Journal of the Korean Association for Science Education, 39(2), 161~171, 2019

Journal of the Korean Association for Science Edu

Journal homepage: www.koreascience.org

TSerdo| AAH A0 Q01 X A#EA Ms nf=0]| ME A|AR A0 H|w

0|y’ M=, o|Hs*
AR, 2o g oeh

Verification the Systems Thinking Factor Structure and Comparison of Systems
Thinking Based on Preferred Subjects about Elementary School Students’

ARTICLE INFO

Hyonyong Lee', Jaedon Jeon', Hyundong Lee*

"Kyungpook National University, 2Daegu National University of Education

ABSTRACT

Article history:

Received 12 December 2018
Received in revised form
27 December 2018

11 January 2019

13 February 2019

Accepted 16 February 2019

Keywords:

Systems Thinking, Systems
Thinking Factor Structure of
Elementary School Student,
Systems Thinking Measuring
Instrument

The purposes of this study are: 1) to verify the systems thinking factor structure of elementary school
students and 2) to compare systems thinking according to their preferred subjects in order to get
implications for following research. For the study, pre-tests analyze data from 732 elementary school
students using the STMI (Systems Thinking Measuring Instrument) developed by Lee et al. (2013). And
exploratory factor analysis was conducted to identify the factor structure of the students. Based on the
results of the pre-test, the expert group council revised the STMI so that elementary school students
could respond to the 5-factor structure that STMI intended. In the post-test, 503 data were analyzed
by modified STMI and exploratory factor analysis was performed. The results of the study are as follows:
First, in the pre-test, elementary school students responded to the STMI with a test paper consisting
of two factors (personal internal factors and personal external factors). The total reliability of the instrument
was .932 and the reliability of each factor was analyzed as .857 and .894. Second, for modified STMI,
elementary school students responded a 4-factor instrument. Team learning, Shared Vision, and Personal
Mastery were derived independent factors, and mental model and systems analysis were derived 1-factor.
The total reliability of the instrument was .886 and the reliability of each factor was analyzed as .686
to .864. Finally, a comparison of systems thinking according to preferred subjects showed a significant
difference between students who selected science (engineering) group and art (music and physical
education). In conclusion, it was confirmed that statistically meaningful results could be obtained using
STMI modified by term and sentence structure appropriate for elementary school students, and it is a
necessary to study the relation of systems thinking with various student variables such as the preferred
subjects.
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Exploratory Factor Analysis
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Figure 1. Procedure of Study
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Table 1. Information of Participants

Age Gender
——————MeanrAge————————  Total
years n(%) group n(%)
9 153(20.9%)
10 134(18.3%)
Pre-test 10.76
11 172(23.5%)
12 272(37.2%)
8 38(7.5%)
9 179(35.6%)
Post-test 10  164(32.6%)  9.84
11 67(13.3%)

2 53(10.5%)

male 355(48.5%)
732(100%)
female 374(51.1%)

male 243(48.3%)

503(100%)
female 260(51.6%)
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Table 2. Pre-test Results of the STMI (n = 732)
Factor # Mean Std. Skew. Sharp.
1 33 1.154 -0.431 -0.078
2 3.29 1.073 -0.407 0.265
Mental Model
3 3.23 1.25 -0.238 -0.700
4 3.81 1.017 -0.559 0.037
1 3.68 1.002 -0.552 0.434
2 3.52 1.037 -0.512 0.199
Personal Mastery
3 3.8 1.118 -0.794 0.326
4 3.67 1.053 -0.558 0.276
1 371 1.048 -0.762 0.726
o2 3.7 1.029 -0.714 0.526
Systems Analysis
3 3.32 1.027 -0.332 0.245
4 3.62 1.017 -0.618 0.689
1 3.81 0.957 -0.799 1.280
2 3.64 1.019 -0.502 0.381
Shared Vision
3 3.79 0.964 -0.863 1.499
4 3.67 0.963 -0.676 1.108
1 3.97 0.927 -0.805 0.913
. 2 3.61 0.995 -0.287 -0.051
Team Learning
3 2.94 1.182 0.071 -0.544
4 3.65 1.13 -0.649 0.192
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Table 3. Pre-test results of the STMI: Factor coefficients of
the exploratory factor analysis (n = 732)
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Unweighted Least Square: Factor 1 — 4.794, Factor 2 - 4.175 of WU AEsEA TS thEo] sHYSeA] Wasl] ols|w
E B3It Table 5).
Table 4. Information of expert group
Gender Degree Occupation Education experience Systems thinking research experience
A male doctorate professor 15 O
B male doctorate research fellow 11 O
C male Master research fellow 3 O
D female Master elementary school teacher 6 O
E female Master elementary school teacher 12 O
F male Master elementary school teacher 6 O
G female Master elementary school teacher 10 O
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Table 5. Comparison of STMI and Revision ltems
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Table 6. Post-test result of the revised STMI (n = 503) shue] @olo 2 Bojz Uk QQlojA A|AE Al Qolo] Aol
Factor # Mean Std. Skew. Sharp. AHAR] AZE B3l Ald AAIE stelths sEoR NS
1 307 LIS 0203 0273 ;L/%}L 4 8A50] AR geAEsh wEEhl g setel
) 3,09 1.092 0204 0171 7ot (Lee et al., 2013; Lee & Lee, 2016). 18|11 AAl Hdl9]
Mental Model 3 3 1237 0142 0576 Zé«l% S5} H9= WS T EC] FAloA] Hsha 93-S 914
4 3.66 095  -0518 094 Sk A o= Nl 3 EEHe] Ao 8= F9 Hetes
1 15 09 0m8 0883 ZFz3cK(Lee et al., 2013; Lee & Lee, 2016). 2, A28 ARaio} Al
2 341 0984 0411 0504 wEle] Ao TEAQ] 208 B AT EHTle] Al 2ha
Personal Mastery 348 L0s2 044l 0024 o7 B 4 9l 2EIEC] B A4 o) 35 &40
A8k Sdsle] & Qolog w2 Ao =]
4 342 103 -0.527 0724 lit;_oiﬂﬂixtoqgoﬁiﬂol P 7;_% %% ; ﬂo?iq o
1 368 0982 0754 1134 o} SIS Aat el el §910] O el AL ZHgel]
Systems Analysis ’ > Los2 0782 L0 L]Z; 7]-]?19: ;ﬁ: A%, ‘?j};j ‘ﬂo":k, X];TQ;;W}X]E ey e aeias
3 315 0902 -0276  0.897 of 9] T2 TolEIh Tt E% hzol IO A A
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4 354 0955 073 1497 J1o] AEElo] SR 9l STMI ZAIAIS] Sael T2z o
1 391 0865  -0.197  -0.763 WElolon] ok TESHL ASISC o] AAAE spol Tre
Team Leaming j zz ‘:?f): 3105895 2:’? et Aol 5L S 25 ol ot
Fojol B 27} et o] 9lo] 2GS 9t 5 aQloR
2 T O DM el Sk ek Ak BARE B9 & 4 stk ol
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Table 7. Post-test result: Factor coefficients of the exploratory factor analysis (n = 503)

Result of EFA

Factor Htem(Factor #) Factor loading Cronbach’s-a

Personal Mastery 1 345

Factor 1 Personal Mastery 2 .839 <6
: Personal Mastery Personal Mastery 3 .806
Personal Mastery 4 861
Mental Model 1 340
Mental Model 2 345
Mental Model 3 450

Factor 2 Mental Model 4 420 a7
: Systems Analysis + Mental Model Systems Analysis 1 482
Systems Analysis 2 436

Systems Analysis 3 498 856

Systems Analysis 4 .535
Shared Vision 1 .580

Factor 3 Shared Vision 2 357 689
: Shared Vision Shared Vision 3 588
Shared Vision 4 395
Team Learning 1 .662

Factor 4 . Team Learning 2 534 686
: Team Learning Team Learning 3 510
Team Learning 4 418

Unweighted Least Square: Factor 1 — 2.603, Factor 2 — 2.269, Factor 3 — 1.939, Factor 4 — 1.741
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4, 415 24220l T2 AIAR| ALL B u|Z(ANOVA-test)
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Table 8. Description statistics according to students’
preferred subject

SRS dle(AAlls) HEaE AUt S Aol Bt 2=
3.037, OB 0472 GO 0504 f2ulgh 2lol7} Qlgle
o QJEARR|eF AT Fehe AERE shE EARRlet dlE

(AAle)= AdERt SIS Atololle frefult Aoz iRl

Table 9. ANOVA-test result: Systems Thinking according to
students’ preferred subject

S.S. df M.S. F P
preference subject  978.246 2 489.123 3925 020
error 59561.259 478 124.605
total 60539.505 480

p < 0.05

Table 10. Post comparative analysis according to students’
preferred subject

Average difference S.E.  p

Humanities and Social Sciences -

. . Art, music and
Science(Engineering) yterl cauandon Total

Humanities and
Social Sciences

Mean 70.60 70.94 67.90 69.08
S.D. 11.23 11.31 11.08 11.23
N 92 104 285 481
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Science(Engineering) -301 159 981
Humanities and Social Sciences -
Art, music and physical education 2736 133103
Science(Engineering) - «
Art, music and physical education 3037 L2704
p < 0.05
v. 22 & M
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