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ABSTRACT. This study analyzed the uses of external representations presented in the matter units of the 7"-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 rep-
resentations was mainly presented. The macroscopic level and microscopic level of representations were presented together in
the particle description. As for the form, visual-verbal and visual-nonverbal representations were usually presented across the
board. Very few audial-verbal and audial-nonverbal representations were presented. Visual-verbal and audial-verbal represen-
tations were mostly presented in formal form, and visual-nonverbal representations were mostly presented in illustration with-
out 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 pre-
sented together. When the representations of the audial-verbal, visual-nonverbal, and visual-verbal were presented together,
some of the information presented in audial-verbal representations was repeatedly presented in the visual-verbal representa-
tions. Second, audial-nonverbal representations not related to learning content were presented along with other representa-
tions. 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.
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Table 1. Analytic framework for the external representations

Supercategory Category Subcategory Item
Macroscopic

Submicroscopic
Symbolic
Level Macroscopic & submicroscopic
Submicroscopic & symbolic
Macroscopic & symbolic
Macroscopic & submicroscopic & symbolic

Formal
Visual-verbal Personal
Formal & personal

Formal
Audial-verbal Personal
Formal & personal

. With movement
Illustration .
Form Without movement
L. With movement
Animation .
Without movement
Visual-nonverbal -
Both with movement

. . Only animation with movement
Illustration & animation . . .
Only illustration with movement

Both without movement
Audial-nonverbal

Visual-verbal & visual-nonverbal

Audial-verbal & visual-nonverbal

Verbal & visual-nonverbal Visual-verbal & audial-verbal &

visual-nonverbal
Redundant information
. Seductive information
Presentation Insertion
. - Near
Spatial contiguity
Contiguity Mouse over
Next page
Temporal contiguity Synchronized
Not synchronized
No interaction
Feedback level
Interactivity Manipulation level
Adaptation level
Communication level

FAlo) AAE A Gt s B 286 3 I Z-2 Azl of(visual-verbal)’, ZL# oLt oy w o] 41 7}
O AN & A S, WA & AR E AN 2 A 2hH] 210 (visual-nonverbaly’, Yell o] A7 Z-& %
4 & AR S, AN &ANH &N S BA Zredolaudialverbal), EIHg o]k W7 7 2 H 2]
710l 7kl & = 7‘] A T mAl A 4= &l o] (audial-nonverbaly’ & B33} th ojuf] A|ztelo] &
9 A Ao A AAEH B AAA & vAA 4 Ak g zEdo] 42 N1t Ao whef 2hzE FolA o]
zom Baalqr). U 313 0] @A (formaly, BB 2217 0] A 2lg}

A Baye] FA. o) FAY FA(om)S B F (personal)’, F FE /L A7 b (GA1H & Aelsp e
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Figure 1. A sample for the uses of multiple external representations (from Middle School Science published by Chunjae Education

Inc., p 179).
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A9 7o) e ghokon il AN A e
A AAE e S0 ek ol iRt vjAl A 4=
E3 YA E| IYE oIS o Aef g E Hon
23637 3R o7 o] 75t AX A =Fo] HAT &
A AAGFO =M o] T of 2 32}0}14 =g A

o= ®olth

A

Aol wisiel 2e HRe
ERE 511 Yoh A
SRVERE Pk R E
sl7| Rt A A 23
7 AAske] sASo) BAk

Type of digital textbooks (%)

Category A(98) B(101) C(107) D(140) 63y wverage()
Macroscopic 449 52.5 55.1 46.4 50.9 50.0
Submicroscopic 0.0 0.0 0.0 0.0 1.2 0.2
Symbolic 0.0 0.0 0.0 0.0 0.0 0.0
Macroscopic & Submicroscopic 347 41.6 34.6 40.7 35.6 374
Submicroscopic & Symbolic 0.0 0.0 0.0 0.0 0.0 0.0
Macroscopic & Symbolic 153 5.0 6.5 11.4 9.8 9.6
Macroscopic & Submicroscopic & Symbolic 5.1 1.0 3.7 14 2.5 2.7
Table 3. Percentage of form of external representations
Type of digital textbooks (%o)
Category A(98) B(101) C(107) D(140) E(163) Average(%5)
Visual-verbal 100.0 100.0 100.0 97.1 100.0 99.3
Visual-nonverbal 69.4 66.3 76.6 67.9 66.9 69.1
Audial-verbal 2.0 0.0 6.5 10.7 11.0 6.9
Audial-nonverbal 10.2 9.9 12.1 6.4 9.2 94
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Table 39| A|AIBFATE BFA 08 AlZblo] F4F-E HA
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Table 4. Percentage of form of each external representations

cheloll A vehd 92 o] 28 AE 423

1x

Sid

AT Hzhlo] BAe] W7} vhob iAol AA7 910
U Hzbelo] EA ok B 4149l Welvh o Btk ol
4 At Aete Yeie ANE B4 B B
apao] 314 g2 FakAl2 AustAL YAE olst
shol Q17 £59 AWshe WA o R teptot o2
At g =Bglch AskE eie] oloja i
Huel ek SAYEY TS F7HA7 1 s Eo] Au
2 0 SEHOR ASER fEste] AF A o
2 FHs A Bk B8] A Zlo) EAS H EA)
oFA] ol ek AThol A =0l uhol o] mubA]of 4] 914
EAS AN B 7Hg 7o) Bl Aol Fa )
W AR ) Azl B4 Hrt Aolsty Yee
AAE "zt glck. Haelo] EA E5t 1 B UES
ol7] 913 Were BAY ) A%t Uelo] WE EE
2 AN e 1ei T W ast ek,

Az Qlo} AR TR HSHAKEEA £ 14.5%,
SEA HEF 64.6%) 02 AAEYOm, B3] 2EAo|
EHE|A) ohe ABHfo] 8 W R Uehdth FaoR
AAE 914 AT A E3 3.0%, 54 W} 9%
Wbt Bakaol A ANE 94 BAE o 254
323} 7.6%, F3IINE 5] EZot 1.9%, FeH T 54
T 0.0%, E oS54 HET 24%)9) v &S Wleh.
Qrke] SFA ZF of Fol uket AlZulelo] E4e] B
2 FYARY, L5 A 0] LT AL 27.1%, £
P 79 72.9%, kA o AAE AzH] Qo] EA
© $EAE TASHA L AASHE A9 o Wk

A9 $H UL A% A AW Mol FIAL

Category Subcategory Item Type of digital textbooks (%) Average (%)
A8 B(101) C(107) D(136) E(163)
Visual-verbal Formal 99.0 98.0 93.5 99.3 94.5 96.7
Personal 0.0 0.0 0.9 0.0 0.0 0.2
Formal & Personal 1.0 2.0 5.6 0.7 5.5 3.1
AQ2) B(0) C(7) D(15) E(18)
Audial-verbal Formal 100.0 - 85.7 100.0 61.1 81.0
Personal 0.0 - 14.3 0.0 38.9 19.0
Formal & Personal 0.0 - 0.0 0.0 0.0 0.0
A(68) B(67) C(82) D©5)  E(109)
. With movement 14.7 10.4 17.1 17.9 11.9 14.5
[llustration .
Without movement 544 73.1 56.1 64.2 72.5 64.6
Visual Animation With movement 4.4 4.5 1.2 2.1 3.7 3.1
-nonverbal Without movement 11.8 3.0 73 32 5.5 5.9
Both with movement 8.8 7.5 8.5 10.5 3.7 7.6
lustration Only animation with movement 2.9 1.5 24 0.0 2.8 1.9
& animation Only illustration with movement 0.0 0.0 0.0 0.0 0.0 0.0
Both without movement 29 0.0 7.3 2.1 0.0 24
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SPIRTHE QXbe] £ W &5 $E 5ol gl 4 31 o] 2 F oAl Yejo] nhaw, dojd Huel A
HE A AHo R AAsh= &-5/do] 23t A8t Ziajdol ] AEE oA AAD wf dojd HEE 7
dol, ARTH= o] 5 A&ZQ Aoz AN b= 54 Adof FALo = AAISH= o] AlZddo] Aoz AA
o] 3E T3P0l AR eFol et o FAAQl A ook A2 A E A ] w9 /1A B Eolal 4
HE AT = ok 52 wo= o 7hast A S s olE 4 Aok 2y 5% fx g uzt
A ApaLof| o)Esh= o] jlom, ofof wha 44 I AofA B A ZEdo] AT Al ZHH] lof Aol o
el =49 JAHI S oldlist= ol B ol &= A=t AAE A= e, ofof AlZkddo] #47HA] A
T abeba] s S0l AFe] &5S A AL olslE AAE Hle =3 Wk 53], avbA B A9 ddolut
T NS FeH gt ) B A R &5 Aol 2 ofymo]d 2t= oA o] S AE D-8hA] ¢
e QA Y Hlee =Y Farv) v B3 HAE Il dojA RS BT AlZRlo] YO = AAISk] Az
WA= ool e 52l HElnH o ARE & AR AP g BESHE fdskith wEkA fAE
4 e @ AT YRR, S FHE 2 WA o] HElm|t] o] k25 U wf FZhdo] S
A SA oz ggsto] At o] diet AEE Hop A5202 2sto] oja] JEHE AN e
A A o2 A A= Zlo] D ast. 7F k.
qhE, SEARE 24 oo ek Azl A4} A2
9N EA MAl & of 49| dojA HAHI7 FEE vles AR 4y A
AolF EAT AZu|do] EAo| A UEehd 3L Zrdof 4ol AE YEhA] b2 wikA BE Al 9l stal,
AlZkelojef Fzhelo] o] Adoja] siFo] Alznjddo] E4 Hat A O 2 4.7%((LA] A, 2.0%; LA C, 0.9%; 2LI}A]
s Aol AAIE Al 7HA] A 9-9f S|ARE 24 T9fol D, 6.4%; 234 E, 74%)2 UEFH T S5 23] ]9
i3k Hl&S Table SOl A|ASFATE AlZHd o] 3433 A2 w2, o & FZH o] AT AR o] 4ol A
H]lo] Aol FA AXE BTt BAHORE 61.4%E AAE RS ol Az o] Aol AAIE Aold] HRE Al
7H ol AAT = QLAL, FZF o] sAdat AlZa| o] A4 Aol o2 FES|A AL B9 ShgAk A7 A
o] Al AAE 8= WEREA] keh Al o] 24, H AP Aol BEstE dod 4= gleEs fojd g
ol 24, Aol 24o] B A AAlE H| 27F ek
E2 6.9%E UEtEth 5, ol 3443 Al Zudde] & Zholo] A Az /o] 442 T AIATE f Al
o] A AAE Be= F 683%E AHAISHAH- Z}Qlo} A4Fo] g0 Y A FE ofof sh= A2 oyt
U 4 3k o8 5 U ¥4 28 dYo U=, 7ol R4 2 RE AFEe dojd FH ol &
QA S AT wf AlZFA ot HZhd o] oFA 9] 2lof = = shsAte] AR A2 582 alEsho] AlZklolet
A QRO A ASh= AR ddo]A FE e} AlZbe| o] 4 Bz ol A9 oA HEE A AAsH= Aol A
RS A AAlsHz Aol /iy olsfo] mupz oy A 4= kMo & Bof, wIkA C dol&] FR7 g2
Al 72+ S8t 18hd 38t wata o] Z4 whlof vk Gl Badol #44S 71EH e B85kal A4
A BAS EARE A Aol A AlZFlof AT A2 1 7HE Nl g ofsto] AlZkdlo] F o= A AJAISHA
H|Qlof 3£7Fo] A A Hl&o] 47.5%%1 A ¥t} vl b At Feols Be dojd AHEE SEACR
P& o, 2015 A AEaA A thF A S AAsH7| Hehs wiba CAH Y A or Aurg &
o|2of Wi ths 4 &§ Hert Hok F AEH U U= AU 7 AEE acksto] Ao #44or
Table 5. Percentage of verbal and visual-nonverbal form of external representations
Type of digital textbooks (%
Category A(98) B(loyll)) gC(107) 1()(340) Elez)  veraee O0)
Visual-verbal & visual-nonverbal 65.3 66.3 70.1 543 55.8 61.4
Audial-verbal & visual-nonverbal 0.0 0.0 0.0 0.0 0.0 0.0
Visual-verbal & audial-verbal & visual-nonverbal 2.0 0.0 6.5 10.7 11.0 6.9
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AASHE 5o wrebe mals et oo, H7Folo] TAT} A|zhu] Qo] AR AL FA o] A Al
BAGE AH BA ZTPE B4 G9lol dig A ok whebd 559 DX ERTA BE AZhele] AT
G ol mAO] 3t ulRS AR AT BEHOR  AZu|do] EAbo] F7HA O Frte] AAIE L, Hl
%ﬁ%ﬁ49W@AﬂAlm%nﬁﬂB9wﬁL¢ﬂ of ST} A|Zhul o] EAFo] AIZHAFO.R B Alo] A4 D
C. 12.1%; WIHA D, 64%; IAHA] B, 929%)0 4 3t 8 o kel thE HA sheo] Uolid 4= Qlrks B7HA-
Rt o4 EApo] A on, ol mE Yulle] A7 A Uelo] Aaket Weh 2 A A= ek
oFA o] o4 mALo|QIT. MR ol Hube T 2e 7 7 dojo] BEAS ARAow e, 47 ool Ao
Hlolo] GkAle] o) H AL ST B ATFoY] 9 WRAOR X 97.8%, A 47.8%, TR 2 320%,
oA 2 AT o ol 550 TAYmI BE  ThE Ho]X] 0.0% 2O ek 3, A Geloq
ool ARl Ll ol e g FE A B o] 912 ol s 2ol WA,
ol e AWt A AL ANGHE 497 ARIStel WS nhes oW R WXk et
Uebset. i o)A Sher WSS ke B6l a4 S0z HEHTH BE Felo] 49 HRHo 2

78 Tt B ANE A9 e3le Al Fog

BAAA ShE e 4 9lom A5 A ot 23
S1A) STk B3], zlojel Bzl o] ¢FAl 9 ¢

A7) A2 Ang Ae

ol EobAAl |t o] 2%t

X FAyo] T A|AE
817] 13 sh5Ake] QA &

75.5%, OF-$-2 28 73.8%, A+ 11.8%, T2 H| o] A] 1.7%
o2 e} 97 FAlo] 22 23 B ufo s o
2 WA =ik olu), AE BT AWF w0 =
UEFLFA] 952 the- A o HEts A28 F A o] UrERyE
o} A Joe Fojx A e soste] A ZoA 27

wjetol 4] St g3k TAGLE HZbulelo] el 97 HﬂWﬂ%éﬂﬂﬂﬂiémﬂﬂﬂ%ﬂﬂ%iiﬂ
B PG| B4 UGS W TR 9% B4 7} BEEH AT ol Sol, S Sol YxY 25 ol
STE FAE V2ol A HEle 5= lene A Ea ‘?JXH w5l ek oy ol e mhe-
Za7F A Q2 iR 53t ZE F Y tiF-Eol M= Eol o
A Ao SR A A dou &5 ¥Y oF s getoluy Frbol thiet s A4S sl mt
oA AlZrelo] AT AlZtH| Qo] EATo] B Lhehd B 22 o7t B8E Q. oMY 94 EAS hes o
A efol dieh 94 EAFY $HA 2 Hles H 2 2ok WAL S E STt e FEE A
Table 691 A AISFATE. Al ZFA o] 43} Al ZHH| Ao 24 w E4 ol F7H4 EEE of7IsHAl @A Fste] A
o] th& Holx|ofl AAIE Hf= A FIS HEFA Al o B gA gty o) E4S F Z83 54
gkom WE UL 17%e] vl e v R etk %el Aukeba 4 Ec
Table 6. Percentage of spatial contiguity of external representations
. . Type of dlgltalctextbooks (%) . . Average (%)
Category - — - — - — . — . —
main - activity =~ main  activity =~ main activity main  activity —main activity . activity
37 (€2))] 33) 34) 3%) (44) 36) (55) (36) (73)
Insertion 459 6.5 54.5 29.4 50.0 4.5 36.1 5.5 52.8 15.1 47.8 11.8
Near 97.3 87.1 100.0 61.8 94.7 90.9 100.0 58.2 97.2 80.8 97.8 75.5
Mouse over 324 61.3 30.3 61.8 31.6 77.3 38.9 83.6 27.8 753 322 73.8
Next page 0.0 0.0 0.0 0.0 0.0 23 0.0 3.6 0.0 1.4 0.0 1.7
Table 7. Percentage of interactivity of external representations
Type of digital textbooks (%) Average (%)
Category - A — S — . ¢ — L L
mam  activity main  activity mam  activity maimn  activity main  activity main  activity
47) (62))] 42) 59) “7 (60) (45) 95) (63) (100)
No interaction 42.6 0.0 61.9 0.0 31.9 0.0 46.7 0.0 55.6 0.0 48.0 0.0
Feedback 255 824 23.8 89.8 25.5 98.3 6.7 93.7 32 90.0 16.0 913
Manipulation 53.2 21.6 333 10.2 74.5 16.7 48.8 84 524 20.0 52.8 15.0
Adaptation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Communication 0.0 0.0 0.0 0.0 0.0 33 0.0 2.1 0.0 0.0 0.0 1.1
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