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ABSTRACT

~ Digital textbooks have various advantages in science learning for the era of digital

'.) transformation based on functions such as virtual labs, high-definition images, and

Check for interactive contents. However, the current science class is administering without a learning
updates

model suitable for the era of digital transformation. Therefore, it is necessary to suggest a
science learning strategy using digital textbooks in preparation for the digital transformation
era. In this study, we developed a science teaching and learning model for the digital
transformation era using digital textbooks. As a result, it was possible to provide a learning
model based on a problem-solving process using digital textbooks and a learning strategy
using digital functions in science class. The model consists of three steps in the teaching

& OPEN ACCESS

Brain, Digital, & Learning
2022, Vol. 12, No. 2, 307-322.

https://doi.org/10.31216/BDL.20220020

Received: June 08, 2022 and learning process : Advanturing, Projecting, and Prosuming (APP). In addition, the APP
Revised: June 20, 2022 model uses digital textbooks that include teaching and learning strategies of thinking and
Accepted: June 20, 2022 social interaction in creative problem solving. Therefore, the development of the APP model
©2022. Institute of Brain based Education, with appropriate digital functions and learning strategies could be applied to develop and

Korea National University of Education

T.his.is an Open Access artide

mmﬁmmmm Key words : Digital textbook, digital function, APP model, digital transformation, problem
License (http: /reativecommons org/licenses/by- solving, science class

Nc/A0/) which permits unrestricted non-commerdial

use, distribution, and reproduction in any medium,

provided the original work is properly cited.

evaluate digital textbooks and learning process suitable for the digital transformation era.
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Introduction

1et7)=o] FASHEE A Hat2 Qlsl AFE] 3t AARIC] SHETE of g} Q17ke] 4bat Q1A &
A gho] Al = §5lstar Qlom, C A Y ek I3k uls A| ARle] ThEA Q1 Hatet H Al 5% U
S} 31 QITHUNESCO, 2013). 53], o|2{gt ARz]of| tf-g-6t7] QA= 2 2zl 438, QAL E 5,
HEpH Aof| A o] A H B 58, ol Aol FAlsi A 22 nlzfe] gAY ool 25|l 3lom, o] & ¢
oh a5 e gA|E Ao 2% wfjz{the) o 2 22| & o 7kl {{th(Heo, 2021; OECD, 2018). £5],
AIAA 7w St o] & 2 @ maelof| A -8 7Hs3t HAE 7]e9] as d% 482 Mg o] ofd H44]
4= QAR Qlom, L7 Qe AR wso] F =4 HSLE o] 51l YT (Fauville et al., 2021).

w5 A gAY 7e 8- a4l w452 o]Fo] Ule ARl - sigkor, A7 4]
Q1 sh&7d s el Tt ohafet ERI= Alg-2 Falf 214)7] s meictele] S41S XFAIskal R thLowenthal
al,, 2020; Magana & Marzano, 2014; OECD, 2010). £3| T}t t]A]9 7]&0] 288 o FE| 3= &2}
U HEE TSt F83 4 A E S50 A Hejel 37+ A g A1 o 24 At
29 3159 7F5A2 Fo]F L ThCollins & Halverson, 2018; Mintz et al., 2001). 1222 A4z} A
g Althe] A deto] thE Al - ARl Y @45 53T -SAlol Bl2juls2 FHI5h7| gt 7|24 i
S| TRt 7171 € ol AleE 4= e HAIE S22 HAIE wabaiet & 4= JITHLim & Oh, 2014;
MOE & KOFAC, 2020). ©]& #HofA] Zufjoll A= 200\ 717ko] 2tst, ALS], Gof wah-g HA|E alabA]
£ 7Idsto] as3 7ol E-851al Qlom, ojet st AHE% A& 0 & o] £0|Z] §iTi(Joo et al., 2017;
Kim & Kwon, 2019; Park & Ryu, 2019; Sulaiman & Mustafa, 2019).

a2 x4 wsufAol gt E . /dol| ofah 7iHE &3 tA|Y watA= B de] Yzof wa} shEA}
71578 9 fAE tufo| Aol #ESHH 7|E 0 E A B & F o] 7]7] & o] &5tk AR 7HE
St S AY AL Uk &3k 7|54 migtol| A A4 SEAtE 2 R Ay wataet 2] ARAL
7hopeFet Al o 2 Joake o 4= Qe e Ald ERIZE Al 4= ok 53] et SHol| Y
g g8, Algoldd &t A5 AR Al g 22 S S Al 4 gl = = ekl
YA wbAjof tigh Q1AL A7 =] o Qlom A% E-& == 7|tjof] & 1] x|= 4Al7g o] th(Kahai & Cooper,
2003; Kwon et al., 2015; Verkijika, 2019). o] &A1 of| thsl] theet fQ1o] A=A loLt, WA A8y T
g WA= QIE o] A AR 1k 7l w0 & Qlsl TRt Al 2] wika] 7 2l o) AT ES|o] 7]
5 AP ol @ 2 AY AL Qth(Ku, 2018; Lim & Oh, 2014). E25F 54 iabA| Q] MAE wabA S 7]
Hho g2 A|2bst e & ASkaL )17] wiizol, MY wika o] gAY Hx ojA| = QA == g0l 4t
BHo]tK(Cho et al, 2019; Lim et al., 2014; MOE & KERIS, 2018). T HtE C]X Y wabAo] 7|52 EAS &
£ 4 =& QhiE el w4k Hgko| njH|sto] wAke] HAY 24 7 xlo|7t AA| FFE F=
& w4 9 olo ofsf tA| Y w kA Q] S WeIshA| &5kl 1= A 78 o] th(Chang et al., 2019; Cho et al.,
2019; Lim et al., 2014; Seo & Gong, 2021).

e}t fA Y wabr o] FAtolF st Aol ALl ehlat Z ool vlsh A" 7]5e] +aat el
=0 2 Ql5}| 7|54 7}4dof] 2% o] 930)x] QI ATHChang et al., 2019; Cho et al., 2019; Joo et al., 2013; Joo et al.,

2017; Kim & Kwon, 2019; Kwon et al., 2015; Lim et al., 2014; Park & Ryu, 2019). Z12{4+ COVID19 °]< Hx|&
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Qlaefo} of e Sof o QAT 277k FA3] F7K AgolA tlel L8N o) T} mAae
Fa5k7] QA CIXE w4} hA S B 0 2 B8 SHES sk mASl W) o] HA

=] =
o A7 o] Th(Petrie, 2022; Seo & Gong, 2021; Vincent-Lancrin, 2022). ]S a4+ 2t w54 2ligtoj A= ¢
_]

A9 Waho] F.2 Aol Sshs TIAL 7)ol ek 24 9 wizstet maxshe Hako] AAI7} ey
ofof g}, FEdh A2 WMol 7]ukslo] Ug-2 TAsloket shs A A 7|20 g SR T

A2 WA T99) A6 Fof7 5 Aol o] 2ojxol & W7} Slek. mebA] o] Aol tiXE
o 158 5L WRSoA o] S AH 02 BET 4 QI 8 Tk ol et 2L Fa) nley
CAE Mo B T} sk RS AL Sk

Theoretical Background

3Q1E wsiAo] ot watAehs 7d2 YRF 0 = Fol 2 QIAE MA wikiE ofnlsh= A
O = QA R Ao Eafieh @A A" wiba| S A|2ksto] v aEskal QLo ws A4e] 284
2 7]t m] x| 2] E5H= A o] thJoo et al., 2013; MOE, 2020). S3§ A AE wati = SHAE =2, WARS:
A=A s WARE EA R R E] W, WARE A EAof ZHE A AES 5ol AleE 7] = she HAE o
FA R = WAL A A kol it AR -8 of FrF A s of $teh 1y vehr ] W, Weheh
Hol ¢f, IEul 4 7l Adol & A 0] 8ol Sk 22 WAl ’igh= 7tE X A} ghgshe A
Ekotue, wAtel e o] ofghol tigh Q14 9] kS QA JlTH(Lowenthal et al., 2020; OECD, 2010). 7
52 Iol| Al 2] Shg2 W abA|9F -2 w4 vl AIAJE Z|A] = 2| Al0] LR E A 08 85k
AH| 2} Bh5AL Aedol| 242 B0l gt §HA, F/d 0 B at AS]EahY wdol| A= wAkel sHAY
= A A1) AH|21A ARt of et 21 2] AlS B 9 A gk AR gk FAloll &Skl ik
(Driver, 1983; Hodson, 1993; Matthews, 2000; Petrie, 2022). th}A] o] ALof| A= wAke} 143 9] ofstoy et
A wgerfAlo] ZAE 2| Aloju 2= S 48-5t0] E-8oh= AR At oA A4 A& WS
g5k AR -2 @ desto] sk TA|9F HEke A Al At s

ot gAE HAas=27F 484 ol FH A= eaAte] AR S E-844 5 AT =N SHET
5h59] 713 & Al3-g 4+ thCollins & Halverson, 2018; Mintz et al., 2001). 0|2} 22 ¥4 0|4 TIX|E wa}
A A aapa e Hl e o a0 2 Shd A &, Al e 5 g5 AREA QI Hio|lA 3784 &
2 ehdls o2 A A ok Zucker et al, 2009). EE5F 52150 ThoFA], niA|eke] AT AL, o] &
B2 gk Al Alehd F5-2 HAIE wlaba 9] a5t ol sigetH, HA[E watAol|A] Algehe=
715 et HEjn|Y o] e5AtR 82 g5t SHM 7MY S YA wabie] Ao g Q14
&) 30 UeH(Lim etal., 2014; Verkijika, 2019). #27F obu 2t 2|4 A[E 7|2l 7HdA A (VR 54T A (AR) &
Bl=712] 2830 24 o % bt 548 Aled 4 v B2 e A1yl AUth(Kahai & Cooper,
2003; Kwon et al., 2015; Vincent-Lancrin, 2022). TS Aol = E4total TR E wibA HH ALEolA =
2-8/gdo] 7|tol] Blx|A] £otE 3-5H o= A Aok, 7 Woto = watA vhE7|E B3 AR )5
O] Z7h, thfet e ate A AlE, Agtet w4k W Ao E Qskral A A3t (Jeong, 2020; Lim
etal., 2014; MOE & KERIS, 2018; Son et al., 2020).
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Thgst fA" 7153 RIS AU Qe TR Y wabi o] 282 sha/dsolA o B2 Fojet 3-&
9| 713 & Ala&o 2 FHH Sk TS Aleoh, S5t 27| FE SRt ofu gl wAke] =40
T 3AA Q1 932 = 4= th(Byeon, 2017; Chang et al., 2019; Moundy et al., 2021). ©| &1 W2toj| A T x& wa}
A7F XA kx| o] B2A uAeh= Q1A oA Hlojd " 7} Qlom, tjAd watA & theFsh tA1E 2t
SO AT W AREL A0l 7hs et A oln|o] witA £ QlAlsH= A& mljeirte] Mgto] P st
o}, whEba] of Aol = A Al Pk A4 PH 9] M = RE] 2|42 F-85tal Aok A
WA 0] Zgto|2te ol whet A1 Y Wbk 9] 7|53} Wk ek st Sk R E-S A Qkekal

A} 5194,

ol

Research Method

SEEAN DAY DI YR Y HAE 715 BEHOR 850l ofelo] RS A
0 ORI ] SRS AL 4 S DASE BES T A Bl wte)
o TAloh o1 B ol o 1o] @ 7T HoHH PTBES ok HE}ES Hake] 2AJs)

2020; Yildiz & Yildiz, 2021), 212 2.2 3}5Fs}ol oigh o] 24 12 4l satel g St weite] £

Al AT A olehs B0l Bl B BARho 24 s Urleh B o SRS R el
ol TiAY kel Lt ga-e 27t 2E e waie] dejo] 25 Al 7ol = 2elo] A

wo} Qom, dwsta 9 A7shE 29 5 thers w0 2 T e wabe] A okg 9lal weislgict

(MOE & KERIS, 2018). L2{u -5 @Aol|A= ARLE 7]7]9] 85 Zh2 1t A, wika] U8k ARS-

Heo] B, MaaTle] 594 52 99lo 2 B rs n|Est Aol BAolAE tixE mTbA o] 2}

f2e AlAoleks A E42 Ad MEe ek U Lab 2 R 751 kA etal., 2020).
ol2i3t 2Ald e 5} riXg wapae] A TR

=] ko)

= = —
tAe mapafant ofel, Y5 AR W} gl o4 tiAE mutke) 54
2

0|

2 WSl T Y 715 BIAOR HEU 4 ol B U, B4 B B Heke B4 9 255
%It 53] ol HIthS Sfat sl sk Qs Yol EAlsi Aozt Alsld Bk ZuiolM £
AT B TAE 715 e) B e nAsgon] s BAME WA AL THs o S 3
292 £2319th 12204 S AN B ARt Bl et B4 AT vl 2 23
& O, oA st 2ok ok A

2 = SASN AT YT SAFLE G 2L A bt T
M A7} 69lo] olshs 7] Amlutell ] BFI =S Aol 24 Beksieict Moy BAS
Tt BA Sl thet M7} 18 YA mE osuglon], 2 S b0l thet EFEE 03%2
H

=

o

1
A8 MM 8L T} Boshe Relo] AR U182 TehEg W 3017 T A e A A HEs)
o] Folah= 7] Min|Lte B4 Helo] Soiat tix] 33j0] A7) Welzko =M 474 Heksiirh

W
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Result & Discussion

Learning Step & Problem Solving Process

YA d o Felote s U2 A /dote A2 5718, 549, o Aake] Hgts
skl gt B4 W sAloll 7154 ARA7IA] aresliof stEE, wAke] 7
Aotz o2 -z o)1l B34 Q] E-gof| it th(Lee & Lim, 2018). A wxkA|2} i
A7} 7122 a3t AAH 0 2H Yehbe aak= i1 242 £/, 701t 71l ZiR1xt T Atol 2]
et =2k wieto)] o5l &2 BH=THRose, 2006; Verkijika, 2019). YA E wlka{o] 7Hdtat 8o Q1
peFehE-2 et wAe] 429 2 A} S "7 |Hk golghs B0l FrtE B g ek A6
ZAolgle w2l A 12 =] ofok SHh(Furtak et al., 2012; Yildiz & Yildiz, 2021).

vk o 2 mekela2 AIE Wistal, sidstr] I3k A% e A, 482 o ehd 2
tof| tfsl] =2ofsh= dHo] AP o g o] Rox|= FAI B2 o, et Hts tiiE] =
ets 52 A &5 4= &0l ehsAPE 2AIE Aoz A4S 5= e r A
ot 4= Sl THBruner, 1960; Dewey, 1971; Enckson, 1979; Fauth et al., 2019; Hodson, 1993; Hoogdonk et al., 2020;
Osbome & Freyberg, 1985). 5 oj2{tt] o] - ol|A ZA|H 2 2ol tish A|AISH Y ATE2 =42
I}, ot EAl AT Laet GAIE AASEAL AU Table 13} 22o] A 71A] =29+ TA|12] a0 2
SEES ZUsieih

DE—|1_

olr
ol

d
_I

O

Table 1. Problem solving process for science learning

Adventuring Step Projecting Step Prosuming Step

Karplus (1977) Experience Interpretation Elaboration

Erickson (1979) Exploration Explanation Application

Renner (1982) Exploration of Alternative ~ Creation of conceptual conflicts Cognitive Acceptance

System
Lawson(1995) Exploration Term Introduction Concept Application
Wang & Chiew(2010) Identification of Problem Solution Solution Solution Result Expression
Exploration Generation Selection
AP0} 552 HIga S Al ShaAtel et st g Aol 33k F 4 9lom, WA st

= W5H L G5 Aol xfo] & QHlsH= £ Q351 Q Qloj| a5t (Hattie, 2009; Rivkin et al.,, 2005). =3+ 8t
5 D70l w2t Aot sk ko] AAle skaAke] 7iE4 olslE 415, EAls Axd 2 st
= Y420l A A2 A 23K Keller et al., 2014; Zee & Koomen, 2016). T A€ w114 -8 n}skehs-2- Q)5
Al AT 2] A WA A ©E(Adventure) THY oA = Beo] 2A1E EHSAY ERloks FS
of B0l tifal gelat tie mablo] B3 tloksln A2g Ax B Zelxs Aslsh 7ol o
St E5] EAVSRol A1 &2 02 FolRFohe THlo| B2 M2 B E T skl FAVdRol 34k

22X AR H oz Fxokohe I o= Ao D 4 Tt 7 R TR AR (Projecting) M ol M = AR
= silaskal S53517] 919k s Aol sligshe thet otoltiolo] A, siA Bl g, 22 golef =4
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_\}L

2 0 __g xuo}oﬂq beio Exﬂsﬂ?éJ HEA]

b L= L
3} Ehf19) I 2457 (Prosuming) 2404 7% Aol w2 1 & A3hE 7k} AAE sl gt 7}
2] 712 AN} o) Hheho 2 ZA Ao siam shAMS Meshe 24 oA Bt ohuje}

AT B9 SEA 0 AT Yo AR B2 SR AN B5 S HASOR 4
APA ST AL SRS B ek T240) 3750 2 olsigict

Digital Function on Digital Textbook

557 s 23k IAIA @”ﬂ% WA 9] e Wrloke 240, SEAPH AVl
Holsh= o] L =4 Zdge =i %5 THKlieme et al., 2009; Kwon & Choi, 2018;
Pianta & Hamre, 2009). £3] 2} bl’%Oﬂ °'°1 ANRA /2=
4 7|t 9 52 5ol M7= A2 onlshH, 1eHd 7lid o 29] QIR A 2|23 o 11+
Jol| s F3HHLeuchter et al,, 2014; Vosniadou, 2013). 0|2} -2 T T2 Y w A E -3t wshs
e DA = A8 4 Q= HAE 7|59 fo] FAHJA| 1@t e5Ake] o 57] §4E, %

2 B3} f o)) A9kek w4eshE ks AAISkIT
UIEH A2l E FHlshe g 7] ol A Wb AREARS Ala-E A A& 485kl 454 0 = ARE-S}
Z2H]| ZKconsumer) = = TG opy2f, AREAP | A ERIZE ThEo]Ul= A AR Kproducer)o] &g
T AZshs 2450 (prosumer) 241 914 o]~— W 0 2 o] Hst7} E Q 51K Toffler & Toffler, 2006). 12122
alZiAc] WA E Qe LAY 752 w48hs Yol S 02 ARG 7het AR EE Al HoF &
L7kt o2 gh T Ujof| A A 4 12 ‘—Hﬁ—E off +&d5t7] o) waA BukE ALk fls)
gh5AtRol A8 HAE Aol 7])E o2 Aold 4 lom S5 AT
WS BR 2 5k AR} A o] R f—L i u} SRS A W LRSS B R 2 she AJARR; A o) A}
SApeto 2 LS 4= QITKYun etal,, 2020). H A E 7]50] A-8-5]of mupaof A|A| == AFE0] {32 A
R, 4k} 597, oy o], Ay el =, A &, ez Z7P3AE 9 AlEeold, 848 ALE, A7 -t
2 (Scale up-down) AFE 5 TFoHA| EA sk, HE|R|H o] e5AtE, GolAbd shEALE, QIE|HE|H SF5At
g, BEA5} shaats 2 HE33kst 4 Q) th(Alessi & Trollip, 2001; Yun et al., 2020; Yu & Kim, 2019).

Hejn|tjo] e5ataE 43750l =2517] Yo 1A 7]50] 485 ShEARE oJnlshH, tiE /3
o2& olu|A] 2kg, YA AR, 7PFAE 247, AAIY -tk AFE 7} ATHSong et al., 2020; Yun et al., 2020).
A, on| 2| 2tz S5Ake] FHFTE Fohe A AR, ARl e 5o sfigshH, o|n|x|e] A|
T/ 22, Aol b2 A A5 AA] 5 22 E50| 7Fe et A <l n[git.

A, QAR ool A, 53, AP B 5 A< o A7 AIE A 0 2 AA| == e Al
ShEAFRE 20| S (Cho et al., 2019; Yun et al., 2020). %ol SHAJo|ut SH&A) o] S &7] 913l AF2} 7]50] 3
7ve]| a1, 37] 28 o] Af =2 2244 HE|n|t]o] A2 0| THLee & Jang, 2016). WALRE S E0] 71 T2 AL
8ot 739 ghEAtECIH, Aoy gtabol tigh o|slE w71 913t /4ol ZE T FdAtES] |
T MY watAo|A AAE 4= gle AR E AAIEE] Hateh @ gt W HE FAlo Algshe 54

1%
0|3 2242l AR 2 Hole 4 irk

_,_
i
4o, 4
ol 1

E
i
o
g
to
>.
é
O:l:

Sl AU gl A Ak 3

o

1=

Z1 2.
=
E
=
=0 &

\1

EIN
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A, FPEAETS AR A, TP SRS, D 2, Al elold 5 sate) 24
Yol KPR S 5Y AFES A BT SAEARE oJulste], FPIBHNN S4B S At 72}
&4 9l 71318 A3 5 UTHungetal, 2012; Ku, 2018), $EES T 74 A, A @A 27k 4
0] 71 S 5 Aok AL TAISIAL AL B7o] il 97} glon], Hlo] Ql2ie F) 1
BhiLs AL Al ROl S Eo B 40417 B% ARk ZYsks 2 5ol Stk ek bgE
7ol si4571e) S EAQ Holoh BEFA B4 S R BAREEA TAD 7]7]0M TESH= A
5 EARE WFE 4 9o, JHFEAVR) U SFAYAR) AES T

S, 2712 -k -(Seale up-down) AFE-= H = F74ol| ake} k2] AlZko| L 37ko] gk 212 o]
SHTh(Yun etal, 2020, O S S, 9500 BeA, A7, Tk, A2, 712, A, Axfet o] Xz} st
A A9 B7HH 371Uk ek sk Zlo] 9hom, st Aol o8l 12 ), 1%e) 2 Thelet o] A
2 H 27} wakA) ARE 9131 ek Wshe o] ik nebd AAY Q-oke SR WA A
=¥stol ate} el chigolut @A) ol A8 At A HES 2ARo =i 4B AW ANE
Ag ok o4 A2 E Qo 4 ek

N

.

C

Sl AR SRRl A ofshE BESKIL AP A o4 Tl AT 4 9 HE S
of o3} ofe}g ik, 224 §of ofs2 2lat o7 A ol U WHS BHo R S SAARE ©
BISFEHMOE & KERIS, 2018; MOE & KOFAC, 2020). 57]7|8olek §oi2 4wshr] Sia) 5717)% piad

QUEfe] = sl A2 oo B7Es W sk Zuks el ol shaxt SHol BB
[78t, 34 vkl el 4B 7 WEMS A3 4 Y S THE SAAES ojulgict 3 )
9 2ol chet ALk B2, W =ulo] £ Qul A7HS BEAIY 4 Y AEAE 7150 24 Shao] ke
ERS BRI W =g 4 ook m4shs SHoIA BYFABIE B 4 o), 598
AZbo| B B2 B7d0]0] 71315 A 33 4 Urke AR A TS 4 Ik whetA QlelE B sHsntao
e E A7 B85 S A0 71819) AlE ZHol 45 wlEulo] 7Hs 3t SRR R
o 4 9l

2545 SRS A FEA S5 EE St FE HES (YT 4 9k AOR S A9le] 4

1

ot S} =, SHH(Ahn et al., 2020; MOE & KERIS, 2018; MOE &
KOFAC, 2020). 5 ¥ 32 F71 &5 E= AEE Ao =4 g5 Hol2 718 & AlgotA, g4t 4
ol et E-88 4= A= E Al Fohs A= thE 739 EAEE FoS 4 ot E9] HIeEAIEE
5] dol o] '3k Hol 7ol 28 H 9|7t s o] ShEAt oy A o] Hatol| 54
Folof gttt watA B3 Al ehaatm o] M= Tt /2] HAd 7|52 A-8-5to] Al gote F7H
At e S A5 R Aoyt 4= Ut o)4fe] =0l & Foteto =4 AAH steAtEsT A d HAE 7)s

At w o] wheh ARkt Q1A A 2dst vhat sk §84d dlefsto] A Y w4y kS A4
Sk A

St 4> QI ATHTable 2.).

1o

Brain, Digital, & Learning. 2022 Vol. 12 No. 2 313



Byeon, Kwon, Yun, Park, Park, & Kim

Table 2. The teaching & learing strategy related digital function in the context of learning material

Digital Function of Learning Material Teaching & Learning Strategy
- Using the Dynamic Image for Attention & Motivation
Image - Moving to All Direction, Zoom In & Out, Highlighting

- Providing of Operative & Sequential Material
- Up to Date Material with subtitle

- High resolution & Latest Content
- Relation with Learning Content

- Guide of Experiment, Inquiry Process & Result
- Creative Construction for Providing & Manufacturing
Multimedia - Related to Interest not to Attraction

- Saving Time & Unlimited attempt
- Active Operation & Participation

- Virtual Laboratory, Virtual Adventure, & etc

- Reflection with Real World Content
- Related to Interest & Attention

- Not to Zoom in & Zoom out, Not to Image Fragmentation
- Related with Learning Content

- Change Time or Space Scale, Change Time & Space Scale
- Reconstruction of Concept & Explanation

- Not to Repetition of Paper Type Textbook
Term Dictionary - Additional Explain, Image, Audio, Video, & Virtual Material
- Related to Curriculum with Learner’s Level

- Not to Upper Curriculum
- Active Interaction with Material, Learner, & Teacher

- Not to Passive Interaction(Providing only Answer etc.)

- Available Interaction of Feedback from Teacher to Learner
- Providing of Guide about Interaction Method
- Providing of Supplement Material

- Different Type & Same Level

- Involving Chance of Learning Transfer
- Providing of intensifying Material

- Extension of Learning Experience

- Selection according to Learners’ Level

Video & Clip

Virtual Experiment

Scale Up-Down

Interaction

Supplement & Intensifying

52tE Hto| A A8 5= YAE 752 HEn|tjo], SolAbd, e dhe, BE- A3 7|5 o= s}
Ao, ZHzko] 7|50 whe A get WSk HERS A ASISIT ol ek #A| 1| ojof Sh= AR

A 752 7ol 7|5, nakA A4 7502 58 4= 9t} 7ol 7|52 tAY g5ats
A= E GAZH0|E A5}, A} 27} A ol v, stojgto] E, i Eot -2 sk
A gt o7 ARYE U ARE dAAlEF= 7124 28 7]5-2 2] P[THMOE & KERIS, 2018; MOE
& KOFAC, 2020; Yun et al., 2020). @3 t] A& E_E’HMW% o Foj =2 7813 F8sa flom, fAY
WMol 7124}l 5 Y gAY shEAtErt EE SR E] 98-S +YRITHMOE & KERIS, 2018).
uteba] Jol 7)) M AR ALe] w4dhsS BXohs 7|5 024 TR Dol 15 E 24 k4
174 9 g7t )7t st SRS ol | dAAleh Bel 7], saAket ERl=, seAtet kAt skt
OF w2} 7H S o] 7 st F Y 7150 2 A ofd 4= Qi
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£ QA 4 A== 2 P5H= 7152 2JuRtTh Ahn et al., 2020; Yun et al., 2020). SH52F 4, Shs g4 ol
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A n Aol 257 SsARE B RS FUHE 4 s AYske —'—J'—‘L]'A'] AT871%5<] Alsol
4ot gAY w}A Q] AR AL By WikA] AT 75 WA} o) 8514} s Wy
gt Zel2 S wakkol| njg] ZrkstAY, SRt A1H ZAKSHAU Al }\]—X] Ji} ATkE =2 =7}
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Table 3. The teaching & leaming strategy related digjtal function in the user context
Digital Function Teaching & Learning Strategy
- Management of Learning & Evaluation
- Involving with User Convenience & Basic Operation
- Assistance of Learning Interaction
- Learner with Digital Content, Leamer, & Teacher

Assistance & Viewer

User Context
- Addition & Providing of Learning Content for Class
Textbook Reconstruction - Prepared Digital Material by Teacher(Text, Image, Audio, Video & etc)
- Generation Digital Material by Learner on Class(Text, Image, Audio, Video & etc)

Science Teaching & Learning Model for Digital Textbook

peHA EAls A o] ol A fJZl d WA S 89t HEetEe Wl 'Y, AIE, 22T T
22 AMeH, gAd 75 gt o2 B8-S 4 s wpekEAERE AAsto] Sa R dE
g5ttt mlEIA P2 <l J—}°P°4 T WeHA] Afarel e s5 Eokehe wEHA] EAllsh A, ek
FolA, AL TS S35 8 AR AA|SHAL JITHMOE, 2015). 284 FAIH Aol A FEE = %4
ARALE 2l ol o g He Ao AAtEollM= A AlLE A 12 A T oz Hols
M, 9 42 ol M o)A AR I et ol ARl ZAs 2 Y& T LSt 71 o= kst aee
2 2ol A ol Bajs)d S0l AeS Ed 5k /=3t Ao
Stemberg, 2005; Yildiz & Yildiz, 2021).

FoA wAelE shsEsollres eaAE old 719k 845 AU AL gk 2= 47 ofsiE 4~

T2 ZAVSRY el E4, AHE M E AlFgo g2 SEAE ol B2 L) A] il el ZAsE
Y A48 4 == 2| Y5H= Zlo] H 2 5lth(Barak & Mesika, 2007; Yang & Zhao, 2021). EESH 3 2] 2
A A o A Aol 2ty o= HFatet 4 Sl el Al 22 & ARl e Ate S
I} AA= o] ShgAtol| A A|AE iﬂr ﬁ_i 2432 QITHChen et al., 2021; Cropley, 2006; Stemberg,
2005). 55| At FAleldad2> 5T £ AYA| 94l o] E4o] vty @ 222k
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U UlollA etEAH g 28-S wf gabAloln, a4 s A2 5 Ye 35 RS AU E59
HEQl 8- 3-f-oh= Aok WjollA] 445288 ulf §3H4 o]th(Ashton-James & Chartrand, 2009; Berestova

et al., 2021; Nazzal & Kaufiman, 2020; Nemeth & Goncalo, 2005). 12| 2.2 &+<0] 8o wje} 7 solL} &
52 5ol Takd BRI e oA AN EIY S of A dEistal A A] WA A7
Sjof op, a5 A |9t E-s H3tol| whet ShEAH e Ag ol AT §A3E T/ soF gtk (Hooljdonk et al.,
2020). wEtA] B 30| TAIA Saapg o] A== 7ol A A2 S Al Alok= Aol A
got, sh5Eo] 2% 237t HEsiA] gL s ofok Bh= 7ol WAk RAls g os

gske o] Big Attt Al A ddol whe Helelks T, YAIE 7]soll 7Rt washks e,
o)A BAISAL AE)H oA g el B o) vigo s U Wt B TS} A4S B
APP (Adventureing, Projecting, Prosuming) =22~ Table 42} 70| A|A|S}A Tt
Table 4. The APP model for teaching & learming in science class using digital textbook
Step Leaming Goal Digital Functional Teaching & Leaming Strategy Social Communication
Adventuring Step Discovery & Empathy - Discovery & Identification of Scientific Problem - Individual Activity
of Scientific Problem - Sustained Attention to Problem - Collaboration Activity
- Empathy of Scientific Problem - Each Goal
- Recognition & Empathy - Different Group
Projecting Step ~ Generation & Verification Design - Generation for Solution of Problem - Individual Activity
of Solution - Idea Generation, Interpretation & Exploration, Term - Collaboration Activity
Introduction - Same Goal
- Design & Identification of Verification Plan for Problem - Similar Group
Solving
- Design & Extemalization of Solution Verification
Prosuming Step  Application & Communication - Application & Evaluation of Solution Value - Individual Activity
of Solution - Performing & Evaluation of Verification by Direct Activity - Collaboration Activity
- Evaluation by Indirect Activity - Same Goal
- Digital Expression & Communication of Sharing Solution - Different Group
- Expression & Communication by Direct Activity
- Expression by Indirect Activity

K
i
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« Discovery of Scientific Problem
« Identification of Scientific Problem

+ Sympathy of Scientific Problem

Generation for Solution of Problem + Application & Evaluation of Solution

Projecting

+ Design of Verification Plan Step

+ Digital Expression of Solution

Identification of Verification Plan + Digital Communication of Solution

v

Fig. 1. Diagram of APP model for digjtal learning on science class

Conclusions and Educational Implications
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