Jownal of the Korean Chemical Society
2002, Tod. 46 No. 4
Printed in the Republic of Korea

gt} nEtn spsof FUEED B0 YWH| uE
!

Characteristics of the Problem Solving Process of the Balancing
Redox Equations by Senior and Science High School
Students' Mental Capacity and Problem Solving Methods

Chung-Ho Kim* and Sang-Kwon Lee*
“Sungan Senior High Scool. Kvonggide 423-171, Korea
Department of Chentistry Fducation. Korea National Universiy of Education. Chungbuk 363-791, Korea
(Received May 21. 2(02)

2 o o) Qe ZRE Diss) Helst s el B Aart Bol Whel nhE AV 931 el 9 el
SAS 2aelel b3 B2 1] Teky Aol ANEE 21318 she) aleh, Auks B sk hek 2
ST S Sfed A8 B b3k DU G sk R NS B Dk Ashelont. £ £
Nz sy gl vl Ho) A FAT AT HYE FEoe] BHIE APYT. Pt 25 stel 4415
sh o) gl sk 3k Alsh 43 1 yoje ek S48 sebusleh. s S5 e o
5 % A} ) I ols) ok S sl A S whol Hsalel o] nlg A4S Aska Thline Hal
$e] 245 Bl Fole] 4B Eol T £G5B NG ol Foo} b2 ABE APl o] 27
AS e whol Alelall T Gakg el BAsto]l 24 Folol 4Fo] wA vhekhd hiize] Bo| A B4R
23, AE HRE sk D) AN ofsl HEoh 2. o ol BAgle] Fol WA 2 F2 B4 Solalet. A
9 a2 o) wlol mhel ok Al viehdeh, nlA AN et s el Al R A4 Y 3 2R AL
AN AE 2 A A $A Fo) A4 F Tesok & wele 1wE Tejs}R) a4 Fol F4o] Htdl
o YR AGNG NSRS AT G ) FH2 S BF AYY A DY EE Helld
2 jsla) ke Aol

FHof: AAlG=k rIA AL ARy Al SR =L ARS) 3D A

ABSTRACT. In (his study. characteristics of the problem solving process of the balancing redox equations was ana-

Ivzed by mental capacity and problem solving methods. and the pertinent teaching and learning guidance for oxidation-
reduction unit was suggested. Participants were 79 senior high school students and 37 science high school students. Tests
were conducted to measure the menltal capacity, the understanding of the oxidation-reduction concepts and the com-
pletion of the balancing redox cquations. The framework was made to find the patterns of failure and success. As the
analvsis of the influence on the pertormance of mental capacity. understanding ot the oxidation-reduction concepts. and
problem solving methods. students who had lower understanding ot oxidanon-reduction concepts sclected the trial and
crror method. and their pertormance were intluenced by mental capacity. The students that had higher understanding of
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the onidation-reduction concepts had good perfonnance by using oxidation number method regardless of their mental

capacity. As the results of analysis for the patterns. the success patiems of solving the problems. those ol mostly the sei-

ence high school students. were the cases of using oxidation number method well and lessening problem solving sieps.

The patierns of failure in solving problems by using trial and error method showed that students had mistakes in cal-

culating. errors in making unknown equations. no consideration for all variables. or stopped solving (he complicated

problems. The patlerns of fmlure 1 solving problems by using oxidation number method showed that many students had

wrong oxidation number or ne consideration for mass and charge balance.
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Characteristics of Problems No. of Problem Solving Steps by Solving Methad
. . . Problem Oxadation Trial and
Suggestion Steps *atlem lon-electron
number number error
1 3 3 3
o simple QT1 2 <4 4 3
()m‘dallun Tlumber 3 1 4 4
is not given
4 3 3 6
complex T2
B Q 5 6 6 7
o simple QT3 6 El 5 4
Onadation number
L. 7 [ 6 7
15 aiven complex J¥i _
¥ Q 8 5 6 7
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fuble: 2. The framework for analvsis of the solving process of he balancing chemical equations

Solving Method Used Classitication Pattern

Error in making unbalanced equation TF,

Mistake in calculating TT.

[* Stop the problem solving TT,

‘I'gal and error Considering only one variable Tr,
Nao considering charge balance in equation TT:

ghe Making simple unbalanced equation TS

No reducing uncertain equation TS:

Wrong oxidation number OF,
¥ No considering all variables Qr.
yidati he No considering mass balance QF,
(radanon number No considering charge balance or,
S Reducing No. of solving steps OS5,
N No reducing No. of solving steps OS.

F No considening mass or charge balance IF,

lon-electron — -
S Considering all vaniables 1S,

*F: failure. **8: success

fabie 3. Distribution of the failure and success pattems ol problem solving by solving method and mental capacity in Q12 paltern
(Unit: "o. () No. of students)

Mental Capacity

Solving Senior high school Science high school
Method Pattern : 6 : . 6 Y
(38) (34 (46) (28) (30) {36)
T.T, 241(7) 1334 48(1) . 6701) ,
" T-F, 276®) 3000 190 ;‘é; ‘2 200(3) 22; E i ::
, T.F, 20.7(6) 6.7(2) 143(3) o 5
Trial-ciror T.F, 6.9(2) 67(2) 48(1)
- .8, 33(1) 48(1) 3¢ 20003) 46.7(7)
TS, 20.7(6) 00(12)  524¢11) 4293 S533(8) 2003)
o v O-F, 80.0 (4) TN4(5  20002) 67(1) 9.1(1) 9.1(3)
Oxidation O-F, 28.6(2) 30.0(3) 67(1) 9.1¢(1) 9.1 (3)
number
0-S, 20.0(1) 500 (3) 86.7(13)  81.8(9) 81.8(27)
I-F, 100(1)
lon-electron -
1S, 100 (3) 100(3) 100 (1) 100 (7)
No responsc (24) (16) (12) {3) 3 (1)
Nole: As bwo problems are involved in the pattem ol 12, the nuniber ol students is doubled
*F: failure. **8: success
A free] FEE A4 el wetd 248 ZA3E autz iRy o ok Ul FAE F H4l
Table 32} Table 491 7H7 vhebyedu}. Sabo] -2 AL n|HATHOL EAE F o A
Tuble 32 APEHP7L AAH2] 2 QT2 #3<] 72+ 3}y wlgo] 793067 o ke Al4lgeke] &
Qe At SRS vAATYE Al et i TE AT wreld A f3o] sl FEAE v
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fable 4, Distnbution of the Eulure and success pattemns of problem solving by solving method amd mental capacity in Q13 patiem
(Umt: ®o. () No. of students)

Mental Capacity
Solving Seniar high school Seienee high school
Method 3 6 7 5 6 7
Pattern . - <
{38) (34) (46) (28) (30) (36)
.l.—l-, 100 (1) 14.3(1) 33.3(1) 100 (1) 500(1)
I'mal- P I-F:
emor 1=k
-k, 28.6(2) 33.3(1)
- 1=, <
§ . 3
S 18, 571 333(1) 300(h) 100¢3)
O-F, 9.1
o F O-F, 14.3(1) 16.7(2) 300
Oxidation 0O-F, 28.6(2) 18.2(2) 83(1) 9.1 50(1
number O-F, 28.6(2) 28.6(2) 18.2(2) 18.2(2)
S 0-§, 714(5) 28.6(2) 34.5(6) 75.0(9) 72.7(%) 90.0(18)
I [-I% 100 (2) 33.3(1)
Ton-clectron -
[-S, 100(1) 66.7(2) 100(1) 100 (1) 100(3)
No response {19) (12) {0) [(8)] (1) {0
Note: One problem is imvolved in the pattern of QT3
*T failwre, #*S: suceess
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fable 5. 'The results of analvang the pattemms ol Lulure or
suceess m solving problems [or senior high school students off
mental capacily 5

< R

table 6. The results of analvzing the patiemns of Lulure or
success in salving problenis tor senior high schoal students of
mental capacity 7

Pattern of Failure Pattern of Success

Patiern of Failure Pattern of Success

Student Pattcrn Student Pattern Student Pattem Student Pattem
A T-F, E T-S, G O-T, K T-S;
B T-F, r 0-S, 11 I-F, I. TS
C T-T: I Q-F, M 0-5,
D O-F, O-F,
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Table 7. The results of analyzing the patterns ot tatllure or
suceess 11 solving problems for science high school students
ol mental capacity 3

Pattern of Failure Pattern of Success

Student Pattern Student Pattern
N O-F, Q 0-5,
P 1-8.
Q -8,
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4 2
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fubl: 8. The results ol analvzing the pattems of failure or
suiccess in solving problems tor science high school students
of mental capacity 7

Pattern ol Failure Pattern of Success

Studem Pattermn Student Paitem
R O-Ts T T-8,
S O-T; U TS,
A 0O-5,
W I-5,

w Zo4 < 0 o7} 7500 o1
Fake] Folo] ATeleledl. o] AL Fold TR
A% B GA%sl Tol DY AT AT 24k

o}, Tuble 8ol Eo] 4ol 4
}\]-ﬂ] 4L e2)3|qd

Qe Al 293 43

D A, 323 QTl frior Absheiiat of
- APy o= ﬁ,—n# 1L 28l P gAY os B
M AR G ddsAlE EA R T AT
& weishA) gdelM AN Aol FA Fo)
A cdE.

<R B A el A J2

MnO; « TICT = MnCl; -~ Cly 1 11O

Absro 2 fdsty] galA) Ak
g

MnO, - HCl — MnCl, - Cl, + H:O
14 -1 2 0

A A

MnO; + HCl — MnClL + Ch + HO
+4 -1 +92 0
| A

-2
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