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Abstract: The purposes of this study were: (1) to revalidate the revised Systems Thinking Measuring Instrument
(Re_STMI) reported by Lee et al. (2024) among Vietnamese high school students and (2) to investigate the differences in
systems thinking abilities between Korean and Vietnamese high school students. To achieve this, data from 234
Vietnamese high school students who responded to translated Re STMI consisting of 20 items and an Scale consisting of
20 items were used. Validity analysis was conducted through item response analysis (Item Reliability, Item Map, Infit and
Outfit MNSQ, DIF between male and female) and exploratory factor analysis (principal axis factor analysis using
Promax). Furthermore, structural equation modeling was employed with data from 475 Korean high school students to
verify the latent mean analysis. The results were as follows: First, in the item response analysis of the 20 translated
Re STMI items in Vietnamese, the Item Reliability was .97, and the Infit MNSQ ranged from .67 to 1.38. The results
from the Item Map and DIF analysis align with previous findings. In the exploratory factor analysis, all items were
loaded onto intended sub-factors, with sub-factor reliabilities ranging from .662 to .833 and total reliability at .876.
Confirmatory factor analysis for latent mean analysis between Korean and Vietnamese students yielded acceptable model
fit indices (Xz/df: 2.830, CFL: 931, TLL: 918, SRMR: .043, RMSEA: .051). Lastly, the latent mean analysis between
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Korean and Vietnamese students revealed a small effect size in systems analysis, mental models, team learning, and
shared vision factors, whereas a medium effect size was observed in personal mastery factors, with Vietnamese high
school students showing significantly higher results in systems thinking. This study confirmed the reliability and validity
of the Re STMI items. Furthermore, international comparative studies on systems thinking using Re STMI translated into
Vietnamese, English, and other languages are warranted in the context of students' systems thinking analysis.

Keywords: Revised Systems Thinking Measuring Instrument, Systems Thinking Scale, Reliability, Validity, Vietnamese
High School Student
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Revised systems tninking
measuring instrument

Instrument (Lee et al., 2024)

Systems thinking scale
(Dolansky et al., 2020)

234 Vietnamese High school students

Participants 475 South Korean High school students

Item response anaysis
Factor analysis
(Exploatory, Confirmatory)
Correlation analysis
Latent mean analysis

Analysis

Using SPSS 26.0 & Amos 26.0

Fig. 1. Process of Study
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Table 1. Example of Revised Systems Thinking Measuring Instrument Items (Korean-Vietnamese)

Re STMI Korean Vietnamese

lem | TE B4 2w A W), U7 9ahs ArE e ¢k Khi toi nghi v& ban thdn minh, Thoi gian t6i danh ra dé tu
O™, kel A7k 7HRIT) suy nghi vé ban than nhiéu hon 1 lin mét tudn.

ltem 2 UE 284 AES Ale o, 34 7t Aall2 A Aske Khi toi 1én mot ké hoach hodic muc tiéu nao do, Toi luén
I3 nghi vé tinh hinh hién tai cia minh.

Item 3 Ues BE g5@&5)e & v, ye] AL #F5o g olof Khi t6i hoat dong nhém, Toi déng gép y kién ctia minh
7)3kc) mot cach tich cuc.

lem 4 T O BA AR niFaie W, 7Fs @ ohre BHS Khi toi d6i mit voi vén d& nao d6, Téi can nhic tit ca cic
83t quan diém mot cach da dang.

lem 5 TP EEC] @b, @54 the FAUE Aele] @A Khi toi 1a doi truong cia mot nhém, Toi luon dé y dén méi

£ I3

quan h¢ giira cac thanh vién trong hoat dong.

Table 2. Example of STS Items

STS Korean Vietnamese
Item 1 = Abgtol] gjE)k Tt AlRtEe] BS FtolRr) Téi s& tim kiém quan diém ciia ngudi khac vé tinh hinh do.
lem 2 E EAC] A1E A g1, slufe] 5@ A1 Toi sé nhin lai mot sy kién nhat dinh nao do dé quyét dinh
o] Atu R} nguyén nhan cua van de.
lem 3 UHE LEe] ARIS0] o ®A wAsls Aol tjs] olalsl= Toi nght rang viée hiéu nguyén nhan va ly do khién cac sy
Zo| u]$- Z=g st Az}sk kién sdy ra la rat quan trong.

Item 4 = HAEF I S|AAS Ferh

Téi ludn tim cach giai quyét van dé cing véi cac thanh
vién khac.

fem s WS SAE AT wEEE sE kel o 5

Q3)t}ar Toi nghi ring cac khudn mau ddp khuén xay ra mét cach

lap lai quan trong hon la mét sy kién nao do.

. =
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Table 3. Result of Rating Scale Model
Item Mean S.D. Infit MNSQ Outfit MNSQ Item Reliability
20 917.5 81.6 1.00 1.05 97
Table 4. Result of Rating Scale Model _ Ttem #
Item # Measure Infit MNSQ Infit ZSTD Outfit MNSQ Outfit ZSTD
MMI1 0.53 1.12 1.36 1.17 1.72
MM2 -0.06 0.86 -1.60 091 -0.82
MM3 0.30 1.12 1.31 1.10 1.02
MM4 0.26 1.06 0.68 1.21 1.97
PM1 -0.61 1.02 0.28 1.07 0.59
PM2 -0.36 1.05 0.50 1.37 2.87
PM3 -0.88 1.05 0.49 1.20 1.35
PM4 -0.71 1.00 0.07 1.01 0.15
TL1 -0.29 0.85 -1.61 0.78 -2.08
TL2 -0.19 0.79 -2.42 0.73 -2.60
TL3 1.35 1.38 4.03 1.37 3.84
TL4 -0.40 1.24 232 1.21 1.72
SAl 0.04 0.69 -3.74 0.67 -3.51
SA2 0.11 0.76 -2.88 0.95 -0.43
SA3 0.25 0.78 -2.64 0.74 -2.86
SA4 0.10 0.67 -4.08 0.65 -3.85
SV1 0.25 1.16 1.74 1.24 2.26
Sv2 -0.01 1.05 0.54 1.08 0.77
Sv3 -0.18 1.17 1.72 1.19 1.62
Sv4 0.49 1.17 1.83 1.25 2.40

A3l th(Ha, 2016; Lee et al,
Linacre, 1994).
Re STMI 20i=3ol| gt Infitz} Outfit] MNSQP/]
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Table 5. Result of DIF
Gender MM1 MM2 MM3 MM4 PM1 PM2 PM3 PM4 TL1 TL2
male 0.33 -0.24 0.3 0.14 -0.61 -0.31 -0.62 -0.48 -0.13 -0.07
female 0.67 0.07 0.3 0.34 -0.61 -0.39 -1.07 -0.88 -04 -0.28
Gender TL3 TL4 SA1 SA2 SA3 SA4 SV1 SV2 SV3 Sv4
male 13 -0.48 022 -0.02 0.28 0.10 0.39 0.11 -0.01 0.45
female 1.39 -0.34 0.21 0.21 0.25 0.10 0.14 -0.09 -0.3 0.52
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Table 6. Result: exploratory factor analysis: Revised STMI
ltem Result of EFA
STMI Factor #
(Factor #) Factor loading Cronbach’s-a

1 748
. 2 656

Team Learning 737
3 554
4 .540
1 822
. 2 772

Systems Analysis 750
3 683
4 567
1 .659
2 643

Personal Mastery 727 .876

3 627
4 587
1 737
2 .590

Shared Vision 833
3 403
4 318
1 970
2 630

Mental Model 662
3 444
4 365

Unweighted Least Square: Factor 1, 4.297; Factor 2, 3.290; Factor 3, 4.028; Factor 4, 3.047; Factor 5, 3.322

3. SIS HAtX|efe| &zt &4 ZHut

Re STMI®} STS AAMA] EF Senge(1996, 2012)
7F AASE B 229 7K FEE S, IR &
@’ 24/\] DKE] ]/\Eﬂ _,_/H 1_;;1_ ]z{)_ o]ixq HH
Ao st SS9 A&E AE sk AL
A2 IR witol, g AN w2 Aol

At

o] AME=

A T AR ZF
= Table 79} 72t}

A B4 A3l Re STMISF STS 7+ A
95%°11 4] %-‘413161 el

2 Y5
A A

FE 7 OV S

710

A

=EENS

A8 e} o] SPSS 26.000
e AAsislen 1 A3

725

S T

9 891 7 4

=%E AL /U 5 AAN2H, Lee et al(2023), ok Z2E]al STS9F STMIC] 3k a9l ol A =
Lee et al.(2024)o4= ©]¢} AA|3k= Ayt =&y 430-.6572 =2 A4 A Ag7t =E2HA b2t
Table 7. Result: Correlation analysis between Revised STMI and STS
MM PM TL SA N Re STMI STS

MM 1

PM .208%* 1

TL A28%* 332%* 1

SA AST** A2T** 523%* 1

SV 361%* 353%* A65%* A46%* 1

Re STMI T12%* 636%* 767%* 791%* 723%* 1

STS AS50%* A30%* A86** 610%* 657* J725%* 1

*p< 0]
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A HEY TESHIES giae R A Al2E Al %f x ~
AA = (Revised STMI®] <1 BEEE 48 Mo e
A3k 4% A7l o] felnst o] wEE T =
g #olgt & 9ltkLee et al., 2023; Lee et al., f m 2
2024). OnEl,
4. stols 0l 24 Y AKBRH|D ol e
D 34 29 14 A3 Ondl g
Wed wEss $evel wssse] g @l
FH|ALE 9J3lo] Lee et al.(2013), Lee et al (2024)01] 8 w
/\1 EShkely Fig. 49 FLZ HWGM 73e gk } 1;} % 2
Re STMI®] 3RIA 9] B4 Azl= Table sJJr 2t O [
Table 891 Re STMIOIA WEY w5aAw} §- }
v LSS tdeRE 914 el #4 4 o' N /
F=2 Folst 23 AdcE A SYTE 4 23 F %_‘ .
e FA2 gels) BH, 4YdfE 2.830(1-3), CFE= el
931(>.90), TLI= .918(>.90), SRMRZ .043(<.080),
RMSEAZ 051(< 080002 Ueh} 2 mape o= o)
A7h Fag Ao vehyth mebd wWEY 2159t s; SN .
Az S TESAES oz @ Ao IR
NE AR AL A Evel By Agwe o Orlmiy
HHow waEglon, WA 99 ¥4 A%E & @0l
=2 ZA3 &yt golorg ARt AL & Fig. 4. Structural equation models for confirmatory factor
olgt 4= 9l analysis
2) WEY TESMIS Seluet IE 2 A & skl g6 B4, 24 BU4, 4 FUA
7] 5L 29 B YRSl o BFL ANsgen 1
T2 BRA Bl AkE Tlete] °AE FA o} ZAIR= Table 93} 7},
HA 7S BEEE ASsEA vept HE HEY 153 2} 5ol diste] B
AFAS vt S 7 AlAY Al 5 T ARl 7 AR Sl 8skN BE SAS
o] zolE& Gotr7] fJste] FAHAHLE AAIBI AHrEA 88 714 e 594 WESH
o AABARLE flste] 72 WA 2ol Aok vt s 7t Y ks 7heH
Table 8. Result of model fit
2 xldf CFI TLI SRMR RMSEA
X df (1-3) G 9) > 9) (< .08) (less .08)
Model 452.80 160 2.830 931 043 051
Table 9. Result of model fit on identify verification
v df ydf CFI TLI RMSEA
Configural Invariance 478.88 250 1.916 941 928 036
Metric Invariance 508.13 263 1.932 937 927 036
Structural Invariance 719.66 281 2.561 .898 .898 .047
Equal factor variances/covariances 730.59 286 2.555 .896 .898 047
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Table 10. Result of latent mean analysis
Korean Vietnamese S.D. Cohen’s d
Systems Analysis 0 138 .63 22
Mental Model 0 .193 71 27
Systems Thinking Team Learning 0 .180 .60 29
Shared Vision 0 076 .68 A1
Personal Mastery 0 411 .65 .63
o GO2 —e—HEY —e—mDAY = H]%O] 8% O])\]'o g q_% _3]“?’] _PJ_?JOﬂ H]B‘H/ﬂ

| /

SA MM T sV PM

Fig. 5. Result of latent mean analysis and Cohen’s d

oA CFIgt TL19]
At AHE ofe] M AF(Park & Bae,
2016; Jo, 2019; Lee, 2022)¢] A7 A4S 2A=
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