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The purpose of this study is to explore the relationship between motivational belief about learning science,
self-directed learning ability and conceptual understanding of matter change with a quantitative method,
assuming that motivational belief and self-directed learning ability might affect conceptual understanding.
To do this, the authors investigated middle school students’ motivational belief about learning science,
self-directed learning ability, and conceptual understanding of matter change using measurement tools
based on previous studies, and then analysed the casual relationship between three variables using PLS
structural equation model. As a result, three latent variables in this study could be evaluated as appropriated
in reliability and validity. And also, self-directed learning ability could affect both the motivational belief
and conceptual understanding, while motivational belief could affect only self-directed learning ability
but not conceptual understanding. Through this study the authors confirmed that in the context of science
learning self-directed learning ability can directly affect conceptual understanding but motivational belief

can affect indirectly. This study is significant in that the causal relationship between different variables
in science learning could be confirmed in a quantitate manner, and also in that it can suggest PLS structural
equation method as a new research methodology in science education research area.
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Effect of Motivational Belief about Learning Science and Self-Directed Learning Ability on Middle School Students’ Conceptual Understanding of Matter Change

Table 1. The structure of survey tool for motivational belief in learning science

Dimension Meaning Example Numbers of items Reliability (Cronbach’s alpha)
Expectation Beliefs about.one s ability of I expect I can gfet a good .grade in a test 7 914
performance in science tasks of science subject.
Beliefs about the aim and value of = The knowledge that I can learn in
Value . . . . 8 921
learning science science lesson is important for me.
Table 2. The structure of measurement tool for self-directed learning ability
Dimension Meaning Example Numbers of items Reliability (Cronbach’s alpha)
cognitive control Using cognitive strategy for As I study I first review and summarize 6 877
self-regulated learning the whole content.
L .. . .1 like to learn because there are many
motivational control Volition for learning and problem solving . ) 6 .808
things that I haven’t known.
behavioral control ~ Using tool and ability for cooperation I'can get help from teachers or friends 6 .853
as | study.
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Table 3. The structure of survey tool for motivational belief in learning science

Dimension Meaning Numbers of items (descriptive) Reliability (Cronbach’s alpha)
Chemical change Understanding about chemical or physical change of matter 2(2)
Mass conservation Understanding about conservation of mass in chemical reaction 4(4) 978
Constant composition  Understanding about constant composition in chemical reaction 3(3)

127



Im & Kim
3. &M g
7 PLS FEHAAEY

o] dFoME= Z HEY
(descriptive statistics) S 2183}
FESH] ool R ARE
13} A olafiet B> W] AL At —“%‘*—3— olEriaL 75|
o1§7] mZoll FAikcovariance) T4 T4l F2 2 AlEgL
(partial least square)2 E-8-5= PLS G214 (structural equation
model)& &5}tk PLS Z 2R Aolgle B2l PLS JLRH
A2 LISRELO|L} AMOS$} Zo] g4k 7]6ke] 7] il Al
@ w4 71l Hste] A2 #d A7|5 86k vt EES
°1—r‘i AzEe] tigt MEES 2eehe Y Aol Relstod
HAZQ] toll At o= F7hEAL QItt (Henseler & Sarstedt,
2013). wFepd F2 e AjEIIT 0] PLS LAY RFS A
T} glont Fehmgst Aol WA AaT 34 ol

PLS ZZ2HAAIHEH L ﬂ—,—EUﬂo(outer model) ¥} U5 &(inner
model) o2 FAEl0] otk MBS PEWS Er Zgus
(manifest variables)?} o]¢} % FQ—ZH H2>(latent variables)@}F] I+
Aol sk mgo=z ixqEﬁﬂ(measurement model)oltﬂ-jli 2}
= 2H 24 718 2 Ajo] B HSo| she] Ams 14
o 4 gl o W) PEWSEI WSS BAZ sprmol
2} 3l of AolA Tsteigol et B712 Aldolek A
7h 2] ofok 524l sk 10} A1} Sojots 1) 4
gt 7R Aldolehs 5 717 BgR AR Ao| oRugel

ek 2 4 2lek fASI, o Aol A Sheseplels
A= 0] 23, 7] 24, 3% ZHolgk=s HEHLER
skl slerd, 3 W8 14 ol SR P
Hstet stekA] Hslol| gt FHE, AF HES] HZof tigl ofsl, YA
g2ule] J2lof digt ofsf Fo #ESHrER H

Wi AAeE 2Ee) dAo
(structural model)o|g} e Bt o &
£ SIS i 5719 g, A1 s, 24 sl
tigt 7 olsl & & 37FAIIH] o] Al ¥
B o] o] istel W Bl o 4 am.

st b7l S8l 7S
o, tiEo] WS JINIAIS
= 3] o] AtollA=

rir

L. PLS F2R7EARF| 37

-

71&

PLS 2P A 0] k= 9bA] Qe oyt Uiy
o] IS Frlsl= Aow JEL S ik WA, oRmy Brjet
PESHPET} GRS 710] TATE At BigRIRE Bk A
& Sujditt. Zzre] A4 dop EP:POW SAHAAE
Brlshe o] Prt Ve AAUSE FHshe uSHTE

off Tk Al=|=et efgteoleh. Al#|wo] 9 HFA] Al== 7t

w20l YA U3k AlE] T (internal consistency reliability) H7 4]
O 32 x F24H}5 Uul(Cronbach’s alpha) A4S H7} JEOZ 517
U 33 A1E] = (composite reliability)2hal e H 2= dH-Z 5 AER]
22(Dillon-Goldstein’s tho) A4S ARE3IT) FHAJAIFE A Y7

128

d Bl 7k = Aoy AEHEE dupAleT) B S
A3E0] T A= 4= Qlrk= 71 slefl Aol HPOW aF
R %@XIE—S— | A= e AARFYE aeiste] Aede
Ao ZE2HE dubAle Bt vl Al
e grigEog: %7}5].12 O‘E](Henseler et al., 2009). A&Q]
7S flov AEntE dut Al 2 AIEE A7t 0.7 o
Q735 1 mgo] Aglsittal & 4= Qe WSHeEe] didt B
B7H= ASEF T (convergent validity) 2! HHEFG=(discriminant
validity) 2 23 % Itk WFEFEL S TS| AUSE
off thgt A= freldell Wit B7k=A SgA1ES2 tvaluet
1.96 oJAto|H Elgsitiy Hrlsh, Sl ZF ZxjHed s
253 Sl 24RES] AAfo] the AASEIAo) of5 54
As52] AR Hla) T3 A A el
She gromAl shela] ol ARk Adoltk
YR BjRk ol qiolN AR HAGE The) Qlak
7} odnht efekabo] dist Wk & FEE tg Wkg ojnje
ok WiFEgol F7k= BRAl digk B7E 2AAS Reol tigt
A 8 By Ageo] tigt B7F Sol 23E: H=AG(path
coefficients)ol] et B7h= FAHE 119 QiAo thgt H7k=
A ARAR| Eet F77 S AR B BARR 7R
2 AHET Glou, o] ATBelA ARARY] S AP
TR 1 4319 BAE 0] SR (pvalue) TR HRe| ElpS
Frlstal ik PLS FRAARYFEA A FA2ATES] Fod
< FEXAEd (bootstrap) HET WAl B3t ARAG A9 W
APl LIt tvalue s o83t H7FstH, tvalue7} 3.1 ool
i 2] = p < 0.01 FEolA EfgsiaL Eﬂ7}f’“¢} AAG RO
et B7he o Ao WA Al diet dges
ERE 71 P flo, ARATtel wk=H R glo] 0.19:h 2
- Adrggo] el 0.33~0.67 Afol= F3E, 0.67 ol drg o]
Ao H7kd 4= Iei(Chin, 1998). 2] #ghwo] tisfr=
719 At AR A o] At A4 =, GoF (Goodness
Zhe darskal qlou djA]l 7)ol

PLS 24| n e 283t dqtso] g5atol uet o]E A
3}7] 915 SmartPLS, PL
S0l MEE e, o] Atois T ) AZE0))] RS &8
SIATE RS BA| 271 ¢ofel S¢lo] 7|ike = whsoidl F4
2 g QR eI Adojojat e AZES] gholrk
FAHE 2 FHE t)sho] Ross lhaka?} Robert Gentlemano] 23]
Al R 70 3ol A s Halo] Fisiol A4
3 slenl, 1A Aol Bolsil 42 A SediclE Ay
L g wo| &85} R2 ke 71252 &Y oAl ol 3=
2}o] A 2(General Public License) 3fof] F-a2 2 HjEE o] LutlEo]

A AREEIL lom, RS 913t ©Z A-AY(open source) LA E oA
L AR} A RS S5 98 IS Ak S A

A7) gistel WA §5 AL YAIE CRAN (The



Effect of Motivational Belief about Learning Science and Self-Directed Learning Ability on Middle School Students’ Conceptual Understanding of Matter Change

Table 4. The distribution of motivational belief in learning science

Dimension Female Male Mean
(S.D.) (S.D.) (S.D.)

Expectation 3.14 3.00 3.08
pectatiof (91) (.88) (.89)

Value 3.39 327 3.33

(.88) (.83) (.86)

Total 324 3.12 3.18

(.84) (.83) (.83)
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Table 5. The distribution of self-directed learning ability
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Dimension Female e P
(SD.) (SD) (SD)

Cognitive control 3.16 > S
& (.88) (81) (.84)
o 3.15 3.11 3.13
Motivational control (.80) (.70) (.75)
. 3.36 3.40 3.38
Behavioral control (84) (71) (.78)
Total 322 2 T
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Table 6. The distribution of ratio of correct answers for understanding about matter change

Domain Female Male Mean
(S.D.) (S.D.) (S.D.)
. 52 51 52
Chemical change (33) (37) (39)
Mass conservation 32 29 30
) (20) (:29) (21)
Ratio of correct answers
Constant composition 33 30 3l
P (35) (29) (33)
36 34 35
Total (17) (18) (17)
. .19 .09 .14
Chemical change (33) (37) (28)
Mass conservation 12 11 A1
. . (20) (29) (19)
Ratio of correct reasoning
Constant composition 09 07 08
P (35) (29) (18)
13 .09 11

Total

(17) (.15) (.16)
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Latent variable (abbrev.) C.alpha DG.rho Evaluation

Motivational belief (PM) 946 .952 valid
Self-directed learning ability (PS) 934 942 valid
Conceptual understanding (PC) 978 .989 valid
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Table 8. Path coefficients for model 1

Path Original Mean.Boot Std.Error t-value Evaluation
PM — PS .696 .700 .043 16.142 valid (> 3.1)
PM — PC -.005 -.009 .006 -.076 invalid (< 3.1)
PS — PC .859 .863 .049 17.378 valid (> 3.1)
Table 9. R? for exogenous variables of model 1
Variable Original Mean.Boot Std.Error Explanation power
PS 484 493 .060 moderate (.33 — .67)
PC 733 736 .035 high (>.67)
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Table 10. Path coefficients for model 2
Path Original Mean.Boot Std.Error t-value Evaluation
PS — PM 696 703 039 17.695 valid (> 3.1)
PS — PC 859 860 047 18.204 valid (> 3.1)
PM — PC -.005 -.006 .062 -.079 invalid (< 3.1)
Table 11. R? for exogenous variables of model 2
Variable Original Mean.Boot Std.Error Explanation power
PM 484 496 .055 moderate (.33 — .67)
PC 733 736 032 high (>.67)
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Figure 1. Summary of path analysis of latent variables
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