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The purpose of this study is to investigate the process of development of explanatory hypothesis being
generated by middle school students and the factors that affect the process in water wave interference
phenomena by analogy scaffolding. For this purpose, the processes on how explanatory hypotheses were
generated, revised, and then elaborated by analogy scaffolding were investigated and analyzed. The
subjects for the study were 60 eighth grades students in one middle school divided into 12 groups according
to their cognitive level measured by GALT. The research findings are as follows: First, it was found
that there is a regular pattern in development of explanatory hypothesis by students about water wave
phenomenon; second, the cognitive level of the student affected apparently on the students’ hypothesis
development process, however, it was also observed that students with inferior cognitive level could
form a scientific explanatory hypothesis in the second stage of the scaffolding; third, the analogy

student scaffolding actually helped the students in formulating hypothesis. In conclusion, analogical reasoning
can be a meaningful and powerful strategy for secondary school students to formulate explanatory
hypothesis.
. N2 7] oJ¥Ht}. Clement & Oveido(2003)+&= Al A41E 310 =<
IollA SHSS] 7R ol aafel] sl oAl ExlE L Eds)
ot 1 e ool el glofd BHel Fgols) apsr SIS AT o Al SoES fen She 28 #%‘Oﬂfﬂ
ﬂ%q]/q T 73HA galRe Eg) 7HA 4 S8 ket E SIS A gtof W3t oSt ARE F7] Hoj| 7] AES £7|
sk gtk IEju PSR SlolZ o] WSS A AT 5}74] 3= o 27] A HEkS e sl 2 7le o A2 /%1*1 B
pS)ez!

7401 CIR] el BE 39 ol
PEAH = T 714 3

= 3o} e
uﬁﬂx & W A9l 755 T3l 7HE ke Ao ol
ATE B9l ¢A 9l (Hanson, 1958; Lawson, 2002), 7L A&
o] #A=IL HH7E skt (Kim, 2012, 2017). <& 54,
Carnot(1824)+= 27| A= 5] 550 Camnot 713 52+ ]9
o5t 7PdS AI9oH, Galileo BjOFe] S48 2|10 JLEO B HE]
Az} ok ;o] 3 /1% 2AY Aoleks LS A A
(Drake, 1957)0] L&t ofjof] &3he}. =3t sMYE9] 7Hd 4 24
of & EAE AHEE Wo| 9Jom (Park, 2000; Kwon et al.,
2003a; Kwon et al., 2003b; Jeong, Won, & Kwon, 2005; Park &
Kang, 2006), Bl F~2= ol&sto] 13} 7ldS olsiAl7| A, i
T2 A Ao iRt A-E= WHiKim, 2012). 12y SHAY

el Hish 4
@74 el Hit ‘%% 45t st

Eo) 1 B4 S YA 9l o A dat A
* WAIAA}F - 7197 (minkiyo@pusan.ac.kr)
w3 mBo 7191de] 2014 A} BH9] o] Hlo[ElE Bgalo] T8l

http: //dx doi.org/10.14697/jkase.2017.37.6.1015

2 slol Ale] Ay BEE 1ok SRS sk BES o)
St o] oA+ H]H(analogies), 45 AFA(discrepant events),
1A Q] Zs(hands-on activities), FHFE A ofymolA
(computer generated animation)¥} -2 AT ARSI RS A
SkES: sk o) B o sHISe] A =S 4:lo] ofol
A= o} olgF o7 AR on AkRoR Hrh AEsFA9l ny)
2 7plo] 7k A|warozy shiSe] i WalE B 4 9]
ek, ol she) 7 Wit o] sldsziel 2t HsE 5o
A dojdtla 7148k Park(2002) Q] ¢ltel wegke o) st} E3F
Clement & Oveido(2003)= SHJE©] Vygotsky 2] %ﬁ%’%oﬁoﬂ
(ZPD: the zone of proximal development)d} 7o ‘F=

(Reasoning Zone) o] 17| SH= Zlo] Zasin, WE spY5o| i
WEkom A7to] 870lg vl Uhs AL offAle 22 Gelol]
kel 4 ST BILE ek Aol WAE 4 ook el
Rtk )] HES SASe] TS THUEUloR oA 2

o] O

AT

1015



Beolo] Gt SIS BE A GAol Fad G o
ok M HYRAAE A2 Sk AR HgH BHL R
A 4% A3 Ao Kwon e al, 2013, p205), BIF =T
a459] of ] BACA BlA 4YORA e T AHOR

4

M ol A 4 AW Slal AR, ShE S
oAl 7H WA st 918l AAE 4 ok

Young(1800, 1801, 1803)-> EZuo| A9 7+ &2 Hlfr =&
slo] Qo] 7k AR Aisls Arde A4S Young?)
o3t AL TS AL3510] SHISEA A 7 A EEo) 7))

£ ARSI go] Aol ghom A= Hshige] W
= A sk 9fu] Sl ol F Aotk ol2fgt gztel ZAs)
of & AFAES Youngo] 8El HIGFE IS ISR slod
o el 2A S wf sP¥Ee] Wel 1] Aol thell Hmht
St 7HEE FAsheTE RAskL SIS 7 34 T Y
= PR 3 Mg mAel Haat shglon, of dpgollA gt 74|
Aol 28It Youngo] aid HIf5-29] 3 sHYE0]
adz —’F@ﬁﬁmoﬂ% 0181% ZHo] gol qlth= Helek 1 S

Eduo Ao 1] @e & olsfishAl &
3 1 v ﬂﬂli—i xlggo 1 H% ofth= x40]]‘% JuEs 2 A

= EAutelA Y] ] A4 S B 7oz Fal olof of
o Arbde s HA sk 5= H =AM o] 7] &
&= olEiA7l= WS AZsIeiT o] I E3F sHEC] st
7] o1§7] ol vlH5ES B8she HIA s oA =Xds) 12
Utk HFFES E8hs vA o] =YEMEe W SIS =
Ao} Zhd el iRt dr 7HdS duidt e e FAdskeR
£ A3 oI5 98l B0l =4 1
o] Aurlde AAISH the, o5 A& oz £Asla HeksH
Q= 5h= 5 1P BFL Jdsiglon, o] SIES
o2 ARt o] F T Al sHIES] Arhdoe] Halst
Wehs e 2ARIL ofof Y vRhe 80 BAskdlom,
SPE0] Arg7hdo] Hslstal k=t B|A Hefo] o ks
shonlg Baetor

2 qAolae] ¢ B

Z5AE0| BAuto] 714 3

sl

ﬂ&
11}_

[o2

)

=

ot

>

rx,

E=)
Roox Ay n

oq} 7t}

el digt dgrhde A= a2

70 Bl Te FSPEY A ZHaRA Tl
WpRES) TS o

2 A= BEAlO AslaL Sl 7 7 FotaollA ) uks?
Uhg-S sisat Zokin 250 27 il 0] sPES ko sl
5ol QA 3t Teo] ok AP A (Park & Kang,
2006)] 71Z23}0] QX4 = 7 AYAJo] 0wl zfo]7} LRt
) Qrobus] $lahal A7 o SAEelAl el A A
(GALT) €H=(Roadranka, Yeany, Padilla, 1983)-2 £<{13}0] QX|4=5
W2 2 WAL Sl SHISe) NSRS Tefsle] 463

1016

7] 22 She o ARl A Tk A
) z27), 8], FAH 2o
zeawe 127 zof A8t Q%
13} 2.

J., AT BYYHF
_]

lﬂ% iﬁ‘& H/d <Table

Table 1. Small groups according to cognitive level

Cognitive level Name of group Number of groups

Formal reasoning A 1
Transient B, C, D, E 4

Concrete reasoning F, G 2
Mixed(Formal-Transient-Concrete) H I, J, K 4
Mixed(Transient-Concrete) L 1
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Generating initial explanatory hypothesis about target phenomenon
&
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analogy(Moire pattern)

4

Generation of final hypothesis

Figure 1. Initial instructional process model
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Figure 2. Teaching material for explaining the dark and
bright pattern of water wave
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Figure 3. Teaching material for explaining interference
pattern of water wave by using Moire pattern
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Figure 4. Instructional process model for formulation of explanatory hypothesis about water wave interference
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Table 3. Students’ initial explanatory hypothesis(Ho) for explaining target phenomenon

2 dAE 27] A%97Hd Hy =%

A B4 5 7ol il ofdh 40 Smhe Agole dAsbl itk A2 b S N2l e dasle] WA gy s
o wowwﬂ 2t % e 3ol Wit Aze] S alsle] LAt FoEUE AEo| ol e

B i3 225 T 7k gAAM A2 71D B F W Este] 44 11Zo] yolyirh 227 35

. AEL A ZolB. BOR shw 24E Mo| ARt A B AFo] Folul 7 ok T H¥o| vy e
c Azl RESS o]xq;(] oly B3R} = T A 74
. 2o} u}e 2} Zo| whiw A= T e T et 2, 2 b dl .

D W% RSk T Sk ol SR Aol AU I A soln oot . 5k o W ORI ey gy

E gt ahgo] olEakuiA THgOR olFshe oAzt WY Folgoel 21%o] ok W 71e

Fo A T 2hup} vy AARUS B el T 2hub) 1307 diiel] 9 F vk g A3 puh dedk uhdg 33

G ok A2 BuEH SYEAnE F%o] FolEd) 277 3%

g SEEA- 33 39 lerle ks FER i A%e] /Y A FHOR LI5S UKol Hobn FHN WALRE Ly
AT FZo] Hopxrk =eres

! ffi(iﬁ}) AT Yo7 ok 27)e] mhHe] MR HYA FlolxAL MR FAA A Tz} Ik =277} 32
o SHE Al

J %g;?ﬂ) AZS Wax] ok YAk wpRzle] st AXA) E7] g AR
S SHE Al

K ggf;jﬂ) oz Bo| AR whin RIE FuiEo] Fhue] AFo] Holx: FZo| Y FolBe] WBo| ZolEt  BEW 3E

L EURE- 2AAXE o] ole) A9 Adlo] qlch (S PR $) 100 Gl FEE M) Wahy] whiefl AFe]
A Zo} (SlolA] W R uppm ne o] dstuE 1Eo| Yk ae e

PR SE0l HiRt A= BRIs] s P Y, ShAY JHe} 7 Hutelof] oJsf) A7 T ko] Edub) A= thid a9
Al

42} A Aghe sk Th ke shiSe) AR TAV) Sl AV 4 988

sezch o) 3 Baols 8o 6o b} 5T el

i

WAL & TES0| 2 EHAGH=LT SORA[?

o RTke U =218 AT 918
ot ot o e st A S R R g
N ¢ SARICHe ZOL. LBl | O T Lt & s <Toble 49k onl ek 2ho] Aol e sisic

CIA| O @AM TALIZ 4= QUAOIR. J YAz OlLIC) O

HIARZS H|25t 7 2Ot 3. v A THAI(1)F 8% 24 d7HE H A
WAL T2 SZ0| P 0 M2ISh= H2)?
Jy - QR Al o 59 I AR A SEIA shEo] FATTHE A o
WAL A Y2sks FE HRE 0DjR] Z2 A A0? 7 sk wREo g ARG MEslEE woly] QA b ] ek 3
Y EI|EM H3RY 2R A *H7|h 71 ofL|o2? Zom 9o uhE AFS G & Alho] A& 7He. Hlgko

WS THE0| BHIR ZESICHS AZIS & 1 HR2 0[0jR[7}

T
;‘.: l

2 §4HS E50| T ukEo] thit HES wHsk A v

olof?
H : 240l S0l Slziole. Tk HolcH B2 mise Sol gor B0 ST EE S0) 7 el Wihe VS wasH sl
2 2P H9R 2 Zole o] BIstE opR Sk oleidt BEE W Tl AN

A7 HiS BAsigon 1 Av= <Table 5>9F 7tk

5] o] o] 42 FAA 227Ieh FAIA of T4 kA 7S AT 2T 17 2(A)fEelth 7]
22710l &oh= sH¥Eolth 9| 9] F tisleld EH = sy 3E D)= 7hdel Halt QISlaL 2s]8 AZ(FAA] A
L oEe] FE ES 7L e o S jitk ozl Hd 7F 27] Ag7HdoldE = e =4t v M=o} Kl

Table 4. Relationship between initial hypothesis level(Hy) and students’ cognition level

= CReI CReIY
S B @) (i i o h i
=0l ©
(ﬁj fii) 0(0%)
EohHst F3o] de D 1(8%)
TAgt F3 J F 2(17%)
T H I K G B A 6(50%)
g X L C, E 3(25%)
A 4 1 2 4 1 12(100%)

1019



Kim & Kim

Table 5. Change of students’ explanatory hypotheses after instructional stage 3

= Ho H, H Sk
A EE 2] = = 13
A* AZo] HolW(FE) A%o] AY(EHFHLE, F+2 B
o] HoL(vHE+T)
B Kol Zob(F8) AZo| FolR(ufe+Z) +
¢ A B3 WA
D Aol AYERFobe, S+ Ao] AY(EREIR, B+ 0

T Qo)

P} Rol(elB)

E By B AZo] AL A7) +
F ureig 34 B4 B :
G %o Hohl(FS) Sz0| Ggos 4y :
H AEo| ANFE AZo| ANEH) ¥
I 52A FolAED) sh5o] FHUEN) +
] ABo| WSk gFe(F) Ao W3R 0
K H%Eo| Aotal(FE) Azl AR A 0
L A g3 7 GolR3E) +

a-
oA wele] A+ WML Qle ¢ 0, H3A Heke] A -

Walalh TRES) $E WS 7T QAR o] TAY] B
uo} 0}, Fit Zo|
BILR Z13o] AX| 11 ulRS} Bo| i Z1%o] Holrks el
Q1 A7PES et ol 5] e Tt Pk S Ao
Bl AZE A2 A9ske o] thE sRgo] whkt] 1 whi
L 2o ne} ules) wht Bt o) Wbl HES 11%o|
ARk u}e} o] bt S H%o| ZojS7] wjReltk 1
ole] 107) Zt BH3pHQ) MgrhEE s FRO 67) (B,
E H, 1, J, LE)OIAIE <Table S>ofl4] i wle} o] Ag7ale)
W ek ISl 2] AR/ NS 23 ERe Lk

o

A7 A welon, sigo] FERIka AZISE B, H, 1%
L uhge] FHOE MErbES ARSI 12E 7] A97bao)
A FHE AEL ek srechn AZelglott §43 ok A
2 Fal4 A%e] Wske o sgick a9 57} #(C, D, F, G,
K)ol Al of S FalA Anrbde] was Waph thehix|
Qi 7] A b ek F3 BEE o] TAl] 3 o
ArPES AP Figlot 1Ze] A olf2 F ukso] wht
A M) ol FHHY] wioleta Agslgon, Kak deo] 2
Afee] Bzlo] AR ghhel o] Atk Asle] sHEel o
.

1
9L ol7l Flo] AAAA HEo] ATk Asie). ol 84

Table 6. Changes in students’ explanatory hypotheses after 4th stage of instructional process model

= H, H, S
A o] AH(TFHuLE, T+) ZZo] AY(MHROLE, F+3) 0
AEo| Aol Y(uh+T) A Eo| Aob(uh7+2)

B Aol AoPH(hTE) AZo] Aol (uF+2) 0

¢ EcES AZo] AY(EH+E) +

o] AR, F+3T) o

D = > A Eo RO, 24T 0
1,3_3:]7} Oéq;g(nl__?_+§_) I 7‘1\:( ]’T ]’T = a)
_ - ZZo A(OE+uls, Z+I

E* AZo] AR HH) e 2 n

A= ] b A=

F A 23 AZo| WHFH) +

(29| o) Y B35 0

H Aol AYEH) AZEo| AYEH) 0
- AFo| AY(uRnE, BT

" 9 AZo] Aopy(nli+H) "
S AZo] AYORREruIE, T+3)

* HER L) A T

s10] 7% Qo] (k)
¢ e AR EY Ao Aol E, D) *
L Pt QoGS P QlREE) 0

* Bty AEE A 2
o b slel A9+ Wb Qi 49 0, B wske] B -

oz
ox.
ol

1020



An Effect of Analogy Scaffolding for Middle School Students’ Explanatory Hypothesis Generation on Water Wave Interference Phenomenon

=
710l ‘nls Qo] uleehs v 2o] R1E Hobdrk 3 X
sk Q] ofi= mol i) ke ALk 2 skl 9)
o2 Abel] Salstirt.

d

4, WP AP I ST 4% A H, 49
o] FAo 5 Hisele] ofst Bavle] 21%e] sk Al

943% 7 =2t Hi Thie Fie sk 9%t sHY &

Ch oleift 58 @ gl A4E AEIAS] B <Tabl
ek

o] e e FHIS e 23RS 47 A, B, 1, 120
ok o Fol o]ao] wel A Tt AEIMIS AT AZS A

ofshH 371 Z(E, 1, J= )7} o] TA9] 252 FIllA ek b
= Adslon, I 8-S B i whEo] Th ZlEo] AZ] Kt
2 Z3} Zo| yhtal npE= upEE vht /di S AA] A1 T
o] ZlZo] 2pe- R npFe} *01 ThpA 21%0] 2717} FolE57]

wZoleh ehal skl on, 1529} IR TI"/\]'E}- Arge H3irk 1
ofe] 870 2= Tper2Ql A7HEE s Sk e o] & 370
Z(C, F, Kx)olA Ag7pHde] e wapt lgick 27] Adgrid
= A xRk Cxof Fae Ai7bdE AsH =3len, =
ukEe] o] HAAHAA zFo] ARIrkal HyE Ke vpe} E0]
2he uhso] Ao 110 wels syt 2efu viRet vt
F7F SR RFo] AR TpepR| o2 AsigiARt npEel &

o] Rhp7L T3} Zo] Tt Flo] Aoprlnfal stof Ffeks 71
= AP Z3iglok 570 2(B, D, G, H, LE)oA= o] a5
oA 7ol e et YERA] etttk 27] ArHEee
AdeHA S1E CxE o] B9 Bes F3hA & 2ol A= wht

A S8 8 ZolAA] of9] Holm whix g nh BES u
o] GhHs 4 of sk Bio] Hlof SERESIT U] o

A Welh L H9rEE BYSETE BHY B Ol £

OHP HES A2 AAnE 852 o 0 71 549 S7} A=
AARE uhe Mo] HSP LR b A1g R 2} T SHo] Az
BAAA Q0] ¥ AZTRE AL olalE 4 Ao FHE 25
U2 AR PAE d stk ule Sio) iy girtu
RIS wlol F3o] Aol Beixe AS B 4 qdola A% vk
o nk7} gy A7) 2% a}% !

g Z2go] HloAx 3 %
OHP #55 HA¥= & 7o 1—,]_4 22 Agrhde s
o} “EHL} S REL 9 2747k 217] uhstel Zo] AAHA
AZo| Z Flo|1, ZFU7} Sulat FES 55o] 1A def glotA
R A

aRgo] 7] el gtk Al 7 A 0*0}11'71 FleiA 25
ool Ak WS AAstilon 1 W8 Rt k.

<

WAE (BSAIE 7127|0) o7 |M O7l=

ZHeoll gitks Al R 2P

oE0| & 71 o7l §

=

Fo ApALEo] 2k AHIE Belst 4Astol
olF9] FigollA] Hoka Fhao] AT Abee hafstect of
Arbae cheat gk
“EPL U FEE 3E 2} 9
AP Wl Aol ZRE7} Sjujg
BRLPA 20| ZobA7] thie] Sulgt

18] 344 o] A5
58 2izte) np2el Bo|

2Up} o Rolet

_]N >~i

Jo] SYES Ayride AHAJS Al

Z AoI7A H, Al

o] TAlelA= thE ol 3Rt Ag7de A4l Zojl A

IS} ol B Sl /IS 288 e
o, H40) Ao @Al /S ASES Shr). oleld B
3 ol ASH Aw7bae] WaRs <Table 7-3+ @tk

o] tHA|o] =8 Ed|A akd 7PdE A ARTRS 57 %
(A, B, E, L, JZ)0c}. o] ehAoA] mata) Admrbas At 47)
%2 Al2jsh 17) 2BR)7) o] wlle] B5L Sald Tk A
71 Agelirt. 1 9le) T e Bskael A Hdg A
S of F 3/ £(G, H Layolq Ga7ie) 2id wabt
ATE 7] AWrES WASHR] B3t G A7 AAsH]
Ejglon], FElo] Eo] Arkn AR HAL vjsel Boje)
L b fAoR %) Wk Awsliirk Jeht eel nje
7} ZAEW 112%o] A2 7 e} Fo| whpw 1Zo] HolHrkn
afo] Zabeo Al H2) o] wih Ksto] & A}
1 sfo] b 7HES AAdelA] FBigick F Thgo] v FE
i ArHES AARE Lk S Ao Aurhas 4
Stk 4 2(C D, F KD o 382 34 2
urdE) wapr ehb gt C o ThAle) B8 Sz &
o1 SE of13] T gHe Sbolel AZielson, A%
mhol uhe, mhgel o] whbA whEl AZo] wists kA
wato] walA Hde] EekslA| itk DR ulse} nlR,
Zol yhpyl o] ALcka fakx o2 AgallAt vzet Bol
RILpA 57} Gofals 4G ) wislz Aela] Ealo] 25}

7P0] e FBi9ic Ft o] BAle] B Fof Faekd 1=
o] ARz & GAl HAANE niEeL Folghs vEe] W i
S 2= AYslA] Esigltt K= wieet nig7t v 2Zo] #4]
3L e} o] RhipH o] Hopx= A2 weka o Arsiglo
U =30 o] T o] Zoprinkal stof wpeha| ArgrHdel| =
gokA] Fskgich

1021



Kim & Kim

Table 7. Changes in students’ hypotheses after 5th stage of instructional process model
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