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Representations in the Matter Units of Elementary Science Digital
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ABSTRACT

In this study, we analyzed the form, presentation, and interactivity of external representations presented in the matter
units of elementary school science digital textbooks developed under the 2015 Revised National Curriculum. The analytic
framework of the previous study was modified and supplemented. The matter units in the 3rd-6th grade science digital
textbooks were analyzed by dividing them into “body texts” and “inquiries” area. The results revealed that visual-verbal
and visual-nonverbal representations were presented the most. Conversely, audial-nonverbal representations were presented
at a high frequency only in the body texts, and audial-verbal representations were presented at a low frequency in both
the body texts and the inquiries. Regarding the presentation, when verbal and visual-nonverbal representations appeared
together, visual-verbal and visual-nonverbal representations were primarily presented together. In some cases where
visual-verbal, audial-verbal, and visual-nonverbal representations were presented together, information on visual-verbal and
audial-verbal representations was presented redundantly. Audial-nonverbal representations unrelated to contents were
presented along with other external representations, and the frequency was particularly high in the body texts.
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Regarding the contiguity, no visual-verbal and visual-nonverbal representations were presented on different pages, and
no audial-verbal representations were presented asynchronously with visual-nonverbal representations. Regarding the

interactivity, explanatory feedback and low-level manipulations were mainly presented. Based on the results, implications

to improve digital textbooks are discussed from the perspective of multiple representation-based learning.

Key words: elementary science textbook, digital textbook, external representation, multimedia learning, 2015
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Table 3. Analytic Framework for the Presentation of External Representations
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Table 4. Analytic Framework for the Interactivity of External Representations

3284 o
BEAS 9% BEAG0 A3 JEh &g
sy AL @ A ABUE AEE 5 glew] ol U 244 e AT
4R £gel Jowe Rdste J=v)
494 2gel gost P Adeld 998 AAekE sley
=% AL AR g 3o Aot we e AU & Jus ¢
ge ¢F  2Yom ANE WA 939 Be $EE Ades Fad 24
$e $F  GEAE weE Adstel ABdolde 3T BB 5 gt 21
4 S5Ael 9 U A2 gE oe ARE AT
2% G577 B AS s, aedel A ne Az de wed A3

TEfE - AR 423

ARE AT AL B3} AE 3o Aaz) Table 5. Objects and the Number of Analysis Units for each

2XL g5} ksl Ael S sl shexie] Al Grade of Digital Textbook

ol wheh M2 g Hee Agshe As Adndt ha ) -

o w3 JaAgAol de YehA g A4S h vy Chi

ou)gle AsAE S FES FHeih 38hd 80 (76.2) 25 (23.8) 105 (100.0)

43hd 77 (68.8) 35 (312) 112 (100.0)

3 _E_éil tgﬂ s8hd 60 (60.0) 40 (40.0) 100 (100.0)
7t Sl A S Td ol @l vk A B ks 00 (29 A

Hobo] AT DRE wE AU gaE o A 283 (67.1) 139 (329) 422 (100.0)

T ABshe FEs R FES] B4

39th ojw] BRo] AL dhte e Aot Algte] A Aztel A g s HER

e ARS AUske 99, vy Ay Quy W

STREL S AL ohuel B4 wgr B AN A IR =S MEO0T =

ARG 283 shte BA wgld) Aag ok Bl disl BER AT ol W

= A FAS gEME sl BAMd 983} < 7t 24 W5l dlgete dA B4 &9l

Atk o2 Sol shte] BA delo) Azale) I A FFo] Ak HlES AT

Al Az o] TAro| 3 AA|E AL oA T4

ﬂiv—o} j—%‘;oﬂfﬂ 4]4;_01% ;wr %;;io; 4 m. 97 #3 R =2

o] 47t AAE Aog etk myre} 4

FAel tig g A B &o] Aol Adolv 1. 2|& Zao| 4

ARE AxjA oz duste 94 F4o] ofim tAd WA o] vehd oA #4 FAe Wl

2 B Zskth 4 gides A 7 g g} WIELS-S Table 69 A|AlEHATH

o] ZE Gl A vehd 24 99l o iE Aztelo] BAFS U] 71 oA FAbe okl =

&= Table 5 AN Vg Ee NER AAEAT BRI E 283719
HAF BAES ol&oto] B4t 5 ¢ dd s BE oA Alzkdlo] HAko] A& QL) o]:

delm dRsta Ak wAste] 2 ARE wwdt mRaA =4 sjdolt @ g Awe] 22

Aok AFA T A EE 95% ©]F Fre £ o AN Q7] v Zolth SR AE AF] 1397 T

g AL YAl wA S B #et = 12570(89.9%)°] @91 lA] AlZio] ko] ALE-

WS AE7E 39, A4 FHetwal 390, Agtus A To] fEEo] thylo|A] Alztelo] FAto] AFLE]

+ A 40le g FAE AryE o | A A=, fdol} @] tak Ano} gpats



424 ST M4 H28, pp. 418~431 (2022)

Table 6. The Frequencies and Percentages of Form of each
External Representations
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