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Reasons for Unsuccessful Earth Science Problem Solv1ng
of Pre-service Teachers:
A Study on the Motions of the Moon and the Planets

Jeonok Myeong®

Department of Science Education, Seoul National University of Education,
Seoul, 137-742, Korea

Absfract: The aim of this study is to explore effective teaching strategies through an investigation of the problem-solving
abilities and reasons for the unsuccessful problem solving of pre-service teachers. The participants of the study were 60
pre-service teachers who were expected to teach earth science in elementary school (40) and secondary school (20). The
participants had taken a course in astronomy before they took part in the present study. The instruments for the study were
a paper-and-pencil test and interviews. The results demonstrated that the pre-service teachers’ abilities to solve problems
were low. The pre-service teachers of the elementary school were inferior to those of the secondary school in their problem
solving abilities. The causes for the unsuccessful problem solving were identified as follows: (1) lack of prerequisite
knowledge to understand the motions of the moon and the planets, (2) failure to represent probleins based on solution
principles, (3) failure to apply the knowledge acquired in one sefting to another, different setting, (4) frames of reference
the frameworks for everyday life situation and for earth science problem situation, and (5) rote-memorization of facts rather
than understanding the cause-and-effect relationships. The above causes for unsuccessful problem solving seemed to be
related to the characteristics of novice problem solvers in general and of the tasks about the motions of the moon and the
planets. Suggestions are made to enhance pre-service teachers’ problem solving abilities based on the result of the study.

Key words: problem solving, earth science, pre-service teachers, science education, teaching strategies, the moon, the
solar system, motions of the planets
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requisite knowledge problems.
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Table 4. Numbers of subjects in different types (N=60).

dayz2 w4 24 B ot 5

%%X} ‘IOT ] L= R=) S
A5 g &) 4 2 Az} e

Az A an a3

A g3 34 + + + + 7 7
B. &4 + + + - 7 4
cg + + - ¥ 3 2
A=) A (43) @7
QA 1k a8 2

D. Ef-§8 1 + + - - 6 10
E 23 2 + + - - 12 12
(da=4] A%) 25) 25)

E é%%ﬁé 1 + - - 11 11
G. 238% - + - - 4 4
H. 238 zg - - - 10 10

+ 24 A B2 #F A B, ~ 4 6)d del) 32 50T Ay 2.

s 4 A0 g dEpEs EAS BHEN
o AjRee FAE A7 gaE oz ojg)sla
AR FAS B7ekA Z3IQYTHChi ef al, 1981).
ol Adel oRETE ofUzt x|e] zAsw EA|
sAe] Fa3 ahz 2457 wRolt). ¥4 814
HIAEY A HAF A3 o)F HRae 27
o] I AAF=Z 7te] & ZAF ] o)X (Gagne
et al, 1993), B_F 75 QA AXF o]e] A&
273 el uid AR A4e] A &43 2
g J7] g},

Uttslo] Ay

4 #4¢ daiMe olvl ule Ae gk
2L €3 Y2 AT B4 A ojg &
& = ojolditt. & NN F Qlojorsith, &
A R 3R 163}1&(}1? Ad 9 g FA)g
AekalA ¢ gle mum ohat EA S, Al
7k Ade] okz A8 AAZ #wFo] Qviw w2
A RS JuiaAte 2Ee) Ay duaat 3 23
BT AdM DR Edhol 24 B 3R
&3}, M3 X)AL RestT Ba BA] ATe

qlﬂlﬂ} 7R Azt A= 108 (17%)e] Yuks)
of defistglar, wake] 49 6310%)e] Ashsisd
o Table 40N BXeo), 78} dulzAt 349
M s oy g AL sgex] 289T
 (fr¥B), 39°] g9 Az Aot T4 A
e A Zaacksd 0).

BF A% 499 ulEAbL 34 EAE A
ot g EAle SdsA RALH@EB), 29
o] & A dFsidovt 34 BAE ide) &

FATHFE O. 25 €2 e AYL o 4%
of g3kt Adsldch o] Az A (1995)
o] AT AR A5sket, 2E ZEHYE0] &

o gt A2 A HLHA Eie A Brkn
&t et

A FEY AL A A g B3
A dlgxrt g 24 3 ‘H@ } Bt o grke ol
t} oA AHwALSo] ZEEw A1-e] ZA )
3o Sgeidomz 24 Lxﬂ de 22e #H4ss
o} 2 ojHe wje ol HL&IR Eah= Ao
2 PN F Uk F Yuislol] Ass Aolot,

o] At A3}t W] F AXIEL el o
gt Sk ¥ gdt dEt HEd F e ook
FEE Alstel gulsle @ 71312 Folof gtk
Rolth. & EW, 49 FSUFs3 Az wek

of tisl Ze & 24 EAN A /)32 A
& Zlo] oEl & BAE I EFale] AASHE,
Y A9 AL 24 diE dukslyr =29
F Sioh

JiEET THO e WY B

24 2 ARl oplTAES To| T
3 A7) A3 o] tfsjel Aol oz
Fo ke dojael B8E 9o
H oEee AT AT BIANTHS B0
Aste] ARE avpsfal ofshel P,

[e}

- 2l
T
o

A

J
ol e r

ol

25 du|72A} P2
“go] FH HIES Mo Eom LIDIRS
o2 ajeEvzt geA - 22

H 2y



346 xvs

25 ou|2A} P4:
‘arerr didel] wi dx A A FolA
ME AAske A obdrh 29 e R MR Ve

W) HE e B ATHA A
ClF Bl thE 32 olslrk $EE wEolch,
o AVES g Py BA A2 Al 24 4
oMl Z1ZH BEL TR ol A
AR HEL FAUT W AT B B
A 7, 98 Zo| ol Ado] Y3t Y49
&5 24 29 20 29108 eI
EA o) Ao} B st van Ade
FoFE e 4 b, 2 WA 8RE ek
AAe BAAE FAoE B 02 L 5
%, 9% AZolskx sk AolT T WA
39 9FL ¥Eolekn Aske Holeh AA) o
MaAle) %Y R WA aFe gl st
£ AR89 292 a3t 9 o
& 292 2E BU) ATHRE WIATY
% $ AL Bl AsinA vhest 2k,

5 dulA}L pg:
Zo] A, 0EZO] F, & - AT AWME

Aot FAE A4 F] g0 e Be=
a8 u) A Ak AYEE (F4el) A
QZo] e}, AFEY]) YFolH T2 HE -
ZZ ofH|ZA} SP4:

28 49 25E0|L 9Fo] M, Wt vlgtEe %
o] B, Q8 Zo| F, 252 U QEX Holy
7 FE -

%% o =t Sps:

& o WS ot Heof shy - A7t 9FS
2 Y7 REF0E T d7} FolA AR FF o
Uzt - MZFoM BF & - 28 oj9A B2
A7 - Zsl] FH AHAe] o]FHA HA - &
E&o] 55, dFo] MFo|Yr} -

>
N 1S glo Rl o P

N

_]

L

2}
1=

T % A w3 Q) ARS fso) Iuy
o gEe BE oEES 5B A% AFojL

o B5 F5E A PP ek B WA
2

Hool A AL A EHE Aot

AT Bpos e Tolum BFLIHN)
oIt $FolT FHL o 02F Yol gl
U7k BEF, & o E AGE - go] 124] - A
TN Tl Egel 2 Ao 4Ho® Hg do
B 740 QA 248 LRrolud - BE W)
6N, 2 ZE7t oA ARl BRe Achum
HEZ] 0F OIM 3 Alolo] BQIT}

55 SH2AL SP219] A= A Bge] W
S 1222 AT F g AA gERiezA
EAg A7 Hole Al At HY] &
% 30 WEl 340 g o #E 7Fsst
oh AJzHal Uk

olgg 5L 3] AdiAle, A &5 Wk
o digk g Ale] o]d wjRE AME-E e YA
9 7124 ¢ T EAEEe] 71EH ¢ 33HS
HEsk= 7138 AlTE EoUt ot o4 oY
2}, AAE de & e 71315 AFslejor & A

oI},

a0

oIzt Ao 2| ols =&

Qo) A& A AA AFEAT0] e o
A Q13 Al it olslE 3 E3IATh(Table
3). A7 A Wk 719 Bz 15%, 95%)
o ¥lgl] AT A A} go| = ke J2d
e AEES ANHOE YIth58%). B9 AS®
FH F7URB)S T 368 %)el vIsle] & 3
A A7 4 gk AEES Wiy g 34
9] A3} & 94 st Ao g@e S8Rk 32
H(53%), “FEI7F He g o] Tkt ot ¢
4 wiolgta get 38Rk 35%(58%)01UTh.

SHAEL A A Aol 4 e
A& AHEshs tial A=l gyt Z1Ygsidizia 3t
At 9o 3 W3t #0843 3 g
w7t &) 3w dojdtie AL 4 3l
£ JuIAEE g 9 A A Ad g 23
A=E 18 2 Al o8] &g A B3 A
Ad & EYEE 9 &) 71t et
t}. o]Eo] 7|Y3la Qe 2B Fig. 13 o] Al
ZHolth 2 F b ¥ A9 &8 7 & 7Y



OlulmASS XITEt 2H) o Am @0l 2t #Mo| 252 FHoz 347

o)

DO
Tyi(e* CI*O*Q*O*D*D

s
SHLL

Fig. 1. Pre-service teachers” drawings of the phases change

4 &
b.

F o3 Azfolrt.

E e go] AFs squx o= R
of thslel deigltt. i Ao} & Bge od &
AE BEA A7} “9tslse] Hole T moo)
ThFehile. 28 499 2o on AQste Rl
AES A P21E o3t 2ol Hakith

‘28 4] 37 B B oFA tiksiA st
A ga? oft] Felx oA B A 2o o,
ghole, FFOA AFoR W] datye] w ¢
Bofo] SEfAQ. MBe] BY W 8 4 B
o] Bolet] -+ B W] gpye] wa} - Al
Zho] 9EA T - YT

‘el A7 FORAAL g Agel |
T HeE FUAE-- ol s1Yo] ¢hig
c A e 2 s o 2glEd e Al ARl A
T e vhar

olgX ¥ 4% #¥E dyHtke 99 19

2 AR 7195l 28317) W] A4 o
o] oA A Wdchs A& AT ATt
A sd dofel] g AHe o 2.

Mooy fL

2% du|=A} Pl
N £ o G olF Qo] Ap@EBE A
7198t Ald Folle glojHE . AFe Azhie

A o} A= floje”,

%% 4y} Ps:

“B7)7t Qo gl & glg de) -

%% oH]zZAL P6:

ZFA ) wje 2¥S Iz B 2d £ 7
B - J¥8E 7. HuEe AgEw IRz
- IS wEle Aojloy AAZE HA &
Fo] ojw AA & 47} gik

- fUT A8 2ol 2AY el W
& 7} ik :

Z% dMZAL Po:

‘A W @ W] Aolold eyt Azl
Sht- QeE oA W A B Wk 2 B
Aot g8 w3 3 Hojr}r,

T AR 719 W] disly 4 e $
2 7ked &4 sld Sgelx HAz A7E 2}
ANZ SEARE 2% 114, 5 7308 2% 18
™ (30%)°] 2t}

olgjgt @2 S| g AA :5F 2
AFE FaEe Y sl 93 249 Yz
3 olsfg sA| Wi, F=2A A 9] 1
Tolgtal & 4 Aot HYA JA &F 3 A A
Ao e FF G Uig A3 FAL) HL
3t FH8Hg ofsE slA dlx, AMlo] ol g
& o83t st Asjel BT Ao dxE
A oA ek ARde) Az Azen
P21 9te TEY T HxE AT et
Act.

4=

p )
>

|2

2 droHEe ArAte 7i2AA 2 sk
HdeE g3t 349 &5 BA dE e g
A7E S A7 e AR waTyst
A ZF 60010 AT WS AW Ak} Hgo)
L

A7 A3 29 3w g AAEE oga
2},

A, dElEAES] BA M F3E Wk
53] 25 duluAlEe] A4 =k 25 2%
el 29 3 WSyt E3E5ls) g o
&% cdFlaAEe) ofdst 24 AY FEe

i

rlo



348 e

b 258 g B4 AR dAel E #
k. AL 35 7| AN ZEREALES) @ BA
AEHE AFsl] A SEE Bilo] ayHh

A, B4 4 dvfdle dgAe] 53} A2E
Aga|Ho] shte] Adlez st ov] wAb
2 HFH=0) E APA2o] A gt ol
< A8 o A=E 2 davt Yo £ A
o & WP FHL MM Foz Huke
AA WEFolghe Bde] B} HEY Aem wds
et

AR, AHEAES ATHENM AMgshe 71E
At o] et olsf7t FE8idch. ddelMe] &
A3} A7} A ojsle] dag FFL WA
R o] PHE iR oS ARE &
HE ol8sted #A sl doaiglch o J1E
A3k B EAsk 287 Aolg FE3] A
2 des} itk

A, eu|uAlEe kst o] BEt |
A3 golx 22 dE7h AR AW 24 &
AE HAdE dularpt g e AR 2
o dHEAES T tEcshe 22 dEfE A
48 7 o AL ol Rt = F5 &
AEL 228 duists & o) X3 dviste
ER817] 1% wAK] o=AQ] =3o] Yasit &
AMy ma Al 22 d2E FE31 g4y ¢
RNE TFE G BAE W A dukst
Yol AE & Aol

A, duisiAlee HA 59 AFd el
g FHeA ols7t B 25 B W
ARG A eFol tiel AAHeE dFsiH T
3 B, AFe] tig 719k et galEa
itk el gk oj) §lo] ARt Zlg AR
AHe B A= YTk E AR Ao st
3ot o A)49] AHE 2 AHE PHE B2
UV )

A F e AT BAY A% AR
ot A olsjE Sl sl a8 R
=% Aot AA) $Ed F4E v, sk V)
& ZxF ke Aol "asith & dquaaree]
AdF A2 Agshe 213 PPl dE g
A Zxshe a1 side] dasit

® d7e A=HeE Ege o wuy s
dRIIAES R ST ol AHE ¢

Aot A=) ZE A7Ast @Y MRS g
o2 AF9TH, o B2 ol HY sheAE
et web oM Amel UiE i R, 23 9
4ol 25 WP dF &F, 489 AL Aoy
ZZ10 the dukste} vy RE Q3 AAle) o)
g o ofs) tid 7] BF AT T UE o
HIARIAR o= A= st 7ksd Zolzia
Az,

dom g3t P &5 Role) BA F AR
7kt 2HEA FAH Kold, AT A
sNAZHFe] AdY, dutstet wES A= spol
A 2ol viXe d4F, AR St £2A4)
2 Ao HIE, vlg YES 71908 £ e
Aash ke A 5o g It Fesit.

ook
ro:

=

54, 1995, F, LSS Az} Adels] 24,
=R E8tEA, 16(4), 317-329.

YAE - o), 1988, B8] A F AsixpEAAhe
BFAEEIHY) B4 #72 JFo) A3 97 d=F3)
58137, §(1), 43-55.

ZAGA, 1995, Alet EAsiAAE e X9 o|&3} &g,
A& BrgAL, 698 p.

HAF - o)2%, 199, B9 94 Hstel do) 13 58
o B A Alele] A=A TIELEA], 17(D),
8-21.

R - ARE - RS . AN, 1996, BHAIY A e
+Z3 A9 A5 whE 35 BAsd 9% vl
g7} 8} w8-513)%], 16(4), 389400,

wefg] - AAE, 1997, BASL EAsERY BAe| wE
siet &4 sild: £A sid Akt Ado) By, d=ale)
FEFA, 17(1), 11-19.

DET 1991, A 8 A 7AS aate] As) 2o ¢
Tl A g, A5z AL 84 =&, 129 p.

urelt - A, 1991, E7) A4 ddq B3 Ja29 A7
B4, daaetag3taA], 11Q2), 67-77.

U - 2, 1994, WG B 250 B3 A
9 /g8, dx7Esix], 153), 157-169.

Ao - A4, 2000, 2B Y AX A7) {EH
AA o] we Fet TA s)F. dFAetm S]],
20(1), 155-165.

e, 199, £7H dzo|e} BoS B3 IFIHE
o Aol 2] st dudiste gt
=8, 286 p.

AR, 1991, S8 BB A7ae Ade) gk 97
ge g4 94 By, A EAEER], 124), 304-
322.

ANEE, 1996, AL & gAhste] e giF g

ro
i
S~
-



OfulmARES] XITafet 2H) o Am Q01 2t #Mo| 252 FHoz 349

ZA) 22 8TS, 15(1), 45-55.

AEE - 4, 1993, AP S B3 437 Az, ghd,
ARl AzAADT. IFATHINIA,  14(2),
173-182.

F0F - o, 1995, EAY 549 we dge 3
3 TAEE #AH Fol EY. FFHABwETIA],
15(1), 80-91.

Chi, M.T.H., Feltovich, PJ., and Glaser, R., 1981, Categori-
zation and representation of physics problems by
experts and novices. Cognitive Science, 5, 121-152.

Diakidoy, L, Vosniadou, S., and Hawks, J.D., 1997, Con-
ceptual change in astronomy: Models of the earth and
the day/night cycle on American-Indian children. Euro-
pean Journal of Psychology of Education, 12(2), 159-
184.

Feltovich, PJ.,, 1981, Knowledge based components of
expertise in medical diagnosis (Tech. Rep. No. PDS-2).
Pittsburgh, Pa.: University of Pittsburgh, Learning
Research and Development Center.

Gagne, ED., 1985, The cognitive psychology of school
learning. Boston: Little, Brown and Company, 374 p.
Gagne, ED., Yekovich, CW, and Yekovich, ER., 1993,
The cognitive psychology of school learning. 2nd ed.

New York: Harper Collins College Pub, 512 p.

Hardiman, PT., Dufresne, R., and. Mestre, J.P, 1993, The
relation between problem categorization and problem
solving among experts and novices. Memory and Cog-
nition, 17(5), 627-638.

Okey, J.R. and Gagne, RM.,, 1970, Revision of science
topics using evidence of performance on subordinate
skills. Journal of Research in Science Teaching, 7, 321—
325.

Pestel, B.C., 1993, Teaching problem solving without mod-
eling through “thinking aloud pair problem solving”.
Science Education, 77(1), 83—94.

Rief, F. and Larkin, J.H., 1991, Cognition in science and
everyday domain: Comparison and learning implica-
tion. Joumal of Research in Science Teaching, 28(9),
733-760.

Royer, JM,, Cisero, C.A.,, and Carlo, M.S., 1993, Tech-
niques and procedures for assessing cognitive skills.
Review of Educational Research, 63(2), 201-243.

Vosniadou, S., 1991, Conceptual development in astron-
omy. In SM. Glynn, RH. Yeany, and B.K. Britton
(Eds.). The psychology of learning science. Hilsdale,
New Jersey: LEA, 149-177.

Vosniadou, S. and Brewer, WE, 1994, Mental models of
the day/night cycle. Cognitive Science, 18, 123-183.

2001 59 149 93 FH
20019 79 49 YUY HE
20019 109 129 93 A=



	JGGHBA_2001_v22n5-0003.tif
	JGGHBA_2001_v22n5-0004.tif
	JGGHBA_2001_v22n5-0005.tif
	JGGHBA_2001_v22n5-0006.tif
	JGGHBA_2001_v22n5-0007.tif
	JGGHBA_2001_v22n5-0008.tif
	JGGHBA_2001_v22n5-0009.tif
	JGGHBA_2001_v22n5-0010.tif
	JGGHBA_2001_v22n5-0011.tif
	JGGHBA_2001_v22n5-0012.tif
	JGGHBA_2001_v22n5-0013.tif

