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ABSTRACT. In this study, a survey was conducted of students of elementary through college on their conceptions of
phenomenon related with dissolution, saturation, and extraction. The teaching strategies of elementary and secondary
teachers related to dissolution phenomena were also investigated. Most of elementary and secondary school students
thought of dissolution as a phenomenon in which particles broke into the spaces between other particles. This explanation
called ‘space conception’ can be sought in elementary school science textbooks. Some of high school students also had
this type of thought. A concept of dissolution phenomenon as ‘hydration through attraction of solvent and solute’ was
held by most of students of 11th, 12th grade, and college. This explanation called ‘attraction concept’ can be sought in
high school chemistry textbooks for 11th and 12th grade. But many students of elementary through college used anal-
ogies and models related to ‘space conception” when they tried to explain the dissolution phenomena. This indicates that
the “attraction concept’ was not firmly established in the students' cognition. 90% of elementary school teachers thought
and taught dissolution as a phenomenon in which two different size particles were mixing together like as mixing beans
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and millets. The model does not represent the attractions among solvent-solvent particles, solvent-solute particles, and

solute-solute particles. This model only represents the space size effect (smaller size particles fitting into the spaces of

larger size particles). Half of the secondary school teachers also had ‘space conception’ and only 20% of the teachers

had “attraction concept’. Many teachers who had ‘attraction concept’ used to represent explanation related to ‘space con-

ception’ for teaching dissolution.
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Elementary Middle school High school College  Elementary school Middle school High school
school students students students students teachers teachers teachers Total
315 158 271 81 41 32 13 911
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Chemistry II.



404 7 -

3} gojo] eI Pl TSt sfah s
Aol A SRA Qat glont de) maAol
A gl o) A P S ko] 3} g

< s g,

ol 2HHoM 3 H2| o2 7t BHoHo
w2t ol Zk2Hiol= Ch ZE22 EE0Pke
N YALA EC} o] 1 0|2S0| ZY2=2FH

HOM s £zt 2 HHOZ S0P &
Tt ZOMKH, Z2F2 o ol Sal=lX| = AX
o 2 Z0|Ch Ol &2 & Y MEHE ol
"ot sict kM, 6 WY AEH0IM=
oHo| =27t UHGH TrXIEI_HI olet &2

s O 2E0Me EoHol2t Bt

o=

1
=
(=

st

E3} golol] gt oo} e AL Fo}a o]
o) e} Habro) 31 o B0l x|k o] U] 4-S Ea
S 5o] 2} Ae) ul=A olslsleia 54 3 4
dhel] elat olsi7h AAlElolol & Aoz Azt 5
557 93 A 92 A7z gelsp) ofehe
oAl A B ohe} Fekmeln Es) 4ol 44
o] Lufjo]] H)Z o} 9Ji= Goh O Z olxIpe] Luljo]
AN 011— —6}5 o])xl,] 3.700] —Q-EHE]Z] 01-1—1:]. g]_—r 61/‘
R SPSo] o} g 4 3 Aele] Ahdow
ul=7)] oS ol ol ofelgo] 1 H0= Helc. of
2] 0|5} 2 Aol E3} o] H= o] HE 1Y
WL ]33 4 9li= o A= AlF= o] A o
of o] Adrgrte = o] £3} Gollol ik 2f3h 7|
3e] @S 7ol 7t mEvkar A

spSo| Safiet AHE Bl ofs] Ex

Al -

M=ol S3llok A=E At
3 folMotet. S5 3 =] HESHE

sl fbet ¢

e de o o
2 jﬁ ol Fj
b4 o
K

s o s

I:Iﬂ ° k=1 =111

fo| o|aHofl chet JHERE EHE A
IS P Eo] ogA osfElal Q= Lo}
Ml E3) T F Aage] =l 8EE
HEEA] gt 712270 W3 sty wh
0] NI SHES Tuble 29} 2t

Table 2|1 R H}ﬁ} o] Ak o g Fe|ws, 3}

0>
)

aael

<y
l.r::

rfL

=

37 =

£

o

4

g

e

-

°-|-'

it

s AEWSS A= AL A Qslal 4w
o] 3 FE I 7H‘*—i oJafjsl7| Hrt= 71 7N

Hog ol o] HlEe] ¥oS & 4 Tk
age] 2ol e AL A Ndo= ofaish= vl
= T o] FHE o] FoPdE Tl 7
2 5 slE S8l A dAREe] Qe oJ3
Zdelehe AMLE Shaske Al71l sl 231 o
Foll &35 A1 Mdo= ofsfsh= Aol el =7
7R A& & 5 oot 22y SSlE <o i L

= S 1L 5w 2 ol %) QU

r‘ﬂ_‘, oo NO
fijo F

& 573 IAETIA $3) S T Ao o
3 -w. Sk sple] ulge] & AL Bl e T
QSRS 74k ol Fol = o3| 71 el

o] 2
A sofeb e & 4 glek
) Aol ol Bl %

J_ili

&3 A —|—r°ﬂ ”1‘!‘—_1— 9\1‘:% o 5 Sl
%3H B{A} 9_' A-Il:cl:’i()" I:HOI' 7H %ét’é gﬂ%

9] o]sl] AEZS Tol} v]H-= AsHel= UL

o 1

25sm 43hd SN Hstle] o2 7 A FRA) 20 B aee] ol SE: AAS w1
Table 2. The rate of response to which concept students take to understand question 1 (percentages)
Elementary Middle High school
school College
Types of response school(grade) (grade) (grade)
4 5 6 1 3 1 2 3 Physics Chemistry Biology Earthscience Elementary
Space concept 9.7 419 514 750 76.7 66.7 512 67.3 0 10.0 23.1 63.2 57.1
Attraction concept 8.7 124 19 0 58 173 256 288 86.7 75.0 76.9 26.3 214
Collision concept 5.8 48 6.5 0 23 62 81 0 0 5.0 0 53 7.1
Getting smaller  71.8 27.6 383 11.1 128 74 35 38 0 0 0 0 0
Others, noresponse 40 133 19 139 24 24 116 0.1 133 10.0 0 5.2 14.4
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
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Fig. 2. Students’ demonstrations of dissolution using space
concept.

Table 3. The rate of response to which concept students take to explain dissolution using a model (percentages)

Elementary Middle High
school(grade) school
Types of response 8 (grade)

school
(grade)

College

4 5 6 1 3 1

3 Physics Chemistry Biology Earth science Elementary

Space concept
Attraction concept 2.9 48 65 28 35

7.8 324 206 528 465 48.1 134 413 133 15.0 15.4 73.7 71.4
6.2 128 212 66.7 65.0 84.6 15.8 21.4

Inclusion concept 0 38 75 28 8l 0 0 29 0 0 0 53 0
Getting smaller 479 222 318 83 0 37 35 29 0 0 0 0 0
Disappearing 243 181 13.1 139 12 185 93 58 0 0 0 0 0
Others, noresponse 17.1 18.7 20.5 194 40.7 235 61.0 259 20.0 20.0 0 5.2 7.2
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
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Table 4. The rate of response to which concept students take to understand question 3 (percentages)

Elementary

Types of response school(grade) (grade)

Middle school  High school
(grade)

College

4 5 6 1 3 1

3 Physics Chemistry Biology Earth science Elementary

Space concept 340 600 729 66.7 814 778 535 635 133 10.0 23.1 73.7 64.3
Attraction concept 23.3 6.7 65 28 93 123 233 212 66.7 15.0 76.9 15.8 214
Collision concept 87 48 3.7 28 12 25 58 19 133 30.0 0 53 7.1
Getting smaller 301 17.1 131 11.1 81 3.7 7.0 125 0 0 0 1.5 0
Others,noresponse 3.9 114 38 16.6 0 3.7 104 09 6.7 45.0 0 4.7 72
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
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Table 5. The rate of response to which concept students take to explain saturated solution (percentages)
Elementary ~ Middleschool High school
College
Types of response  school(grade) (grade) (grade)
4 5 6 1 3 1 3 Physics Chemistry Biology Earth science Elementary
Space concept 1.9 133 533 444 523 543 326 615 80.0 40.0 69.2 89.5 78.6
Attraction concept 0.9 0 09 0 105 0 35 58 133 35.0 23.1 0 7.1
Inclusion concept 3.9 7.6 75 28 0 25 23 48 0 5.0 0 5.3 0
Dissolving in water 40.8 32.4 19.6 0 0 25 23 38 0 0 0 5.0 0
Getting smaller 78 95 37 139 23 0 0o .0 0 0 0 0 0
Others,noresponse 44.7 372 150 389 349 40.7 593 241 6.7 20.0 7.7 0.2 14.3
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
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Fig. 4. Students’ demonstrations of saturated solution using
space concept.
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Table 6. The rate of response to which concept students take to understand the interaction of solutes (percentages)
Elementary  Middleschool ~ High school College
Types of response school(grade) (grade) (grade)
4 5 6 1 3 1 2 3 Physics Chemistry Biology Earth science Elementary

Space concept 13.6 248 168 27.8 384 494 128 346 133 5.0 0 31.6 7.1
Attraction concept 17.5 162 19.6 28 14.0 247 244 115 6.7 70.0 30.8 21.1 429
Definition of solubility 32.0 23.8 31.8 194 29.1 6.2 140 192 333 10.0 38.5 53 14.2
Others, noresponse 369 352 31.8 50.0 18.5 19.7 48.8 34.7 46.7 15.0 30.7 42.0 35.8
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
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Table 7. The rate of response to which concept students take to calculate eduction amount (percentages)
Elementary ~ Middleschool High school College
Types of response school(grade) (grade) (grade)

4 5 6 1 3 1

3 Physics Chemistry Biology Earth science Elementary

Potassium nitrate 22.2g 3.9 9.5 6.6 27.8 384 383 244 173 80.0 40.0 69.2 85.0 78.6
Less than potassium ~ 34.0 45.7 32.7 194 29.1 222 174 212 133 35.0 23.1 0 7.1
nitrate 22.2 g

Nothing filtered 0 10 28 278 151 25 0 38 0 0 0 5.0 0
Unpredict 49 162 159 28 140 49 47 9.6 0 5.0 0 5.0 0
No response 573 27.6 42.1 222 3.5 32.1 535 481 6.7 20.0 7.7 5.0 14.3
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
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Table 8. A comparison of the rate of response to which concept students take to understand dissolution the number of respon-

dents(%)

Types of response Elementary school teachers Middle school teachers High school teachers
Space concept 37(90.2%) 16 (50.0%) 4 (30.8%)
Attraction concept 1( 2.4%) 13 (40.6%) 8 (61.5%)
Others, no response 3( 7.4%) 3( 9.4%) 1( 7.7%)
Total 41 (100%) 32 (100%) 13 (100%)
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Table 9. A comparison of the rate of response to which concept teachers take to teach dissolution the number of respondents(%o)

Types of response Elementary school teachers Middle school teachers High school teachers
Space concept 37 (90.2%) 14 (43.8%) 8 (61.5%)
Attraction concept 0(C 0%) 5 (15.6%) 4(30.8%)
Others, no response 4( 9.8%) 13 (40.6%) 1( 7.7%)
Total 41 (100%) 32 (100%) 13 (100%)

Table 10. A comparison of the rate of response to which concept teachers take to understand saturated solution the number of

respondents(%)

Types of response Elementary school teachers Middle school teachers High school teachers
Space concept 36 (87.8%) 17 (53.2%) 6 (46.2%)
Attraction concept 1( 2.4%) 8 (25.0%) 5(38.5%)
Others, no response 4( 9.8%) 7 (21.9%) 2 (15.4%)
Total 41 (100%) 32 (100%) 13 (100%)
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Table 11. A comparison of the rate of response to which concept teachers take to explain why the volume of saturated solution

decreases the number of respondents(%)

Types of response Elementary school teachers Middle school teachers High school teachers
Space concept 28 (68.3%) 26 (81.3%) 10 (76.9%)
Attraction concept 0( 0%) 1( 3.1%) 3(23.1%)
Others, no response 13 (31.7%) 5 (15.6%) 0( 0%)
Total 41 (100%) 32 (100%) 13 (100%)

Table 12. A comparison of the rate of response to which concept teachers take to understand the interaction of solutes the number

of respondents(%)

Types of response Elementary school teachers Middle school teachers High school teachers
Space concept 8 (19.5%) 2( 6.3%) 0(C 0%)
Attraction concept 14 (34.1%) 4 (12.5%) 4 (30.8%)
Others, no response 19 (46.3%) 22 (68.8%) 9 (69.2%)
Total 41 (100%) 32 (100%) 13 (100%)
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Table 13. A comparison of the rate of response to which concept teachers take to calculate eduction amount the number of respon-

dents(%)

Types of response Elementary school teachers Middle school teachers High school teachers

Potassium nitrate 22.2g 9 (22.0%) 26 (81.3%) 8 (61.5%)

Less than potassium nitrate 22.2g 13 (31.7%) 1( 3.1%) 1( 7.7%)

Nothing filtered 0( 0%) 1( 3.1%) 1( 7.7%)

Unpredict 11 (26.8%) 1( 3.1%) 1( 7.7%)

Others, no response 8 (19.5%) 3( 9.4%) 2 (15.4%)

Total 41 (100%) 32 (100%) 13 (100%)
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