|, Fets E-8oh=tl AIARITE A AR ARALE 23 RElS AJAISEIL QL OH(NRC, 2012),
FEF 5 o] Fol|A o] Fo|z]= st W5ofl HHJH Learning Standards for Math, Science, and Technology
(NYSED, 2017)2] Standard 60141+ Thget A1 UiollA] A4S 2H-2-& oslish= AFaL ¥HA] O 2 A|AR] ALILE:
A5t Aot st e aF 7He] e 482 dEstal Qi

oje} o] Zule] 2pet WA HA|et F2s Ate]] 4T g Bl o] & B R gt A|AH] A o
Sfoh= AR 53 02 AIARI AR F B EHA AJAR] ARILE A7) 7] 918t Thedst ws 2 18] 7
Hhal -8 A-L(Ben-zvi Assaraf & Orion, 2009; Kali et al., 2003; Kang et al., 2008; Kwon et al., 2011; Lee et al., 2011;
Lee & Lee, 2017; Momsen et al., 2022; Moon & Kim, 2007; Park et al,, 2019)7} o] 0] 4] $kon x| Lojl= =5
O] AJARIARILE Z7d517] 9ot 7 el 2S5 913 Bt A of| tigh At o] Fof A fITHLee et al,
2013; Lee etal., 2018; Nguyen, & Santagata, 2021),

SYZ2] AR AFALY] RISE A H = AL F U0l A 7 P‘} 2 e 2| 1, Q8= AT E+= Ben-zvi
Assaraf & Orion (2005, 2005b, 2009)7} 31T}, = w2tol] gt 4| & E-8-5t0f Q1 2| &, Thof 7Hgh 1 11
2)7] & e A B £ 55 E8oto] & o8 A S5 A & IS A|AH] AL HEHE A
Alstlon, o] dtoljA B-&3t =52 sME9] /44 Hghs wdsh=t Jlo] 22 AoM = 2§
%] 31 QI TH(Lee, 2020; Jeon et al, 2022; Ratinen et al., 2023).

7344 T2 o] 2o R A|AE] ARl Ao A, Lee et al. (2013)0l1 4= SHYE2] AlAH] ARl BISHE 5)
Kah ol 9lo] 1 7ke] 23 Aol L} SHESe] 2lAIZel wishr) o] 9 Sol WA ETes 2
Mahize] AR S AINBHT, HAH 72 37 Al Sl 7h5e A28 AR A £ Systems
Thinking Measuring Instrument; STMI)E- 72511 Th STMI-= Senge (2006, 2012)7} A A St Fifth discipline<- ©|
27 87 0.2 slol 574 29I A8 B4, 34 Be 1) 2 9 814, 37 Hol 2 20l B4R
R 2020 2 o] 20| R AARR|Z Q01 BA] 1z HPHAl ] S Eot A=S E3f el =5 =519 th

Ar =77} 71 0] Z, Lee & Lee (2016)0l1 4= TeH4 217] S5 2 ete] 2 A 55 S8l the
A Eelo] ol A AZS Est el W AIF S 75] ﬁ, Han & Jo (2015), Jeon & Lee (2015), Cho & Hwang
(2016), Park & Choi (2018) 5 23} -8 opu ]2} 7+58), WS35t 5 theksh HofollA] 1554y 9] ofz] Atk

& Pirom Al 12 B ST L, Tol A A A i o A I

F
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7 7NEE]A] ot 2Rl EfF S ST 4 Qitke i, 181 15 o v AdellAE 2%l #2715
Q0lo g FHstA| Ed{uA| b=tk 31 o] 2|44 0 & A)|7] =] {TH(Lee & Lee, 2016; Lee et al., 2019).

Z|ol| Eoj2t A|AH AP E A 0= St} ok Wk 9] Ato| A= o] Fofx|aL gt}
Davis & Stroink (2016), Roslan et al. (2021)°1| A= w85+ 9l Al 2]} Hofo| A A|AE] AFLE 24 7155191
© 2 AA5}, o] F 2A5= 2T /N5 | & 5112 H, Dolansky et al. (2020)2] A0l A] STS (Systems
Thinking Scale)2t FHE AIAR] ALILE SA5H= 2022 AAFAIE Ealsitt. o] AtoflA] 53kt
A2 sTS0] 23S 7iHlsH= o] 22 vl 7 © & Senge (2012)2] Fifth discipline s -85+ tH= 2191, o] = =2
W Lee etal. (2013)2] STMI AALA| 2} F A3t o] 24 vl A& 71| 1L 7idket Zlo] 7] wljiZol] AJAR] ARl ZAL
TR P ASS AAE 4 e H e = SIS 4= Qleh 2| AAIH Lee et al. (2023)2] AEollA]
= TR WA Zol|A] 7)ol 7 STMISF STS HAF =t 7HAT 242 A A 23} & 2 = 7H
0] 90302 il =2 A ThE Ugtth= 27t H s 7] = 5Qich

Uo7} | ol =38 ohst Aol A A| AR AFLE 2AGH of2] A3 AA-H(Lee et al., 2019; Park et al.,
2019; Lee, 2020)2] ZAatoll A STMIE g5k €5 23] BF =7 3| EE2=Q10hH= 212 ERld 4= 9
ALt o] = Qlsto] Z5EYolut theh St o = SF Aol A 2023 H Aol A1e] 721 Efd e F 50 o]
FOo| 2| 2] ehetth= SAI S RIS 4= A3 o™, LYol7F STMIZH 71EHE] 2 OF 104 o] A7 A A 23 7178
o] " @ AJo] AIA| =] THLee et al., 2023).

STMIE 283t 2| AF-E0llA AR Y] 42| = A -3t gho] Bas 1 QUAIRE g% g QI A i}
oA A7 E7o] 2=t g]lo] opd tfE QRlof A= AL, 2719] 210 shte] Q1o = T &
AEl= 50 A7t HalE]m AJAR] AR AL =ro] 7§ E @/ o] |71 =] R{TH(Lee et al., 2019; Lee, 2020;
Jeonetal., 2022).

wj2bA] Lee etal. (2023) 2] A S v O & & Aol A= AJAR] ARDL HAF Ero] 7R} 9
AE7Fea @A 71 o] f-& mhetatal, 32| 7i8-E AlQtstarz} skeict. s =0l gEatoell oA 23]
T A S eAsto] AEEE s HEo] REFEA| %2 8%, dA Hojakso] £3<] 9 =& th27
3148k 4= 917] wiol|(Bak & Chung, 2012; Park & Jo, 2017), 7HEHE Z4A} = U] 23Fo] o] =7} Eabx|#] ¢k
= F2ol| A AFR] 234 miEo]| A ghet 3 & vk st 742 B sttt & 4= Qloh

5t o]2i gt HAF =] 71 & Foll & AtEo] A &4 o' = 2ol A Al AR AL 52 1

Y AL S42] AR| =5 =0l o =30| E 4 Utk wEhA] o] Aol A= Lee et al. (2013)011 4] 7HE

1!

AR, NG AARN AR AAF Ero] 53 Hhg A Aabs BFESR
A, 717 AAR AR AAF 2] QQIEA Yl oy mA} BV A k= eV S
A, 70 A| A8 AR AR =719} STS(Systems Thinking Scale) = 7HARHS 8005k}
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Method

Process of Study

o] L] TA L Fig, 13} 2T Lee et al. (2013)Q] AJAE] AL AAF E10] 7§14 L 9J5to] ket S} Al
AR ALLE 2435 AE7) AT 3Q10] 7]&e] A|AR] ARLL AL et £ AESHY, 4 - Bet P S
2] AAR) AR A E0) 70 EE EESIQITE 181l o] HAF =o] FRl B AE-Z $istod
Dolansky et al.(2020)°1|1 4] 7Hkg A| A8 AF31 2 =(STS) 23H2 E-8513 Tt

AAL =] BPEE FA S 9%t At e = ) A5 4757 0 2R E| A AkE 4745131
43 tl|o]El= Winsteps, SPSS 26.02F Amos 26.02 &-&50] T ¥ 24, A2 = 4], ehlA) 9ol £.A],

S B0l AIAR] AL AL = 7178 23] A= E ot 41l Bf S 55k o1, STS

3el7 20l BAS 43 =
A} Eoko] 4T RS B B9 RS HEFORA AL AT AN £ WY 23] Aerget 2

Revised Systems tninking Measuring Instrument (2023)
Systems Thinking Scale (2020)

Instrument

Participants 475 High school Student

Item Response Anaysis
Exploratory Factor Analysis
Analysis Confirmatory Factor Analysis

Gorrelation analysis
Using SPSS 26.0 & Amos 26.0

Fig. 1. Process of study
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Instruments

Revised Systems Thinking Measuring Instrument
o] Aol efgdEtet A} &F AA E= Lee et al. (2013)0114] 7HEEGE A|AB] AL A} £10] 2RS4
7g- RSk A AR ARIL A} = 77 3ol th o] Tal= Senge (2012)2] BH5 22 9] 5712 32 HIC.
2 570 221 202 (A 2 473, Q) S 427 AIAR A 457, 3f HIA 429 | She 4eh 2
2 |l oH, F&ol tigh SH2 2 EE 5T & o] Fo]X AL Eto|th. ZF Rlo]
E 28T 71 73] oll= Table 17} 2T
9] 7i 4ol et S Y AJAR ARLE 3t 27} 3¢10] of 2] &2 3] E A 232 H
st £ 7N B A7t 2] 2ol A, £ YR 7 = AR 7ol tiste] =ofet At &+
T Y& =L o] 23] w7 ol ASE e, A= =7t S5 17| 2ol HH 7iY Hoke 45 70
T
Al

rot
ox
1o
N

|t
~n
()
O

02 =0]7} o] 2ojr}. mhebx 7)E A8 AFlA LeR Bae] FEolL} 2 9lo] FEE|o] e

0
40 L

A S HAF ELof|A] o] W Qs BB 3035l o] Mz HET} ZFx}7} 424 o] LRS- 2o} o] AL
A5ttt o] 2, ola] Ho] tfH & oo A] 8l 2210] 57}A] 20| et A olo} o] 24 ujAS ErfE B}
Zrejnle] 24, 7S Fole Waro 2 £ U toluh 24te] £ g2 Sl

55| 23] #AS Q) o] 74| A o] 39 WhAlS arst
o2 EU5}o] A|ASIEE 43519t 181 ‘BTl
A8 Ao ok sty SPEEClAIM oA “ARY B3-S THIR A2, ‘BRo] AF7F 5o 47l o
3l B o2 pH5ke 5 A =S 9o siAshed glo] €A el "GH"JQ + 21% ‘%@:ﬁ Bge
WASHATE WA H 2023He] A AR = B o Lof|A] 863, 5 &

Table 1. Example of Re_STMI items

Sub Factor Definition of Sub factor STMI(Lee et al., 2013) Re STMI
Mental Changes in thinking that occur I try to view newspapers or news from a critical When I usually think to myself, I try to view
Model through constant interaction with perspective (TV, Internet, etc.). newspapers or news from a critical perspective (TV,
outside Internet, etc.).
Personal Change in the process of setting When I set a vision, I consider how the results of When I set goals or plans, I think about how
Mastery your own vision and moving toward vision achievement will affect me. achieving my goals will affect me.
achieving
Team Interaction between team members When 1 discuss topics, I actively announce my When I do group learning (activity), I actively
Leaming in a group and changes in the opinion. express my opinions.
process
Systems Thinking ability to take into account When put in a difficult situation, I consider that this When I face a problem situation, I consider as many
Analysis different p erspectives happens from the background. different perspectives as possible.
Shared Vision Formation of a group vision and When I engage in team learning, I am able to accept When I am the leader of a group, I induce opinions
leadership that a leader must possess the opinions of other team members. from other members in group activities.
Systems Thinking Scale

Dolansky et al. (2020)2] STS FAF = 3t 8h5 4]0 5712] =712 o] 24 I 02 o] AJAR] A
1= A5t} 7k AARR]olc) o] AR Q] AL el Qolo] 20REko & JHEFE|) o STMIRF 7+
o] ZHZE sHA| =2 o] Fo|Zl ZHAFA|o|Th(Table 2). STS 20i= 2] HA| 412 == 2 AollA] 9052
Cronbach-a gf°] =Z5| At
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Table 2. Example of STS Items

STS Items

Item 1 When [ want to make an improvement, I seek everyone’s view of the situation.

Ttem 2 When [ want to make an improvement, I look beyond a specific event to determine the cause of the problem.
Item 3 When [ want to make an improvement, I think understanding how the chain of events occurs is crucial.

Item 4 When I want to make an improvement, I include people in my work unit to find a solution.

Item 5 ‘When [ want to make an improvement, I think recurring patterns are more important than any one specific event.
Analysis

A AE AR HAF B4t 7R 23Fe] el 52 floto] 4757 2] 57 A4S Winsteps, SPSS 26.0}
Amos 21.0& o]-&sto] BA5I3TE WA] 78 §HS- 4]0l Al= Rating Scale Model = 4-8510] Item
Reliability, Item Map, Infit and Outfit MNSQ % 1 T 7k] DIFE &4 5t0] Z32] B & A Hgttt.
T12)31 8PSS 26,0 o]-8-5to] & 991 RS A 35F51e] Qololl 473 A= =2 2RI5k3
o}, gAA 99l EAoll= 47l2] 519 8Rlo] E- o] z] Thal 7| R17] wiiZol] T2 ARSI H)E
o] &3t 5 82l BAS Al on, £&e] Bl =g 75517| 215+0] Factor loading 4to] .30|5k0] ALt

2 Q919] Factor loading %}°] 30141 A & ?_3]'93\‘:]'-

ot A =TS o] = 8% & Byt By ATE gele 9fste] 1A 901 HAS AAIsto] By
A&k |4 /df, CFI, TLI, SRMR, RMSEA)2} & =

L
ol
oL
2 J
1o

F

r:l.l
g
i
o
fo
o
B

o [e)
Lhro] wat el e 2 4S50t 28 /A E A = o] 30l el =S 93l STS AAF = A
o EAS B o e S BA5Ho 24 71 E A AR AR A ELRe STMIQ) EFF =S 241519
c}.
Results

Item Response Analysis

N A AR AL HAF =] 5 v B2 Ttem Measure 3T Item map, ' SH3<] Rk 7F
Differential Item Functioning(°|5} DIF)E &<l5to] Majstqlrt. &89 Infit} Outfit®] MNSQ 44| 7182
Rating Scale modelOll A= .6 ~ 1.42] Y2 A5+ ThHa, 2016; Ha et al., 2018; Wright & Linacre, 1994). %4

2023} 2 3 E 24 A= Table 3,42 2.

Table 3. Result of rating scale model
Ttem Mean SD. Infit MNSQ Outfit MNSQ Item Reliability
20 1774.7 1489 98 1.01 98

Brain, Digital, & Learning. 2024 Viol. 14 No. 1 6
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Table 4. Result of rating scale model _ item #

Item # Measure Infit MNSQ Infit ZSTD Outfit MNSQ Outfit ZSTD
MM1 049 1.15 231 1.19 2.85
MM2 0.35 12 3.08 1.24 3.67
MM3 0.58 1.39 59 1.46 6.51
MM4 0.32 097 -04 1.01 0.15
PM1 -0.14 0.94 -0.67 0.94 -0.69
PM2 -0.35 091 -1.37 09 -1.51
PM3 -0.38 1.00 0.00 1.01 0.15
PM4 -0.23 092 -1.14 0.95 -0.78
TLI1 -0.78 092 -1.18 0.89 -1.66
TL2 -0.17 0.95 -0.77 097 -0.51
TL3 1.08 121 322 1.27 4.08
TLA4 0.59 1.36 5.36 1.53 742
SA1 -0.18 0.84 248 0.85 243
SA2 -0.18 0.86 -2.19 0.87 -2.08
SA3 0.25 0.98 -0.24 0.99 -0.07
SA4 -0.18 0.85 -2.39 0.86 -2.26
SV1 0.03 0.85 235 0.85 237
Sv2 0.13 0.93 -1.04 0.98 -0.36
SV3 -043 0.85 2,12 0.85 223
Sv4 -0.81 0.89 -1.71 0.86 -2.14

A 202l thgt Infit} Outfit®] MNSQ2] ZH2 .1.00, 1.022 LR O™ [tem Reliability= 982 =2 Al
2ot Ep S Bo|EoIrt 7 E&oll thgt Infit} Outfit®] MNSQE AT A1}, 84 ~ 1,530 2 LJEREO
™ Infit] 742 0.84 ~ 1.392 LESHTE Rasch oA & B4 0 2 A= Infit gholl 715215 Fal 3iA]
Sh= A 0.2 & wj(Boone et al., 2011; Boone et al,, 2014; Lee, 2019), fit -2 7]5%| o] Z3koto] EFGot £ =
= A

TG ¥hS B4 oA =Z4 Item Map Fig. 29+ 2T 207] 282 749 B2 A 0= A o] e
2 Eshe 22 Eld - 9o H, a5y SEAR Wil 1002 SACZ 2 o T W2
oI5t 4= )ttt AJAHE] AFTL A} E30] AL 57 g|AHEA] A

=
T2 /4E A7) Had A7 Bgo| o2 2gfo] Hit-S 7|F 02 A Exo| FEI2 B E= Zlo| et
S & 49l oone et al., 2011; Boone et al., 2014). h2kA] 20232] A|AER] AL AL EAl= 11559

A AR LS A3 SR E 2 B 0] Eate s SARHEE A8 Zolet 2 4 9k
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INPUT: 475 PERSONS 20 ITEMS MEASURED: 475 PERSONS 2@ ITEMS 10@ CATS 3.68.2

PERSONS - MAP - ITEMS
<more>|<rare>

4 +
|
|
|
-
# |
3 +
# |
## T
H# |
8|
#|
< 1]
2 WHE O+
## S|
|
CEEEREE |
FHEHFHEERT
JHEERE |
JHEEEEEE | TL3
1 R M
#EEEEEEE | T
|
JHHHEEE | MM3 TL4
HHEEEEE S MML
JHEEEE | MM2 MMA SA3

JaEREE S| SV2
0 JHEE +M SV
JEBE | PML SA1L SA2  SA4 TL2
#8 | PM2 PMA
4 |sPM3  sv3

L1
T sv4

|
I
+
|
|
|
|
I

-2 +
<less>|<frequ>
EACH "#" IS 4.

Fig. 2. Item map

3 kg 24 01]*1 F7HR B = 52 fIsto] L5y Ul M= o F el Fabyat oy 3
A=A S A H U2} DIF 742 B w511 0, 71 A= Table 5, Fig. 33+ 2

Table 5. Result of DIF

Gender MMI MM2 MM3  MM4 PM1 PM2 PM3 PM4 TLI TL2
male 042 046 0.55 020 0.14 040 031 0.17 081 0.17
female 055 026 0.58 039 0.14 031 043 027 0.78 0.17
Gender TL3 TLA SAl SA2 SA3 SA4 SV1 SV2 SV3 SV4
male 132 053 034 -0.18 0.13 042 0.07 0.13 038 0.64
female 09 0.62 0,07 0.18 034 001 0.00 0.13 046 0.94

55 U] ekt of s EhollA] DIFS: 248 2 T30l 422 1 2hol7} 2A] Uergtor of
2ol 2ol h 270 ehLA) 24gket DIFS] 79 5 e o]} 638 7|20 2 Bystn g

Hiol 79
7N AAR] AL AAF =4 203 ol A = e} o gy = o] 23 22 oJu| & siAotal S
Sl ch= 712 & 4= 2 thBoone & Scantlebury, 2006; Boone et al., 2011; Boone et al., 2014).
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TEm

& >
&P PSP PSS
R R S N

S & @ PRI S
& & ¢ g

o

0s

-2

DIF Measure (diff.)

Fig. 3. DIF(‘1’= male, ‘2’=female)

Exploratory Factor Analysis

A 99l wA A Bl A2 e FA] AR Table 62 2. 571 291 7520] 2R %HoPO% SPSS 26.0°]]
Al AR 2] (promax) S 083 35 821 FA(FF 2% A4S AA
Hot @215 AJusHA SAlshs 4 JHo 2 A9 £32 Y] &
7} 23] BFEE HotA 24T = A= 0] -9, Factor loading 410 E}
44 5HH(Jung & Tak, 2023; Lim & Lee, 2020; Song, 2010). 7] 185k 15 7]%% REE R E
e, 7} Q9 21 A|l5e AR 2.661~4.060 2% LEFG T, T12] 1 o Y80} AL Y oj|A]
Factor loading %+°] 3°]5}2 YERIAU, THE 2Q1of] 301/ Factor loading 4t 291 £&-2 31Tt

Table 6. Result: exploratory factor analysis. Revised STMI

STMI Item Result of EFA
(Factor #) Factor loading Cronbach's-o.
Team Learning 1 826
2 773
3 .606 776
4 384
Systems Analysis 1 775
2 157
3 629 800
4 606
Personal Mastery 1 705
2 630
3 618 715 803
4 488
Shared Vision 1 T
2 739
3 451 737
4 418
Mental Model 1 694
2 .556
3 465 631
4 334

Unweighted Least Square: Factor 1 —3.494, Factor 2 —4.060, Factor 3 — 3.696, Factor 4 — 3.556, Factor 5 —2.661
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AYE AR, 570 2219] 519f £&50] 7 301/d9] Factor loading £}°] =&H O 2M H

7 Q091 ZH AL 241~5160 2 LERSIT) whebA] gh @

21 2F 2132 promax 2 /A7 7 Bz o] A sioitial & 4 Itk 5ke] 21 M| == 631~800

o|/de] Zho] EEE| om, 20232 HA| A= E= 86302 HLE’r"‘fE} Arelastolut a3t g o)

A & TF9] AZ] == Cronbach-a7} .60 1Y 79 AlZ|ETHal 1A5kal ThMun & Kim, 2024; Song,
2010). whehA] €A1 9 Q1 BA] Aol A= Al=| ot B 7 AS = Qo & 4= Qlch
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Fig. 4. Structural equation models for confirmatory factor analysis
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T2 WA mEe] FENT TS} B8 HFHE 4225 BTG ATHE Table 7, 87} 2Th

Table 7. Results: convergent validity of the model

Estimate SE. CR. SRW. AVE Concept Reliability
MM — MM 1.000 599

MM — MM2 704 099 7.123 431

MM — MM3 1017 125 8.119 513 13 977
MM — MM4 1067 113 9.444 680

TL—TLI 1.000 32

TL—TL2 1297 093 13.942 782

TL—TL3 1382 111 12463 660 945 985
TL— TL4 852 104 8230 425

SA—SAl 1.000 752

SA—SA2 954 066 14431 726

SA—SA3 876 071 12412 620 946 986
SA— SA4 956 066 14.599 736

PM —PM] 811 078 10447 601

PM —PM2 1010 087 11.629 700

PM —PM3 938 088 10.672 618 933 982
PM —PM4 1.000 656

SV SVl 1.000 740

SV—SV2 855 068 12.545 645

SV—SV3 742 055 13369 692 940 984
SV > SV4 684 051 13.306 688

T2 YA 2o &R1A Q91 B AMo]|A estimates, Standardized regression weight(S.R.W.), average variance
extraction(AVE), concept reliability= 2215+ T}, Standardized regression weight2} average variance extraction®]| A]
50)/¢ 712} 3L concept reliability7} 7 013 0] HFEFFEIH AT EE A0 2 B 4 9lrk Table 75 2, o}
AR 427} 55 755t o4t gho] ESEIRI0 DR MG E Ry 248 23 24 weo] 43

[¢)

st g 4 9lrk,
Table 8. Result of model fit
7 df ¥ Af CFI TLI SRMR RMSEA
(1~3) (>9) (>9) (<.08) (less .08)
Model 385.01 160 2406 923 908 046 054

Table 80ll= &1 291 4] AitE &2lot7| et 2 A3t £2| & AAIoHATh Ba A= o] 759
X 1df2] 732 1~3, CFI2F TLI= 90]4}, SRMRZF RMSEA = 080151 749 23 o] 48 Hthyl B} o] ¢ito]
A AASE & 0] 749 /df= 2.406, CFI= 923, TLI= 908, SRMR-2 046, RMSEA = 0542 2 2 E]o] 23
ARt £|7F B ot 210 = YepiTh upebA 717 A AR AR FAF Ero] By Aot = A Ag
Ao =ZE|glom e 9ol #A Aol tQld 9ol FA] Ai} rol| A Bl AL Eleh= A

W2 B = At Yo ThE BioM = ditekE 4 JIEA] =S S0k 222 (Bae, 2018), 0
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Ao o]u] $7E AEE SR Lol b 24 HE 2 Shs 4% EEOE ALg3to] B

=
sigict 7ho] EEOT Lirt W e Rat9) 22U S HEokom A7 ol Growp 1, 353 ke
Group 22 A5} CHE T2 A1S ANISHEITE 5 [T ZF 5UM S HF3 A Table 09k 2T

Table 9. Result of model fit on cross-validation analysis

X’ df K Af CFI TLI RMSEA

Model 1 549 .908 335 1.642 928 918 036
(Measurement weights)

Model 2 573.778 355 1.616 927 921 035
(Measurement intercepts)

Model 3 580.701 370 1.569 929 927 034
(Structural covariances)

Model 4 588 .338 390 1.509 933 935 032
(Measurement residuals)

Model 1> =74 7}52] (Measurement weight)”} 5 Aol 24 Lot s A5t w2 QI Al4vt &
A3t 2 ello|, Model 2+= Model 12] 714 £]ol] 7% A1 (Measurement intercept)®] 5L ste S AGH 2dl
2 S HPE clSo7] et Ao A F oA Algket 2otk Model 32 Model 22] 7HY <]
o] 2 F-EAK(Structural covariances)©] Y5 7S A 02 Q QAN FHALo] ZASIE = A5
Zlo|t, Model 4= Model 3] 714 2]of] 7 ZFxH(Measurement residuals)”} 5 0}11]'— 7oz =4 o3t
7} =olat e 2 A5t Ao|ct

Model 1~47FA] =3 23S Q16131 S o] BF QMg 4]Ql 210 = Urelsith

Table 1091|412} o] &3] 7t 2}o] & "6H*1 A oF R e} Aok 7ot el 7 el Aot 2|45 H] gt
A} 7} 2§ 7F AT 2| 4rof Zfo] 7} gl 71 0 & T3 ThCheung & Rensvold, 2002). x /df ZHo] % 2
3} Model 22+ Model 12] Ay/df= -.026(p > .05)%, Model 32} Model 22] Ay /df=-047(p > .05)2-Z, Model 4
2} Model 32| Ay/dfi=-060(p > .05) 22 B 5AH 0 & FolstA] oA Yeht 2T mdo] 2 e 210
2 et

TESF ACFI ATLI, ARMSEA 25 2.8
7he] WA} EFF S} R E = AL Bl

_I

mmb

d

Al

A
T

okt Foll = a7 27 ol A 9k A0 R Leht ek
SAck

e o

Table 10. Result of comparison between models

NG Adf Al p ACFI ATLI ARMSEA
Model 2 vs. Model 1 23.87 20 -026 807 -001 003 -001
Model 3 vs. Model 2 6.923 15 -047 952 002 006 -001
Model 4 vs. Model 3 7.637 20 -060 997 004 008 -002

Correlation Analysis

& Aol A= 71 AIAE] AL HARR] o] FRIETG 252 fI5to] 53t o] 24 v = 7HAI AL 7]
2 STS AARA|2F 3 2412 AAISHIT: = AR 25 A|AE] AP £ S4oh= AAAI = g 2419
571 el BEO= 7= Q17 ol Rt A 0A w2 o] =22 4 3R Bt S EE e R
TS 4= QU A 24 S 215l SPSS 26,0004 A A4S AlA] O}C”‘RD% A7H= Table 113+ 2t

Ol
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o

g 24 Ak STMIQE STS 7H g2 7542 -2l 95%0A -2l ]t gho] EEEQl o, A Al
9 =2 A dgo] YERTE 12] a1 STSeF STMIC] 619 291 TH Aol M &= 426~65871A] =

2= grollA felaE 95%0ll A Felnet Aap7t vepd 2l le 4~

= U2 A AR ARLE S5k 7R AIAE] AR ZAF =74 Re_ STMDS]

i ofuel 3l BFg ol A = folnfgt Anprt =2 H AS I 4= ]l

Table 11. Result: correlation analysis between Revised STMI and STS

STS TL SA MM PM SV Re STMI
STS 1

TL 456" 1

SA 624" 309" 1

MM 426" 184" 455" 1

PM 5427 309" 502 405 1

Y 658" 546" 297" 297" 4447 1

Re STMI 7547 679" 744" 655" 32" 7607 1

Discussion and Conclusions

o] Aol A= Lee etal. (2013)01]A] 7HTE AJAE) ARSL AL £to] B8 451, 1558 Tt
2 AT A AE) ARL AL Ero] BT S BA5HGITE ol A] 7R Lee et al. (2013)01141 7RG A]
28l AL A B A 10 59t of 8] Aol AT RS AlAR] AfaIL 5 AL 535S B
A=t &85 o] 2FthChung & Choi, 2018; Cho & Hwang, 2016; Han & Jo, 2015; Kim & Mun, 2017; Kim et
al.,, 2017; Lee et al, 2019; Park et al., 2019). 12|t o] ZAAL =FLE 7 o= 2ol A 7|20 ZHEE A| AR A
T =H AA B H 7 glo] 29l ERgE AZS AIA|E 4 9191 O Lee et al. (2020)2} Jeon et al. (2022)
5 Zo] At Aol A A| AR ARLL HAF Ete] Fafo] X ARS-Eehy] wig 52 yhodato] 2% J
Q40] Az} A7 =] of gk} Bt ofu]2} 22 9] Dolansky etal. (2020) Aol A U3 o] 24 v A4S ETi2
Al2E) ARAL AL =7} 7Rk E] o] ZRIENT =S A3 4= QIA| B o] A|AE) AbaL AL =t E)o] 7§ 3t
S et sts Keyatelet. ko] Eojot A= A e]stH that 2ot

Discussion

2000 o] SRE] FUoll A A|AR] ALLE A-85t w5 9 A7} o] FojX o] Y E0] AIAR] AL
£ Yol H = A7} ZHks}A| o] Fo] 2] 2HHIm & Lee, 2014; Jeon & Lee, 2015; Lee et al.,, 2011; Lee et al., 2017).
o|2{gt AL ES AuHHH FE2] 0 2 Ben-Zvi Assaraf & Orion (20053, 2005b, 2009)°l|4] E-835}F thof 7+ At
o A A, a8 T8)7] 52 89 A B S Foll sHEE] AlIAR ARLE A5 o] %,
8 A =o] A AitE HebolHA shEAES] EAde AFH o A E 4 Qle AR Zide] F
QAo A|7)H &, ZUof| A= Lee et al. (2013)01 A A 28] Ak A E3HSTMIZF 7HEE] AT Senge (1996,
2006, 2012)7} A|A|3E k<5 22 9] 57}A] 12 v O 2 7 AR = S AIAR AFLE A
= o2} ALof] 8o gkom, | Zof|= Dolansky et al. (2020)°11 4= Senge (2012)2] 0] 2 1102 A%
SF AJARI AL H 27} ATRE|H, U] AJAR] AR H 0] o] 24 B A2 RIS 4= QUTh = A
H(Cho & Hwang, 2016; Han & Jo, 2015; Jeon & Lee, 2015)°14] STMIQ] A& == F S 5HA] BAE] ] oLt}
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T A5 oM L7 3ol AlQ) A 7 E o ARGEH, 5 7170l thgt H 2/do] A7) of 2tk
(Leeetal., 2019).

afebA] Ao ofeie A% A7 At 8l ol 27 v L v 2 Bage] 201 Aol T el
Sl 252 2o Asluziol] 92 44 BesIelT) o] & Ba) sISe] A47Hs Al AL QL
7t 75 Bhe 714kg AASIRIEkE 200 2|7} Ik Bekms olollA] A2 AL E 4 8stelt

U ol g} Ze]of| M A& o Z 04:,L7} &= Hopo|t}, X2 2| 4755k Wi v} el sto] Momsen et
al. (2022)7} Ratinen et al. (2023)°114 = AJE0-&of| A 2] A|AE] ARLL 28 AASHAU A AE] AFLE: 7|4E
9 Bk 22 2ol ALE AT 22 A0S shelth % 55 A7 A48 ) Hol] AL
& U A28 (AElA|, st )2 ke £olol|A+= Ben-Zvi Assaraf & Orion (2009)°] L} Aguilar-Cisneros
etal. 022)0f) THE AJ~E) AV 528 2451304} SR A7 4953 9lon], 0|2 gla) Hhs HAL =
FE™eR s Aot

5 QoA STMI A 7 29N 37 2 ke A @17
W2} B 55 F71610 Lee etal. (2013)2] ATLET HARA| O] BfFES HASH 245t 2H, 0|2
A =Qlof| A ZHEE STS A =ofo] 4ot 45 53l SRAETEE ST o] & &5l ©
B A2 BAMSHs ol o] 28 7FS5l A AAL T2 o] J37bEReE 42 918 Zolg} 7]

e 2022 7874 WS oM st 2HEo| A A|ARIA Q 47} REodE]of §17]of
A 2E] U AFSzRg o) st o] slof BFERS: £ 81452 8 1 @ Ao| QILHMOE, 2022). ©|2]3t &h&2] A} 8]
W) T AR 52 Skt Bishol EEhE Re STMIS B-851H shySe] A28 AL o) oh
A AF A 7|2 A ShoFat WA A 2 4 Ql& 710 2 wohE ThBatt et al., 2021; Kowch, 2019;
Ulku & Gaye, 2024).

T o2 Zolo| 75t 15 % 230l tht /g Bh, TIAE )5k 1, STEM 78 SOIHE 15 A 5
g e Axstal glon, 53] nl=olM e A8t i BEI 7 AAE STEM 1-50] tigh Eol|A]
A 2glnh A2 Tefshs AL 52 el AlAR AL kS ST Qi 2HS SHR1% 4 YrHClark e
al., 2017; de Sousa et al., 2019; Emihovich, 2024; Ignacio et al., 2023; NRC, 2012; NYSED, 2017; Ratinen et al., 2023;
Stavrianeas et al., 2022). -2 Uglol| A = -3 ul-S(STEM/STEAM)©| A]42] 0 & o] £0ix] 11 Q7| wjioi), o]
2fat S e GoIA Bk} sl 713 49FolLt a4 fak Sk Kwon etal, 2021)7 A28 A moe] 2
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Conclusions

A, A AR AL AAF B 2Ee] 242 AL =t i A e 52 %) R TR
™ 2t ok9] 291 ' Aolet o] 24 v & ETlE =1 of2] H=o] B3 WA ALS]-Z3H4 wiete] ¥st 52
Hhogsto] 4 Heks Xsfsiict. o] 2ol A 2tst W W AJAR] ARILE 35 27 3%10] E]oj&
Hom, £4 % 20 F8+2] Al == Cronbach-a 40| .863(Z 5H 291 631~800) 0.2 =Z&5|}ic} o] A
£ Leeetal. (2013)0|A4] o] AL =5 7HEsE A A2 = 840(ZF 519 2918 604~.723) 2 FARIAU 25
=2 5T = UERT

EA), 2 Aol A 7R SE A| AR AL AAF o] Bl e AZ Av)p 25} HES BLA O] [tem Measure, ltem
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map, DIF 2410l A B Bl ot A7t =25 iTh 2 299] Factor loading 312 3 /2.2 o
I o7 Ak A2 2.661~4.0602 2 = E o] S5l Sk AJARI ALY 4519 Q15 S S F
5] 5= AAMRI 2 Lebom, AR o] A2 E Lee etal (2013)E L FAH £4| 5 &1 .
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