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Effects of Systems Thinking on High School Students’ Science Self-Efficacy
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Department of Earth Science Education, Kyungpook National University, Daegu 41566, Korea

Abstract: The purpose of this study is to investigate the effects of systems thinking on high school students’ self-
regulatory efficacy and self-confidence that constitute science self-efficacy. We set self-regulatory efficacy as a factor of
students’ systems thinking affects their self-confidence on science through self-regulatory efficacy. A total of 210 students
were sampled from general high schools and 188 valid cases were analyzed. The instrument has 39 items that consist of
20 items measuring systems thinking and 19 items of science self-efficacy. The result of the exploratory factor analysis
indicated that 20 items for systems thinking, 8 items for self-regulatory efficacy, 4 items for self-confidence are
reasonable. Testing the goodness of fit of a structural equation model, it turn out to be appropriate (’=344.498, df=242,
TLI=.921, RMSEA=.044) using 24 items (mental model, personal mastery, systems analysis, self-regulatory efficacy, and
self-confidence were constructed). In addition, the mental model, which is one factor of systems thinking, is mediated by
self-regulatory efficacy that affects self-confidence directly and/or indirectly. The results suggest that systems thinking
affects science self-efficacy directly and indirectly. Utilizing systems thinking in science education can produce a
theoretical basis in improving students’ confidence and self-efficacy about science.

Keywords: systems thinking, self-regulatory efficacy, self-confidence, science self-efficacy
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Table 1. systems thinking measuring instrument

Factors Examples of Instrument

- When given a problem situation to be resolved, I take into account a variety of solutions.

Systems Analysis (SA) _ When I have a problem, I try to identify problem situations from a variety of perspectives.

- I try to view in a newspaper or news from a critical perspective (TV, Internet, etc.).

Mental Model (MM) If my results are not satisfactory, I try to take time for reflection.

- I make plans, taking into account the current situation.

Personal Mastery (PM) _ The content of my study influences later academic and career decisions.

- When I contribute to team learning, I actively participate in the activities of the team.
Team Learning (TL) - When I study, I think that team learning (collaboration, discussion, and debate) is better than the lecture
(description) type class.

- When I engage in team learning, I am able to accept the opinions of other team members.

Shared Vision (SV) _ When I determine to do something, I tend to reflect on the opinions of others.

Table 2. science self-regulatory efficacy & self-confidence measuring instrument

Factor Questionnaire Examples
Self-Regulatory Efficacy - I can easily connect what I already know and the newly learned in science class.
(SRE) - I have a method for storing a complex and difficult scientific information easily.
Self-Confidence - When the presentation in science, I'm anxious seems to be a mistake.*
(SC) - When teachers ask questions to all in science class, Even though I know the right answer does not answer.*

*: reverse respondence
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Table 3. mean, std., skew., sharp. of measuring question-
naire (N=188)

Factor Number  Mean Std. Skew.  Sharp.

MM1 3.50 1.016 -448 -349
Mental MM2 3.29 .989 -113 -.859
Model MM3 3.28 1.211 -137 -941
MM4 3.62 848 -.559 704

PM1 3.99 770 -.700 928
Personal PM2 3.77 .881 -.388 -483
Mastery PM3 3.76 1.046 -.740 .103
PM4 3.82 .840 -524 399

SAl 3.71 797 =511 618
Systems SA2 344 949 -267 -328
Analysis SA3 351 .868 -338 056
SA4 3.55 .848 -364 -.002

TLI 38 819 -725 918
Team TL2 374 965  -538  -162
Leaming ~ TL3 3.4 1032 062  -463
TL4 360 1077  -420  -640

SV1 3.90 71 -745 1.406
Shared SV2 349 978 -366 -419
Vision SV3 3.85 752 -.661 1.379
Sv4 3.87 752 -.768 1.613
SEIl 397 .898 -708 279

SE2 360 923 -429  -127
SE3 332 1078  -055 -9l
Self- SES 376 962  -452  -073

Regulatory — qp o 355 102 013 -639
Efficacy

SE7 349 856  -009  -366

SEI0 371 867  -452  .107

SEIl 365 966 -769 526

CF1 38 979 -724 040

Self- CF2 38 1021 -742  -033

Confidence CF3 3.73 1.031 =572 =332
CF4 3.80 1.055 -.552 -.559
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Table 4. factor pattern coefficients of the exploratory factor
analysis (systems thinking)
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Table 5. factor pattern coefficients of the exploratory factor
analysis (SRE & SC)

Result of EFA

Result of EFA

Factor Number Factor Number
Factor loading Cronbach o Factor loading Cronbach o
1 .809 1 .849
Mental 2 672 708 2 761
Model 3 451 ’ 3 749
4 368 SREI 5 724 867
1 737 6 543 ’
Personal 2 689 13 7 541
Mastery 3 615 : 10 509
4 302 11 455
1 910 4 .880
Team 2 731 245 290 SRE2 8 834 .839 904
Learning 3 714 : i 9 508
4 381 3 925
4 858
1 .849 e $33
Syst 2 673 5 629
ystems 262
Analysis 3 643 : 6 579
4 474 1 806
2 708
1 .847 SC2 ; o 213
Shared 2 .694 264 .
Vision 3 615 ’ 8 363
4 524 Unweighted Least Square: SRE1-5.806, SRE2-3.980, SC1-

Unweighted Least Square: MM-2.920, PM-4.021, TL-4.219,
SA-5.295, SV-4.379
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4.775, SA-5.295, SV-3.590

Table 6. model fit

Va df CFI TLI  RMSEA
Model 1 612.832 443 924 909 042
Model 2 344498 242 936 921 044
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Table 7. parameter estimates

=2
L
=
Hir
rlo

Parameter Estimates
Systems Analysis — Efficacy 375(274)**
Personal Mastery — Efficacy .036(.025)
Mental model — Efficacy 698(.614)***
Systems Analysis — Confidence 243(.152)*
Personal Mastery — Confidence .349(.207)**
Mental Model — Confidence A23(.307)**
Efficacy — Confidence L666(.572)***

Regression Weight (Std. Regression Weight)

#p<.05, #*p< 01, ***p< 001

Table 8. direct, indirect & total effect of variables
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Independent Variables Dependent Variables Direct Effect Indirect Effect Total Effect
S Analvsi Efficacy 274 .000 274
ystems Analysis Confidence 152 250 402
P | Mast Efficacy 025 .000 025
ersonat Viasiery Confidence 207 024 231
Mental Model Efficacy 614 .000 614
ental Mode Confidence 307 196 546
Efficacy Confidence 572 .000 572
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