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54921030: MAJOR EDUCATIONAL RESEARCH, MEASURMENT AND STATISTICS;
M.Sc. (EDUCATIONAL RESEARCH, MEASURMENT AND STATISTICS)
KEYWORDS: THE CAUSAL FACTORS AFFECT/ A CAUSAL RELATIONSHIP MODEL/
SCIENCE PROCESS SKILLS
SUMALEE SEM: THE CAUSAL FACTORS AFFECT ON SCIENCE PROCESS
SKILLS OF PRATHOM SUKSA VI STUDENTS UNDER THE JURISDICTION OF THE
AREA SERVICE OFFICE NAKHON NAYOK PROVINCE. ADVISORY COMMITTEE:

PAIRATANA WONGNAM, Ph.D. NATKRITA NGAMMEERITH, Ph.D. 195 P. 2018.

The purpose of this research was to develop and validate the causal factors affect on
science process skills of Prathomsuksa 6 students under Kakhonnayok Education Area Service
Office.The samples were 1,133 students who were studying in primary schools in Nakhon Nayok
Provinces, selected by Multi-stage random sampling. The research instrument was science
process skills questionnaire with 40 item on basic science process skills. The statistics used were
as well as descriptive statistics causal relationship modeling involved the use of Lisrel 8.72,

The results were as follows:

1. The causal factors affect on science process skills were; self-learning control,
attitude toward science, motivation in learning science, and attention, having the beta weight
of factor 0.60, factors which contributed most to the effect was motivation in learning science,
and interest.

2. The science process skills were as follows: observation, measurement,.
classification, organizing data and communicating, making predictions, drawing inferences,
judging spatial relationships and spatial-temporal relationships, using numbers, formulating
hypotheses. The beta weight of the factors were 0.09 to 0.42. The factor which contributed
the most effect was using numbers.

3. The hypothetical model was consistent with empirical data. The goodness of fit

statistics were: chi- square test =273.73, df =187, p = .000,% 2 / df=1.639, GFI = 0.98,
AGFI=0.97 CFI = 1.00, and RMSEA = 0.024, the variables in the hypothetical model accounted

in form of direct cause on science process skills was attention to learning. The variables with



influences, in the form of direct and indirect causes on science process skills through: attitude

toward science, motivation in learning science, and interest.
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36 I S T S T S T A 5 1 Aaden1d
37 I S T S S T A 3 0.6 Aaden1d
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DATE: 3/31/2018
TIME: 10:12
LISREL 8.72
BY
Karl G. J’reskog & Dag S”rbom
This program is published exclusively by
Scientific Software International, Inc.
7383 N. Lincoln Avenue, Suite 100

Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140

Copyright by Scientific Software International, Inc., 1981-2005

Use of this program is subject to the terms specified in the

Universal Copyright Convention.

Website: www.ssicentral.com

The following lines were read from file D:\data _sumaleeNEW\lastmodel2.SPJ:

Raw Data from file 'D:\data_sumaleeNEW\data2.psf'

Latent Variables Motivation Interest Attitude Selfre Science

Relationships
ComSci = Attitude
PopuSci = Attitude
SenSci = Attitude
AttSci = Attitude
ExpSci = Attitude
ObSelf = Selfre
Determi = Selfre
Reactic = Selfre
RelaMo = Motivation
AchiMo = Motivation
IntrMo = Motivation
ShowlIn = Interest
Respec = Interest
InterAc = Interest
Observ = Science

Measur = Science



Calcu = Science

Classi = Science

Space = Science

Manipu = Science

Post = Science

Foreca = Science

Science= Motivation Interest

Interest = Motivation Attitude

Motivation = Attitude Selfre

Set Error Covariance of PopuSci ComSci
Set Error Covariance of Respec RelaMo
Set Error Covariance of ShowIn IntrMo
Set Error Covariance of Respec AchiMo
Set Error Covariance of ExpSci ObSelf
Set Error Covariance of ExpSci AchiMo
Set Error Covariance of ObSelf RelaMo
Set Error Covariance of InterAc IntrMo
Set Error Covariance of InterAc AchiMo
Set Error Covariance of Space RelaMo
Set Error Covariance of Post  Manipu
Set Error Covariance of SenSci PopuSci
Set Error Covariance of Determi ObSelf
Set Error Covariance of InterAc ShowIn
Set Error Covariance of SenSci ComSci
Set Error Covariance of PopuSci Post
Set Error Covariance of ComSci IntrMo
Set Error Covariance of Post  InterAc
Set Error Covariance of PopuSci IntrMo
Set Error Covariance of AttSci  SenSci
Set Error Covariance of Foreca Post

Set Error Covariance of ExpSci ShowlIn
Set Error Covariance of ExpSci PopuSci
Set Error Covariance of ExpSci ComSci

Set Error Covariance of SenSci Determi
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Set Error Covariance of AttSci IntrMo
Set Error Covariance of ShowIn RelaMo
Set Error Covariance of IntrMo RelaMo
Set Error Covariance of Reactic Determi
Set Error Covariance of ComSci Respec
Set Error Covariance of PopuSci ObSelf
Set Error Covariance of PopuSci Respec
Set Error Covariance of ExpSci SenSci
Set Error Covariance of AttSci ShowlIn
Set Error Covariance of ExpSci RelaMo
Set Error Covariance of Calcu RelaMo
Options: AD=OFF EF

Path Diagram

End of Problem

Sample Size = 1133

Covariance Matrix

RelaMo AchiMo IntrMo  Showln

Respec InterAc

RelaMo 0.54
AchiMo 0.32 0.43

IntrMo  0.29  0.31 0.46

Showln -0.29 -0.31 -0.37  0.58

Respec -0.23 -0.26 -0.32 0.36
InterAc  -0.32  -030 -0.36  0.37

Observ  0.00 -0.02 -0.04 0.03

Measur  -0.02 -0.02 -0.01 -0.01

Calcu 0.06 0.01 -0.01 -0.01
Classi  0.00 0.02 -0.01 -0.01
Space  0.05  0.02 -0.01 0.00

Manipu  0.02 0.02 0.02 -0.01

Post 0.00 -0.02 -0.01 0.01
Foreca -0.01 -0.02  -0.01 0.00
ObSelf  0.28 0.24 0.22 -0.22

0.56
0.35
0.05
0.01
-0.01
0.00
-0.01
-0.03
0.02
0.01
-0.18

0.96
0.04
0.06
0.00
0.01
0.05
0.01
0.10
0.05
-0.23
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Determi 030 029 0.27 -027 -0.25 -0.27
Reactic 033 034 032 -031 -0.30 -0.29
ComSci 027 024 019 -021 -0.16 -0.17
PopuSci  0.31 031 025 -025 -024 -0.23
SenSci  0.30 028 026 -026 -0.24 -0.25
AttSci  0.31 029 026 -0.28 -0.25 -0.24
ExpSci 031 030 026 -027 -0.21 -0.27
Covariance Matrix
Observ  Measur Calcu Classi Space Manipu

Observ  0.85

Measur  0.16 1.07

Caleu 0.13  0.17 1.15

Classi  0.11 0.17 0.16 0.96

Space  0.04 0.07 0.07 0.10 0.78

Manipu  0.02 007 0.10 009 0.12 0.89

Post 0.00 0.00 0.06 0.04 0.09 0.12
Foreca 0.02 0.02 0.08 0.02 0.07 0.07
ObSelf -0.01 -0.02 0.03 -0.01 0.02 0.02
Determi  -0.01 0.00 0.03 0.01 0.01 0.03
Reactic -0.01  0.03 0.03 -0.01 0.02  0.06
ComSci  0.04 0.01 0.07 0.04 0.04 0.01
PopuSci  0.00 000 008 006 0.05 0.05
SenSci  -0.01 -0.01 0.06 0.00 0.01 0.04
AttSci  0.00 -0.02 0.05 0.02 003 0.05
ExpSei -0.01 -0.03 0.00 -0.01 0.03 0.01
Covariance Matrix
Post Foreca ObSelf Determi Reactic ComSci
Post 0.93
Foreca  0.11 0.91
ObSelf 0.00 -0.02 041
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Determi  0.02  -0.02
Reactic ~ 0.01 -0.01
ComSci  0.00 0.01
PopuSci  0.06  0.03
SenSci  0.02 0.0l
AttSci  0.03  0.03
ExpSci  -0.03  -0.02

Covariance Matrix

PopuSci  SenSci

0.30
0.31
0.23
0.25
0.25
0.25
0.27

AttSci

PopuSci  0.68
SenSci  0.39  0.56
AttSci 0.37  0.35

ExpSci 024  0.25

Number of Iterations = 50

0.54
0.27

0.46
042  0.76
027 034
034 041
032 0.36
030 0.37
026  0.30
ExpSci
0.58

LISREL Estimates (Maximum Likelihood)

Measurement Equations

0.54

0.41
0.31
0.29

0.20

RelaMo = 0.57*Motivati, Errorvar.=0.20 , R[]I =062

(0.011)

18.49

AchiMo = 0.56*Motivati, Errorvar=0.12 , R[] =073

(0.018) (0.0067)

30.60

17.11

IntrMo = 0.55*Motivati, Errorvar=0.16 , R[] =066

(0.019) (0.0083)

28.33

18.70

ShowIn = 0.59*Interest, Errorvar.= 0.23 , R[] =0.60

(0.013)

17.23

Respec = 0.59*Interest, Errorvar.=0.21 , R[] =062

(0.025)
23.93

(0.014)
15.06
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InterAc = 0.58*Interest, Errorvar.=0.62 , R[] =035
(0.029) (0.029)
19.82 21.38
Observ = 0.28*Science, Errorvar.= 0.77 , R[| = 0.096
(0.037)
20.72
Measur = 0.40*Science, Errorvar.=0.91 ,R[] =0.15
(0.077) (0.049)
5.17 18.77
Calcu = 0.42*Science, Errorvar.=0.98 , RLI=0.15
(0.081) (0.053)
5.17 18.52
Classi = 0.38*Science, Errorvar.= 0.81 , R =0.15
(0.074) (0.044)
5.20 18.47
Space = 0.24*Science, Errorvar.=0.72 , RL1=0.074
(0.053) (0.034)
4.49 21.47
Manipu = 0.24*Science, Errorvar.= 0.83 , R[] =0.063
(0.055) (0.038)
432 21.83
Post = 0.090*Science, Errorvar.=0.92 , R[] =0.0089
(0.045) (0.039)
1.99 23.53
Foreca = 0.13*Science, Errorvar.= 0.89 , R =0.020
(0.047) (0.039)
2.86 23.22
ObSelf'= 0.46*Selfre, Errorvar.=0.20 , R[] =052
(0.018) (0.010)
26.11 19.24
Determi = 0.56*Selfre, Errorvar.=0.14 , R[] =0.69
(0.018) (0.011)
30.58 12.44

Reactic = 0.67*Selfre, Errorvar.=0.31 , R[] =059
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(0.024) (0.018)
28.20 16.73

ComSci = 0.50*Attitude, Errorvar.=0.28 , R[] =047
(0.020) (0.014)
24.57 20.08

PopuSci = 0.63*Attitude, Errorvar.=0.28 , R[] =0.58
(0.022) (0.016)
28.54 18.20

SenSci = 0.56*Attitude, Errorvar.=0.24 , R[] =057
(0.021) (0.014)
27.19 17.29

AttSci = 0.57*Attitude, Errorvar=0.21 ,R []=0.61
(0.019) (0.011)
29.95 18.95

ExpSci = 0.49*Attitude, Errorvar.=0.34 ,R []=041
(0.022) (0.016)

22.52 20.75

Error Covariance for IntrMo and RelaMo = -0.02
(0.0070)
-2.42
Error Covariance for ShowIn and RelaMo = 0.042
(0.0088)
4.74
Error Covariance for ShowlIn and IntrMo = -0.05
(0.0082)
-6.21
Error Covariance for Respec and RelaMo = 0.093
(0.0096)
9.64
Error Covariance for Respec and AchiMo = 0.055
(0.0075)
7.30

Error Covariance for InterAc and AchiMo = 0.017



(0.010)
1.68
Error Covariance for InterAc and IntrMo = -0.05
(0.012)
-3.95
Error Covariance for InterAc and ShowIn = 0.018
(0.015)
1.23
Error Covariance for Calcu and RelaMo = 0.043
(0.015)
2.86
Error Covariance for Space and RelaMo = 0.036
(0.012)
2.88
Error Covariance for Post and InterAc = 0.079
(0.022)
3.53
Error Covariance for Post and Manipu = 0.090
(0.027)
3.34
Error Covariance for Foreca and Post = 0.082
(0.027)
3.04
Error Covariance for ObSelf and RelaMo = 0.030
(0.0068)
438
Error Covariance for Determi and ObSelf = 0.036
(0.0075)
4.78
Error Covariance for Reactic and Determi = 0.040
(0.011)
3.60

Error Covariance for ComSci and IntrMo = -0.04
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(0.0069)
-6.41
Error Covariance for ComSci and Respec = 0.042
(0.0093)
4.47
Error Covariance for PopuSci and IntrMo = -0.03
(0.0071)
-4.61
Error Covariance for PopuSci and Respec = 0.018
(0.0096)
1.86
Error Covariance for PopuSci and Post = 0.046
(0.015)
3.11
Error Covariance for PopuSci and ObSelf = -0.03
(0.0071)
-3.91
Error Covariance for PopuSci and ComSci = 0.087
(0.012)
7.52
Error Covariance for SenSci and Determi = 0.022
(0.0061)
3.68
Error Covariance for SenSci and ComSci = 0.021
(0.0099)
2.11
Error Covariance for SenSci and PopuSci = 0.036
(0.011)
3.28
Error Covariance for AttSci and IntrMo = -0.02
(0.0064)
-2.80
Error Covariance for AttSci and ShowIn =-0.02

(0.0079)
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-2.54
Error Covariance for AttSci and SenSci = 0.028
(0.0091)
3.05
Error Covariance for ExpSci and RelaMo = 0.038
(0.0096)
3.99
Error Covariance for ExpSci and AchiMo = 0.044
(0.0077)
5.67
Error Covariance for ExpSci and ShowIn = -0.03
(0.0090)
-3.73
Error Covariance for ExpSci and ObSelf = 0.050
(0.0084)
5.99
Error Covariance for ExpSci and ComSci = -0.04
(0.010)
-4.19
Error Covariance for ExpSci and PopuSci = -0.07
(0.011)
-6.35
Error Covariance for ExpSci and SenSci = -0.03
(0.0095)
-2.78

Structural Equations

Motivati = 0.41*Attitude + 0.51*Selfre, Errorvar=0.17 ,R [1=083

(0.16) (0.16) (0.020)
2.62 3.21 8.67

Interest = - 1.48*Motivati + 0.58*Attitude,, R[] = 1.00
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(0.096) (0.085)
-15.48 6.80
Science = 0.60*Motivati + 0.60*Interest, Errorvar.= 0.98 , R[] =0.025
(0.23) (0.24) (0.29)
2.57 2.53 3.41
Reduced Form Equations
Motivati = 0.41*Attitude + 0.51*Selfre, Errorvar.=0.17, R [1=0.83
(0.16) (0.16)
2.62 3.21
Interest = - 0.034*Attitude - 0.75*Selfre, Errorvar.= 0.38, RLI=0.62
(0.23) (0.23)
-0.15 -3.31
Science = 0.23*Attitude - 0.15*Selfre, Errorvar.=0.99, R[] =0.010
(0.094) (0.076)
2.40 -1.91

Correlation Matrix of Independent Variables

Attitude  Selfre

Attitude 1.00

Selfre ~ 0.95 1.00
(0.02)
59.19
Covariance Matrix of Latent Variables

Motivati Interest Science Attitude Selfre

Motivati 1.00
Interest  -0.97 1.00
Science  0.02  0.02 1.00
Attitude  0.89 -0.75  0.09 1.00
Selfre 090 -0.78 0.07  0.95 1.00

Goodness of Fit Statistics
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Degrees of Freedom = 167
Minimum Fit Function Chi-Square =271.47 (P = 0.00)
Normal Theory Weighted Least Squares Chi-Square =273.73 (P = 0.00)
Estimated Non-centrality Parameter (NCP) = 106.73
90 Percent Confidence Interval for NCP = (65.27 ; 156.10)
Minimum Fit Function Value = 0.24
Population Discrepancy Function Value (F0) = 0.094
90 Percent Confidence Interval for FO = (0.058 ; 0.14)
Root Mean Square Error of Approximation (RMSEA) = 0.024
90 Percent Confidence Interval for RMSEA = (0.019 ; 0.029)
P-Value for Test of Close Fit (RMSEA < 0.05) =1.00
Expected Cross-Validation Index (ECVI) = 0.39
90 Percent Confidence Interval for ECVI = (0.36 ; 0.44)
ECVI for Saturated Model = 0.45
ECVI for Independence Model = 25.22
Chi-Square for Independence Model with 231 Degrees of Freedom = 28510.09
Independence AIC = 28554.09
Model AIC = 445.73
Saturated AIC = 506.00
Independence CAIC =28686.81
Model CAIC = 964.54
Saturated CAIC = 2032.25
Normed Fit Index (NFI) = 0.99
Non-Normed Fit Index (NNFI) = 0.99
Parsimony Normed Fit Index (PNFI) = 0.72
Comparative Fit Index (CFI) = 1.00
Incremental Fit Index (IFT) = 1.00
Relative Fit Index (RFI) = 0.99
Critical N (CN) = 886.86
Root Mean Square Residual (RMR) = 0.020
Standardized RMR = 0.027
Goodness of Fit Index (GFI) = 0.98
Adjusted Goodness of Fit Index (AGFI) =0.97

Parsimony Goodness of Fit Index (PGFI) = 0.65
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The Modification Indices Suggest to Add the
Path to from  Decrease in Chi-Square New Estimate
IntrMo  Interest 12.3 -0.34

Determi  Attitude 10.2 -0.43

The Modification Indices Suggest to Add an Error Covariance
Between and Decrease in Chi-Square New Estimate
ObSelf Respec 17.3 0.03

AttSci  Determi 8.2 -0.02

Total and Indirect Effects
Total Effects of KSI on ETA
Attitude  Selfre
Motivati  0.41 0.51
(0.16) (0.16)
2.62 321
Interest -0.03  -0.75
(0.23) (0.23)
-0.15  -3.31
Science 023 -0.15
(0.09) (0.08)
240  -1.91

Indirect Effects of KSI on ETA

Attitude  Selfre
Motivati -- --
Interest  -0.61 -0.75

(0.25) (0.23)
-249 331

Science 0.23  -0.15



(0.09) (0.08)
240 -1.91
Total Effects of ETA on ETA

Motivati Interest Science

Motivati -- -- --

Interest  -1.48 -- --
(0.10)
-15.48

Science  -0.29  0.60 --
(0.13) (0.24)
-2.25 2.53
Largest Eigenvalue of B¥B' (Stability Index) is
Indirect Effects of ETA on ETA

Motivati Interest Science

Motivati -- -- .-
Interest -- -- .-
Science  -0.88 -- .-
(0.34)
-2.59
Total Effects of ETAon'Y

Motivati Interest Science

RelaMo  0.57 -- --
AchiMo  0.56 -- --
(0.02)
30.60
IntrMo  0.55 -- --
(0.02)
28.33
ShowIn -0.87  0.59 --
(0.06)
-15.48

2.615
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Respec  -0.87  0.59 --
(0.06) (0.02)

-1499 2393
InterAc  -0.86  0.58 --
(0.06) (0.03)

-13.78  19.82
Observ  -0.08 0.17  0.28
(0.04) (0.07)

-2.25 253
Measur  -0.11 0.24 0.40
(0.05) (0.09) (0.08)
-229 259 517
Caleu -0.12 025 042
(0.05) (0.10) (0.08)
-2.30  2.60  5.17
Classi  -0.11 023  0.38
(0.05) (0.09) (0.07)
-229 259 520
Space -0.07 0.14 0.24
(0.03) (0.06) (0.05)
222 249 449
Manipu -0.07 0.14  0.24
(0.03) (0.06) (0.06)
-2.19 245 432
Post -0.03 0.05 0.09
(0.02) (0.03) (0.05)
-1.55 1.63 1.99
Foreca -0.04  0.08 0.13
(0.02) (0.04) (0.05)
-1.90  2.06 2.86

Indirect Effects of ETA on' Y
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Motivati Interest Science

RelaMo -- -- -
AchiMo -- -- .-
IntrMo -- -- --
Showln  -0.87 -- -
(0.06)
-15.48
Respec  -0.87 -- -
(0.06)
-14.99
InterAc  -0.86 -- .-
(0.06)
-13.78
Observ  -0.08 0.17 .-
(0.04) (0.07)
-225 253
Measur  -0.11 0.24 _-
(0.05)  (0.09)
-229 259
Calcu  -0.12 0.25 --
(0.05) (0.10)
-2.30  2.60

Classi  -0.11 0.23 --
(0.05)  (0.09)
-229 259

Space  -0.07  0.14 --
(0.03)  (0.06)
-2.22 249

Manipu  -0.07 0.14 --
(0.03)  (0.06)
-2.19 245
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Post  -0.03 0.05 --
(0.02) (0.03)
-1.55 1.63

Foreca -0.04  0.08 --
(0.02) (0.04)
-1.90  2.06

Total Effects of KSI on' Y

Attitude  Selfre
RelaMo  0.24  0.29
(0.09) (0.09)
2.62 321
AchiMo 023  0.28
(0.09) (0.09)
2.62 322
InttMo  0.23  0.28
(0.09) (0.09)
2602 321
ShowIn -0.02 -0.44
(0.13) (0.13)
-0.15  -3.31
Respec  -0.02 -0.44
(0.13) (0.13)
-0.15  -3.31
InterAc  -0.02 -0.43
(0.13) (0.13)
-0.15  -3.28
Observ  0.06 -0.04
(0.03) (0.02)
240 -1.91
Measur  0.09 -0.06
(0.04) (0.03)
246  -1.93



Calcu  0.09 -0.06
(0.04) (0.03)
246 -1.94
Classi  0.09 -0.06
(0.04) (0.03)
246 -1.94
Space  0.05 -0.03
(0.02) (0.02)
237 -1.89
Manipu  0.05 -0.03
(0.02) (0.02)
234  -1.87
Post  0.02 -0.01
(0.01) (0.01)
1.60 -1.42
Foreca  0.03 -0.02
(0.02) (0.01)
1.99 -1.68

Time used:

0.203 Seconds
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Degrees of Freedom = 167
Minimum Fit Function Chi-Square =271.47 (P = 0.00)
Normal Theory Weighted Least Squares Chi-Square = 273.73 (P = 0.00)
Estimated Non-centrality Parameter (NCP) = 106.73
90 Percent Confidence Interval for NCP = (65.27 ; 156.10)
Minimum Fit Function Value = 0.24
Population Discrepancy Function Value (F0) = 0.094
90 Percent Confidence Interval for FO = (0.058 ; 0.14)
Root Mean Square Error of Approximation (RMSEA) = 0.024
90 Percent Confidence Interval for RMSEA = (0.019 ; 0.029)
P-Value for Test of Close Fit (RMSEA < 0.05) =1.00
Expected Cross-Validation Index (ECVI) = 0.39
90 Percent Confidence Interval for ECVI = (0.36 ; 0.44)
ECVI for Saturated Model = 0.45
ECVI for Independence Model = 25.22
Chi-Square for Independence Model with 231 Degrees of Freedom = 28510.09
Independence AIC = 28554.09
Model AIC = 445.73
Saturated AIC = 506.00
Independence CAIC =28686.81
Model CAIC = 964.54
Saturated CAIC = 2032.25
Normed Fit Index (NFI) = 0.99
Non-Normed Fit Index (NNFI) = 0.99
Parsimony Normed Fit Index (PNFI) = 0.72
Comparative Fit Index (CFI) = 1.00
Incremental Fit Index (IFT) = 1.00
Relative Fit Index (RFI) = 0.99
Critical N (CN) = 886.86
Root Mean Square Residual (RMR) = 0.020
Standardized RMR = 0.027
Goodness of Fit Index (GFI) = 0.98
Adjusted Goodness of Fit Index (AGFI) =0.97

Parsimony Goodness of Fit Index (PGFI) = 0.65



