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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 cumiculum, According to the result of ANCOVA, there was sig-
nificant differences (p=<0.03} between the experimental group and the control group and the adaptive level teaching &
leaming program in chemical experiment was effective to foster the science process skills. ANCOVA was also a sig-
nificant ditference (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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Taubie 1. The properties of chemistry experiment topics developed and applied by this study.

Major unit Experimental topics Related chemical concepts
How does Todine take state change process? Vaporization. Liquetaction,
The state How .does \-olumf. and mass change during Soli(iiiﬁcgtion, Fusion,
changg of c-hangl{lg of staFe in f.thanol‘? Sublimation o
matter 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

[nquiry Activity 1

LExperimental Topics @ How does jodine rake stite change process?

A stwddent broke the bottle of todine 1o prepsre
todine selution for stareh -ludine reacticn experiment
n seience class, Teacher told siucerc o aweep un
together broken glass and edine o 2eaker mand
saics, s there rhe method only 10 seleet pure adine

a1 this case? What is the method indeed?

< Preparing )

fodme waxed wath Saned, Peaker, Aleohal Lo
lee, Evaporatiar Dish, Iron New Lripod 2 Evaporating

Dish halding

11
10 Todine mixed with Hanc in Leaker.

o

2= T b - - -G T
[z Tee heaker on iron not over wipod a2cd Vs it
evaporating dish holding ice in it o Sand

isee the right figure,

3 Hean slowly the hegker with aleohol lamp
anc ohserve the chinge ol besker oo

Aanc bottem surlace of ovaporaring dislh.

For the above {iguere aof expermenting nusiroment, deaw the chinge of beaker coment

and hotlem surlace of eyvaporating dish with color pencils,

< Analy 7mrl>

What 13 the matter remainingr in beaker? And. what i= the mutrer remainedd on
the hotom surface ol evaporzung dish?
2OWhat state 13 Jodine remamed i the imidéle of beake:?

-‘.
\ (.nncluclm )

Flone does tie =tate of jodine change in Use heaker?

Fig. 1. Examplc ot onc of adaptive level program in chemical experiment,

b TR ANCOVAIE AA3Ndsh  w DRe] 8] LaSCMA. 2hEsh S
53 st w2t el A A9 AR AL F5aL ALEAD
Fod Aol AR SR F 36Tz FASle) 9108 FAlsl Aslel A AR F
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Tuble 2. Mean scores and standard deviations of scientific inquiry skills.
Contol (N=38) Lxperimental (N=40)

Scientific inquiry skills est Tfo[fl Pre-test Post-test Pre-test Post-rest

M SD M SD M SD M SD
Total variables of test 36 21.76 4.09 22.03 413 2250 323 2592 463
Assumption proposal 9 6.92 0.63 7.14 0.63 6.90 0.75 7.50 0.68
Graphing 3 1.87 0.86 1.98 0.80 2.00 0.78 238 071
Independent vanable 7 436 0.81 461 0.835 4.66 0.79 555 0.74
Vanable conwol 3 2.2 0.82 2.18 0.78 2.19 0.77 23 079
Relauonship 3 1.78 090 1.89 0.82 2.10 0.80 237 073
Experimental design 3 1.98 0.80 2.01 0.75 209 0.75 259 069
Dependent variable 8 475 0.33 5.04 091 361 0.83 6.33 0.76
Table 3. ANCOVA resuls for changes of scienafic inquiry skills. 2ha] 2z 2)e) Ay =2 oee] YT w
Source SS df MS F p 78 e 7ty & 2 gl w3l 73 =
stsll\\-'leen 2140 | 2[.4-0 ) ) SaAo A T A5 st A8 »
Within 89.30 38 233 1625 000 ndl mH BASe) Ho wred A &
Sum 1o.7 39 e = wloe bt

00 Y A2E 7IHE 4 qldh
w3} pa sl A np - vE LR a4 2

A% HF Y BEAAE Tavle 20 AN S $ @ e G5 ols) ko) W EF 2
£ gAY ue - ghg =R oge] AL EAE dulTable 4). ) A2 sid. A S A 54

Yoli] Sls A BAU HASe) At B

oy 3t AFd A HaeE meist Feisr 2

gl

(ANCOVAYS 2. B 3V oH Tuble 3), B4 Aol 9

gt Ay wp
AAA =3 HelE4 FHo=

gk =2 oge) B49) B} 7}

FAHL §2)

u)g} aje)7h vpebdA] eigfovt. =2 TR s}

S FEQ AT AY =R Z2agd 4 £ 58 S04 AU 420 A
o Bl vl AP0 IS ol B YA $Y. 354 FA5HlNE A
A2z on] 9fE Ae](p<0.05YE: Bon, w o BA Mg fer| gt o] S AT 4 1ol
Table 4. ANCOVA results for changes of seientific inquiry skills component.
Factor Source SS df MS F p
. Between 3.85 1 3.85
Ass $ . ). ).33
Assumption proposal Within 20.90 38 033 0.71 0.33
. Benween 13.94 1 13.94 .
iranh e 18.17 0
(iraphing Within 394.06 38 1037 8 0.00
. Between 9.90 1 9.90 -
Ind -ariabl i 6.23 01
fidependsot variabls Within 23446 38 6.17 > 0
- Between 3.7 1 3.78 "
Variable control Within 90.82 13 539 1.86 0.27
. . Between 12.25 1 12.25 .
Rel: h o 7.95 0.0
clationship Within 435.10 38 1145 \ 0%
. . Benween 41.72 1 41.72 A v
Experimental design Within 695 40 18 1830 27.18 0.00
. Benween 21.37 1 2137 .
Dependent variabl s 15.17 0
ependent vanable Within 41230 38 10.85 i 0.00
*p=0.03
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Tuble 6. ANCOVA results for changes of scientific attinude.

Source SS df MS F P
Between 70.55 1 7055
Within 53137 38 1398 1136 0.007
Sum 60192 39

*p=0.035
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Tirble 3. Mean scores and standard deviations of scientific attitude.

Total Control (N=38) Ixperimental (N=40)
Scientific attitude test score Pre-test Post-test Pre-test Post-test

M SD M SD M SD M SD

Total variables of test 200 13436 2003 13521 17.08 138.08 2102 14830 1668
Attitude o science 30 3413 6.33 3449 321 3300 498 36.27 512
Social role of science 30 34.30 6.88 3310 6.21 3530 595 38.83 5.66
Attitude o seience subject 30 3271 368 3310 378 33.34 7.80 38.10 540
Scientific attitude 30 33.02 331 33.58 Nl 34.01 6.09 36.73 455
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Table 7. ANCOVA resules for changes of scientific attitude component.

Factor Source §S df MS F P
Attitude to science B\;tl‘;f;n 3'33_' 318 ?_'é 0.7 0.73
Social role of science B\;T;;n 215742;2 318 ]3:,8 6.47 0.01°
Auitude to science subject P;:t:;;n 532(;4:2 318 ?(3):;: 27.18 0.007
Scientific atitude fmmeen o “ L 613 00r
*p<).08
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Tabfe 8. Two-way ANCOVA results for changes of scientific inquiry skills and scientific attitude according 10 achievement levels

of students.

SS df MS T P

Scientific Inquiry Skills

Treamnent 36.85 1 36.85 1575 0.00°

Level 7726 2 38.63 18.24 0.00°
Treamnent-Level 14.24 2 712 0.67 0.25
Scientific Attitude

Treamnent 3493 1 34.93 20444 0.00°

Level 87.76 2 43.88 6.82 0.01°
Treament-Level 44 .03 2 22.02 1.78 0.18

*pa0.05
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