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w1 =,

o

oIE R0l Hot 2ol
2+ A > T AR SCH
1 o v v
N SH= Xel s Hel
DHAI/ S I S
aaxg [ v
= FAE A
ct
A = !
E=1\; > A BH <

(79 2-5] 944 g AHRE 29

(Paas & van Merriénboer, 1993)

AAA Fe kg 2uo] EdA 5o o3 'Ed4 QA4 F
D (intrinsic cognitive load)’, 71 87} AFEHE= HHd o3k 9 RA
¢1#x] 4 K t(extraneous cognitive load)’, &7] 7|9 o &o] ~7|u} 74
D AGS Q& 27H = 'FHE A F HFH(germane cognitive load)’ &

2 FEE 5 A dgn 2478 9AF $ue g g3 welHA

B
k= 3 g Ao & WA ko) o FA AAH Hoz iy <l
A A 2o wg AA o A" 4 At (Sweller, 1994). =3k A
A AA A Fehe] ko] AHalA JquiH, FA QA A FES FAAT]
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nogd 9AH REe FANAE @

Qlojar, o]zloe] ofwWA FIgFS W=XTS A4 4 dvH(Kirschner,
2002; van Merriénboer et al, 2002).

HtolE 719 AX A Hu o]Ze A= Sy 2 Eetel dojues
ZA gFo] HHAY= AS AASAA, AAF FE o] oA =
g5 ToA4Es Axste dFAE] soya Jtk(Valcke, 2002; van
Merriénboer et al, 2002, van Merriénboer & Sweller, 2005).
Valcke(2002)= AEE At A 34, 5 744 7[#s &3 59
< ARE AT 7Idoem MeEHsta A3t A4, F7] 719 s

o

=
9oz AfFEA 27ve Agstn $H5e A4, 2948

7 = =23}
o= A £-sta FAskE EEol I A AAdd FFE THaL
FAsv. ada 24, T4 &S Fdsks FAANAM A= AAA
s MERIA A F(meta-cognitive load)’ol2kal o =A 7]E <l
AA F ol2e g olAdH dA=S 2YvkE st AR
e &EiEnt ofye} o] &ES AS=H A =EHES SolBRE
St Eol Al AR AP HAH Aol dis b o Aals R
st Ste #4e 2AddE 2ot v cl

4) 45 4 = o8

Mayer(2001, 2003)= ©l% 23} 7}4d(dual channel assumption), Al
3l o1% &% 7} (limited capacity assumption), =72l <5 7}A
(active learning assumption)S EE HEr| o2 &3t v #%

o
=

A} ghsyol thdk <l1A] o] Z(cognitive theory of multimedia learning)’
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Qs ol 5 Fadt P A Eo]l dofH AR A4 ARE
Agstz] 9 22| AAE 7HAA v Ao

Hlo]d Fo AZtA HE&= AZHA A A A s, %‘O]Ur = 52
Aojz AR = Adojz] AdelA At At A &= 7P 2
AR A Aol AL F A AR Fol A vk ol
ohoolE Bl StAEe Fud wA ok A & BT ool 10
2 A=RE HV*OE dAastAd 5 dvh 45490 g5 M A=
o #4lol 1A FEs FHFJORN AAE sEHLE FAITGE T
ool 71x3%k Aol o] ZFAel sty Fou| g ko] dojrtr]
A= Sl dojd gust AZH Fue PFeku, o] JHES
WA Ao K/ A A4 o m £Hsteta, o] WA BYE P e 0
WA 2= AP A4, Jid, B 5= @k A9 22 454
Q1 A A A Frofsfopwt k= 7HA ot
A HA 2zt 1 Rrs 5124 PPl
i HH ) |
g T T e O W g s¢
\ o1 < AFE R A,
e, B
N N o |l 11 I prspengeey

<0 s ® A . * 0lolA =zl B =

R
[2¥ 2-6] EHW|Hol S &&=
Uz 34 stssel gk 1A o] &(Mayer, 2003)

o] o]& oJetH, = AE F3 Wol Sl dofA FHF AA4A A
e S A7 Jledn A7 slfe] gEAd. agn SAES o
A8 ARE A% 7)o UelA Hesty] g6 dejd Ane Ay A
galo] ‘olojd mAYow AT A17A ARe YRS Aol ‘A
A g R dedt olm), AlZtA AJH O dF= dojH RYoE,
Aojq Are AnE AZ4H FHoR ABHE Itk od FHS
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olfli WAASl shel vlREs ek ww, dlojd Arsl oE Ay
S adge 2ol AP W, HYEL Aof Ay Azsh A7 A
ARE BT ASSEE dojn WA wAw A4 WA B4 437
o AAFL TG FANE GHS o]F 5 Atk

olg swmAsts FARA B wa AToA dold FREY AA
A 8 45 PERT 2t fUdol A 2 aeHe]
A ANE NES ST A B e fakEe moth A4

I ags A AN
3] Eo] &A &4
Aol HAFNA ¢ sAE AyE Hdt(Mayer, 1989; Mayer & Gallini,
1990). w3k, Ao AbH AAbE dwetr] f8] =W A B =
I oofuro]dE A AAE HE HuPS o, ofyuo]do]l A
AANEGANS o] &g AHAET o =

A 2 Apsak Byo] Al s dEld s W]l ARt AlEe A5
oF go] Az} o] S A AFI H9S HPYS ul oo
Mol A AAE A7t shzol o @3 o]t (Mayer & Anderson,
1991; Mayer & Anderson, 1992).

2) ¥ F4 44

AA o] E] wEW AF sl v 7 Au A Aze Ay e
Aol web Azulde] AuE A7 G4 dojd Aush A
ANDE W, 4% 71 U Az A AR T A ARE BT A
dett o XA Rgro] kobAs) frk. oW AojH FRE A7t %A
YAl W7 FAow AASE 24 JRE Pz AP Aze A7 A A
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AHE FAY HEE =AM A8 AFE( AL, 2002, Mayer &
Anderson, 1991, 1992; Mayer & Moreno, 1998; Mayer & Sims, 1994)9
ostH, Solut el A&k LEloly ool ds F Aol Aleg
A7 Ao E Agd ARt gFe © Al Zﬂf’_i L EREE
t}. o & E9], Mayer?} Anderson(1992), Mayer$} Sims(1994)+= A} 7
Hixo] 25 A e A &0l digk ojude]dy} S 5 Al
A &ste X Z I (concurrent program)¥ =AAH O 2 A FItE TR
2 (successive program)®] E¥E Hlwstgeh 1 A3, ofuwo] A} 3
AE Ao AFdhs ZR2IOFo] FAA R AlFdts TR
Al A Aol s¥He FHAII=H ¥ ol dojH AERE =
2, AN ARE "R AlFstes Agfde Ay fFASEAEH

(Mayer & Anderson, 1991; Mayer & Moreno, 1998).

5) 484 94

Uz 3 gFolA Sn AT g5 Jggoe=z #Ado] gle AH
S (seductive details or extraneous materials)?e] F7}2 A& HH TS
L Fo7F A A AY S5 #dEE ABEHT 2359 I AHE H

HAsotAl frh T3 SAES Adoj3 HH e A4 ARES dHA
AR Z=Ag}st=d WallE BAY d9d dojA AR A4A AR
E3HA 7] 7] FAFR 2TnkE AR Stk oA ¥ o
Ao ARUY AZAHA BRES o8 4 B4EH A A
A= A A A Wt g5 a34E HaAE T 3
, °]= ‘AdAA AT (coherence principle; Mayer, 2003; Veronikas &
Shaughnessy, 2005)’ 2} 3kc}.

Harpe} Mayer(1997, 1993)= W7le] A Ao dist dde] Ay
ATE Tl 4 dEE FeAsAnh AL U AR HE &

AE Msste 234 A9 E(caption)e] U= TS BHA W77 o9

o T L/

= rlo (o
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A ARHEAE ATk o, & Agels LEAFI SEFANA W
g wa zEAE A4S W, BASHE Zolu a9 go] FHEX
W oetga ARAe Bele] g AREo] FE AFHAAL G A
dolt= oldl ArEo] AFHA gk T A sAse] TA A A
o] FHL wud A}, o] Yt FRSo] AFHA e v
AEol AwE Aue] SASHT AA U FeA BA AdL

Mayer =(2001)= A144 AEE 29 il ofyHo]d o=, O‘ioi’—‘i
ARE 2 Al R AT A5 dHY dErt vEpeA
Ack 1 Ay B2 2 F3 z2po](effect size):= FolFHA|qF o] AE
S #Ho] g ARES A|FSHA XS AL 5 gy g =

Ao e,
6) el s A

‘70213 8] (personalization principle) ™= 101% AHAKH 7} & 2]H2 &
gl (formal style)X.t} 3} A (conversational style)® A& w &A% o]
AsE A3 FRE FY T4 AFHOE AHditte= A& 9
v] gtk (Mayer, 2003; Veronikas & Shaughnessy, 2005). 7113} 8]+

d g olBor AdWE 5 Ut FHBES UE Abdo] ks

s £ T

AL 5 9 2 EE oldisty] fd w=Heks A 2ol A W) AR
o ggts Tl AvHe ARE FH seHeE Aysts 4] U
o S, JidstE QojA AuE AT S5 I ARS oldEY]
MR

I, 53 223t AL FF HAH sEHOE Fogo
24 Ho A FA4 T
Moreno & Mayer, 2004).

Moreno2} Mayer(2000)= it ES Aoz A% oy dFES
I A3t A& A S, A= HIZE A= dAE 2HA

ro,
o

=3
gt oy mo]ds 140% &< HRA ol #HH sjde Sk o,
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Al 2 A A T BY Ta
249 gAY FoA
Wel gt A FAH/ANG FE, JAA/m A ?% 47
o]

olsl & Q8= df(Treagust er al, 2003). 53] =29
A

14 #ze 2o ol® sete WF axEA,
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Gabel, 2002; Singer et al, 2003).
Novick®} Nussbaum(1981)-& Zl‘gﬂr f—;‘-“é—cli TAE TAP(Test

2l
dom 1A dAY FE, FE5H ‘?JZ}% Abolel &%t 7H4d
e JAF ol gk o] 3l al
Y= 249 Aol sl
Zohghel wep AW o=m  Frbelvi= ShAINE, aleshul o] o A =
60%7F H+ stAEo]l e A= Akold Fz3h FsAES ol st
+d olH =S Av AoE yEyth

Haidar¥} Abraham(1991)2 11, 128 ghAl 1839 S tjito = &3,
ik, 2BE =249 AH 59 Jide diE old BEE FAMSH. A
Ab EFEE A oA Aled 48 FEHo EAe EAS 2
stebal BAHAA AvE oe FHY FA=EE 74¥ “Physical
Changes Concepts Test”& o] &3ttt &4 Ay 40% o]de stA=
of &4 dAAl dal SUiES THA A dloen, A& FE o A
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3} (Gabel, 1993; Noh & Scharmann, 1997) == FH5FH oy wujo]l A (%
B3] %, 1998; Williamson & Abraham, 1995; Zeider & Mclntosh,
1989) ¥ #2 &3S AFstAU, A 23 (Copolo & Hounshell,
1995; Small & Morton, 1983), 5 A4 (Gabel, 1993) 5& s Eo] =
H #AFZstAY o2 A st aw Wy Eo] AlQbE AT
Small®} Morton(1983)2 New England W3gre] #7] 3}t =74 65
Ao w F7kAZ+3El 7)< (spatial visualization skill)S 7FZF3=

g
FAo aae 2ASGY o) FAS a9, 249 Y 4, 334
&)

& , =
74 9 2 3 By Y 2 25E 2EeH, 8F B AAlH
ATk A=A Hete] st Eo] o] FHS Wi B BA o sYELS
™ ™ (nomenclature) ¥} 3}3F 7] &% (chemical notation)& &3},
A Ay 3294 By AlES QFee dAio] EdEA e A
HA AlFGF F)dde F A ol EALeR Fndt Hg Aol
7 idloy, 3394 Ry AMES Qs dF Ao xstd U
Aol A Fete] Hls] X Jd FAAEY HA57t SAHSE K
ojmjgt xfo]2 =kt
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Abstract

An analysis of the use of
external representations of

science digital textbooks
developed under the 2015

revised national curriculum

Hong Juyeon

Department of Science Education, Major in Chemistry

The Graduate School

Seoul National University

This study analyzed the uses of external representations presented
in the matter units of the 7th-grade science digital textbooks
developed under the 2015 revised national curriculum. The level, form,
presentation, and interactivity of external representations presented in
5 types of digital textbooks were analyzed. As for the level, the
macroscopic level of representations was mainly presented. The
macroscopic level and microscopic level of representations were

presented together 1in the particle description. As for the form,
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visual-verbal representations were presented across the board, and
visual-nonverbal representations were usually presented together.
Very few audial-verbal and audial-nonverbal representations were
presented. Visual-verbal and audial-verbal representations were
mostly presented in formal form, and visual-nonverbal representations
were mostly presented in illustration without movement. The
presentation of representations was analyzed in three aspects. First,
visual-verbal and visual-nonverbal representations were mainly
presented together and none of audial-verbal and visual-nonverbal
representations were presented together. When the representations of
the audial-verbal, visual-nonverbal, and visual-verbal were presented
together, some of the information presented 1n audial-verbal
representations was repeatedly presented in the visual-verbal
representations. Second, audial-nonverbal representations not related
to learning content were presented along with other representations.
Third, there were few cases of arranging visual-verbal and
visual-nonverbal representations on the next pages. Audial-verbal and
visual-nonverbal representations were always presented synchronized.
As for the interactivity, the manipulation level was mainly presented
in the main area, and the feedback level was mainly presented in the
activity area. The adaptation level and the communication level of
interactivity were presented very few. Based on the results, the
implications for the direction of constructing digital textbooks were

discussed.

keywords : digital textbook, external representation, multimedia
learning, 2015 revised national curriculum
Student Number : 2018-27504
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