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ABSTRACT. This study compared the instruction effectiveness between experiments of precipitation and a ball & stick model
related to the 'Law of Definite Proportions' of 9th grade science in this study. The subjects were 250 students in the 9th grade. They
were divided into two groups, an experimental group and a model group. The results showed that the ratio of thought in which
the elements were divided in the solutions and the ratio of thought in which a new compound was created when the two solutions
were mixed were higher in the precipitation experiment group than in the model group. The two groups were not different in
terms of the ratio of thought related to the reason for the creation of the precipitate. The ratio of thought pertaining to incorrect
answers was high, implying that the two strategies were not effective in correcting students' thoughts. However, the ratio of
finding patterns from the measuring data in the model group was higher than in the experimental group. However, the ratios of
'definite proportions' inference in the bonding of the reactants were similar in the two groups. From these data, we concluded that
the inference of the 'Law of definite proportion' from experiments or models was not suitable for middle school students.

Keywords: Instruction effectiveness, Experiment of precipitation, Ball and stick model, Law of definite proportions, Middle
school student
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Table 1. Laboratory report items

;
#
oY
o
i)

No. Items Response focus
1 What is it in the solution of potassium iodide? particle
2 What is it in the solution of lead nitrate? particle
3 What happens when the two solutions mixed? chemical change
4 Why is precipitation obtained in transparent solutions? creation of lead iodide
5 Represent the heights of precipitation in a table. observation & measuring ability
6 Represent the height change of precipitation in a graph. data treatment ability
7 What can you know from the height change of the precipitation? Interpretation of data

Table 2. Analysis of experiments related to 'Law of definite proportions' in 9th grade science textbooks based on the 7th curriculum

Kind of experiment

Students' experiment

Data interpretation

Experiment of Creation of lead iodide

Goyhaksa(Gang), Daeil, Didimdol, Jihaksa

Dusan, Kumsung

precipitation  Creation of calcium carbonate Dongwhasa, Daeil

Goyhaksa(Gang)

Combustion of metal

Dusan, Goyhaksa(Gang), Kumsung, Jihaksa

Daeil, Didimdol, Dongwhasa, Blackbox

Reaction of metal and acid

Goyhaksa(Jung), Dongwhasa, Didimdol

Reaction of hydrogen and oxygen Didimdol

Goyhaksa(Jung), Kumsung, Daeil

Creation of sulfur iron

- Blackbox
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Table 3. Characteristics of models and explanations of 'Law of definite proportions' in 9th grade science textbooks

Simple combination of model

Kind of model Allegory of element ¢x) B+ N — BN
. Goyhaksa(Jung), Dusan, Dongwhasa, Kumsung, Blackbox,

Ball and Stick Goyhaksa(Gang), Didimdol
Bolt and nut Goyhaksa(Gang), Jihaksa Dusan, Dongwhasa, Daeil, Blackbox
Clip and ring
Lego block Kumsung
Tow kinds of ball Goyhaksa(Gang)
Coin Dongwhasa, Blackbox

Table 4. Procedure of two classes

Step Class of precipitation experiment

Class of model application

Preparation

10% lead nitrate solution and potassium iodide solution

4 color ball and stick models

Drop 6 mL of lead nitrate solution in each 6 tube

Let 6 lead nitrate models composed of 2 types of color
balls and sticks in each of the 6 boxes.

Drop 0, 2, 4, 6, 8, 10 mL of potassium iodide solutions

Let 6 potassium iodide models with another 2 types of

Procedure i each of the tubes. color balls and sticks in each of the 6 boxes.
Stand during 10 minutes after stirring the tubes. Represent the rea.ct.lon.wnh models after the teacher shows
the example precipitation experiment.
Result Record height of precipitation in tables and graphs. Record the number of models in tables and graphs.
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Fig. 1. Ball and stick models used in the class of model application
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Table 5. Students' thoughts of particles in the potassium iodide
solution

Response Class of precipitation ~ Class of model
types experiment application
Iodide, Potassium 57(45.6%) 12(9.7%)
Potassium iodide 49(39.2%) 81(65.3%)
Unknown 6(4.8%) 18(14.5%)
No response 5(4.0%) 8(6.5%)
The others 8(6.4%) 5(4.0%)
Total 125(100.0%) 124(100.0%)
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Fig. 2. A student's response related to separated particles of the
solution in the class of precipitation experiment
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Fig. 3. A student's response related to undivided particles of the
solution in the class of model application
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Table 6. Students' thoughts of particles in the lead nitrate solution

Class of precipitation  Class of model

Response types

experiment application

Nitrate, lead 52(41.6%) 9(7.3%)

lead nitrate 43(34.4%) 79(63.7%)

Unknown 8(6.4%) 19(15.3%)

No response 7(5.6%) 8(6.5%)

The others 15(12.0%) 9(7.3%)

Total 125(100.0%) 124(100.0%)
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Table 7. The relationship between students' thoughts of particles in the solutions in the class of the precipitation experiment and the class

of model application

Particles in potassium iodide solution

Type of thought Iodide, potassium Potassium iodide The others and no response
Precipitation Model Precipitation Model Precipitation Model
. Precipitation ~ 50(40.0%) 2(1.6%) 0(0.0%)
Nitrate, lead
particlos Hate, fea model 9(7.3%) 0(0.0%) 0(0.0%)
articles in e
. . precipitation 2(1.6%) 40(32.0%) 1(0.8%)
L trat
le:(il?tlgite cad nitrate model 1(0.8%) 74(59.7%) 4(3.2%)
The others or  precipitation  5(4.0%) 7(5.6%) 18(14.4%)
no response model 2(1.6%) 7(5.6%) 27(21.8%)
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Table 8. Students' thoughts of reaction change when the two solutions mixed

Response types Class of precipitation experiment ~ Class of model application

Chemical change 59(47.2%) 76(61.3%)

Change of matter Physical change 9(7.2%) 28(22.6%)

. Precipitation product 28(22.4%) 6(4.8%)

Observation fact Color change 11(8.8%) 3(2.4%)

Unknown 10(8.0%) 5(4.0% )

The others No response 2(1.6%) 4(3.2%)

The others 6(4.8%) 2(1.6%)

Total 125(100.0%) 124(100.0%)
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S e u) mH S o] g3 S0l ATE AE7] 99
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of SRz @A ol 7ol A Bt et
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< Yot 7] 9t F &HE A o ofH HHEHrL dojdtt Fig. 4. A student's response in the class of model application that
31 A ZVE1=R|(Table 8), T1&) 1 o] wf T2 = of -0 off Al mixing the two solutions occurs chemical change
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Table 9. Students' thoughts related to the reason of forming precipitation

Type Class of precipitation experiment Class of model application
Forming lead iodide 10(8.0%) Forming lead iodide 13(10.5%)
Scientific 0 Combination 16(12.8%) o Combination 19(15.3%)
conception 35(28.0%) Forming new matter 6(4.8%) 4133.1%) Forming new matter 6(4.8%)
Because of solubility 3(2.4%) Because of solubility 3(2.4%)
Remains after combination  22(17.6%) Remains after combination ~ 29(23.4%)
Alternative o Because of weight 10(8.0%) o Because of weight 12(9.7%)
conception 67(53.6%) Repetition of situation 32(25.6%) 69(55.6%) Repetition of situation 22(17.7%)
The others 3(2.4%) The others 6(4.8%)
Unknown 6(4.8%) 8(6.5%)
No response 17(13.6%) 6(4.8%)
Total 125(100.0%) 124(100.0%)
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Fig. 6. A student's interpretation that the height of precipitation
becomes invariable after increasing in the class of model appli-
cation
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Table 10. Students' thoughts related to the interpretation of measuring data

Class of precipitation experiment

Class of model application

Response types
P P Table Graph Table Graph

Fixing after increasing 21(16.8%) 20(16.0%) 82(66.1%) 70(56.5%)

Constant increasing 64(51.2%) 57(45.6%) 30(24.2%) 32(25.8%)

Decreasing after increasing 25(20.0%) 23(18.4%) 0(0.0%) 1(0.8%)

Increasing after fixing 0(0.0%) 0(0.0%) 1(0.8%) 2(1.6%)

The others or no response 15(12.0%) 17(13.6%) 11(8.9%) 14(11.3%)

Error of graph 8(6.4%) 5(4.0%)

Total 125(100.0%) 125(100.0%) 124(100.0%) 124(100.0%)
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Fig. 7. A student's interpretation that the height of precipitation
increases continuously in the class of precipitation experiment
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Fig. 8. A student's interpretation that the height of precipitation
decreases after increasing in the class of precipitation experiment
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Table 11. Students' interpretations from the height change of the precipitation
Response type Class of precipitation experiment Class of model application
Constant ratio 24(19.2%) 17(13.7%)
Eﬁ:ﬁéiﬁfﬁa%i terms 69(55.2%) E}Tg;‘éi?:;‘fr terms S4(43.5%)
Alternative 75(60.0%)  Relationship of mass 3(2.4%) 80(64.5%)  Relationship of mass 9(7.3%)
conception Proportion 0(0.0%) Proportion 8(6.5%)
The others 3(2.4%) The others 9(7.3%)
No response 16(12.8%) 17(13.7%)
Unknown 10(8.0%) 10( 8.0%)
Total 125(100.0%) 124(100.0%)
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