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Abstract

The purpose of this study was to investigate the effects of science class using collative variables on
elementary school students’ curiosity, interest about science and attitudes toward science. The experimental
group was taught by strategies using collative variables, while the control group was taught by the
traditional teaching method. The results indicated that the science class using collative variables improved
students’ interest about science and attitude toward science, especially general affection toward science,
enjoyment and self-efficacy toward science learning. The results of this study are meaningful in that it
discussed the educational effects of science class using collative variables and provided implications of using
collative variables in science learning that have not been studied much in the field of education so far.
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Experimental group : O1 Xi O2
Control group O3 X2 O
Pre-test (O1, O3) : Curiosity , Interest, and

Attitude test
- X1 : Science class using collative variables
- X2 : Science class presented in the
teacher's guidebook
- Post-test (02, O4) :
Attitude test

Curiosity, Interest, and

[Fig. 1] Experimental design for this study.
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<Table 1> Examples of revising attitudes toward
science questionnaire

Revised version in this
study

Original version
(Choi et al., 2007)

I am interested in articles
about the development of
science and technology in

I am interested in articles
about the development of
science and technology in

newspapers. _ the mass media.
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I enjoy watching I enjoy watching science

science programs on programs on TV or the

TV. Internet.
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I can predict what
changes will occur in
the living environment
of creatures by restoring
the Cheonggyecheon.
(th= BAACCHE
BTEORA

I can predict what
changes will occur in

the living environment of
creatures if the river is
restored.
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<Table 2> Number of items per sub-scale of

attitudes toward science questionnaire
and internal consistency

# of Cronbach «
Scale Sub-scale . -
1tems pre-test post-test
Cognition Academic/vocational 0.684 0788
about value ’ ’
value of Social value 3 0.845 0.931
science Individual value 4 0.806 0.829
General afff:ctlon 0.924 0946
toward science
Selfjconcept tqward 0.843 0.881
Affection science learning
toward 'sc1ence A.nx1ety tovx'lard 0857 0.842
& science science learning *
learning Eni tt
njoyment toward 0.863 0.905
science learning
Self-.efﬁcacy tqward 0.838 0785
science learning
Conational
1.3artlc.1p at.1on I.’art%mpatlol? .H.l 0.855 0.859
in scientific  scientific activities
activities
Total 33 0.949 0.951
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<Table 3> Themes and main contents of class by periods

Period Themes of class

Main contents of class

1 Blowing out candles with air cannon

Making an air cannon and blowing out the candles.

2 What happens when the materials burn?

Light and heat are generated when candles and alcohol burn.

3 What does the materials require to burn? (1) Oxygen is needed when a candle burns.

4 What does the materials require to burn? (2)

For the materials to burn, a temperature above its ignition point
is required. And the ignition point is different for each material.

5  What happens after the materials burn?

Water and carbon dioxide are produced after a candle burns.

6  What should we do to put out the fire?

Find various ways to put out the fire.

7 What should we do if a fire breaks out?

Find out how to deal with a fire in the fire breaks out.

_92_



20|, A3

Bizof o|xl=

<Table 4> Strategies of instruction for providing collative variables by class stage

Class stage  Strategies Strategies of instruction
I-1 Presenting experiments or videos related to the contents of the class
Instruction
12 Questioning a learning question that students can feel the knowledge gaps
D-1 Asking some questions that arouse conceptual conflicts related to the class’
Development experiments
Velop D2 Presenting challenging tasks that students can solve related to the contents of the
class
C-1 Presenting novel multimedia or experiments related to the contents of the class
Closing
C-2 Presenting videos or photos that lead to anticipation for the next class
<Table 3>3} o] 2G8 63hd 2817 3dbgl  3fo] §12 XASSITE <Table 5>of 72440l
‘Aot Asp oA Y E FAE FE 0 AA ZF 9AE ofd R w1 i ASS
B9 B AN BROR SE AU 4 A8 RIS ATIILA AN, S
AT Aetegd <Table 4>9F 2o v 2RA]  EFoly SAEY A AA FEE Lo
g %9l N, el Al SAR FRelel 24w HAT AVl 5713 U AT AT
Aeket 714 f ASE Ha 18] o) AlE (Jirout et al, 2018).
<Table 5> Contents of strategies and related collative variable in this study
1
Period Strategies Contents of Strategies Types ReC{a]t:d
I-1  Showing that blowing out a candle by pressing a paper box with a hole. Experiment N, S
D1 “Why isn't this cut-balloon placed on the body of the PET bottle?” Questioning D, I, P
1 D2 “Will the power of an air cannon vary depending on the size of the PET bottle?”  Questioning C, U
C-1  Showing a video of smoke coming out of an air cannon. Video N, S
C-2  Presenting content related to the origin of fire. Video N
I-1  Presenting content related to the origin of fire. Video N, S
122 "What is combustion?" Questioning 0]
Showing the wick igniting when a flame is brought to the smoke of an extinguished
5 D2 candle. Experiment, C, N, P,
“Why does the wick catch fire when a flame is brought to the smoke of an Questioning S, U
extinguished candle?”
C-1  Presenting a candle in vacuum. Video, NS
C2  “Why is not there a fire in space?” Questioning ’
L1 Presenting no fire in vacuum. “Why did it catch fire at first and then not catch fire Video, D, I, N,
later?” Questioning P, S
Showing how small the candle looks when you cover it halfway with a small glass.
D2 “If you lift the glass, the candle will bigger. Why is that?” Experiment, CS U
3 Dropping flour on a candle to show how the fire gets bigger. “Why did the fire get Questioning —~
bigoer?”
C-1  Presenting no fire in no oxygen. Video N, S
- (l;r:se:ﬁng a scene where the oil(diesel) does not catch on fire even though there is Viko, A, D, L
yeen. Questioning P, S

“Why is not igniting?”
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Showing a scene where the paper doesn't burn even if the paper is lit on fire.

[-1  (""the paper soaked in a solution of ethanol and water) “Why didn't the paper catch
fire?”
Showing the Sparkler not extinguishing the fire under water("."the sparkler was

Experiment, D, I, N,
Questioning P, S

4 D2 wrapped in oil paper.) and a balloon filled with water does not burn even if it's gxupezn@L A S’ 5
heated up. “Why is that?” esonme
C-1  [Related to the former-class] Presenting why the oil(diesel) does not catch on fire. Video N, S
C-2  Showing a decrease in size when burning candles. Photo A U
. Pr@enting a decrease in size when buming candles and alcohol is reduced after Video AU
heating an alcohol lamp.
12 “Why did the size of candles or amount of alcohol decrease after burning?”’ Questioning I, P, U
“Why should you pick up the cobalt chloride paper with tweezers or gloves, not with .
3 D your hands?”, “Why is it not so well observed that limewater is cloudy?” Questioning C, D, 1, U
C-1  Presenting what is produced after the steel wool burned. Video N, S
ca ‘Are t}iere other ways to blow out a candle other than blowing it out with your Questioning C
mouth?
. o . D, L N,
I-1  Showing a candle that won't go out even if it blows. Experiment P, S
122 “I blew the candle, but why won't it blow out? How can I blow out this candle?”  Questioning C, U
“Will it grow of extinguish if I put a fire in a collecting bottle mixed with oxygen
6 D2 and carbon dioxide?” Questioning, cu
Presenting the scene of bringing a fire to a collecting bottle mixed with oxygen and  Video ’
carbon dioxide.
Cl “What would happen if we wrap this candle in aluminum foil and lit it?” Questioning, CNU
Showing a candle wrapped in aluminum foil and lit it up. Video C
I-1  Presenting the use of water or powder extinguisher in fire caused by oil. Video N, S

, 2 ﬁf; ?t’f’zere is fire, how should it be dealt with the fire depending on the type of the Questioning  C, U

D2 “Will it be safe to evacuate to the bathroom when there is fire at home?” Questioning C, U
C-1  Presenting how dangerous a fire can be when it handled inappropriately. Video N, S

* 1 CV=collative variables, A=ambiguity, C=challenge, D=disequilibrium, I=incongruity, N=novelty,
P=puzzling, S=surprisingness, U=uncertainty
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J_I-ﬂ | H'_ = | O“ | |'_ ee <Table 6> Means and standard deviations of

pre-test and post-test on curiosity
about science by group
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<Table 7> Means and standard deviations of

pre-test and post-test on interest about
science by group

Pre-test Post-test t o)
M SD M SD &
Experimental -3.919 (.000)
20.13 4.93 23.26 6.
Group (N=39) 0.13 493 2326 6.03 i

Control Group
20.03 6.34 2048 6.10 -1.133 (.264
(N=40) (:264)
2.039
.081 (.
t (p) 081 (.936) (045)*

*p < .05, ** p < 001
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<Table 8> Means and standard deviations of
pre-test and post-test on attitudes
toward science
Pre-test Post-test
Growp  y""sp M sp P

Experimental 4698

Group  110.87 18.25 118.54 16.79

(N=39) (.000)***
Control

Group  107.38 24.31 108.85 24.76 -1.225(.228)
(N=40)

t(p) 722 (473) 2.030 (.046)*
¥ p < .05, %% p < 001
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<Table 9> Means and standard deviations of pre-test and post-test on sub-scales of attitudes toward

science by group

Pre-test Post-test
Scale Sub-scale v ) M ) t (p)
. Experimental Group (N=39) 14.23 2.25 15.31 2.85 -2.300 (.027)*
Academic/vocat
. Control Group (N=40) 13.33 3.16 1398  3.04 -2.393 (.022)*
ional value
t (p) 1.464 (.147) 2.009 (.048)*
Experimental Group (N=39) 12.36 2.54 12.18 2.60 477 (.636)
Social value Control Group (N=40) 11.90 2.66 12.10 2,66  -.624 (.536)
Cognif bout t (p) 784 (.435) 134 (.894)
OSTILON 8500 N Experimental Group (N=39) 1436 3.17 1459 275  -705 (485)
value of science Individual
value Control Group (N=40) 13.63 3.55 1428 343 -1.595 (.119)
t (p) 969 (.336) 449 (.655)
Experimental Group (N=39) 40.95 6.63 42.08 6.50 -1.376 (.177)
Total Control Group (N=40) 38.85 8.29 40.35 8.00 (-542;2:
t (p) 1.241 (.218) 1.052 (.296)
. -4.553
General Experimental Group (N=39) 12.56 3.79 14.36 3.52 (000)***
ffecti i
atiection Control Group (N=40) 1173 458 1198 463  -745 (461)
toward science
t (p) .886 (.378) 2.570 (.012)*
Self-concept . _ -2.895
toward Experimental Group (N=39) 12.08 3.39 12.95 3.24 (006)**
science Control Group (N=40) 11.58 3.83 11.50  3.88 314 (.755)
learning t (p) 616 (.540) 1.799 (.076)
Anxiety toward Experimental Group (N=39) 12.82 3.53 12.41 393 .649 (.520)
) science Control Group (N=40) 14.05 3.23 14.20 337 -.337 (.738)
Affection :
X learning t (p) -1.615 (.111) -2.177 (.033)*
toward science -~ 4.585(.000
& science ’;J"ym;m Experimental Group (N=39) 13.79 272 1572 261 **(;ﬁ )
learnin; owar
g science Control Group (N=40) 1278  3.79 1230 394  1.542 (.131)
learning t (p) 1.371 (.174)  4.539 (.000)***
Self-efficacy . _ -3.188
toward Experimental Group (N=39)  9.67 2.81 10.90 2.42 (003)**
science Control Group (N=40) 9.55 2.85 9.65 2.57 -384 (.703)
learning t (p) .183 (.855) 2.225 (.029)*
. -4.653
ol Experimental Group (N=39) 60.92 1142  66.33 9.67 (000)+**
ot Control Group (N=40) 59.68 1545 59.63 1583  .059 (.953)
t (p) 407 (.685) 2.266 (.026)*
i . -2.767
Conational i ipation in Experimental Group (N=39) 9.00 297 1013 2.8
participation in scientific (.009)**
scientific activities Control Group (N=40) 8.85 2.93 8.88 315 -.073 (.942)
activities t (p) 226 (.822) 1.846 (.069)

* p < .05, ¥ p < .01, *** p <001
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