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ABSTRACT. On this study, the adaptive level teaching & learning program in chemical experiment was developed
and applied to research the effect on scientific inquiry achievement of middle school students on the basis of analyzing
the chemistry part of the science textbook in the 7th curriculum. According to the result of ANCOVA, there was sig-
nificant differences (p<0.05) between the experimental group and the control group and the adaptive level teaching &
learning program in chemical experiment was effective to foster the science process skills. ANCOVA was also a sig-
nificant difference (p<0.05) between the experimental group and the control group to investigate on the purpose of rec-
ognizing the application effect about the change of the scientific aptitude using the adaptive level teaching & learning
program in chemical experiment. Accordingly, it was considered that the adaptive level teaching & learning program in
chemical experiment proved effective to foster science process skills and scientific aptitude.
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Table 1. The properties of chemistry experiment topics developed and applied by this study.

Major unit Experimental topics Related chemical concepts
How does lodine take state change process? Vaporization, Liquefaction,
How does volume and mass change during Solidification, Fusion,
The state . . L
h ¢ changing of state in ethanol? Sublimation
change o . .
maier Knowing relationship between state change Heat Energy (Heating, Cooling)
and volume of the matter Molecular Arrangement

Experimenting state change of the matter using dry ice

(Mass, Volume)
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| Major Unit : The State Change of Matter _

Inquiry Activity-1

Experimental Topics : How does iodine take state change process?

Pre-discussing

A student broke the bottle of iodine to prepare
iodine solution for starch-iodine reaction experiment
in science class. Teacher told student to sweep up
together broken glass and iodine into beaker and
said, "Is there the method only to select pure iodine
in this case? What is the method indeed?

lodine mixed with Sand, Beaker, Alcohol Lamp

Ice, Evaporating Dish, Iron Net, Tripod - Evaporating
Dish halding
e

Experimenting

@ Put Iodine mixed with Sand in beaker.

@ Put Ice beaker on iron net over tripod and
evaporating dish holding ice in it
(See the right figure).

@ Heat slowly the beaker with alcohol lamp
and observe the change of beaker content
and bottom surface of evaporating dish.

Recording

For the above figure of experimenting instrument, draw the change of beaker content
and bottom surface of evaporating dish with color pencils.

@ What is the matter remaining in beaker? And, what is the matter remained on
the bottom surface of evaporating dish?

N

&

> What state is iodine remained in the middle of beaker?

How does the state of iodine change in the beaker?

Fig 1. Example of one of adaptive level program in chemical experiment.

£ Esle] FHEEA (ANCOVA)S AABHI w 7742 B¢l RASCHIAA, 2=} 5w
18 EtRS sl 53 sl AIA AA, APAA, 5, HAEA))
3} 75 Falel ALgE BT F 3658} o] 2 FAE o] 9lon] EAukz} Algdukel] gk AP FE
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Table 2. Mean scores and standard deviations of scientific inquiry skills.
Total Control (N=38) Experimental (N=40)
Scientific inquiry skills test score Pre-test Post-test Pre-test Post-test
M SD M SD M SD M SD

Total variables of test 36 21.76 4.09 22.03 4.13 22.50 5.23 2592 4.63
Assumption proposal 9 6.92 0.63 7.14 0.65 6.90 0.75 7.50 0.68
Graphing 3 1.87 0.86 1.98 0.80 2.00 0.78 2.38 0.71
Independent variable 7 4.36 0.81 4.61 0.85 4.66 0.79 5.55 0.74
Variable control 3 2.20 0.82 2.18 0.78 2.19 0.77 2.34 0.79
Relationship 3 1.78 0.90 1.89 0.82 2.10 0.80 237 0.73
Experimental design 3 1.98 0.80 2.01 0.75 2.09 0.75 2.59 0.69
Dependent variable 8 4.75 0.33 5.04 0.91 5.61 0.83 6.33 0.76
Table 3. ANCOVA results for changes of scientific inquiry skills. 2] £z 3et Al Zzoade] S g

Source SS df MS F p
Between 21.40 1 21.40
Within 89.30 38 235 1625 0.00
Sum 110.7 39

*p<0.05
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T 232 S A% H7ed A &
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Table 4. ANCOVA results for changes of scientific inquiry skills component.

Factor Source SS df MS F p
Assumption proposal B\;/tivtvhe;n 23 6?950 318 (3)22 0.71 0.33
Graphing B\;/tivtﬁin 31934..9046 318 igg;‘ 18.17 0.00°
Independent variable B&t;;le;n 22492 6 318 Z ?g 6.23 0.01"
Variable control B&t;;le;n 93 (5.7882 318 ;;g 1.86 0.27
Relationship B\;min 41325'_2150 318 ifiz 7.95 0.008"
Experimental design B\:}ivtvhe;" 64915'_7420 3'8 ‘: ;;2) 27.18 0.00°
Dependent variable B\;/tivtvhe;n 42112'?370 318 T (l);z 15.17 0.00°
*p<0.05
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Table 5. Mean scores and standard deviations of scientific attitude.

P - FHE - T

Table 6. ANCOVA results for changes of scientific attitude.

Source SS df MS F p
Between 70.55 1 70.55
Within 53137 38 1398 1136  0.00"
Sum 601.92 39

*p<0.05
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Control (N=38)

Experimental (N=40)

Scientific attitude test :;0(:2 Pre-test Post-test Pre-test Post-test

M SD M SD M SD M SD
Total variables of test 200 13436 20.03 13521  17.08 138.08  21.02 14830 16.68
Attitude to science 50 34.13 6.33 34.49 521 35.00 498 36.27 5.12
Social role of science 50 34.50 6.88 35.10 6.21 35.30 5.95 38.83 5.66
Attitude to science subject 50 32.71 5.68 33.10 5.78 33.34 7.80 38.10 5.40
Scientific attitude 50 33.02 5.31 33.58 5.11 34.01 6.09 36.73 4.55
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Table 7. ANCOVA results for changes of scientific attitude component.
Factor Source SS df MS F p
. . Between 0.13 1 0.13
A
ttitude to science Within 5434 33 143 0.76 0.73
Between 12.48 1 12.48
ial role of sci .
Social role of science Within 207.86 33 547 6.47 0.01
Between 36.45 1 36.45 «
Attitud i j - . .
itude to science subject Within 5297 33 13.94 27.18 0.00
L . Between 11.27 1 11.27 .
Scientific attitude Within 191.14 13 503 6.13 0.01
*p<0.05
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Table 8. Two-way ANCOVA results for changes of scientific inquiry skills and scientific attitude according to achievement levels

of students.

SS df MS F p
Scientific Inquiry Skills
Treatment 36.85 36.85 15.75 0.00"
Level 77.26 38.63 18.24 0.00"
TreatmentxLevel 14.24 7.12 0.67 0.25
Scientific Attitude
Treatment 3493 34.93 20.44 0.00"
Level 87.76 43.88 6.82 0.01"
TreatmentxLevel 44.05 22.02 1.78 0.18

*p<0.05
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