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ABSTRACT

The implementation of the online class by COVID-19 became a revealing period of the

~ various problem in a school science class. However, the application of digital collaboration

'.) tools in the class could provide a solution to this problem like as Reduction of learning time,

Check for loss of motivation to learn, lack of interaction, the difficulty of concept change and etc. If a
updates

teacher applies the digital collaboration tool to his class, he could construct his science class
convertible contact class to a non-contact class, In this context, the purpose of this study has
focused development of a learning program that applied digital collaboration tools for the
Brain, Digital, & Learning concept change of the human brain. The 45 high school students were recruited to attend
2022,Vol. 12, No. 3, 541-565. two types of science classes (face class: 23, not face class: 22). The researchers tested the
https//doi.org/10.31216/BD1.20220033 concept of the human brain, the motivation of biology activity, the motivation of biology
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Introduction

421 A1 B O EetE R s = 214)7] 259] si2{ti)lollA S a5k QIAE= ShEsAt g .4
Hatol| th-35tal A5 4 e A AFalsy it 2 mell Aol|xe] YHE-E 5o 2 A
oA 282 95t FAl 242 QAAE| 1 QItHOECD, 2018). 12|t COVID-192 Q15 AJA|A 4= Sﬂ ¥y
AH AR WSS IR AL A|AR] o] FRIA 0 = Hok= A7) 7F |l o, A AlAIA o = HIthH
el A/J3tE] = ol o] 2RI o]of) whet -2 yetol| A= AR A A2l =7 dAE s Q&@
Lo wpet 2l gtom, dhae] ZHdry WAy Adsdol wet vt £ t i S AT s
ZJ3ka1 QTHMOE, 2021).
Hee] o= QIS H|tHH o] A= A =] A Biek, tA| g Ql=et &1 5 FH|7F BE5H A

Efol) ALATaFE Aols17] dhEol o] a1 49 FHIE, 98 71 5 cIAIE el 23 ool o
2 17 2fo]7} Beeb] Eile A7)7} E9ChKim et al, 2020, AR CfREe) mafs HlojE 49
2 7|35k 2oahi Zdol Qlglon R, 7|2 thel 4942 HThA S0 2 MBS ol e 72

Z=Hof| S ATHDo, 2020). ¥4 w5 2H7 B ShAf7gof| thigh Heka 22iel 29 /-0l thigh bufjoll = &+
B2 AU WA 211 SUE 1T U, B AHo] 5 oISIEL Pl Mef
ol Aetet w4dhs ol n]Eet eollx] JYd =M WAL 7912 o GA FHlstal >gslioF
SH=A), Bl ol 212 ol 8 shssliok shexlol ciet £24e 72 ¥l gl Aol glthKimetal,
2020).

A HlchE 1% S Qla) 27)9) ARge 2aska o0, uohE 52 Sl B Aloke
ol ol Hsclef 470] ¥4 oIS R8s A28 7k ok Ao e
Pietro et al., 2020; Petrie, 2022; Vincent-Lancrin, 2022). 12U Bt 42| AA}s}H 2l QFY$}e] o] Hofl=
AU B A 99, Sk 57 A A B S 42 A7 44 5 T 24 @So) v
1 Q)EKDI Pietro et al., 2020; Petrie, 2022). H]tiH 42212] B o] thal] AL} sHAYE<] Q14jo] YB Balx
s 3o glot), FEHOR A8 e SE7] 2 Y Holg 43l ete] Alg} 22 vl
H ol 48 7hsgt w4k Aol F e stral Q1A5kAL QITkPietrocola et al., 2021). T3, THR4A-S
5 e w82 gHE diA|sh7 o] =5 B} A o)A Jo o] A EE HE 0] ERfEde®
I /‘6'3'4' J—J'——/F—X ak_o_] 11]/\]7 F AAS R Q)= A7 o] ThFauville et al., 2021; Nadler, 2020; Peper et
= 4513 20| BAE 9j29] el § oA 50| ol ZojA) Rl v
518 o] ogmauam 2008 E1 453180 of o1l il -l 1o} A58
ielHOi o 5717} olx] = 74%ko| Uth(Lee & Lim, 2018). L2 22 H|tH &H50] 7 % q1
71 58 ol Holahiak She 5712 RUBHIL A48 4I5S FUsH:

Dm%ﬂ oF stth(Kwon & Choi, 2018).

221 Q1750 o) Atmj el sstelle] Lafel 18 Folmet 18 434 Al
of| 2 A Az o] 225HH (Kim & Min, 2020), Z8t1 118k 4ol 4] S 2] Zoj =& =0]7] Qs = Al
A 2 AR-go] Fsttal AJAIsHL ATHLim & Kim, 2022). 3 of|H] 2t ARe] YA Aol A=
TRt 2l sk e to] &8t AF o8 {ieke] F 2408 A AIH O H(Kim et al., 2021), H]tHH 25} 4
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Aol tigt 25 WAk QIA] Aol A= T 7|8t 4= 3} vt 429] 2] X}o]&
QA7) Z7tE|ofof §H-& B 15 thKang et al, 2021). T=5H H| T AA7E 42 Shegoll thgh Ha/d 2
S A-gof ARl Alzligto] i 4= glor, Et Feal-go] 7hsotR 2 TF el 3 Aot &
A A Ch(Hwang et al., 2020; Kim, 2020). W2}A] T =2t |t 4] 9] 2ol & Fo| 1l H = o] w435
85 B HIEEAS A7st7] flohA= tiH oA = vt QoA ARS- 7hsgt 221] AU =
ol &8 5 YA H AR E AF4 0= F890 2R o Ag-0| 7|3 & A fefjof gt

O A2t BjoiH =2 2jo] & £o|al o at-go] Aok ¢ 2 7io] ZIde B ol 4
=AY 4 o, 2 HAY uprtge] S0l weh et dol|lA axpA o 8E 4 9l
7FsAdo] 27151l Atk Akour et al., 2022; Kuznetcova et al.,, 2019). A ket 42 ol tigh A 22
B34 5 AR BT AF o] FosA|gE QIZke] x| ALz ghte} o] AES ARohe A0
A FAgolM E7FeR B97t v ST 7] &0l HPALEE AREShE W o] UREAo|gl oL
22 meRlof| A} 55k ThFeE U(APP) 50| W4AFRE E8o] 7oA HA HAE =7 =2 &
e =Y £ Q= thko 2 AHAE 3 Atk(Collins & Halverson, 2018; Lowenthal, et al., 2020; Vincent-Lancrin,
2022).

At} 2ol Fol| M= k] el o2 EAR] ] ol wle} Alhe) Shgof] T E Thefst A2 AR
Eo] A|AIE| 2 Q)= Foko]thHoward-Jones, 2014; Martin-Loeches, 2015). 53] Sh53} A H ko] 129} 7]
Soll oiigh 2Fehd a2 wgg ol & I FIA L Yo, wfetA Ao tigh @5f, @Qlo = <ls) &
/JH @7l \go] W5k F2kg-o] 2|3 HBusso & Pollack, 2015; Howard-Jones, 2014). 4174218k neruromyth)
2 A3 o] thgk 7 F w2 22 ol gk 2Fehd x| A& wlS-2ofo]] 285t Al =7t 43
51 214]7] Zofl 555171 Al&Fotal om, wAaket sHAYol|A] FH QokA] EAgdstal {lo] REEA] a7 =|ojok
Sh= th/do] thDekker et al., 2012; Feiler & Stabio, 2018; Kim & Sankey, 2018; OECD, 2002; Park et al., 2017).

o] gt @7Hg o] AT g7} w8 Hto]| n]x]= BAA PEFO = Qla sfjejollA = ohFet Aol 1
e 1L oL, FUjoll A= WARE o & gt A|gHAQl A7} 2 o] F0]Z] hTH(Feiler & Stabio, 2018;
Kim & Sankey, 2018; Park et al., 2016; Park et al., 2017). A3 71(Byeon, 2021)°l|A] 158 | ot #SH @
& AY & £F0] =2 HoH, tefet 7NEEE ER-okl itk AMA S ERIskgIT B3k, A atst
afof| ot &5 of Fof| whE ko] tigh @70 =32 2ol & ERlstel o, ks F35t H ol tigh sk
o] 27} @7 w0l 2 & = o= LIt Hof gt @7id 2] WA 7Hs/d-2 -3 ol whE Aol
7t EA5hH, E5] 9] ghgat rx 3 @UE-2 At R o] 7)5 i e g2 wA 7hsAdol 2
ChaL A AISFRAT

A atet @7l i U] AE AT EH, AT Ao digh g, e RS R AR 5=
o] A=, 215} 71, AJene} o] AR aete] 7]l 7l gol] S g AA-E0| FE o] FH, o] thigt
27 A A= n]H] ek A% o|thByeon, 2021; Ha, 2016; Lee et al., 2021; Lee & Kim, 2017; Lee et al., 2006;
Park, 2018; Park et al., 2017; Youn & Jeong, 2019). Y-S0l A A3t k5855 A AIgo 2N Tk /g &
5ol & weHEs 07| oliAle gHgo] AUl = AW iER] @71 EA]0] o] FojZ{of Stk
(Dekker et al., 2012; Ha, 2016; Park et al., 2016). 53] /52| 3Hol|A] sh&ate] Ma7g-g kst 7oz
wHsk= A2 gh5o] £2 F1o|| sfgotH, 341 shEA S4 dEtetaa oA B4 o= Yy
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| oo} &= &5 A 2kof| 3 gSHH Driver & Oldharm, 1986; Novak & Gowin, 1984; Renner, 1982). WA} o] &
TollMe A E FAeTE Z83 o2 9 FE A orfaF S ARt Hoj tigt @iy wrg At
gt T2 IS vt 1 AdRollM = &-80] 7He st S g stalAt SHoleh Bok, th /=t

] 49 ol A 83O M S0 AAsH] 15 S0 wo gk 917) 45 Wiste} o)
QJofol| )3 Fake HAstelct

Theoretical Background

ri
_O‘L
Jo 2

o r& r2 o >

gl

2elolo s Al ulthd 52 1A 0 BoE minteh shaAt AR EA 742 B
A7 S AR B ARG el ek w4t B S ool SCHSaykil, 2018). S5 A1 3714 2

)

—_

= 5
o) 155} 2 shat] 91A|, o), AR ool et mAslg B0l /A0 2 o] Zofal v
457 58S E402 Bk o] 2 ol Ik 49 i 9ih 2o B7e B4 AU BE,
oA Ao e A] = 732 £ AA7}E 251K (Yanagata-Lynch & Luetkehans, 2014). £5] thH 442
It ¢ 0 2 ekt mf 2@ A mixlE 285t H B, tiieddS 2eRlo® Mehshe 22
ek 28] olo]7} ofd A|Rg Fele] Mt Wk 29 £ Wio] -&EloloF BkKimetal, 2020
Rose, 2006).

Y02 4 2L YRTIE DAHUT} WAL Aol AL U] o], WA
A7) A4, 7\, s 5 WA S50 3
oieol wha} st v g ) 2 7o)} sk
S njx]= %23 2910 2 285K Saykili, 2018). WS Q12| 2] EHA, A A 4]
2 w7 seo] st gl Aol AAE BS S AA3 wslo] o 2
31 E]ofof SHCKFauth et al., 2019; Vosniadou, 2013; Wandersee et al., 1994). 2F8}-§- 2ito]
2 E0] AYAL Y= ARIZNE & WA 29 F Qhujet EHs-2 Bl HEFA|7] = 22 &J PRt (Leuchter,
Saalbach & Hardy, 2014), 0|2} 317 HSake] T4 224 01| Sh4je] 2iet helg) 2o 2 sl S0
oA SHFEolA| AAI == HAol] Thigt 2] Al a4 Zeko]] thgh x| Alatopu]a}, ey o] @ o] tiigh #] 4]
2L oJu|sHhFortsch et al., 2016; Keller et al., 2016; Mahler et al., 2017). 1222 7}et4of| A WA= &
X5 o] A @ /dol cf 2|} 4 1 Y o] cheh 4] 5 Tleke istol 9AEE )
7Nd o 2 a7 =2 =2 5fof SHh(Meschede et al., 2017). ©| 2 THEof|A] thsH 4=} B] ™ 498 £
SPIS ) 07l g MBI 4 Sl AE mATIEE T o} B8 otol AJAIsjojof S,

ol thgh @7\ T AFE2 AT EH QI7He) Sk we U, W Ve Rl 2, H A2 U 2
7Hg.o 2 BH33515 4 1TthByeon, 2021; Dekker et al., 2012; Gilmore et al,. 2007; Owen et al., 2010). £5] 217}2]
St B 9GS 24 Si4 0 de) A, 510 shel 2 A7) A3 epda ] weel it
50| thaE 2| o th(Dekker et al., 2012; Sharp etal.,, 2008). = 2] 7|52} F&dsto] Bt S/} 7] 5428k, = 9]
AREHIE, o] FQlo] BA, 251 A7 |5 A, R F FFRR], 71 A HIA US| Higt @ EE
o] & A QJThDekker et al., 2012; Nielsen et al., 2013). &= - ¥ Q7F2 2| 52} o] 37| T4, 1 Al
0| A YA, ] ] AFHA 7], S4] AdF o ] 2§t tigh ZiEo] T &4 1 U-&-o]thHoward-Jones
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etal,, 2012). o] 2|3t Q7N E 52 /Aol A Aok it viAle] YFo 2 Qe A|EH 02 @7fdo] 7
3h=l= gA4bo] EHAYSEIL 9.0 B & (Nehm & Ha, 2011; Youn & Jeong, 2019), TH2: 7R o]l B]5H a2 o] ufj-2- of
Hok= E42 A4 3L Qlth(Feiler & Stabio, 2018; Howard-Jones, 2014; Pasquinelli, 2012). 12 2.2 AJrg1}35} o
A ZF | 2fetof| tigt @7l o] atekE] = ZE HAskekal fshA TiE o = o] WA 78] E Alash] gt
Q71g w7 w4ghs e T 31o] 7ljHko] 4= o] th(Song, 2017).

527 AY = AN e 27E2 oAt o2 FAE AU Dol Mot td RS 2
Q5o & Qs EAgst7] wiioll YA ehEsE-solu 1M B Bl A WA o= 5= AIY
ATHLee et al., 2006; Parker & Heywood, 2000; Ha, 2016; Kim et al., 2010; Youn & Jeong, 2019). £5] | 2}5} 3+
L7ge mltjo] 5 Ot A2 E Fofl A sl W82 AE4 & Aot H B2 o2 wAo] 4] &
2 7102 dHA AthBusso & Pollack, 2015; Howard-Jones, 2014; Feiler & Stabio, 2018; Kim & Sankey, 2018).
TJjE = AFHE S A RibA o' 2517 QoA ARl wauiA & SEeto 2 BhE
A7} 2FsHA 7iE-& thgotAl Hotal A4 g Q7o gk QlAIT} wA o] 7]3] & Alai-g E 27} Sl o
& ol A of| FE| A= UoR oA YA Y S5 5 8o shEAte] Sa Rl Y EE &
A4S Sk e5AF WEd SHEEE-S 1ES 4 lth(Collins & Halverson, 2018). FE3F TR & =310
ZES Foll Al et AlRhE S 5o 2 2 meReloA &a4 0 2 shEAke] e Ag-2 Add 4= U2
™ (Verkijika, 2019), e-5AolA| ©f B2 #rojel F-7-2] 7|2]& |83 4= UK Vincent-Lancrin, 2022). THHA]
o] Itol|Al= tiHH Aol A Bt Ao & Hho] 7hast =] eI 3lS o At vioiH Ao
217} A &515lE w Yeh = g5 Heks Eelsigith

S i Rl

Research Methods

Participants
A" dA=1E B85 22l doA-go] doke ket ¢ 4-80] 5389 & of tigt
Q1A f=0] waztel oA ol H)x|= FoFe ERIst] flo A 24 A RHA| 58]

2
od =

=
14 A ATyt
&} 1 o|45he Sy 4775 0] Zrofsith AR te 19] T bl tisl 158}7] 5%t A% o]4=5h= gt
A A 24782 i 0 & X35k ol ofsilon, 28H7] E7t [ F of4ohs S Y A 237
2 I =1 ghito] 2 AR A Azl R7| ©A| 27 0 2 HItjH o = Rfsk= 42¢lol] Fojsiint £ AS
o HAISH 7 AL o) o AAE AA|517] Hof ol Fof et BE S EolA A-E4 Tt e
W82 Argstlon, AP o & A dsto] &St AR E B4 o2 A7gsieltt. AARE AlEst
S 5 2H 5= $ol GERHASAA, YE HALEF el e o] = 7= w4 ol
A A QJgo 2 M 252 0 2 457 (T Lol: 16,5841, SD: 0.58)2] AL AHE EAjof Z-851ict tid A

o:] 3

@ r
)

|=|
= L = A
3 by %231, 2.2h2l 0. 2 A H]TiR Sqlol] Fofat sty F 2o SEATkE BAjs
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Procedure

O - Bt gho] 7Hgak A ake} 7l et -9 =303 7dhe}7] 9foff 2st w4=shs vk A1)
A3 H| o 2219l Washs v AtEo] oigh 13 v o 2 S5t uasks ek v S
Stlom, ol thgk 7 A+ AkE v o & S0 7l HISkE 93t eaul &t e R A
Rk o =deent of 2} vt 4=Qlof| = 2]-80] 7h5ol e & & et eaabd ot e5ul-8-2] 3ol 7t
5o w4tk RIS TS oAl e Ao ket eold wAS g tAE waeniA] €
& W5k H ko] 2]-8.0] o] Fofz{ok gttt o] & 9ol F ol tieh EREAS Fofl ehaH, ke
B, Wk AR EE5130 oM, A7 41 HE7E Alu|u 2 Bl ] AEE A updhs TR RS
gotint 7t 4] TR Re o 9] et vl 9] Yol 217t 554 0 g2 A gsiglon, 4
A A% o] tigt g 4= kel ol o vistE AR e 24 £ 4ol ke ke Rl

Development & Application of Learning Program

]t gho] 7Fa3k WHofl tigt 7ig Wst 4+9f 2 7S] 2fsh Bt Sy ol A o tis]
7 B2 UlE-2 e A5 ek AR e wah F AR e T wit ol S T o2 sk d Ul
&= /J5I3ith 55| Bl HehS s e i 1 Ulg- R Eso] Bt oM = 23 7t Y
A" 7|5t 250 & JdE]ofof gttt o] £ 9fsf 22l w4k ekt Il E Aol tis ndgte s
A HH S HIHH e o2 HehEls uf 2]-8517] 91t 1 Aeha =Eshl o, shaul8-2 Holl of
&k 27 d 2t wehA] Zd t we oA A|Ashe W& 24-5 Jlafsto] /g5t 5 28 7haRt o
FEIA =to) EAS HEs] A ad/d=ol A sHiEo] &4 B8 4 A FRITe =N 4
Z2 O3S /35T Holl tigh 7 RISkE fiet U2 o #dat vt < Ad=o] 2 3¢
HR2 ko 4 Qe = S S, shaulg, shad s o2 F/dsieith it 4 339] 49 &
gielo g pofuigto] ML u 2 Bo) & 5 By Fs A 22ieloz ek FH AU =% 5}
R, 22RIoA AREshs HUEe LmeRloA e FAsHA| ARgSIiTE o = 7iES 9
off =Eo Y A4, St E R W Ui, ShedEhe dekuls 27 7R10] Fojshs 7] ARyl A e
TE AEtoH, 34 0 ® /et AR ot tisl vt et 9 et waska A g AdS el
SEATE. gk wfatw AL 5Q10]| 7] 62FA] E7e] AR =Qka} Bt =9 A] AR&S= ol FEI=LS] -8/
tjsl HEE o] Zoto] A= B A4 94.5% 2 UEFSITE 4=%ol| Zofgt &2 et 1 & o4
Sollom, o - Mok vt ¢ Fhe] ShY B A ws1by ARk o]-&5to] F 62HA] Eet
Zofsiint. vl o]l Foigt sME2 A 22kl oA E-8oh= aHdele] =23l 53
F&stom, £ARE = o] sHflo] A%H St A A5k Shade| A AEIE Bl Y A s
EERLC N ) il

)
rir
N
S
rL"l T
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Construction of Teaching & Learning Program

k] f&tof| thgt 7l\E-S ek 0 = HEA|Z 4= Ql= S5 = Alsohs A ast w4ty 218
= 77| SlsiAl= 7 dastel e washs ek o] Qe m o £~ #et ofu2} HTH 4=
AJolle 2-8517] 9ol gt vt oA 2] Gaat-g 733} Hiete] tigt BA4& AA|sIeIT. 2324
AE v o g 7l RSS9t w4shs ) ek She s A4Skl o, A4 Rl aasks
Hof| 52H8-& Z3tole ek AY g8 SHo A AA|sHITH

gh5of| tigh /894 Tol wet wAR= 3] AAR Shgof tigt B S E-&sto] 7EE 7495
L& A5kl QhfE 4= lofof gttt E5] shEA T d/d2 AHsh| floll A4 R FE3E A A|Alof| Sl
Sote AWiE 22 A71ES ehd 71d 0 &2 HISHA|7|= A2 e} ils-0] wietoj|A] H4 E3of| sfie
SHKMcLure et al., 2020; Mills et al., Yip, 2004). £3] mo}A] 2] Qx| 2] Ahg2k8of 7|4 H3lol v

B 53 WL ANDBEL 7|22 sfol A Ans 2 5ok 1L AH
walshH, A8 2 2elslr] 95k shaH S thotAl AAISHLL 1t Georghiades, 2000; Howe et al., 2013;
Nadelson et al., 2018; Vaughn et al., 2020).

s47te] g 2ot Ee ko) BN AN 4ehe Al SISl BiAIE e A, 2]
A 25 o A 24 53 7] St ol 23S SHETH(Nussbaum & Novick, 1982; Cho et al.,
2010). SH5AS] 7Hd- Tkak] 7 o 2 wke| ook Stk ol M AAE m4dts HFEL fALSH
A9k 7] mhol] 2742 gHEo] AN 22 A4 7o) 9, 2fehA] 7ild 2 Rt A= 7HE ] A
T4, A3 7hd ] A 9 AEE FQ5HA AAISkAL THCho et al., 2010; Driver & Oldharm, 1986; Kim,
2009; Posner et al., 1982; Vaughn et al., 2020). <= @Fsh5ol| A= 7MY 2 S-S 8ok A, 23t 24
S1L7HE S AESha M2 8oiS AAIsHE B0l =, SAMIEol Hd S AR aHs 7 K ge] madd
2R3 A A SHHLawson et al., 1993; Lawson, 2003).

o] weknt m8e B nejshs D4y Heke AAolt 5e] 4%, A Bl B 4, 18
k2 Aok, Argatel 7ig Heks 91t Here 2 70 {59 %] ofeltofofl tigh =4, Al =& 7
He dshe B, 282 57 A 7 A2 AR ] = SFTh(Howe et al, 2013; Yip, 2004). 54
2jste] Bl M Aduiste] $1 mEle Adusizt doluy] lsiaE FUES GuskT §Alsks
210] AlF-Eofok 5k, 57 2312 AT =M ZiE sl Hofst=S stal, 7l Hate] AvkE
19| 5248 AI2H517 9ICHNadelson etal, 2018). 321 73S 18HA)7)7) 91 ceget st
S uiet wi QA2 5T e AR Gojot o] U o]t EAfshE, AA 0 St

A7 E2iui7], eHA 7id2 S3t 7 A, 7 Q] A8 9 ko] 2y o = S E Tk (Brown &
Hammer, 2013; Driver & Oldham, 1986; Gil-Perez, 1996; Nussbaum & Novick, 1982).

39
an)

[¢)

ko

1o = o
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apastgo] lof sHsAte] At sk R 0] Aol ute} F48) B st msts
Akt st u o] AAEo] glout, FEA O v shaapgnt 2452 AU YckPowin etal,

S B e S P B E el 58 5 g
Aolek, o) &7t0] 5712 §iskal ) WFL olZoluly] I3t Hol Felol it HekSo] A

.
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Table 1. The teaching and learning method for concept change by applying digital collaboration tool

Process Learning Object Instruction & Learning

© Learning by comparison with video clip & textbook about the conception of
the brain structure & function
© Announcement of self opinion with online discussion board about the result of learning
Expression & Inquiry on the Structure ~ © Providing mobile app. of the brain structure & function
Exploration of & Function of the Human ~ ©) Problem solving about correlated regions on brain by mobile app.
Concept Brain © Discussion of questionnaire for conceptual change & presentation of self opinion at
online conference room
© Providing scientific idea (concept) at online discussion board for problem solving of the
brain structure & function
© Presentation & announcement of the each students’ concept about brain
structure correlated the function at online conference room

Analysis of the © Comparison between scientific concept & student’s concept by team
Comparison & Neuromyth & discussion
Reconstruction of ~ Generation of Scientific © Construction of self idea using the result of comparison concepts
Concept Infographic on the © Generation of team infographic by application scientific concept of brain
Human Brain structure & function
© Sharing of the team infographic at online board for checking among team’s
infographic

© Presentation & evaluation of the team infographic at online board & video
conference room

© Inquiry of the reason and symptom by supplement or Intensifying video clip

Sharing & Investigation & L
.. .. about a brain disease
Communication Communication of the .. . . . .
. © Linguistic communication of idea for the scientific concept about brain
of Concept Brain Disease

disease’s diagnosis, symptom, & cure at conference room
© Checking & broad scanning the learning material (video clip) for modify the
concept
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Fig. 1. The examples of class activities using the online cloud collaboration tool

Measurement of Learning Effects
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Table 2. The result of the leaming disposition differences between contact and non-contact groups

Learning Disposition Dilizf/leerillllce SE t df Sig.
Learning Interest to Biology Class -.049 274 -.180 43 .858
Attention to Biology Class -.263 201 -.904 43 371
Confidence for Biology Class -.514 .309 -1.663 43 104
Satisfaction to Biology Class -.148 202 -.733 43 467
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A UERA AL & 4 Q1 TH(Table 4).
Table 3. The result of ANOVA for the regression model on the student’s concept
Model Sum of Square df Mean Square F p
Regression 399.138 2 199.569 6.560 .003”
Residual 1,277.662 42 30.421
Total 1,676.800 44

Independent Value: Post-Concept, Predictor: Pre-Concept
'p<0.05, "p<0.01

Table 4. The coefficient of model about the change of student's concept perception

Model B Sig B t p
Constant 21.142 8.683 - 2435 019
Group -1.172 1.650 -.096 =711 481
Pre-Concept 680 .189 486 3.595 001"

Independent Value: Post-Concept
'p<0.05, "p<0.01
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Table 5. The result of misconception level change by main effect of learning program

Regression Model
No. Contents of Pre-Post Test Sum of Mean
df F p
Square Square
| It coyld not.leam for some field, if passed by the L 2694 ) 1347 1103 341
specific period.
) Enrlchefi environments’ enhance the brain’s capacity L 7491 ’ 3745 9.279 000%*
for learning
Individuals learn better when they receive
3 information in their preferred learning style (e.g., L 7.591 2 3.795 7.949 .001#*
auditory, visual, kinesthetic).
We only use 10% of our brain F 499 2 .249 .675 514
5 Two languages compete for resources. F 5.425 2 2.713 2.556 .090
6 Knowl.edge., acquired in one language, is not L 24.500 ) 12.250 15.399 000%*
accessible in the other language.
7 The first language must be spoken well, before the L 15.443 ) 7720 7 480 0025%

second language is learnt.
Differences in hemispheric dominance(left brain,
8  right brain) can help explain individual differences F 9.043 2 4.521 3.620 .036%*
amongst learners.
Short bouts of co-ordination exercises can improve

9 integration of left and right hemispheric brain F 1.963 2 981 .691 .507
functions.
10 When you sleep, your brain stops functioning. F 2.381 2 1.190 2.428 101

Children are less attentive after consuming sugary

11 drinks, and/or snacks. F 1.850 2 925 1.398 258
12 Drinking less. than 6 to_ 8 glasses of water a day can S 14.428 2 7214 7360 00 %
cause the brain to shurink.
The brain is plastic for certain information during
13 critical p_erlod.s , therefore childhood development S 18.778 5 9.389 4790 013*
has a decisive influence on the rest of development
and success in life.
14 Memories are stored in small parts of the brain like F 3.820 5 1910 3975 048%
computers.
15 Animals with larger brains show higher intelligence. S 26.974 2 13.487 9.195 .000%*
16 Brain cells are no longer produced in adulthood. S 3.315 2 1.658 1.330 275

L: Learning, F: Function, S: Structure
'p<0.05, "p<0.01
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Group Effect of the Biology Learning Program in Concept Change
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Table 6. The result of students’ concept for brain on two groups
The Concept of The Concept of

The Concept of The Concept of

Test Group N Brain Learning . . .
(SD) (SD) Brain Function (SD) Brain Structure (SD)
p Face 23 45.52 (4.93) 11.52 (3.04) 22.65 (2.66) 11.35(2.14)
re
Not Face 22 46.18 (3.89) 12.50 (1.92) 22.41 (2.56) 11.27 (2.27)
Post Face 23 52.09 (5.66) 13.09 (2.41) 25.70 (2.91) 13.30 (2.51)
Not Face 22 51.36 (6.79) 12.73 (2.99) 25.64 (2.65) 13.00 (3.35)

SD: Standard deviation

H = AT 5t o AT AP AR AL 2 ate] Hekr} Bt 4
A kol vlsl SAA 0.2 Fofgt oM 3| S A= & 2fmgttt. oof wh} o] Atof A ZiE
s e 55 2lE Mg ants Eelsty] 9l AR ARHA 23S o] 85t BatA
S Tl tid 2] Cohen's di= 12382, HIHH ¢ T2 093622 F FTh 27 09 =2
20| @7d W TS HERHITh whEkA o tigt 7l Q14 F HEkE 2Rt A atet 49l o] Y

o ojel 5:9da} uloje 49 5 ofH 92 AABtElekE FAH ks Sstch 212 ojojatct

]

rr
o
rok
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7 Q1A 42 HE} 519 J o] tisl] Al o= B Ax, kol tgh sk o] AP AREAL 2
Hol|A= FAIH & Folgh 2to] 7} YehR] ettt ol2dt Aaprt & A Bl B3HE UERA] &
6P7l EH%WI =2 574 AdolAnt 22 33HE YE7] wZR1A] FRlsh] flof Aehd auta7|E &
N & sk Hatel a3 3718 % st A1} Cohen'’s d= 05722 2 4
o Hee] &t 371 = 00912 Jod o2 WA Yt S |t = J
Cbl 271 tﬂsa} T2 FAKCE RoloiA| om Byt W v, o =] o] @7 ¥t
oigt vh= SA1A 02 fof3t fFolehe 2 oSt whA] H|oj| o Fee] a1t R-2f5tA]
7] mhizoll 4] FAREA oA FA A o &2 F-2olst l Sthe A7 Uerd Ao £ 4 loh

of izt @7E I 5 7150l thek 7ilg Q1A o WSS A E T, AP AR ZAF Aike] 2ol 7} 3
o2 A YoM B SAH 02 golsithe AE QOJ%P%E}. 3t i e & 75 B 27
d Hgte] a1} 57|5 4HE3E 23} Cohen's di= 1.094E U9 =2 20|30, HITH 4] oM e &
1 37]& 12400 2 vl e =7 YEth &, & w25 49 T2 0] AS Foll @UiE w78 gt
Felgt ol AS AT 43 &’iE}

npz|Eto 2 @7y of < F FLxol| thigh 7l Q1A =% wist 4

AL Aake] Zpol7t EAI A 0 2 Folgt F 0 &2 LpEbTh o ¢ o] | 1= v @7l Hatof| of
St 83} 3715 -8+ A}t Cohen’s d = 0.836, H]THH 4= ] Cohen’s d=0.605% =2 2] &3t 3
geleglon g & 3ok BE St I 7 Hato| njx|= Gk o 34 ol S & 4= Sl

<]

Table 7. The result of one way ANOVA for the change of students’ concept
Mean of

Sum of Square df E Sig.
Square
791.060 3 263.687 8.992 .000”
The Concept of Brain Be.tw.een group
Within group 2,521.929 86 29.325 - -
. Between group 30.893 3 10.298 1.482 225
Sub The Concept of Learning Within group 597429 86 6.947 ; -
Domain . . Between group 221.604 3 73.868 10.140 .000™
Th f Brain F
¢ Concept of Brain Function oo oup 626496 86 7.285 - -
. Between group 77.649 3 25.883 3.809 013°
Th t of B truct
¢ Concept of Brain Structure (oo oup 584451 86 6.796 : -

'p<0.05, "p<0.01

ol’ge] AtE S, th 4 ATt v o kol tisl HAE 2 %*E-?— *}3°LEM1
7] 72l oM deAlgel 7 J

wHol 7hssith= A g 4

o, vt ¢ ol A& o)
EW o] 04%101]*1 7H @EHEE
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Group Effect of the Biology Learning Program in Affective Domain Change

o <ol B3] Bt A2 AAzo] Hojz|al o zlg 7|27t dAfs] Zagho = Qlsl AolA
lof] £ ahs UeRd o Qloke ¢ S AU 3loH, 22 dFsollbe o 5
4 5o AR o] A71E] 2 YA ThFauville et al., 2021; Nadler, 2020). ¥FH, Z2H¢-& 7|4t
iAo FZSthH ARFAL-FIHA A|okS S5SHAL vl ) fARR 0] o Akgo
(Lowenthal et al., 2020; Peper et al., 2021). =5+ o|2{t TR € H A= F= thH A = &8 7557 of
woll Aol Z-83thH Sh5Ake] 8hs 8402 Alalskal Al Algtol o1&t R399 ehsds=
7Festal shaAte] Ao A ol 344 ahE AT e 4 Ak o] Aol A 7Rt g et 4
Ho] B 53l sPYE0] AAA FGRJA MG A4 F HstollM 372 ats gelsiglonz, ol
Fqol nx|= Y2 ERlst7| sl sUollA FA et gt Zsoll tieh 5714<%, AR st skl ol

o —
714, gl shgol tiet Al H 22 AR AR AL 2 TS A5 Th(Tabel 8).

n

0|

i
|

Table 8. The result of affective effect for biology learning between two groups

Motivation of Biology =~ Motivation of Biology =~ Task commitment of

Test Group N Class Activity (SD) Learning (SD) Biology Learning (SD)
R Face 23 118.78 (16.13) 113.04 (10.04) 87.00 (15.87)
e Not Face 2 119.18 (17.47) 114.41 (13.15) 89.50 (7.20)
post Face 23 141.04 (14.06) 130.35 (13.89) 99.35 (10.52)
Not Face 2 135.50 (15.14) 134.00 (10.36) 98.41 (11.95)

SD: Standard deviation

A atsl oA BEE Sl digt 5714F HstE 4
111.78 AFEAAL 23t 141.042 1 29.26 S7F5H o, H|THH o] APAZAL A3} 119.18001 4] A
SR AT 1355002 et 1632 S7FoFATE i A2 HthH =91 0 2 X8 Zaol gt 57]14%
o] 51| QA HEt Y& 5 AJFH 0 &2 B s HH, 3203 F(Attention) 240] thet thH ¢ F o] Ho

j

>
_EL
HT
rg

(o 5 el AbEZAL At
ok

= APIAL B3} 38910014 AFS 47,612, W 4~ RThe] Bt AP 39,6400 4 AR 45,052 T He
of Bl Rtekol] vl o S7Fst AT 2 d(Relevance) S4x0f] Tt o <~ ko] Bat-2 A 29.910

A AR 34,9602, HITHH 42 F T2 AP 30230014 AR 343602 A o ko] ezl oz o 21
ShS E3At} A2 (Confidence) 24x0f] et ti =] RThe] B2 AP 27.35001 4 AR%- 32,65, BITHH 4>
A A2 AP 27.77014 ARE 31952 S715H3ITh 252 (Satisfaction) 224~ Tt o <] 2Eke] g+t
2 AP 226100141 AR 25.83, HI TR 42 R The AP 215500141 AR 24,142 2H 174} whE2oll A= TR
o o] o] 2 HSkE Uetiglch & Ad 27 ks T2 5] 733 $ )lollA BT Sl tidh &

2
7|4Fo] Z7H5H O, BB £ 5o 4 WiSho] 519] 2 Aol Tl Zleko) wiakrh A
Ao o I Lette. oS Fa ol 4 2

] 79 5| 45} wAbe] 4:¢) Lol that
% U B4 AN AT o ke 22 F

u)
rol
offl
N

9 54y
o 4 919ik oleist Auhs thid AEAlgo] 2afel
2 Eo ulche AEA g Hl3) FOAFS o SUsk A3HQ Holg US| YROE £ 4 9k

(Lowenthal et al., 2020; Nadler, 2020; Peper et al., 2021).
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Ay 1ke} shgof| tish &7] ol thigh th 4= Hehe] APAZAL A3t 113,040 A ARHAF 2313035
37kl o, vt 4~ o] APAAAL 23t 11441004 AFSHAL 23 1340022 H+

557 o5 Histol sl 5hY 84 WS =5 AEH o= Slgh Ayt FoF

(Attention) 2. 2x0]] thSF A 4~ Z ko] -2 AP ZIAL 2} 25,0400 4] AFS 29,092, HITHH 4~ Z ko]
g2 AP 23} 26.00004] AR 29,052 thH ZJ ko] Bt ool v]s) ©f J7FsHltt. T d(Relevance)
L 2of| gt tiH = Aehe] -2 AP 3113004 AR 36.17, BIHIH = ATk AR 31910014 AR
38.59= H|tiH ko] ¥isk7} tha IA| LpeRt ) A4l ZH(Confidence) 240 Tkt 4~ F{the] a2
A 26910114 AFE 29,57, BITHHH 9 T2 AR 26,3200 4] AFS 30452 H|THH 429 Rleke] ¥iskr} o 3
Al Lrebgth 752 Satisfaction) 8.40f] The tiH 4~ A ehe] -2 AP 29.9600 4] AFS- 35.52, BT 4
A T2 AP 30,1800 ARS 35,912 TRAgke) fol= §lou = oA fALRE Fe] S7HE KAl

[¢]

=]

£ B S 1203 Y 5 AR 571450 27900, Fo11F 24k o o], 3
24 240} A7 2 A veh ko] HTjA 0.2 o 2 MskE Bolth 4 B Aol it 5714%
Asto} o) el o4 ApAlol et Bt A1zt glof ek Aol A B 2 wisht B 2
e AEA

& wEto] A= Qlsl o)y Gt Attt Atet o B /Aahe ZA3kE A A1 SHKLee & Lim,
5 QA Y Aol M = e AtE EeE A A aet g
S= BT EHN ol tigt o 2450] FAA 0 & WIS 7| WlZ 28 & 4= U Th(Pietrocola et al,,
2021).

A3t} ShaS 2| 45kalA Sk Ad ] THAIR 2of] thsl th 4 Zeke] AR AL A3t 87000014 A
SAAF AT} 99352 ot 1235 275 oH, H|THHE 4 7 | A3} 8940 A AR AL A1}
98412 B4 891 Z7I5ISITE oA H S et &5 st 571, e 5719 AR
Zhol| tigk APAZAAL Aol H]of| F ek ®F ARZHAL Aike] to] F Z 0= F7lolqih It ok9l e
A E ko] /o mhat #3ke] Xol7t Yepito v g oj2gt xfo]7t FAA o & Folgt ~FollA] LiE}
i Z1R17] &RI5E7] Qfol AP -AREAL Ak E-8oto] dulix] FAREAlS AAlsH o, ZF ek A
A Aol w2 §313 7] & AFESIHI THTable 9).
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Table 9. The result of one way ANOVA for the change of students’ affective domain

Sum of Mean of

Square d Square F Sig.
Motivation of Biology Class Activity Be'tw.een group 8,776.680 3 2,925.560  11.812 000"
Within group 21,299.642 86 247.670 - -
Attention of Biology ~ Between group 1,210.439 3 403.480  10.530 .000”
Class Activity Within group 3295350 86 38318 - -
Relevance of Biology ~ Between group 481.163 3 160.388 7.821 000"
Class Activity Within group 1,763.737 86 20.509 - -
Sub Factor - =
Confidence of Biology ~Between group 516.347 3 172.116 12.573 .000
Class Activity Within group 1,177.253 86 13.689 - -
Satisfaction of Biology ~Between group 235.494 3 78.498 5.230 0027
Class Activity Within group 1,290.828 86 15.010 - -
Motivation of Biology Learning Between group 7,806.963 3 2,602.321  18.125 .000"
Within group 12,347.492 86 143.575 - -
Attention of Biology ~ Between group 294.752 3 98.251 6.916 000
Learning Within group 1221737 86 14.206 - -
Relevance of Biology ~ Between group 841.051 3 280.350  21.430 000"
Sub Factor Learning Within group 1,125.049 86 13.082 - -
Confidence of Biology Between group 269.583 3 89.861 8.086 .000
Learning Within group 955.706 86 11.113 - -
Satisfaction of Biology Between group 719.102 3 239.701 16.900 .000™
Learning Within group 1,219.787 86 14.184 - -
. . . Between grou 2,640.187 3 880.062 6.276 0017
Task commitment of Biology Learning ., o griup ’ 12,060.036 86 140.233 - ;

'p<0.05, "p<0.01

Bt FOIA A 22 FEHT

L LI,
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Conclusions and Educational Implications
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