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A Comparative Study of Knowledge Integration in the Textbook and
Students’ Mental Model about the Phases of the Moon

Na-Hae Sung and Seung-Urn Choe*
Department of Earth Science Education, Seoul Natfional University, Seoul 151-748, Koreq

Abstract: In this study, we compared textbook knowledge organization with students’ mental models to contribute to a
more well-designed instruction scheme. The selected science content was the cause of moon phases. We investigated 9
textbooks and 25 third-year middle school students. Patterns and features in participants’ mental models were identified
through cross inter-rater data analysis by 9 researchers, including in service teachers and experts in science education.
According to the results, observing and modeling are the main activities engaged in when dealing with moon phases. The
activities consisted of such concepts as: lunar revolution, the sun’s parallel rays, the illuminated half of moon, and the
relative positions of the sun, moon, and earth. Each concept involved inquiry skills such as: creating and manipulating
models, utilizing the relationship between time and space, and communicating. However, the most important skills which
are required for authentic scientific inquiry, namely controlling variables and formulating hypotheses, were missing. We
categorized students’ mental models into three types: scientific models, mixed models, and alternative models. The
knowledge structure of each of the models was also discussed in this paper. Consequently, it was found that, typically,
students were not given enough opportunities to strengthen the connection among ideas.
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*Knowledge Integration refers to the process of adding, distinguishing, organizing, and evaluating accounts of phenomena, situations,

and abstractions (Linn et al., 2004).
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Table 1. Concept code key for students’ concept analysis
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No. Code

Meaning of Concept Code
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SciHaf  Bjorg ) Sl ) WHES] Wike),
SeiPrl  ej e @, Aol FaE =g

SGEMS x|, ejof, ge] Arizel $1x7} 27t v BEe AP

©g7} B Whil= H2o] A (Phase)e A4S} (B%E SciHaf/SciEMS 7Hd 3t Agts] o] viebdtt)

NavSee ThE sH3t=9 70 glol, 2o] Sl ek Adet ok,
AliSha  gho} o8 BEe x|70) I@Rolt), (2] 9 A Fe] 2@A W] A47Ith
AlRot |77} AES FAloz =pasi7] Wil Ao] wEoalr}.

1
2
3
4
5 SciSee
6
7
8
9

AUETit A7 A ZAL2 s 2ol Siao] whEoizins,
ge} glake 3R ) ToMe) A2jH 1A wEelm The XA A6 Ak AFES T AYS Bok

10 AltGeo
11 AlOb 2] AR 23 /el thel Wakalal ot
12 AltPrl
13 AltOth

R - GANA] B3-S WEARFCEALE, radial)O 2 FA| et AT Bl o] st ide] fiTh
ol e A A o). fe] W K o)) eildo] A& 7Y, AltOthE E718HE o5 Heth

4 Uscipy EEHE NG, T@elq A7 B WANECIAE, nda)o & BAISIAR, 7id deliie A

A 7HEE 7HRAL s Aol

g 7150 BAS AAASOIA AAEH SAPAIY &
T71s AoE ALATHAHIE 9, 2005 AL-E).
ALt g5 23, 4ntsl, Ag, #E, 25,
Al FZHEAAE, AN, 9AEE, 24, F4, dA,
zg), HelEA 2 TA), 2ZF Ao, /MAA, A
&, 2 2, doly s, 2dAA, AL, AL
AR 7)5olth

17 Y Y =

gho| 94 EfPESo UEph= =fsf JHHE3t
s

WA FA0 A, ge YA HsE tRe 7
a3 el AL ERIg Hart Y. Y Te
ZE Bg8E Fo g9 o wWa 99U e
2 3k ATS Fd Add, 258 A 73] v
Aol\A go] o WHIlE #A=(o)3l S &3)F
Holl FZiRds g3l #Hs AME A
g5els RdMY 507 ooxe’ 3EH<Q
74E E]lsvith C EAN e @ HE EF2 Yo
L 2 F 2 Y s U BEALE FEs
g5o] L DM = Fe dFHolzke AE
o2 ule AL WHZS Tofisly YA WHIE HF
= 9 224 JScH(Table 2 #=).

oA 2 HElE #5ske 8FoE AR
2AAA ZFog ojofR= FF AL gy 4
Halo] gk wHA Y F8 AAZR Btk a8y
o] AAAM Yehtz 2t JiE 2= HE oY g

Table 2. Consisting of inquiry activities in the textbook
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Table 3. An example of analyzing concept and inquiry skill in inquiry activities (textbook G)

gTes e 2 Bl 24
A4 A Ne HTF71S(SAPA)
| LY oA R S0 SR A ARG 268 wegel 2
) S TR A Sfso) 2490 uYl 2Ry Y QRS A7) 2o AN mF 2, AW, 24},
S wiEgold] a2 e
1. &2k S =
gl 3 iz} 2ol ute} Do) 39} moo] ofA| WakeA HelsA Navsee BRI, B
=, zAL A
Rl @Al Aol wet o) AIAE ol W B E A% o)Feher)? Navsee MNETEIVEE .
He129m7t Aol M) el mpe o Wskerl Navsee TECEINTE, E
| 8 EOEA A= T o U T A P B e IR EE I
3¢ £ B A ) PO sk B T, 29T WSl o)F SO Lo
2 & 7o) e ZoA BAl Boly 39 Rgo) oj LA Wah=A) #Eely, 280 ScEMS 23 z;% ";i’}
2 a8} SciSee e T T
248 ) dgese fasns WA Role R ndo] ofgA SAEA BE o ARG
N 8, 49
G5 e T°) 28 RYOR nY ) BUAE FYOE 334 A5l olTE e F 2
T Q171 SCEMS xad Mol B =
oy B0) RO 1 BgoR BY o) 33 BB, 22T WFo] olft e of SHEMS  AEANE
H2e ¢ ey
784?43%94 87 Hols Hio] 259 >A¥Y > HEY >3dY > 189 Y02 B SciSee F2Hd Ao 3 =4

ozl T& € P o= o2 Aok =T SciOrb Al BB AAE

Table 4. Frequency of each inquiry skill for each code key
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“ % 186 47 186 209 O 0 23 23 23 0 233 70 100
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cigee DE 8 4 3 14 6 6 0 1 4 9 9 3 67 250
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Table 5. Example of inquiry skill showing NavSee code key

2171 o]

N

By 2

¢

SHIURH & 2 B o 2AEY 2L AT -2 AREEl AR QA@E)

TE, A o &g TEETH(A THA) -AAE WHEGAE)
2 o] moke e TYEEUA MREASEE DAABURANS
ey SRR el B oA WS _awiaag A waes sasin 2 A
22E] AEL £25P) (0l 4
N o) sao] Wala] oAl 22 Sao] B W7kx A s
=% 2l 77k YrielZPAC ZaH) F20 AMga] YPHoz U
AL A olg 7Mooz BE T o A S HEoJSl ¥ -2E F|(AD

29 232 old) Ko} o] 1S VTLE AN

3} whEalel 29(AE)

Ad 7 A& slzdl 2edo] B €7E vid
LT Azl go] |9} RS BFold 2

AR ZA}
A (G ZA])

1o E FJH AA|(EDAEA)
-SERY], BF FAI(EAD

244

Fe A g9 rofo] Gt Aol uie} W=
E3h= NavSee TE=i= 7&(15 3%), /\l-ﬁ—wr
Al ARE(15.3%), HloJEls]4]
NS Se30on ZAK15.1%), ZdX4(12.9%), A
#(9.4%), 578(82%), AAAIE(5.2%), ZZH2.4%),
Z2(1.2%)y7}F Holith.

NavSee 3= ©@d I 7L Aol o}
2@ g BEHe FEI V)ES 1 FAIE A
sh= A Ao AAU] vlwA BL ¥
AZA=o} At NavSee 7JE0M B2 HIEE HI
7152 :

o2 2o 34 tig /idE Yep= SciOrb
Foe BAH(23.3%), A}—r—-;'h‘-__lr;ﬂAFQ-(ZO 9%), &
2H(18.6%), ZZ(18.6%) 28 & T42 EO‘JE}
W AKEE(0), 37(0), HleE X0y 883

lﬂ‘"

_Q.
A=

IIl

Table 6. Example of inquiry skill showing SciOrb code key
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Table 7. Example of inquiry skill showing SciEMS and SciSee code key
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