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ABSTRACT. This study investigated the relationship between conceptual understanding and mapping errors
induced in learning chemistry concept with two analogies presented in current science textbooks. Each of the two
groups from 7th graders (N=260) in three middle schools studied with one of the analogies, and then a conception
test and a mapping test were administered. Analyses of the results indicated that students’ conceptual understanding
has a significant relationship with their understanding about the mapping. The scores of the conception test and the
mapping test for the unshared attributes were lower than those for the shared attributes. Five types of mapping errors
were also identified: overmapping, mismapping, failure to map, rash mapping, and artificial mapping. Many rep-
resentative misconceptions were found to be associated with their mapping errors. Educational implications are dis-

cussed.
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a) Analogy I: Soccer stadium
(from Middle School Science
published by Black Box, p 75)

LS

A - el
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b) Analogy I: Sing in a chorus and play of
a farm music (from Middle School Science
published by Jihak-Sa, p 82)

Fig. 1. The analogies used in this study.
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Table 1. Means and standard deviations of the scores of the conception test and mapping test in learning with analogies I and I

Shared attributes Unshared attributes
Arrange-ment  Motion Total Size and Number of Total Total
shape molecules

M(SD)' M(SD)' M(SD) M(SD)' M(SD)' M(SD) M(SD)
Analogy | Conception 1.73(0.58)  1.19(0.71)  1.46(0.52) 0.71(091)  1.02(1.00)  0.86(0.83)  4.65(2.29)
Mapping 1.39(0.62)  1.30(0.65)  1.34(0.53) 0.11(042)  0.21(0.57)  0.16(0.45)  3.01(1.55)
Analogy 11 Conception 1.46(0.78)  1.31(0.72)  1.38(0.63) 0.88(0.92)  1.25(0.97) 1.07(0.84)  4.90(2.38)
Mapping 1.62(0.53)  1.49(0.58)  1.55(0.48) 0.17(0.56)  0.24(0.63)  0.20(0.55)  3.51(1.60)

'full score: 2
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Table 2. Frequencies of students’ mapping errors in learning with analogies I and 1T (%)

. Shared attributes Unshared attributes
Z:;I; f: of mapping Arrangement Motion Size and shape Number of molecules
Analogy I Analogy I Analogy I Analogy Il ~ Analogyl Analogy I Analogy I Analogy IT
Overmapping NA NA NA NA 13(10.0)  12( 9.2) 16(12.3) 18(13.8)
Mismapping 3(2.3) 1(0.8) 3(23) 1(0.8) NA NA NA NA
Failure to map 16(12.3) 2(1.5)  28(21.5) 9(6.9) NA NA NA NA
Rash mapping 1(0.8) 1(0.8)  30(23.1) 0(0.0) 2( 1.5) 13(10.0) 2( 1.5) 1( 0.8)
Atrtificial mapping 19(14.6)  24(18.5)  38(29.2)  50(38.5) NA NA NA NA

NA = Not applicable
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Table 3. Representative misconceptions and mapping errors in learning with analogies I and 11

Shared attributes Unshared attributes
Arrangement Motion Size and shape Number of molecules
Solid molecules stick or Solid molecules do The sizes of molecules are inthe  The number of molecules
Misconc-  group together. not move. order of solid, liquid and gas. changes in the phase transi-
eptions The shape of gas molecules is  tion.
irregular.
Analogy [
Artificial mapping: Artificial mapping: Overmapping: Overmapping:
As onlookers stick or  As onlookers do not As onlookers, cheerleaders, and As the number of onlookers,
group together, solid ~ move, neither do solid  players are different people, the cheerleaders, and players are
molecules also stick or  molecules. size or shape of molecules also different, the number of mol-
group together. changes in phase transition. ecules also changes in phase
Mapping transition.
errors  Analogy I1
Artificial mapping: Artificial mapping: Overmapping: Overmapping:

As singers in a chorus  As singers in a chorus
do not move, neither

do solid molecules.

stick or group together,
solid molecules also
stick or group together.

As singers in a chorus and peo-
ple in a farm band are different
people, the size or shape of
molecules also changes in
phase transition.

As the number of singers in a
chorus and people in a farm
band are different, the num-
ber of molecules also changes
in phase transition.

shee] 7|9 mope $A) Z7)9h RO g
AAS o|2igk ATHS-L ] 2ol w35 S40] w
o E3F]e] QoY) WEel viehd Ao s4s =
=, )4 5e) W S0 AL BAse] et
2] QFe W& e 5}e] elell ALl ok & e,

IHEn the 27

Mg o3l = FAlell A eld 54 270 o] A
Moz ojujdt ofg 7ol IAFHEAE 24
o vl 13 1S AR o S Eo] Bl edE
FolA sk 3k AdEE 7P we] vehd HE
Aol 2/Mda} ool AR WS LFZ Table 390
A A8k e

T Aol 3k oo ARk 7 wel v
et 9§ 27 1914 Helddt. ol E B, ¥
Ape] widel] sl S Eo] Bl tjEAl 2shd
A FAEe] FAAM Lz wid e vk ddF 9l
o] Hage] w3l EelglAvt TH T Hleldd
o, ol e/dS ol EEI L1 137, 1]
1z 199) F ¥F 1 AR Aol s 23.1%((3)
o] Y Eol, vl 11 AHE- A kel A= 52.6%(10% )]
Aol vlfEe] AFeIF DI I ARE
Ml A A FAEE Bl AT

2006, Vol. 50, No. 6

<A9H A9 2FF el =3, Ak 54
ol Hgk sPYE2] HEA < 2Ad2 iﬂ AL &
HolA] etk Zelded @l I 457, ¥l II:
26%), olEfdt 2 Hel S T Hh"r 1 AR
Aol A= 28.9%(13%9)0] FHYEl, Wl 1 AHE- A
el A= 61.5%(16%)2] sHYEo] #FH D
sk ARFEEHE el 520l A] kel atAl #4F
S5 A olA] dethe A9 98 skl 5,
A S e 7] fls) S el Qlol =Rt =
o] Sl vlfES AR wltell SHAEe] ol ¥l
FEE B3 A S QA SEelA A o
e olelEel A Aos Ak} uheby
vl AR 313t Ui fﬂéol E O o]Fo]
A71 fleME Sl HfEE A9 oR Y
3 =S e FRE 7 A8 wAE &
vt2A olsjAld dart gl

Al SAOl digh eod e s d80e] oF
ok 7P w2 o] slsle ol & o, EAle 7]
sh mefoll disf 7P vkl vebhd oo EAlel
2717} 3Al, QA 7148 ol A 71A1S At '
el 7P dAsHA e AeldEE ¢l 1 399
Bl 1L 199),0] 2/ dS Bl M-S Fell A vl |
AHE- A=) 75 18.0%(79)0] SHel, Wl AR



492 27

My

4 Aeke] 79 15.8%(3%)2] T Eo] #EF, Z|ol2
95, AFLEEH D 3, 594 s AFREE
fr o] M2 2%o] B0 ez} Wi of Bx}
o] =/ BokE FEpplvhe #e) g0 ofE
kel w3, vl 449 EARe] Foll HEiA
= A iE o Bxle] fE wgite 2oy e]
wWokEd (Bl 1: 259, ¥]F- 1 259), ¥l 12 11 A
4 A ZF o] eGSR FAE FelA
28.0%(79)8] HAEo| AF, AT E, AFEM]
fr D3 3, sobs s AFREEI )] 71 o
20| FA9] A w3} A] Exle] = FExld
e A0S BTh o= vlfE AREE el
A BlFET FREL 2ol H & UA e Adgelt
5ol R3S AAkgith
ZE Y HA

o] AFolM e Ha wHAM| ANAE FTF371%
vl @ rset v AMEsle] 9] A9} o
Aol AE A S A8E F, S A4
olal =9} v fEF FEES] W& FAol A3t o]4)
= g Y o5 F3e] A E ARk

A7 A3}, F vl 25 Ff S0l i3t st
AE2] /g ols] 2 S FA HFt oe FE
T2 Holgl o}, vlFf A digt /i olsf 2
-8 FA el A ofs] 2 - Heldh o=
A Eo] ¥]FEH FHE2] 2}o|H & jetsli=d] of
5ol A5S sl Zloz, S Ee] H-g A
2 AFE 2RtEA oldE  AEF fr=s] S
dME A} v A9 A3 vl e g
Aol A= Pr|H oz dFsh= Ao Bags
A Ak,

Sl Bl g oFfE ) WS, FAAE

S, O B, FRE -3, Q194 b8
fradelsdeh F vlfE g5t A 5
AdQl Al Fxpe] w2 A ol HEk «ql9)F o
0 75 7P wo] Bnh S Eolde
3 30 o F F3e] e F vl Alold
zkol 7k llEdl, ol BlfE AMSE W HA3 )
frES AEshs 7ol T8-S AARR. dlE o,
vk A R A o] vl A2 ulE At
S3tehy TR 80 o FE A 5 3l

LS

e - 3

% Ao B9 A A At 2 98
1$ruehe A 7 et A7) mhe AR
g Aol g Lolde 2FE 2
& Aolh, aeht BAe) A A AEE 2]
= R 0 GEEY S40) A L A
ol 247 Faled AAsh el 2512 &
Aol B A6l At olshel] a7k B S 3l
oxz oo Bat B} AAH ATE A D
87} gle,

A, Wl A S B N el me) w4
B3} B3R o& A6 A ol EL A2
A B Qi o2 Vehdeh wa, T 44
Q) Bl Wzt £EA el 7h wel vhehd
G Mol FAEL F2 ols) AW SHEL
B eA71e el 91 Bge] 2FE ek
o 1S9 2Ae] =17)9h mep, Al o)
@ HEA oGS Bel YEL T H$e)
SFE M Wl Rk WG MR S E
o ford S RE oAES 8 eF &
3} BAR7) = AT, ol2 @ A Ag
dMe) 2R 2GRS SRR AFsAol 8L
AFA o2 BelFeh weh v g A8 el
2 A% e S WliES BEE
& gu2A) A & ES FET S s 0
He A7 Bast ook o Ao AR vehd
W 0FE FAT] 2n2 FASHT FHY 5 9
+ 71812 AFS 3R Aol 1 g 717 kel
g % 91e Aol

AIHE AHR Sl SEe] AR AR
W 3 % 2 elAe] efsl A olswst
o BAE AR o APe] A W4T Lo
o2 ST S e Wbl Wa Fod S
Age F Ao 7| Heh ol F ol o] ATl
AN g o5 9] BFES Fal A5 o
& oRE AARCR BAY 5 9lome, Wb}
SAEe] e efel AAT AU AN 5 3l
& Aelch mat, 54 wfe] A @ WG AL
& o) el S5 B oF 43 ol 2l
A e 5 ole g Iakg A=A A4
A} alul ot male] ms Sgol BeFo =M,
PYSL) S oF 8 NG e £eS
% % 9% Aeleh

R

Jo H X2 o E

sk

Journal of the Korean Chemical Society



Bl6E A 215k A Sl £

o] E=F& 20059%E A XA LGS A AL g}

EdTEAAGND SR RS AT Ad S
Whol 3%l -3 (KRF-2005-041-B00573).
=

—

. Han, J.; Roth, W. Science Education. 2006, 90, 173.

2. A B 78l w-25)3]%) 1992, 12, 35.

. Ardac, D.; Akaygun, S. Journal of Research in Science
Teaching. 2004, 41, 317.

4. Wu, H.; Shah, P. Science Education. 2004, 88, 465.

. Duit, R. Science Education. 1991, 75, 649.

6. Orgill, M.; Bodner, G. Chemistry Education: Research

and Practice. 2004, 5, 15.

7. A H2t; eS| 517, 2004, 24,

287.

8. ) =8 31318351 =] 2000, 44, 600.
9. FA . T HS} wpAfollA] B3] AJgkE FA) &

AN T A ALE9] =1 1997.

= S 25k i olsi=e] A 493
<FTA7A>

<H7]>

71 Hef e o] Wiy

L. 3] wid

o, Adae] wid

2. ST 2719 Bk

o 3, AejEr], AeEe] & Aol
b2, Aelele], A4k AT e Al
A B 829

o. #el=idle) 49

. #5) $49

M

142 $49

<22 A 7} Ae>

<H7]>

7h 71A e EAF wd
o o) ee] B4 vl
ok, 32A Aol A e

10. iioalrrlson, A. Research in Science Education. 2001, 31, ). Abe) W3 A] Bape] 2= w3}
: vl Abel] W3} A] Bxle] =)o) mofF wis
11. Gick, M.; Holyoak, K. Cognitive Psychology. 1983, 15, 1. ' QFjH . el o o = s
al 714 Abee) k) £49)
12. Taber, K. Physics Education. 2001, 36, 222. A A AFENS] 2Ahe] 2]
13. Zook, K.; Di Vesta, F. Journal of Educational Psychol- e —: f
ogy. 1991, 83, 246, of. A Aele] Ak £4 4
71 JEE A S}l S} -2-5) 5] <] o N
a 20?5’6 g4 ;lé{:} NSl ST, qo) el o A B A A S FAA
15. Else, M.; Clement, J.; Ramirez, M. Should different e ) ElRRE el ofd 2 B Aol of F
types of analogies be treated differently in instruction? ool £314] g I Qe AT FF ] ot
Observations from a middle-school life science curric-
ulum. Paper presented at the Annual Meeting of the B 1. 919] <Br]so] AAH AL = 2o A 74x] ARl
National Association for Research in Science Teaching, : _ T
Philadelphia, U.S.A., 2003, & SV Wi ) M2 Rl Al st
16. A 5, W43}, e} 3], B Sks5E5%). 2004, 48, 629. T e ot Mejual £ MR ofgA] wssA] &
17. Thiele, R.; Treagust, D. Using analogies in secondary A3 A B} (%ﬁﬁ]—uﬂ Qo] <®I]>el = A
chemistry teaching. Science and Mathematics Educa- 2 7)e} 2ol ST T
tion Centre, Curtin University of Technology. Perth, West-
ern Australia, 1991.
18. AL v 3], 77 5a5-51-51]. 1999, 19, 665. .
= b> . <Xzl o) 5l A
19. Blake, A. International Journal of Science Education, SETRVIR> - <EAe] M b > AR A
2004, 26, 1855. ( ) - )
( ) -« )
( ) -« )
( ) - )
S22 1. 1S A Ols = HALX| Ol Al SR S
( ) -« )
A B2 A 7 ARE ST vl frste] C ) - )
7] €} :

AL A7 Bl el HA),

-
3 A

2006, Vol. 50, No. 6



