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Comparison of Korean and American Elementary School Pre-Service
Teachers' Concepts on Combustion

Shin, Ae-Kyung
(Jeju National University)

ABSTRACT

The purposes of this study were to investigate concepts of Korean and American elementary school pre-service
teachers on combustion, and to compare the concepts of Korean pre-service teachers with those of American
pre-service teachers. For this study, concept test on combustion was administered to 23 Korean and 18 American
elementary school pre-service teachers. The test composed of 6 items: ‘Definition of combustion’, ‘The reason
why a candle in a glass bottle is blown out when the bottle was closed’, ‘“The change of gases in the bottle
when a candle burns in it’, ‘The combustion products of a candle’, ‘The combustion products of steel wool’,
and ‘The combustion products of a substance’. The results showed that the rates of elementary school pre-service
teachers who had scientific concepts on combustion were very low in both Korean and American pre-service
teachers' groups, although they were a little different from items. However the rates of pre-service teachers who
had partial concepts and misconceptions on combustion were high in two groups. The levels of Korean elementary
school pre-service teachers' concepts were a little higher than those of American elementary school pre-service
teachers' concepts. The contents and activities on combustion which are in Korean and American science
textbooks seem to affect building up their concepts on combustion.

Key words : concepts on combustion, science class, elementary school pre-service teachers, Korean and American
pre-service teachers, misconception on combustion
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Table 1. Framework on concepts of combustion

Content of question

Content and level of response

S Chemical reaction in which a substance combines with oxygen
generating light and heat
m Phenomenon of burning in which substance combines with oxygen or
i . Chemical reaction in which substance combines with oxygen
1. Definition of combustion - - R
Pl Phenomenon in which a substance burns generating light and heat
Phenomenon burning substance or
M Combustion conditions (substance, oxygen, and temperature of the
burning point and over)
S Deficiency of oxygen
2. The reason why a candle in a glass bottle is blown out P  Deficiency of oxygen and extinguishing fire by carbon dioxide
when the bottle was closed " None of oxygen or
Extinguishing fire by carbon dioxide
S NOC-NOdCiWi-NOddCiiWii
P4 NOC-NOdCi-NOddCii
NOCW-NOACiWi-NCiiWii or
P3  NOC-NOdCi-NCii or
NO-NOdCi-NCii
3-1. The change of gases in the bottle ) OC-0dCi-OddCii or
before - during - after burning a 0-0dCi-OddCii
candle Pl OCW-OdCiWi-CiiWii or
3. The change of gases OCH-OdCiWi-CiiWii
in the bottle when a 0C-0dCi-C or
candle bumns in it M3 0-0dCi-C
M2  O-Od-E
M1  Others
3-2. Consideration of the air components S Consideration: N, O, (C)
in the bottle before burning a P Partial consideration: O, C, (W)
candle M  No consideration: O
3-3. Whether or not there is oxygen in S Deficiency of oxygen
the bottle after burning a candle M None of oxygen
S Carbon dioxide and water
4. Combustion products of a candle P Carbon dioxide
M Others (e.g. ash, melted wax, smoke, etc.)
S TIron oxide
P Iron oxide and carbon dioxide or water
S. Combustion products of steel wool M3 Carbon dioxide and water
M2 Carbon dioxide
M1  Others (e.g. ash, melted iron, smoke, etc.)
S Oxides of a substance (e.g. carbon dioxide, iron oxide, etc.)
P2 Oxides of a substance, carbon dioxide, and water
) Pl  Oxides of a substance and carbon dioxide or water
6. Combustion products of a substance S
M3 Carbon dioxide and water
M2 Carbon dioxide or water
M1  Others (e.g. ash, melted iron, smoke, etc.)

S: Scientific concept, P: Partial concept, M: Misconception, N: Nitrogen, O: Oxygen, C: Carbon dioxide, W: Water, E: Emptiness, d: Decrease,

dd: More decrease, i: Increase, ii: More increase
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A2:. Combustion is a chemical reaction that occurs
when substance and oxygen produce energy
(usually in the form of heat and light)(S)

Ab. Also known as burning - it is a chemical reaction
that produces heat and light. (P1)
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Table 2. The frequencies according to the concept levels of Korean and American pre-service elementary school teachers' on

definition of combustion (): percent
Concept levels S P2 P1 M Total
Korean pre-service teachers 1(4.3) 10(43.5) 0( 0.0 12(52.2) 23(100.0)
American pre-service teachers 1(5.6) 2(11.1) 9(50.0) 6(33.3) 18(100.0)
Korean and American pre-service teachers 2(4.9) 12(29.3) 9(22.0) 18(43.9) 41(100.0)
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A5 | think the candle will stay lit for a while, but
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the candle will slowly go out. (M)
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oxygen to survive, Eventually, the fire would
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Table 3. The frequencies according to the concept levels of Korean and American pre-service elementary school teachers' on cause

of die out candlelight in the glass bottle (): percent
Concept levels S P M Total
Korean pre-service teachers 5(21.7) 1(4.3) 17(73.9) 23(100.0)
American pre-service teachers 1( 5.6) 0(0.0) 17(94.4) 18(100.0)
Korean and American pre-service teachers 6(14.6) 1(2.4) 34(82.9) 41(100.0)
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Table 4. The frequencies according to the concept levels of Korean and American pre-service elementary school teachers' on change

of gas concentrations in the glass bottle (): percent
Concept levels S P4 P2 P1 M3 M2 M1 Total

Korean pre-service teachers 00.0) 287 4174) 4(174) 287 7(304) 2087 2(87) 23(100.0)

American pre-service teachers 00.0)  00.0) 1(56 1(56 000  9500) 527.8) 2(11.1) 18(100.0)

Korean and American pre-service teachers — 0(0.0) 2(4.9)

5(122)  5(122)  2(49)  16(39.0) 7(17.1)

40 9.8) 41(100.0)
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Fig. 1. Drawing of K16 on the change of gas concentrations
in the glass bottle (P3).
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Fig. 2. Drawing of K10 on the change of gas concentrations
in the glass bottle (M3).
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Fig. 3. Drawing of A7 on the change of gas concentrations in
the glass bottle (P2).
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Fig. 4. Drawing of A3 on the change of gas concentrations in
the glass bottle (M2).
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Table 5. The frequencies according to the concept levels of Korean and American pre-service elementary school teachers' on

composition of the air in the glass bottle before burning (): percent
Concept levels S P M Others Total
Korean pre-service teachers 6(26.1) 9(39.1) 6(26.1) 2( 8.7) 23(100.0)
American pre-service teachers 1( 5.6) 3(16.7) 12(66.7) 2(11.1) 18(100.0)
Korean and American pre-service teachers 7(17.1) 12(29.3) 18(43.9) 4( 9.8) 41(100.0)

Table 6. The frequencies according to the concept levels of Korean and American pre-service elementary school teachers' on the

composition of the air in the glass bottle after burning (): percent
Concept levels S M Total
Korean pre-service teachers 6(26.1) 17(73.9) 23(100.0)
American pre-service teachers 1( 5.6) 17(94.4) 18(100.0)

Korean and American pre-service teachers 7(17.1) 34(82.9) 41(100.0)
olatsteAd] FHEHT Y ol dolslth 2y of Nder Holy, B 7]adtA i o] itsher
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Table 7. The frequencies according to the concept levels of Korean and American pre-service elementary school teachers' on products

after a candle has burned (): percent
Concept levels S P M NA* Total
Korean pre-service teachers 6(26.1) 15(65.2) 1( 4.3) 1(4.3) 23(100.0)
American pre-service teachers 1( 5.6) 10(55.6) 7(38.9) 0(0.0) 18(100.0)
Korean and American pre-service teachers 7(17.1) 25(61.0) 8(19.5) 1(2.4) 41(100.0)
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K11 RO| WeHIof Qi EFAD} AFAQH OH | SHHHFS
2 OO OJARSIERADL A2ICE, (P)

A2. Several substances made after a candle has
burned as; wax, carbon dioxide, and water
vapor. Wax is formed from the melting of the
candle, carbon dioxide and water vapor are by
products of combustion. (S)

Al Candles turn into melted wax because candles
are made out of wax, (M)
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Table 8. The frequencies according to the concept levels of Korean and American pre-service elementary school teachers' on products

after steel wool has burned (): percent
Concept levels S P M3 M2 M1 NA* Total
Korean pre-service teachers 2(8.7) 4(17.4) 2(8.7) 12(52.2) 1( 4.3) 2(8.7) 23(100.0)
American pre-service teachers 1(5.6) 2(11.1) 0(0.0) 5(27.8) 10(55.6) 0(0.0) 18(100.0)
Korean and American pre-service teachers 3(7.3) 6(14.6) 2(4.9) 17(41.5) 11(26.8) 2(4.9) 41(100.0)
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A5 Heat and CO,. The fire produced heat, CO, is
produced because the oxygen was transformed
into it. (M2)

Al Ashes., Because when steel wool burns, | think
it'll burh into nothing. (MI)
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Table 9. The frequencies according to the concept levels of Korean and American pre-service elementary school teachers' on products

after something has burned (): percent
Concept levels S P2 P1 M3 M2 Ml NA* Total
Korean pre-service teachers 1(4.3) 1(4.3) 1(4.3) 2(8.7) 16(69.6) 1( 4.3) 1(43)  23(100.0)
American pre-service teachers 1(5.6) 0(0.0) 0(0.0) 0(0.0) 7(38.9)  10(55.6) 0(0.0) 18(100.0)
Korean and American pre-service teachers — 2(4.9) 124) 124) 2(4.9) 23(56.1)  11(26.8) 1(2.4) 41(100.0)
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A5: CO,. Because all the oxygen is used and when
something burnhs what is left is CO,.(M2)

Al Usually ashes. Because fire burns everything
into ashes. (M)

A9 =7} nlar 25 dHRALEY] SHelA
B ¢ 9%0], KI8 2% dBwAls W& 44
B Atole] #AIE WEsHA olalsta gleu K6
9} AS 2% B WALES o] BAE oldskA] £t

%] gltk(Badders et al., 2007b, 2007¢c; Bell et al.,
2006b; Daniel et al., 2006; Minister of Education and
Human Resources Development, 2002b; Minister of
Education and Science Technology, 2011). $-2] %
oA AHEEE ARE BsleasggtEoe]r] i
Ao YHYER oliksierie} Eo] APHET 17
1 F71eAY HHste] ARE B olikster

il

o
o=
A7) Z7hethe AL Stu il ol 4t
AT AL HE 5 e FH3A| 4o
ot wehd 2% qHuAtES d4aE HHSEo] 4
HeE Yo WeET AR Aold] #
3 A

=4 .
Ao A7 2AES EHE, A& g o

24 Aol g uol

(o
o,
gL_vl
I~
b1
N
N
"
o
-3
E)
I
BN

72 e A ® YEsT ol g AFE A
ATe] Azte} vl BH, 25 oHuAE o
oz AA /S A Kim(1995)9] Aol A
2% AUIALERE thekdk eld S A it
© A%E o] A7 Az AR Aog Hel
th a8n 25uAE teR Aa Ee 24}
& A3}, 87.5%2 2E5wAFEC] Axd g 4
B Holx] &m glof, A Jide] et
Al AR = A Ll Jeong(2003)8] A+ A3
= o] A7 At frateh Wghs el 1
o] A9t FARHA A4 A 7AW Ee} WHEE
I AYEEY HAE FAHCE 2FUAEY Ao
el dis] 2AF 27, FEE S 72 Qe
WAL v o] 71 =9ka, ed S 7HR wAke
H]go] 7} Sokths Shin er al(2011)9] Ao}
ot 2k Aol wet T tEn, di
olf W 232 wFA=A i B2
A9k, o] AT ofu e} of 2] MPAFME X

o Az A vehts 7149 Asksh
Hgel BAE FHOR Aol Bt )
o B4 F, @9 0% 25 dulan

el Afolt QA Pobri BHo] 9}
.o AFE 99 W 25 culart 239 o)
2% I 189S O R da e 2
AT A Astel] e, Bge met 23
folg HolAw AAHem BHH Ade Ak

H

2
T oulmAre] WL v e e v, R
o)
2

ofr
Br R mo

4 2 ore

H] =]
NEE 7H 25 oAb wAle] vl&o] vf$- =

32 o P

o Q)

3, 98 Bgo s REsdR
gol o %9} ol AR A v 2
dB|ZAVE RFOA Yehhth a2l B3
Aol 7} YA, g 25 olH]WAFS o] nF %
dulwARE o] Hl§] A4 e ols) Hmrt ok

el

o ¥

|
=
Z 2

7N
il

Br ol Hu oft

o}

K

M X

]

3|
L

SEREEEIRE FEREEC L
[e)

S 25 oH|wAbES] ol Hl &l v

o
ot



748 zsnetue H33H H4S, pp. 736~750 (2014)

TR H =%ed, T uge 25 w9
71Ed Ao vt AR g, o3t maA
71% W49 ztol7t Gk mlXl Aolgka AR
o a8 J71E & FEo] AR ool dEl
Sz} vl giREY 25 dPluAbse] oid
= 7K e, #34 Jids 7kl vlee
ko] mlmET tha ETh 29 A4 Al 71
Wt TelA g vlE giREe] 25 dva

A

sy

dHlwAl= ISt 28y eld &
H|wALe] v &2 nl=o] d=rET ETh

Z, A%, a8 BFY A4 AP EC U &
& AW EA, =3 e 25 dHRAES =
o Ad AFE didt olaizt 7 Edka, F W
A2 Aol Ah YA Ed et osrt Ehon,
ag)x B2 A WA E Ut olg 7} 7 vt

Sk, 29 da ARG g ey Al
2AES 77 25 dulaate] v &S o] v]
R0 oh Betou), AT 249 A4 AYE
o dalE Mgt dnthos 25 e
2} dr FAow A4S A

o Bt} WMo 74
o Aak tgpFoiA). A= o] 3 B4 S dntd)
AA BAO AhA O BA] Al AAdHT
A S HeEY YE Aol BAE ofdldlok
st o] BAE olalehA] Kdta Ao Ata
7} Bgsta o|rtsletay) AET e Hol A
At qhsldo] AZvhe @A AAne g4
gto], Ao AYS duksiaz)ed @AV e
Aoz Holt}, wheb dao EE rted o =
STudE 24 d89 e £ Ao di
o 23g BFAW, AEtuR SHETFE o)F
AukgiA 2 5= Qe Bl Y& A o]
ol 24L& 9& dart otk aga 29 Ax
A= tigt ofael|A] g} ml=ro] Zpo] 7} Q)
£ AL ndMdM Aix PAEZ BAHs] gF

= o
>

it
82 ot
o to
e
1 O,
o =
T

AR
X g
fd
%9,
o
o
o
(e}
of
%
fd
=

ya rlo
et
o
P
ol
=2
=
El

>
il
1o
re

o~

)

ol

Z% o

2 £

o oo ok

o

N offl

>

;:0

mlo

o

(o2

>

X0

Q2
4 S

P

= o
ofo
o 4 &

{0 ox
Mo g

N, oXx
>,
N
N

SR ERE
sit. A Qa9
7, Az A Bl =%
A, o2 BEL 4l

i =
@, > of
o ofN o
i e
., fo

=
e o,

ek )y ot
{1

(¢
o

(=R}

o

i yo

=
=
e
ofr >
Ol

L ol

o i 22
T

o
Rt
>

¢

o

(o3
potk
ro
>
ol
o
>
=)

ofr
ol

IIE FJ
=)

>
1o,
=
ofo &
o o
Ry
(o)
%
o
st
R
Wl b
o> L

oy

=
ot
o
)
>
ol
rr
4
FN
K
ofl
rrR 1ot oot o o L

M2
fr
~
>
kS
ofN 1ot

AE aefste], 25t
aF 7keAY, 459
del dutstl] 24& Fol 724 davt gtk
P et 2 14 ol 1

7 Z1A17F Befer] wel Thed A A 7]
Hste AA4HeR B & de u5-ds Age
7ol B asit

ol
L
o

=

Ir
M
2
T
o
N

Hnes

Abraham, M. R., Williamson, V. M. & Westbrook, S. L.
(1994). A cross-age study of the understanding of five
chemistry concepts. Journal of Research in Science
Teaching, 31(2), 147-165.

Badders, W., Carnine, D., Feliciani, J., Jeanpierre, B., Sumners,
C. & Valentino, C. (2007a). Science 4™ grade (p. D6).
Boston: Hougton Mifflin Company.

Badders, W., Carnine, D., Feliciani, J., Jeanpierre, B., Sumners,
C. & Valentino, C. (2007b). Science 5™ grade (p. E53).
Boston: Hougton Mifflin Company.

Badders, W., Carnine, D., Feliciani, J., Jeanpierre, B., Sumners,
C. & Valentino, C. (2007c). Science 6™ grade (pp. E61-
E70). Boston: Hougton Mifflin Company.

Bell, M. J., DiSpezio, M. A., Frank, M., Krockover, G.
H., McLeod, Joyce C., Brink, B. T., Valenta, C. J. &
Van Deman, B. A. (2006a). Science 5" grade (p. 458).
New York: Harcourt School Publishers.

Bell, M. J., DiSpezio, M. A., Frank, M., Krockover, G.
H., McLeod, J. C., Brink, B. T., Valenta, C. J. & Van
Deman, B. A. (2006b). Science 6™ grade (p. 505). New
York: Harcourt School Publishers.

BouJaoude, S. B. (1991). A study of the nature of students'



Gz #F3 0F 28

understandings about the concept of burning. Journal
of Research in Science Teaching, 28(8), 689-704.

Cho, E. (2008). A study of high school student's misconception
on gaseous properties. Master's thesis, Graduate School
of Education, Sungkyunkwan University.

Choi, B. S., Kim, B. K., Kim, H. N., Woo, J. O., Jeong,
W. H,, Jeong, J. W., Kim, D. S., Lee, H. K., Kang, S.
H. & Heo, M. (1993). The study of comparison Korea
with U. K. on science misconception. Research Report,
Korea National University of Education.

Choi, E. J,, Hong, S. I. & Lee, K. T. (2006). Surveying
elementary school teachers' understanding and misconceptions
about a battery. New Physics: Sae Mulli, 53(4), 263-281.

Choi, S. K., Kang, S. J. & Noh, T. H. (2008). The influences
of cognitive conflict and situational interest by a discrepant
event on the conceptual change process in learning of
the concept of combustion. Journal of Korea Association
for Science Education, 28(8), 779-785.

Daniel, L. H., Hackett, J., Moyer, R. H. & Vasquez, J.
(2005). Science 4™ grade (p. D64). New York: Macmillar/
McGROW-HILL.

Daniel, L. H., Hackett, J., Moyer, R. H. & Vasquez, J.
(2006). Science 5™ grade (pp. E72-E76). New York:
Macmillan/McGROW-HILL.

Jeong, M. S. (2003). The analysis of elementary school text-
book and teacher's conceptions about the combustion
in the view of history of science. Master's thesis,
Graduate School of Education, Korea National University
of Education.

Jo, H. H. (1994). Science concepts misunderstanding easily
[Z% &7] 42 3t 71d](p. 11). Seoul: Jeonpakoa-
haksa.

Kim, D. W. (1995). The effectiveness of teaching program
of the history of science for prescribing misconceptions
on combustion. Journal of Korean Elementary Science
Education, 14(2), 135-148.

Kim, S. (2008). Difficulty in science teaching of elementary
school science teaching in the material areas. Master's
thesis, Graduate School of Education, Busan National
University of Education.

Kim, S. J. (2005). Research on the concept of materials in
the academic courses of middle school. Master's thesis,
Yonsei University.

Kwon, J. S. & Kim, B. K. (1993). Handbook for misconception
on science[ZHe} Q7Nd H#H(pp. 327-342), Chungbuk:
Hankukkyowondachakkyo Mulikyoyokyeonkusil.

Meheut, M., Saltiel, E. & Tiberghien, A. (1985). Pupils'
(11-12 year olds) conceptions of combustion. European

OlHZAFSS] G120 LSt HE Hl : Alojy 749

Journal of Science Education, 7(1), 83-93.

Ministry of Education (2014). The teacher's manual for
the 2009 revised elementary school science 3-1 [2009
MY 2% 8 3-1 2ARHE A=A (pp. 9-10). Seoul:
Miraeen Inc.

Ministry of Education and Human Resources Development
(2002a). Elementary school science 6-1 [Z5-8ta I}
gt 6-1](pp. 62, 66-67). Seoul: Daehankyokoaseo Inc.

Ministry of Education and Human Resources Development
(2002b). Elementary school science 6-2 [3%5-8tul I}
g} 6-2](pp. 64, 66-67). Seoul: Daehankyokoaseo Inc.

Ministry of Education and Human Resources Development
(2002c). Elementary school science 6-2 teacher's guide
[Z258n B8 62 A A=A |(p. 158). Seoul:
Daehankyokoaseo Inc.

Ministry of Education and Science Technology (2011).
The 2007 revised elementary school science 6-2 [2007
MNA Z% 78 6-2)(pp. 74-79, 139, 142-143). Seoul:
Kumsung Publishing Inc.

Moon, M. J. & Kim, Y. G. (2009). An investigation of
conception and a proposal of teaching programs using
the history of science in elementary school students.
Journal of Korean Elementary Science Education, 28(4),
467-475.

Onno de Jong, Maija, A., Alan, G., Vassilia, H. & Vasilis,
K. (1999). An international study of prospective tea-
cher' initial teaching conceptions and concerns: The
case of teaching combustion. European Journal of
Teacher Education, 22(1), 45-60.

Paik, S. H. (2000). Distinction of physical change and
chemical change. The Korean Chemical Society Chemical
Education, 27(1). 78-80.

Park, K. S. (2003). An analysis of secondary school science
teachers' misconception on element. Master's thesis,
Graduate School of Education, Korea National Univer-
sity of Education.

Ryu, 1. (2012). The analysis of sixth grade students' alter-
native conception on gas according to 2007 revised
curriculum. Master's thesis, Graduate School of Edu-
cation, Korea National University of Education.

Shin, A. K., Moon, H. S. & Kang, M. S. (2011). Elemen-
tary school teachers' concept on combustion - Focus on
change of gases -. Journal of the Korean Association
for Science Education, 31(6), 942-957.

Sung, M. W. & Jeong, K. S. (1999). An investigation on
science textbooks and teachers' misconception during
the definition of vessel and sieve tube in the secondary
school. Journal of Korean Biology Education, 27(3),



750 =sSnetue H33H H4S, pp. 736~750 (2014)

185-193.

Um, S. S., Ko, Y. H, Paik, S. H. & Park, K. T. (2000).
The effectiveness of teaching strategies for forming
scientific concepts in the units of oxygen and com-

bustion. Journal of Korean Elementary Science Education,
19(2), 75-82.

Waston, J. R., Prieto, T. & Dillon, J. S. (1997). Consistency
of students explanation about combustion. Science
Education, 81(4), 425-443.

Youn, S. W. (2000). Elementary school teacher's conceptions
on crustal disturbance. Master's thesis, Korea National
University of Education.



