Journal of the Korean Chemical Society
2011, Vol. 55, No. 6

Printed in the Republic of Korea
http://dx.doi.org/10.5012/jkes.2011.55.6.1042

B0 HAID} AKSC| HAIN Chet S5k 13k SISOl i 2R

HEXIMT . ZIEX] - B - S84 - HI2E)*
wATsta akshm-g)
fole%ataL
(F<= 2011. 9. 16; AAEA 2011. 10. 17)

Comparative Analysis of Conceptual and Algorithmic Problem Solving Ability
on Boyle’s Law and Charles’s Law in Middle School 1st Grade Students

Jin-Sun Park’, Dong-Jin Kim, Se-Yeol Park, Hyun-Sook Hwang, and Kuk-Tae Park*
Department of Chemistry Education, Korea National University of Education, Chungbuk 363-791, Korea.
“E-mail: kipark@knue.ac.kr
"Yeowul Middle School, Gyeonggi 421-220, Korea
(Received September 16, 2011; Accepted October 17, 2011)

2 ok o] A7t o] WA ApZe] WAo] oig Fehi 15hd SHAYS] AX SR w4 2o BE Y B
A AT 2] Al 2GS vnG Aotk ATE e AT 42 BA| A AAAE Astol, FEHA
Sof Qx4 w4 dlo] B Y EA] sjAET 42 B4 A Hliet, 7o Bg RS dolrgy
ou], oud AP AL BAES s dstdA] BAser AT A, mE ANz A Y £A4 sdo]
o B4 SAgunt woron, pAH 27)el sErle] FoAE0] 49 1 Aol7t BAHeR $olulsigrt A
9 BA sl 2 BA sjdeol gat vl me mat wmox FAH 227 FHYES 7o) we wutst

Ak S W o] WE AW BA| AT 52 B4 A4 wmo A ALEGS W FIHY ST u
A ore FEAE Aol Y BA sjAY T 2] £A sldLo] EALCR folulat Mol gl Tt
ot 35 At Bot Bel AR Sy o R A B8t B5 Aol AL W}t B Ang FPes S 1
27 e FosRT Y BA AL} 2] B4 sjdeo] BE BAKoR gojna w9t 550 &
A A B BAe) B AT, A Al A vl 7lolato] Batd o] ek &ukE ole) glo] EAIE
stelt ol alelth TR R Fobyse] vaerAel e Aol shefstel of & erel sow wE 4

SEEEE RS EEER DR BRI

ABSTRACT. The purpose of this study was to compare the conceptual and algorithmic problem solving ability on Boyle's
law and Charles’s law according to cognitive levels and characteristics of students in middle school 1st grade students. For
this study, questionnaire items of conceptual and algorithmic problem solving ability were developed. and the problem solving
ability according to cognitive levels and characteristics of students was compared. The long-term memory effect in conceptual
and algorithmic problem solving ability according to cognitive levels was investigated, and problem solving process were ana-
lyzed by questionnaire items. In the results of this study, conceptual problem solving ability was higher than algorithmic prob-
lem solving ability in all cognitive levels. There was statistically significant difference in concrete operational period and
transitional period students. In comparison of the long-term memory effect in conceptual and algorithmic problem solving
ability, formal operational period students had the long-term memory effect. There was no statistically significant difference
in the conceptual and algorithmic problem solving ability according to private education among the characteristics of students.
But there was statistically significant difference in the problem solving ability according to experiences of the scientific activ-
ities and hopes to related scientific careers. From results of analysis of problem solving process, it is known that the students
had a tendency to just remember macroscopic phenomena and to solve the problems without understanding the concepts.
Therefore, teaching and learning strategy is necessary to replace unscientific concepts by the scientific concepts through iden-
tifying students’s unscientific concepts in advance.
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Table 1. Percentages of characteristics of the middle school 1st
grade students (N =189)

Number of Percent
student (%)

Gender Male 97 513
Female 92 48.7

Very low 10 53
Low 30 159
Science interesting Normal 81 429
High 54 28.6

Very High 14 7.4
Private education Yes 128 67.7
No 61 323

Experience of Yes 63 333
scientific activity No 126 66.7
Hove 1o related Yes 20 10.6
scizﬁgﬁ(; r:a?e::rs No 80 423
- 89 471
Concrete operational 115 60.8
Cognitive level Transitional 60 31.7
Formal operational 14 7.4
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Table 2. Contents of conceptual and algorithmic problem solving questionnaire items on Boyle’s law and Charles’s law

Category Type Question Content
1-1 Figure of cylinder increasing pressure
Conceptual 1-2 Graph of pressure change on volume
1-3 Examples of Boyle’s law
Boyle’s law
2-1
Algorithmic 2-2 Table of pressure, volume, and pressure x volume data
2-3
3-1 Figure of balloon decreasing temperature
Conceptual 32 Graph of volume change on temperature (°C)
Charles’s law 3-3 Examples of Charles’s law
4-1
Algorithmic 42 Equation of Charles’s law
4-3
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Table 3. Comparison of solving abilities in conceptual and algorithmic problems (N =189)
Category Type Question Answer (%) M? SD t p
1-1 85.7
Conceptual 1-2 38.6 1.70 0.856
. 1-3 45.5
Boyle's law 71 04 1.160 0.247
Algorithmic 2-2 434 1.61 1.160
2-3 47.1
3-1 582
Conceptual 3-2 21.7 1.38 0913
3-3 582 .
harles's | .82 .
Charles's law =) 307 7.827 0.000
Algorithmic 4-2 42.9 0.86 0.891
4-3 122
Conceptual 3.08 1.455 .
Total® 5.898 0.000
o Algorithmic 247 1776
*Perfect 3.00, *perfect 6.00, “p < 0.05.
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Table 4. Comparison of solving abilities in conceptual and algorithmic problems according to cognitive levels

Cognitive level Category Type M SD t P
Conceptual 1.52 0.820 .
Boyle’s I 2434 .01
oyiestaw Algorithmic 128 1.056 3 0.016
Concrete operational Conceptual 1.12 0.870 .
harles’s 1 1 .
(n=115) Charles’s law Algorithmic 0.57 0.703 6.178 0.000
Conceptual 2.64 1.299 .
Total® 5.720 0.000
o Algorithmic 1.84 1473
Conceptual 1.88 0.804
Boyle’s | -1.000 0.321
oylesfaw Algorithmic 2.02 1.157
Transition operational Conceptual 1.67 0.837 .
Charles’s | 4.764 0.000
(n=60) aries s faw Algorithmic 117 0.942
Conceptual 3.55 1.443 .
Total® 2.161 :
ota Algorithmic 3.18 1.780 6 0.035
Conceptual 2.36 0.929
Boyle’s I -0.822 42
oylesaw Algorithmic 257 0.938 08 0426
Formal operational Conceptual 2.29 0.611
harles’s 1 1.32 2
(n=14) Charles’s law Algorithmic 1.93 0.829 325 0208
Conceptual 4.64 1.008
Total® 0.486 0.635
o Algorithmic 450 1.401
*Perfect 3.00, ®perfect 6.00, “p < 0.05.
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Table 5. Long-term memory effect in conceptual and algorithmic problems (N =189)
Type Category Test M? SD t P
Ist 1.70 0.856 .
Boyle’s law s 3.015 0.003
2nd 1.50 0.909
Ist 1.38 0.913 .
| harles’s 1 1. .04
Conceptual Charles’s law ond 124 0.907 986 0.048
Ist 3.08 1.455
Total® 2 001"
ota 2nd 2.75 1.526 3.293 0.00
Ist 1.61 1.160
Boyle’s | . .
oyle’s law nd 154 1123 0.886 0.377
L , Ist 0.86 0.891 .
Algorithmic Charles’s law nd 071 0.852 2.235 0.027
Ist 2.47 1.776
b *
Total ond 595 577 2.070 0.040

“Perfect 3.00, *perfect 6.00, “p < 0.05.
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Table 6. Long-term memory effect in conceptual and algorithmic problems according to cognitive levels (N =189)
Cognitive level Type Category Test M? SD t p
st 152 0.820
Boyle’s | 1.967 0.052
Concentual oylesfaw 2nd 135 0.879
o Charles’s la Ist .12 0870 1773 0.079
Oge‘;gfﬁz | W 2nd 0.96 0.852 ' '
1
_ Ist 128 1.056
(n=115) Boyle’s law s 0.984 0.327
o 2nd 118 0.979
Algorithmic st 057 0703
S . .
Charles’s | 0.561 0.576
aries s faw 2nd 0.52 0.705
st 1.88 0.804 .
Boyle’s | 2.175 0.034
Concentual oylesaw 2nd 1.65 0.917
s " Charles’s | Ist 1.67 0837 0.148 0.883
Tfanst{“"nl aries’s faw 2nd 1.65 1.022 ' '
operationa
a st 2.02 1.157
(n=60) Boyle’s law s 0.115 0.909
L 2nd 2.00 1.164
Algorithmic
Charles’s la Ist 117 0942 2416 0.019°
W 2nd 0.87 0.853 ' '
Ist 236 0.929
Boyle’s | 1.147 0272
Conentual oylesfaw 2nd 2.14 0.770
19(
oneeptua Chatles's ] st 229 0.611 83 0082
W . .
F "“t‘.lal | ariess 2nd 1.86 0.770
operationa
7 st 257 0.938
(n=14) Boyle’s | 24 )
o oyieslaw 2nd 2.50 0.760 0249 0807
Algorithmic Ist 103 0.829
S . .
harles’s | 12 21
Charles’s law 2nd 1.64 1216 9 0218
*Perfect 3.00, “p < 0.05.
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, , oneeptua No 61 2.85 1388
Private Education Y 128 262 1858
es . .
Algorithmi 1.708 0.089
gorttie No 61 2.15 1558
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Conceptual 2473 0.014
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Fig. 1. Conceptual problem on Boyle’s law of 1-1.

Fig. 2. Conceptual problem on Boyle’s law of 1-3.
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