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P AT T Y R o A< o B mOW odo O W g LW
T g B — B - oy o i W o B T W
s e Ny 2RO g < XA T B
g o g 5z Swe T O RwT KN T T o
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0 O SO I - R~ g o %o X T o W SO N~
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235FHColin, 2000). AH HAFE Z=do] owd WAoo AHEHE
FdE AdA olgjd HE HAlets EEolA o] wg AARIE
A st AAskE Aol Aol A AdE vk (Sung,
2009). L3k FofollA= FHA AlZkste] u&A Fatol] FHEES t
291 WS (F3 g, 2013; Bl A], 2011), ¥4 7Nd =(Hilbert & Renkl,
2008; Kwon & Cifuentes, 2009; Novak, 1990; Novak, 1998; Novak &

afias, 2008; Roth & Roychoudhury, 1994; Van Gelder, 2003), t]*}<l
A7 ZRAS(HFE R, 2015 W53, ARG, 2013; ©HEG, 2015 A&,
dAesh A4, 2016, X2, £F, 2015 ol=d, &4, A5, 2015;
ol &, 2015; o]2d, 2017, oldol, ®HFAl 2016, H&Aok, whAlgh
2014) SolA dHA AztstE &&eka vk
A2 ANzste= AR A3 "HasEx e Sl 3 1 Yol
kel SAIE  Holdo] olFojxa tH(Card, Mackinlay &
Shneiderman, 1999; Isenberg et al., 2011; Li et al, 2006). @& % A]Z}
st AlZsE7E o] FolA = AR Ao wEp S AZRe] e FXE
22 A7 e 37 98 A 2 e E BRFd 7 ADix et
al., 1998, Isenberg et al, 2011).

Hasaexs J894 ANAssE a3 os Roks F Ut Hass
A ANAsE Adsts Feol e A 7 fFEew vd ol
(Zambrano & Engelhardt, 2008). 3 A, HIEZA = & A&} sHA

N7Ee Fxse A% moEn A%E 32 EAA AaERAs

okl ugl

Al

pay
o

Tx

Fa Ase SATS gEgo=za £ 9 FAst AAHJA 3ol 7ts
8}5 5= (Hoffman & Ritchie, 1997). ©]#]3dt HAEZZA 9] o &

Many Eyes(Viégas et al., 2007), COPF(command post of the future),
T2 zZg Aol A, & FAHEBradley et al, 2011) 5] vt &
A, HAERAE e g EAEe e e =9t 2§

2)
AbrE 2 A1ZHA AbEedl e AW, 24, Y & shedl HasEA
= o8 EgErh "ol 4o = BE Y, ZHE, fd 52 H



~
to
O
to

{

(= oo &l o]FAAH, FEALS Fa 1w HH 9 A
ZkA AbEEo] Wshglitt o]eld HAEEAY o= F2 ol Y
ol Ak AA, Has=A+= g Agd AZ44 eSS Fiste A
< Zoerh a5 AMgEel 22 Ay "ozl AaddA Al7tst &
ZEOE E3f A3t eSS TR F o S HAasEAE AR
sHAX OAF] AHEAALE #HHE JH g§ FHE 7 UEE =5
=% (Jeong, 2013; O'Donnell & O'Kelly, 1994). o]&gt H I =2 A2 o
2 IY¥RIE ¥y AHAY o] AT

SHA| R 5= Abg o]4fo]l Falste FH A AZstE AAAQ oy Eol
AT AR, AZEsE el gk ols] v 2 Ade] AR uE

7] ol 22 e AERYE M2 uE WA oR AZEET A

A
Zksh= A Y] Al Zbst 34S FEShe AR AR (UGE T, 2010022, 7
gle dojAEE R, F4E WAHoR wE=+s A7 Abal(visual
thinking) & ¢tk AZH2 Abals A4 (mental imagery)S Wi7H= o] Fo]
A (HA L, 2004, o]k, 2013). ©o|& =x%F3to] E < (shapes), &
(lines), A7 (color), &7 (texture) 59 242 YEIUE RAS on| st}
(McKim, 1980; Ruch & Zimbardo, 1971; Wileman, 1993). A|Z+2& A}aL
oA 8%+ 44 (mental imagery)> AR ZHA 7] g Fx
A AARA QL Abarel A olw (AL, 2004; ol R, 2013), A
A e o g oly|w 3l FAH(Representation)< 7f o1 2
& of ¥4 AHsta dir(Medin & Rips, 2005), 43 o=
B UEghE Aoz wjEo (Spence, 2007), ZF 7i¢lo] wWLe= EA
A2 Y2t (Zhang & Norman, 1994). 21822 22 Y89 HxHe)
78 AN Zgst=rel wel o2 #4(Representation) 0.2 LFEFWHTE
HBEE st AlZbst B0 R oS F&stE &5 olEso] wWE

o},

flo &

oo 4o X

M

A, Az Be %3 mde Fhad shvel AZ4d wdom A

=
st olelgel EAWT. A4S ERSE WHe ThshthVan

- 3 S0



Bruggen, Kirschner & Jochems, 2002). 3% %<l ¥3d WHo=ZE= A
T, AE &%, %, a2dEZ 5, 92E 0|99 gy Fo

O
Roychoudhury, 1994). %42 oe] Fe2 YepA T gk Ao g A4

S RAFE ¥ BRYe dFe WAew HfdE F %lE}(Janwer 1987).
Mool 7hF M Z T2 ZA4S Ffate] shute] B o R whEr] 9 A
= odl FHE 24S 24T A o9& A 2k #A4o] 3
a3ty 53], 9 A= dgste A9 E] TS ddste A
o] Tastth AMELR A7 FdS AFxee= HAHA UehdeE et
7 FE5S 94 AATFH vAUFAANY 7 F EEd FARR
FeHE 2 5 vk Yo Pt "o Aol JHA AL Y= v g
Hi 78 wiimell oA Apol7k Atk o] Abol= A, e, =4,
of }AE Faf FEHEAG. il ode Ao|rf AR SHEHNS
W PHA Aol FEHEv. FHA AZs RAFolM = st Al Zbst
A4S eV Y, AR g2 oA FolE Flsta S5 8]
= of gt

AR, FAAR AlZHEelgt FA %, o]l8 REdT F Ae A3 &
Hol Abgui} g2 yvEhdoh o] Jilvitt A7 dxw A
I HAEEA &8 5o Aol7l 7] wWiEolth AbgEuitk AJZHA A
HE Wget= FFoly Aol Aol7b Utk olE A7t ARA
(visualization tendency)’ ]2} 3Fth(Rha et al., 2009). A|Z}3} HeA
A A Z3l (generative  visualization), &1-2%74 A1 Z+3}

(spacial-moto visualization), %24 A]Z}3}(instructional visualization),
A3 A AN Z+3F (proactive visualization), A& A Al Zt3H(representative

visualization) 5 3¢l 5714 Loz FAFH YT o]t Azt A

o] FEolud Ao wet AJAE 33 WA Aolrh Ak w3
AERA F8 sl o7t AZEY] AL AHE S 4FS F
ct.

olelgt A& FTHA B W, FHEA AAs= A AnE FE
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file)
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CEEIR
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file)

22!

s
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;QL

2 Q1A (Distributed cognition) 74, &

1
T

94
o] erd 7}

sl

3}

91 %] (Shared cognition)2] }74

o
T

&1 A XA (Shared cognition)?] 3}

= a7
R [€)

CERIE

A

TxE

149

s

o

Mo

At

7g ©]

=
[e)

T At (Fox et al.,, 2001).

i3
=

3}

o AZe ANS 44T 7

d 2l

A

)

al

—~
file)

el

Ho

7dol gt

-
JAL o R A Aol & I

(Sociocognitive conflict)

Eecy

444 7t

9144

2t (Nussbaum,

73 °]

1
[)

| oAze 4ol

2008).
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H Aud g5 #4S 52 7 s BrF oy 4] 9 A=
7 He AR E ol A oldllE & s Aotk

AR, FEA AAstE RokFe 2l gigk A7 o] Fo R tH(Card
et al., 1999; Chen, 2006; Colin, 2000; Coxford, 1995; Spence, 2007). 3
g4 AlZtstE 9T B #e A9 58y g s 9 34E)
oA k] ol gk PYA AAsE =94Fe BT EE
Many Eyes, Sketchpad, Geometry Inventor 5| ¢l

=4, A9 AlZste o] g A7 o] Fo HtHColley, Stead,

WA, F=H4 AZdsts agdgFesn dgshs A7 o] FoiAn
A4 AlZbste gl wS(FEA, 2013; elXn], 2011, @=€A Jid
S (Hilbert & Renkl, 2008, Kwon & Cifuentes, 2009; Novak, 1990;
Novak, 1998, Novak & Canas, 2008, Roth & Roychoudhury, 1994; Van
Gelder, 2003), HAFQ1 A7 ZEA (PR, 2015 W52, A8, 2013;
HAA, 2015 A& 5, 2016, 2R, F, 2015 ol=d &, 2015; ©]
A 5, 20155 o8, 2017; ol¥ol, kAl 2016; FH &Aook, wRAILH
2014) 5o A

AF7hA el aE Aol e 9
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=
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<
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file)

il

22 wHAY
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T
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S

Azt 03

Eiass

Ay B 5t

el

| st Tpgol A shipAt olw

4 AH(Dix et al, 1998, Isenberg et al., 2011). o] 4

g o]
=

-
1o

7 A

1
o

]_

S

4

o] AT
B0 o] guel FAA Az

E} A0

-

AEEEREEE

24

o7

-

e Aol ol

Fol A

FrH 7INke] HA

bt

3} A Y (Kleinmuntz& Schkade,

[&)

Aol A7)}
SRES

<13l
2 A 2 (Saraiya, North & Duca, 2005)7} A

R4

3t HAZEZ A (d:

=

.

3

-
T

]_

Al =2ur] witof o

°

A
a3

=]
RN

=

=

H

3l

VZs

1E o) el A o

hitol
1993),

=R AR oh e the

9
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e
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el
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] a2z}
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3. &9 A9

1) Azt

NzZpate 94 ARE o RolE AW Few e duo] A
HHom, G o|m A % a
R uuske wel AZse, AAAsE AFH0e e 4
g AFEete] ofn) gl AAe) A4 ggor vehle AL o)
Aoh(hAF, 2010). A1ZHsk wAkol@ 1zlo] o€

2) 94 Az3}

FYA AztgE B ol Abgo] ojuWd AR, @A, B& dolHE

olgfjstaLal stAY EAstA o= 5 FEY HAE EAs7] s Al
Zrstel= A o|tH(Isenberg et al., 2011, Raje et al., 1998). @824 AlZ
sk Al ARUAIA S AAR sk vk Az Ay Aol A A1zt
ARE MR wAAZE dEE on] #Ago] dojub= Ao = (HHA 9,
2001), stul Qb-yfol AFsto A ofojtyojE FHHSAY AlgE 7HEXA]V

o
o

93 A (pictorial) 32 @9 (graphic)d A4S L= A
(Wileman, 1993). §# 4 AlZtslst= &2k dHolH 4], W4-3hF, 52
Al AH 59 FFo] doju}r]E 3t}(Johnson, 1998; Wattenberg,
2005).

o] ATNAE HHY A7, AZE =TS Bl 29 o4



S$5A7t Az ERS Fal A7

Zhsels BEolet Aodth @Y
AZE g FolE A7 AR R AR AR WA} AgsE A
7 AUl ARG T W),

3 HaZEZA A4 g 37

Has22 g 52t A2 FA4o T83% s Hdste =
(Tool)o]tH(Hannafin & Hill, 2008, Hannafin, Land, & Oliver, 1999;
Howland, Jonassen, & Marra, 2012; Jonassen, 1999; Pea, 1994; Stahl,
Koschmann, & Suthers, 2006; #AE, A&AX, 2016, A&, 2015). &

o HamAe] Jdug A £7, 4EAE PR ERT 4+ 3

rr

(Y&, 2012). Hannafin 5(1999)2 534S T4+
2 stgue, 2k, =, 2AEY S Albe
o] Aol HlamEA A d4s HH 7]
S (Too)'E AlFsFE Yoz Hytom of7jA FHA A 735t =
o

TE A4 =79 3EAE 7 £PHE Ao goun,

4) W #AY Z (mechanism)
AVAA Aol ot wAY SO 7 A4 AAHQD Fx
4], og] SGAE AAHA Jgs = ddo] vbg A, A 79

- 14 - ___:rx_-‘! _CI_':I_ 'I_'_]i -



SATh(o] 317, 2004).
of Al ME MAUES FHY A 3 T wass AU 4
AH(mental) A5 A A7 AZHA Abze] 2P F -9 HQ

SEEE e T,

4. 479 9 ¢

o] Aol BAL HAEEA A9 BANA AAA AZs BAL o
Wata, 2 wAUZEES GAsE el o A o] 23 Zuw 43
A ZRoA theo oo g At

A, o] ATE HazEA A9 BAANA FE4 AZd WAYES
Ao BAA A2E g Fol B A2 Ax B4 2

SR BT

B
M
Iy
ot
X
=2
N
2,
o

g s Al = 5 AvkE T, 2006). 71 AT

ol Azt A7 e} sy &34 (Gibson, 1954; Mayer & Anderson, 1991;
Mayer & Sims, 1994)o|4 Az} A5 A 2S 93 w84 HE(HAY,

25, 2009; Dwyer, 1978; Heinich, Molenda, Russell & Saldino,
2002)0] F& o] Tl A, A7 Y AFE A4H 5| o
ot Abgrol o e WAew AuE oday AZsE drAE B

o gANn: AT T & AHEHT, 2000. 53 A4tE Ea

o

B Qe Ao AL FEan WEE & & Yk 2PEw g

Agritel AsAg Fa A4H sl Ug whE & Qe ol 7]

geez 494 Azs B4e 59 A5 wdel 0@ o7} 7
o,

- 15 - ___:rx_-‘! _CI_':I_ 'I_'_]i -
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91744

o Fof ) =

o
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rvze]

oy
ol

;AO

—

<

SRR

(Eby, Meade, Parisi, & Douthitt, 1999).

o] = Sthal(2000)t} Fischer®} 2 E5(2002)¢] A A g+

SHAIZF At}

-
R

o2}
A7 AdEcd, g

o

=
=]

A= ASH

A

]
5 2

=
=

| A7 57} 0w @

A A

3

=2 7AE
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ki3

#4917, oln
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o] Ao HHL HAEZAE &3 Py HAHoA shFate]
A A Ztsk AYSS g8 Aol WAUSES B8] fg A8
T 1z BAe FJHAH s AAYUSS T E VR 248 &
Z3t7] gl eltt ol & Q& AZHA Aba, AlZbsk 24, Al ARUA
o, HlA==X o g, ¥4 A2 FE #d AFES AHEY
th ol AFEF o] Aot #HEALe [ T-117 2o A7ts)
Ad A, FE gy A A HAasEA A A7 A9E Tt
o g4 MAUSFS T8k 712 8425 =&Y

™ Al2tE | Haszx |

B X AYE HEm £3

Azst £3

i Hasx|et
Al Zrzl o Azt

MZHE AtR

NZHE By

{ #HeLiA oM
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mat

BT NZ3 0SS FHGE VR 22 £F
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SkaL luk(s] =, 2006).

= =2
<]

=0
kL QAT

[
(BEfFOAE), Age] TrEM==7F
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o

=

2

°of Mo Qo] JHE H2E FHREA &
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Azt sk A2 o] AlZhsh AR Azt o] AlZtstE FEE
ATH W 2, 2013). FHo] AlZFshs F44<Q dHolHE 7HA] e 4R
FHE w57 &) Aud
o] ol 7|zAERA, doly 3 FHE AF BAFE S Lo
o] T A2 ANZstE AREATE fFAREE AA S AT F dA TF
Ad, 7, o937, A% & dshe o, gEare @
22 dd 9 FE 9% Al A A g sdeti(H 8,
2016).

A Aol A Zbsh= el Alae] mdy #eoe] vk mtje] stAES
o17ko] Abal A4S ololtyoi(idea, olHlohe A3 QA #A
i stk 53] ofgl2Edd 2= AbaLE sy fsiA e Aol 2
aatrha st om, A A dAZel o) Abart o] F
At Aojol= Alztsbel daEE fE3 A 7E ok ofelay
o]

+
rlr
W
o
B %}J
E
o
>
N
oy
i
2
=
12
_O|L
o
2

_1

LR

al
sS4 5 Sves Adamt 9 A4 e

w0 L

'I']i Fe
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o A Z+sto] omE A A BAS £33 A AlA A (Mental process)

olgta AFdHA, YA AFE Fo Hol: omAE HEE dH Y

M3l Ao Aosta ) o]y TP Al ZFstE 9HF-2 &
o

“
AN o7 FAE= Ay AAHo 7 A

o s
dstAY sHE o éﬁg-ﬂ‘ﬂr((}utiérrez, 1996; Zimmermann &

Cunningham, 1991).

2) MAZRME)T A4H AbaL

>

A& 2o Rgs Bddhe ool 2

.
AAGE Weknl, Qe el Wobol wol Hoirt walt 4ol wet

5
ul
i
e
o
f
al
>

©

1] A (retinal image)E E3 FH7F ol 4 YE Az uprTt
(Gibson, 1950; 2015).
Al 17‘(@%[1@)0 AbE A1 (o bJect recogmtlon)ﬂr wedo] glrh Ik
7

£
oY,
o
to
)
S
S
()
2
[rt
il
2

D #0060 AZHEHE A, oAt Abskst ol @YH o AW AL fviss wH, BA, AW pe
WA EFE olvlshs A, A, Aol WHE F Qe AnAA F FHE B E44 BYoR RS
gtk
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2} ATH Arnheim(1968) ©] &5 ‘AlZt4 7d’elgta
B2 o)y AlZH4 7S Biederman(1981)2 A2 (geon: geometric

ions)o] 212 t9lth. Biederman(1981)& #]-2(geon: geometric ions)©|

B A%, T, 5, A4 5 36709 /1 ake Ty o, 44
49l AZES A4 A3t dPHolA B AABL AT o A
gobt Aeo 47 nEnan st d4He AZEe ¥ AH AL

< Aol dasittal sklth Gibson(1954, 1971) A1 A ZH(i A4 ) ]

=
2o A7 ge nmel ARE A4T & e Aol 34

Fod dge A0 2 3
o o EA Q] QXA 84 Wertheimer(1961)E <17kl A1 ti o] &
e Fa qo] Azstedn s, AAA 54 2= WH o o8 A7
o) BAL FAT F drka Ak Wertheimer(1961) AgE 4%
sote xH3ke] Ao AAZe] Wat AL S nEgo R Aol 7t
= e odor Awaion], oF nwgom AHLE WA

= J

(Gestalt theory)= Attt AlF2E WA AMF U& 2HA
(proximity) o] ¥#, A (similarity)®] €], 724 (connectedness)?]
A, A% (continuity)e] e, WH(symmetry)e] H2],  HAHA
(closure)®] &, A7 & (experience) ] €] o]th.
A A Z (S-S dol o] ofu] AA e & = %ol AR S
A AAGEN] LS ke S ou|er|E vk A A 2O AR )
A2Ee Ekel S0l Qe A=S FHA AdAsE AES wWE

]
. Arnheim(1968)2 ®th= Z 1 A7) A2 75 s Ao,
] 7}

a2
[-‘O
o
12
L
o
o
ot
e
ofN
1o
lo,
=
il
ofl
oX,
%
i
N
)
rlr
B
o
> o 2
L)
et
4
b

N
i
flo
N

t}(Anglin, Towers, & Levie, 1996; Barry, 1994). o] 7]
yAlolde]l HEIELZA o]lE WHE AlFY, HE AlEe] A YA
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JAlAl A4 Tl (Kennedy, 1984)°]tt. Al A Z}<]

& <& O-1>9 Zth

<E I[I-1> A AR (BasR) 49

A

W&

AFE Al ¢l (object recognition) &

Arnheim(1968) AZHA Adolgte Eoll A5 AEE 9FE A
A2 (geon: geometric ions)e]Zt= 36719 71 Q4=
T o WA AP HFoHgS W =
Biederman(1981) 3 Al ZHES H 7FR Ao g QAR o &stA] &
2 AGES %3 AIGE Ky B A 2o] FQd
74
AAA Sl FAIAA v EEY A e ake] A
Gibson(1954,1971)
BE A= 234
e F44 Fx2 54 ot gids deshHi
A7 2.(2004)
RHE A
Wertheimer(1961) ate] FeE A Holn AAHow vetsys =4

XA 37 (thinking) #&

Anglin et al(1996)

Kennedy (1984)

A A GBS o] A=A (el 25 v As AT o= Al
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S R e TR oo T X oo Kl = VIR S
o) ST ol + = Joo 0 2D N o ™ oF W X SR~ B
Y = m P S * BN T R s T T
e . ol ~r DS NS X oF 0 B i X mo o = I
— @ g o K N S L RS ¥ = | %o = = = X
0 o ¥ XN - K oot — oy < @ — — P = 2B H o~ =
27 o g _ "ok Px 2RI g% X ® g
L g e T TR N R
Eool 8o W T g o F = = Wox W - .. o= X B
R H R oo ! —~ i N oy ~ N = XG0
SO o) & & i~ of Do N N NE = S [ B
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H o< ~ oy M w o o 2 .7|_| ™ o e ML KT 03 iha s . m
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McKim(1980)2 AlZ%  AtalE B 7|(seeing), 1#]7](drawing),
imagining(A4sl7])e] A s zrgo 2 Bttt Ruch® Zimbardo(1971)
< AAAH AlE AA(symbol)e x&s7] gk Zew A4
(imagery)& AR&3ate] o], &JF-olA &4 ol& ZAaste= As ond
tar & elth. Wileman(1993)2 A1zt AbalE W4 o|w| A& X %6}
¥ (shapes), &Z(lines), 2 Z(color), &7 (texture) 52 £

g Aelet s

T2 i ”H k'_' ]-'H %



3) Azt A Zs 2

THTolde FETothALA Xéﬂoﬂ ojetd ®4ge uE 1) 9HF
AAC s vegol YetdlE A, (2) AZCGnE) N oste] <4
el A tide] dg)el e 23945}51 Atk FES FolRs
‘representation’ &= H = 4 lon o] doo= ‘ThA] AATH(AEH
g 3 elek= onrt A

FAE N 584 AEE AL ste A B AAE EEHE
A AEER, G E Flo] ofyet AEHHoR WY = SA4S Tt
A3 9lth Billman(1998)2 3-S5 12419 AA A HAF S ol FKH
o Femlet Hostdon ol 14 Aol F AAe HRE A

of 4= FEsY Mg v FHEA. Marr(2001) = #74=

=
gA4e AN Aolety

AR etat=d 9l 485 += o .
Palmer(1978)¢} Kaput(1987) 7ol ojwg 7ide]l F+ 7he] ##H,
aHY 7 28d AAE 2o sttta gt Janvier(1987) <}
ATAES BAold 9o Ejdom FAE AR dHew 744

we gl F40 g #AE 2 ok Ade w4
4 A A

F3s H=Aole P,

%2,
E
-
=
D
‘Sh
c
U)
}_A
do)
{o)
=
(@)
o
5
12 o
=
(e}
a2
Do
()
rlr
[-'O
X
i)
rJ
o
=
>,
N
=
i

PN

T
olgt AHAA _L/\]-O]TI] AL 7]
Post, Behr(1987)2 #4<S WA Ho=z st As 7483

Azkst Eabeldt o] of€A wY & A=A mEAF deloly

(Bruggen, Kirschner & Jochems, 2002). 42 th& 23 AdZ2d X
HAola B7EA 5AS 7HA L om x, uii, Aol BAE, =,
T2A8} 5 oy FHZ YeElyAgl gk ¥ 3k AHE HoFE H Bk
o] dFo] WAake R wlfE 4 Avi(Janvier, 1987). EAolgtal sk A
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olg} s 4= A tH(Spence, 2007).

] N ™ ™
T ri T ,.;L H ﬁo M N ‘UI ,_|f_o|._ il
> il ,I.Vl Mﬁl o S ] E.f
= B F °or R L b
0 ﬁE N jm (M\ OE U_UW ,W;L < _ZT A
N NS o St R 1 " o
070 — < —_ ﬂArO ﬂﬂ fite) S ﬂﬁ On#
o) o N o M o B =
— ™ o= ,LDF | < T e = o
g 4= o ) R T = . M & T .
L | -
E o = o ﬁuwﬂizﬁ,%% %
> YEE oz = AT b
/A\u [CINCY e _Eﬂ ~ X c3 = ﬂ” M.H
| o ® . LR :.L aze) ol
U..# 0 — X . (7o) On_ N o UT.: 7
A KO ~ N o 4
I RGN BN N N ) i
LOL ol —_— 5 ca ~ HLU l
of l?wm TR o =T )
£ 5 To! < = % o = -
G W %0 ol —_
oE OL mm_. ﬂ_u RS o#a 17r_; ﬂa 0 ﬂ.vl
Nro ﬂl 50 < ,.; J ﬂl = a0 = 5 _ il
< g A X X b
Wﬁ X ,Iﬂ —— = ‘rIII ﬂ 7~| NE H_A| :.L
ﬁﬁ 0 fite) o To N - Ot T i
T o 2o o XU ool K Lw oo
—~ o X [ =T T oA %
5 KR ol or fop)
~ ol o O ol CE S
o ) X ~ M R XS =
R oo RN o R
~ % T ol ~ 2 4 o - - G -
= D ~ n ol w0 o o .W..\.a 2
= mrr 5 NGO . Jlo S Lo 23
A 5% s R ow oy T &
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[ < m m;A ‘El ﬂ N . ﬁo HO m o
woMo= R LI
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CEEL T RELEzEES
<z K TR X
— ~

]
11

=
Uf

=5 1_” :

2 <

_27_



/61

3z
it

F o Arcavi(2003)= =3t 5ol A

of Algel B3 T AF7E o] FoIA i A (Richey,

Klein, & Tracey, 2012). Hammer Sherin, Kolpakowski(1991) A]Z};

=i
=

7_'1

ol
I

o

22!
"

iin
ag
)
—~
file)

—

:.AO

o
Hlo

—_

Ho

ml

TH

)
fi%e)
;OU
2]

il

p A

& tHRoth &

o))

JEEREEEE

H A~ E
==

4) N Zrzte] 53

t}H(Perini, 2005). A

1

Ag a8 setx AZ

Roychoudhury, 1994).
(g E3l, 2015).

RS

|50 Wit

0
ojn
o

o

Al

[e)

2003). Arnheim(1968)

Bl

W

= A7t s
A7t @obs st

Fitt. Paivio(1971)

S

upg o R

1(2004) =

—Z
<%l

8

bt

)

&
ol
=

o)
Ulo

el

olo

(g
Tor

A
=

3l A

5

(A& E 9], 2010; Clark &
S 93 3t (Arnheim,

N7tsteh we) @Al o

-
T
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, 2003). Ward(1988)

3

J o

A
L4

=3, A

}-

Lyons, 2004). A2}
70

1969).

(



%, 2010).

o

ole 4

oltH(Dwyer, 1978).

Tor

o

o
el

ol
)

ofy

B

0|
T
~N

el

olo

)
o
Az
Tor

I
—_—
Ajm
Tor

N

o

=

370l

ol

KeR
T

=N

5]

1
o

]_

A A7tE

S

°

[<3]
Sa

Fal 7]

°

3

5

o]

=

Jth(o] A&}, 2007). vk

S

[e]

P
T

1

kel
=

171 wizell, ol

S

oL
(¢}

7 A
7] W& o] tH(Bransford & Johnson, 1972). o]n] A]z}

2oy & 719

13
=

=

=

=

2.9
H

[
al

3

)

2=
=3
=

H

el

o

ol

{z
Tor

F gk

=

S
=1

9
#}7} o}

=

o, defel
Apuhe} 2

B
=]

1

°
y 1

=

ol
ol

il

2]

&
~N

o

T
o

| o8 Wes B

33, 2006). ©rse3lE o] Azt

S

TH(

LHolH, Al

)
o

ol

s

Bl

L I 22
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2. NZ3g WAYSF

1) A7+ A ztee AZA 5

gohPer, IdA4E, DA, 2010; Hoffman, 1998; Jacobson, 2002).
Az AlZtsh= ‘AlZV A F#Este] AlZES A sk Heo B84
],4 Eﬂ;@ XJ:LOE

A,
gz AYstr] 9 o

X
f
>
ﬂ_
ri‘ﬂ
=
»w
(o)
(@)
=
@)
o
N\
(@)
(@)
J
i+
uls
S
g
1o
o,
s
N
N
~
N
k)
o,
N
(o]
=
r
o,

(o], 2015). <¢17+e] ¥+ W (hemispheres)Ztil Ed# = #F$ F

=
Toz WolA=d, B2 dA7Aks 4 w7l 54 7wel Slof A=
ds o2 WAer FAgdna v Aibyts ARE AlEHolal 24
Al Ao w Agste v, Rk E ARE F U] AA Al A
Al o w At 53 Rt S A olopr|d W, A4
(mental images)& @FFs=S FE=vhal &4 AtHConnell, 2008). -+
go] He EE RS ARSSE M A (whole-brained) ol gk 574

2 &xF 0w AHgstE vhE SutE dA
ARE LR Ho)a EAFH o R A2 3 (Jensen, 2008).

N

&

71so W] wel He] Fx9 v)wel #F oladlE =& HIT 7
Hap gu7p ddeto] dolde QIxbe] ¥ x99 Vs BT BE S
F A HAT dHEAQ] HHoREE HASAUE A V587 e8P
A (Functional magnetic resonance imaging: fRMID) 7} At ¥H &= F
M g2 F89 AX, F AFAHE(Glial cells)2t 217 Al Z(Neurons) 2
ol FoA Aot AAAEL] FHE dA7] stEA RS ZEa AT 9
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A714 &5 vAg W3t = ‘Y3 (Brain waves)E 715 F Qe
o] =7F JEEo] olE &85 ¥ Vsl Ad7H gk £F Vw
A 247187 &4 %W (Functional magnetic resonance imaging: fRMI)S
o] &4gste F93 @ 2A43td 49 AAE AgstA vedE Vs
ol deolo] Q= FEIEHI A AAdA S OE YEhe A
g WstE "Aste] Mo Fx9 7lss FAg RMIS] AF dEe

el ojwl pio] B SR W Hasl PR aTwe] FrhHie

Kozhevnikov, 2008).

7ML 58 AN A 22 52
(Spatial visualization) (object visualization)

- EHo Z7E QI HEto} - 2Ho| M A HE| S
ZHH 9= S3o= EH9f o] 289 HI—‘%‘&*E{ e
CHE gaE808l4o2 of&ut e 59
HolA 7= 59

2EE | RIFNH

(ailocentric) (egocentric)

[ I-3] A1 743} 539 &5
(%A1 http//www.nmr.mgh.harvard.edu)
TA1Zb sl 53 (Spatial  visualization)¥ A A2+ 52 (Object
visualization)©|t}. A28t Al F3HA Q0 wWslel o]
MA A 2+8l= EAle] A UE



=1t M ZEH(Spatial visualization)
= ] - =379 Ey
gxe  =27to] 3
al =

4 ¢
HESA FI’. : '~ ) B o
Frontal lobe) | v ' .~ | R
( N x) o 2w (Occipital lobe)
559 —

(Temporal lobe)

N - >
" A S

X M Zt2H(Object visualization)

A, 2, gEY, A0 =

(28 1I-4] ¥ 9] A|Z+41 o F(ZFA: http://www.nmr.mgh.harvard.edu)
F A d9ew ERE F dE A AAE vEHL TEoR F
TAgA AgHAY 2 AZE EF Ao FAzZtE e E

7)
(Object visualization)®] 7d-9-, *F% (Occipital lobe)dll Al 7 4 (Parietal
lobe) & 2, 7 ¢ (Parietal lobe)ol Al 4 (Frontal lobe) 2.2 A 2] ¥t}
A A (Object visualization) A Zt3} 582 59 (Occipital lobe)oll Al S
% (Temporal lobe)o.&, =% (Temporal lobe)ollA %% (Frontal
lobe) 2.2 A ]t}

Ao ArE Azt oln A& == AlZbel 342 Paivio?] olF H
33t o5 Tl MME 5 Ud ol
= 7 e skl ArRAYAARA AzZE AA, Aol AAE 7HE
Paivio(1971, 1986)°ll ©J&t™, Az, do] AAE= 71&
(e AAH HolAw AR F3F3st A3t & 7

Fedvta g % % A

Lo

>
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w
B

= o] F AAZ}

1 o
59

T

‘ig

)

FF7g ol A

A 2l = =

o] 7}

Bl
=

Jo

gtolth(Rha, 2007). AZtst &5

=
[¢)

(Human Visual

-
[6)

A2

14t 2006).

3

ATH(

Al ZH(vision) ol €]

2=
T

& 7

KN
T

Intelligence)

AT A A7

-
.

dst7] mot

Ay A
3t

0] A =

o

i

- P
3= el

Z}

249 A

)0

]

rvze)

X

~
0

do
il

X
in
=
ojn
Jo

X
e

5

&

B

KeX
=

o] A7t

s

|

o

T AeH L =, 2010).

[ai3
=

‘o] g}

I = tH(Rha,2007).
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2) AFE Hsto] At A7 A

AFE et Al Azate dolest Az BAS Fa A4
9 ol thE 9, 2011). AFHE Fstel Al A7ta

s el o) A&HoE o7t Nm Yuk o] AL A&

HU
b
r U
%
o
2

Az Anel gol vla) o]F EAs= o So] UNATEITE, 2006)
AFE 29T BAoR ATAES GR FS FFFe], YEL} ¢

(West, 2009).
SRR AJZbglafof b= AR G2 AlGEA FrkekeE FAlolth
[ T-5]3 #o] doly e Alztsl A2 Hlul4 kst

T
dlo| & -*[ qzs || oo —*[M&m]—'[ %44 ]
—
s | ZAL
Gl ol & AZg} AT

[19 1-5] #stelole] Alzte} B4 (5 <], 2011)
N7k B e obdel (28 [-6]9 2ol ddke] opd, WEug
E34 4 By % sk

e T, e

Acquire —» Parse — Filler = Mine —» Represent —» Reline —» Interacl

W

[29 1I-6] X AZs 34 (Fry, 2008)
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A, AA AZhskeh 3
= ognel FEA P9 Ty WEelth A, gusl ol Yriste]
Azssted ojelgol 4 3
7] Aol AHgAE A2s dug s ol e Ao

Pk olH T P wbE A]jom s, AFgAbe] =¥ A[Fte] A7 &

oL
flo
o
o
ol
s
m
Ot
20
=
o
rlr
N
e
2
(o]
_—
Ol
2

X T
53 JQTHEZFYD A10-2017-0034909, 2017). =A,
Alzrekel A FA o] vheFste] dAtEA S Aol aEn. A st
2 HE FEAARE Azt 3D dHolE e o=
ZIAA L F 77w sty Wl (s £, 2011), AlZEstst=
of g %ol LA F
Aol AR A4 RS oy dFAEel o8 AT su
(Card et al, 1999; Carpendale, 1999; Chi & Riedl, 1998; Spence, 2007,
Tobiasz et al, 2009; 418]<% ©]; 2013; ¥, Z44F, 2008). 7 FFE <]
AR AZE A2 A GAR EFE 5 AT
A A, Filtering(A R Ad) @dAlolth, AR Al dAH YA XS (raw
data)ell A AlZ+s} shaiab sk dHolHE AWsts AA ot
So Aol AR HAHES dast ARE F5
HE AAE MEezE A7 = i (Fry, 2008).
=4, Analyzing(%d B2 3}) dAlolth AR =23 dAH £=o 4
Bz EAets delHE st widste] 25t dAE
2Adg weti( e, AT, 2008). ofge] [1¥ I-7]2 AAES o
3

o
gate] ARE o 2HY 5 YA HAFE Aol
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Treatmenis Treatments

ABCDEFG ADCEGBF
| 1
£ Rearrange 3
3 8
4 A 2
5 -
Crops ; crops
7 4
8 7
9 9
10 5

(29 [I-7] A EE o] 83 A KA 23 (Spence, 2007)

A, Mapping(§ 1 A1zt @Alolth AR Ajztst QA= AR&Alel
A weh BeAe AR A9 98] 72 Awel A AHe] AFL A
oW, AAF, 2008). Arel Ao Tea)

23 el S wEEel AlZksl W Welsk S

Hol do] 3D7HA 3 $74 & T 29 &4 T

o 91X HAL AAse okl [ [-8le et eeEe
ANARZRE AZE Gabol o€l wEo A 1 AaE Uehugl

CAme AZs gAe mn AdE el wEolAE AAE v
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integration

decoding
+insight
formation

e ¥ Eﬂe"'&"—'i“-; 1
ercept

I

transformation

information @I

(29 T-8] JRA|Zs} Alzbal s} 1A 34

(Jansen et al., 2013)
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3. 9gH Az
1) §84 AAs9 A

P4 AzgE = oo Aol ojud AR @4, B deolEE
ol s s} 22} kA

g mdsaA o 5 BEe 2He 94e] fe A
e DES B
Z

= 9 thdsenberg et al, 2011, Raje et al.,
1998). @A A '

oy 4], wg-shg, 2 oA 2
59 FFo] dojuyr]E gkr}.(Johnson, 1998; Wattenberg, 2005).
< o]

e,
st A Fol uhek AjelA e A7

N
ot
off
=
rr
off
[-‘O

HAH(Dix et al., 1998, Isenberg et al, 2011).
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Co-located Distributed

” Meeting room .’ Video conferences

3 Classroom i Media spaces

o .

g Museums : ~

e Lab space ‘ . : — £

£ ]

5 =, I

= 0 o Py

> '

) I P q

Shift Work (e.g. hospitals) i Email-based data discussions

3 i Web-based data analysis

g ’

E ¢ e ¢

i ]

c ]

. e ' 48

{ l ----- i “.‘ ‘ :‘ . ‘: ! .
o ‘~_~ ] < o %

[ T-9] ¥4 AlZst(Isenberg et al, 2011)
A A Aol Azbske AR Az AR g §)
7l 1 gdo] 4Ea glth(Card et al, 1999, Isenberg et al, 2011, Li
et al,, 2006). ¥=HA A ztgl= AFE T8t wSs T ooy g
=

Fo we ugel wolgh AFE FeAE @Y
Z

tateld e el FasttHColin, 2000). HAFE HAFEH Z==do] oy

F HoR ANE TAY A4 odd NS tAAsE BEA
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o] wg AAATE A sA-s AASkE o] aRAoldts A A
&= AtH(Sung, 2009). m8t FopollA= FHA A Zste] w
of FE3e] gl wE(FEA, 2013; ez, 4
(Hilbert & Renkl, 2008; Kwon et al., 2009; Novak, 1990; Novak, 1998;
Novak & Carfas, 2008; Roth & Roychoudhury, 1994; Van Gelder,
2003), tlx}el AH T RAA(HEAR, 2015 WFEIZ 7w 2013; HE
4, 2015, A&l &, 2016, LX<, £4, 2015 o|=d &, 2015; o] ¢
s, 2015; o3|, 2017; o]@o}, vhAl, 2016; HJok, uhAlgh 2014) &
oA F=HH AlstE &Eska

FEA YAlag Z2 a2 220 o]do] AR A oAS AA S
HeJdaEY R dEAAdE T8 v A F3 S & drks Aol
dos 4 k(A 2014, FE 4, 20135 el xIH], 2011).

(Roth & Roychoudhury, 1994). =524 /MY =S shgola] Qdx =2 3
& ZFols, At Wée TEssta A
o o] tHKwon et al, 2009). ¥tk ofye} APz MU =sE &
g7 v g8 Ndes #3s By Bus] st Y Ads
EgAoz 2O 2= 9y wHo wSHAL sy 9s FLa)
(Novak, 1990).

tjzpel A7 2 A~ (design thinking process)E Pl ey =t s}
a v =F(d.schooDoll Al 7418 & AFAAIR St o, AlA e
Ozl 7199 o IDEOS] dalubde] 7|22 F8u 3 Qi A 2o
o} TRl A T A~ A= st w A

=
48%) 52 FAHoR
o 11

off
o
N

o

i
(%

o5

a3
2
i)Y

=
_4_4

H, © 2% Rapid prototyping(21£3 948 A
AR R 374 sk FAH FAHL [
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Des\GN THINKING {

EwprT Hl'lE. {DEATE

[29 I1-10] tl#kel A7 = 2 A2~ (Brown, 2008)

S tj=Fol A YAl AL GA 69 AIY] B o R AEstete] u
P g ow AASAHPlattner, 2010). ©] R¥ES o]3|
(Understanding), #2(Observe), ¥4 (Point of vieW),
2 29 (Prototype), HIZ=E(Test)e] @AE 3
Q1 GAZE ofyEt wHEA o] X]ix ow FAHE

,d
ot
o

12}
i

Aol vt
W Fopell A o] YAl Abarelt BEE A= TR Aals 283
%i% ws zZEad Jd AFANS T, 2016, WFE HEA,
2013), wapEo] Tzl Abar S AL At ARG, &

2, 2015; 015% 5, 2015; o)Al &, 2015; o]do}, BFf-Al 2016, HE
of, R ¢k 2014), ©lAQl Abart A A Aardl oA, Al A
ol mAE dgS BT <
2017)7F 9

TAAoR gHFAE stE &S odists B A, Aofd x5 F
Zo A A A 4SS T2 WA
Kol

Ml A7tsh seol weh g2A JERdThE #, 2006).



He AA Az g g EE o]l of
gttt Nonaka(1994)+= A2 &9 #HAE &5 A (tacit knowledge) <t
A A (explicit  knowledge)®] 952 W3 Aol stk

Nonaka(1994)+= A4  #Zo] SECI(Socialization, Externalization,

o
2

Combination, Internalization), #|2}o] ZFZ&¥+= 23 R A2 9] 29 &
I AFY B5#EE B o ki sk SECIHA 2 &
o WA A W AAE Fa DA = A, st 23 s, e st
= o] Folxit}

A4 AAZES ALEA SWHES do], A9y FH=
Stahl(2000)2 CSCL(Computer Supported Collaborative Learning) ol 4]
o] = hA B JdHA AT N 25 g &
@"é—, o3 FFAES Adstes tYd doet =, S5A 1He o

£ E3 Atk Kirschner £1(2004)%= 70919 A2 o] sh5al 7holl T
= 3}AHS 9 &3 (externalization), W W 3H(internalization), @At
(negotiation), &3 (integration)?] T34l 528 HAHoZ AA A
th. Fischer®l ®5&5(2002)2 @2 A= AAHS A2 ous)

o

(externalization), A|2¢] o] &¥3}(elicitation), Z% A &&FF

-

ke
ot

(o
=

(conflict-oriented ~ consensus  building), %% A& 9
(intergration-oriented consensus building) 2 A A3t Kang ¥}
Byun(2001) €4 A= B34S 54, g4, A=) A dA= A
Al sttt

B2 SA7E AAskAL e @EA A4 AE A AREE st

W ool <¥E II-2>9F 7tk
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34 = (cultural
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3 <]
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(argumentation & rationale),

Z]
-
]

o] 3}

1

0]
yul

S
6‘:3]1':'3

(shared understanding)

=
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EEEREE

E=
7 gk}

o
=
T
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=

3}

collaboration)
% (output)

s}
input)

artifacts) 74

1 (
(

H
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i

]

A)
2]
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(collaborative knowl
A

® #a @4
oL
(¢}
© A4
=
ES
o
A

@
@
@
®

<E II-2> g834 A4 F& 4A (d=d AI)

T3

(2001)

Stahl(2000,2006)

Kang, Byun
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A o] (Berelson & Steiner, 1964;

-

R

o) 3]

W, 3Eow AHUA 0l
3
_44_

AT} Dale(1969)

T

N
-
<
il

-
s

=

[aig

o

o]
AN

o2t A

1
T

5

12

7

Theodorson(1969)2- 3+ A}z

Berelson, & Steiner(1964)

Dale, 1969)% a1



1940 8 Ay AlolAdel wig w2 Edo] wrdHr] Azt

Laswell®] Model(1948), Shannon®} Weaver2] Model(1949), Schramm<]

Models(1954), 18] Berlo®] Model(1960)°] 17 o] th(Wisely, 1994).
Laswell(1948)2 71 yAlelA A& SAAREH F0A A 52

AR o] M Holxm AWl Hdygolgta At S(source),
53

o

=

rr

M(message), C(channel), R(receiver), E(effect)e] Tl 7] &4 %

o r gAbd 4 glvkal &l

Who Says what In which To whom With what
+ + channel ¥ = effect.
Communicator Message Medium Audience Impact

[Z29 II-11] Laswell®] Model (1948)
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Shannon® Weaver?] R9(1949) %3 Laswell(1948)¢] = &3} 7ko]
ArUAelds APAolx dWHd dEAAor HUt ARd
(information source) A ® 7hsd d@o] wAIA] FolA Hste= HlA
AE dEgdt. $A7]= WMAIAE A S (signa) 2 BpFRo] H2 ]l
Ak Al ®oH T

A

L

4»

Sent Received
Message signal signal Message
::f:rcr?'ﬂu“‘—’ Transmitter Recelver —'L Destination

Noise
source

[2¥ 11-12] Shannon® Weaver® Model (1949)

Schramm®] Models(1954)2 <13t AFY Ao Aol <=3tz ¥/ 7
3 v ¥ 234 AFyAeld Rdoln ol ¥ ¥
o] AFYAeld Edo|tl. Schramm(1954)2 77U A ©]

Fo Al AlZFske] o= 3 oAl EFuE dAdolgt|HueE Eol §le

2
o
o
AC)
k=l
N
59
_?L
ui
u
Ach
kl
oy
N
2
ﬂ>~l~
rlr
UM
rlo
N
olr
o
o
rlr
A
=u
L
)

A AR A s Aol
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Sender |Encode Signal Decode| Receiver
Receiver's Field of Experience

Sender's Field of Experience

Receiver / Decode

Sender / Encode

— ) (=

Sender / Encode

Receiver / Decode

Berlo®] Model(1960) tt2 2P E53+= i S8 AES FAXo=R

AAeta glom vj=wst AjyAold o] R AN EA i,

ol AvH(EAA <f, 2011).

=

G540l Yol pEhtA goirhe @
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Channel Receiver

Message

Source
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3 % 2

s 2 ¥ &
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g § 3 2
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2§ 2 2 £
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&HTwST
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g 2 =

8 8 3 &S
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3 % 2

5 8 % &

ERER

&AM%C

[2¥] 1I-14] Berlo® Model(1960)
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7154 71 o]
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=
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gt} 7]

o]

, 2005).
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= =
= =©u
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|
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IEEERIREE

o Slrk. Lho}7}
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2o SARE oA
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=

dHez FgHAAR, &=

Z] A o

Qo] WAl 7} 3

-
R

ol A

_48_



dAdels W HAaEzAY WY Hid A4 24E Fd G
omle] oAbl FRseAT. ole @ wdelH AR
2 PRe AAskE gl vz Az ARl Aol
011). 2719 A7 ARFUANLL wopge] @ Hobz, Alzte] o

&4 2 ool olalg HHsArh SHUmMEFHstel Azt ARA
i

A Aol MR 19443 FA| AlH =~ (Kepes Gyorgy)e] Al Z-elo] 7}
SHHHA 71Ee T2 AFYAlAAA Al ZHH oluR & o] &3t A
ARYAolHoz 1 &0 WMt}

A7 ARUANRE A7 ARE wAz WAAL A o) 2
go] ojibi Zom(ubadel, 2001), shar ek-uhe] Aol ofo]tol

debla, Az Ed 0 A2 A B (symbols) & el Al AeE
th(Seels, 1994; Qo) ], 2018). BHA A2 34 w3 T2 Alga} A
744 g@ 9 AAe vz ARUAcIATTE HelA A% ARY

Aol HAeler & 4 St

7)
ZF AxyAel A g2 24" F de Al dvkal B

al
A AL A, A7 ARYA AL A Aew Rl
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Visual Visual Visual

Thinking Learning Communication

Internal external
[Z29 1I-15] Al 24 38 A& A (Randhawa et al., 1978)

[1¥] 1I-16] & A7 ARE o] &3t AFUAleld HAHS F+X2&5 HY
T WA= Agstazr s 54 o =d et ojujxep Ze A
AA wgolvt A4, 715, Aot 22 AZHA WS ddstA o
o olFEA AME ARe= AIAH wAE FI &Rt A AEHL. 5
S2toll Al A Eo] A4 A AHE F82 YHol HAT 149
GAS AR ouE AYA FHo o wE dHAL] wkSo] dojuyA
=

ol OfjA |2 D =4t mjewy
— 415 .
el | Sa I e — 2 L
it 5= o= i HHed Hf 2
5 s oHg o e
oLk 2z Blisd
[29 II-16] A1 AAFYUAIA FZ(FHFH, 2007)

"gh ol adE 1o el et (&4 A, 1985). o2 gk
= AZE AFUAolAL] A g8 FE3Fa A dEAe] 8L
o5 2o AR, REAoes H8o] hesith. ARy Aol dd Folst
v AMEEY A, w8A WA, s FF, yo] T uddHde A
#glo] Al oA E Tl AFUAALS A& HLE wlg Y
a1 k. BA4, Adee S5 vl wmEn, A7 oln|AE F3
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AUl B4 95 ARUAA wrt wa) Fe Aol we
Nge EAT F ek AA, Awe ol Wk A7 Aui FFI ]
g2 dgss ¢

494 A28 el Ug 4y A7 T Rokx s 4 Ak 3
A, @Y R A 34 2 g9 B4 A2 H4 5 gL AF
s g Adel W AW ATelth BA, FAH AZst Ay AAE
u 1gho] gl Aa qToltt.

A id = A A o B3 A4 e B2 Aksed s vEd
Fofol| A o] Fo] H th(Fischer et al., 2002; Lee, 2012, Cho et al., 2014)
A94 Jid=Es B 3-5%0] aFS olFo FHA MdERE et
tH(Chiu, Huang & Chang, 2000). @24 7/ld% 242 ov] 49 3
QS Fxete] A2 Adel e Foln g kol ol Fod F+ 3l

Cifuentes, 2009). 2822 ¥4 NI=E &3 &4 2 F5 on +

Zo| 7}s 3t (van Boxtel, van der Linden, Roelofs & Erkens, 2002).
%x]e‘a, AE7(2005)2] AFA A= Y E(concept map)E &Lk
Z AN A RS 0] AR AAAAES 371 935

3.0
E ‘!T
4 B34S ANA AetE gassi. 88 25 A4
A1 O
A L

. SR

, 2007; Fischer, Bruhn, Grasel & Mandl, 2002, Kwon &



N sAZESY 6719 SR EE =E3AUT

<E 1-3> 49% ZANE #4e A% AYEE
(FA@, A5, 2005)

FTHIAE SEEE = 9)
a4 el digk o] 3|
Nd el A2 N N M e =4 Astriel fFA ol Ab
A E st/ T3} )
olxd &<l
M 2 AEA M 7] Al wpot
ojml o #A
A E o] Aute] AMd=E FJo)
shol MAEE AP v o 9o st
a7
Aol =&
7»&5% A S IR T 90 3t
e 9x 2 i o A=Al o
e

Lee®] A-(2012)° A s 28
A7et A4S EAstslen A7E de A 9 st S-S APl
oo AZtek A S EAE] AT BT EH oz 10749 =Y 23] A
LT PN |A 2 =28 Te7), RN HAR =
woll =58 &717], RBAI#AH o2 =25 &7]7]), SH(=2#7] &1t
2 =ES F717), ALMRER 935 wE7)), CAH A w7y 43
< ")), DL(EaE flelr)), CL(Fae mHES D7), RC(F A
AWES FA457]), VOl ZMES FA7])eln. Alztst #4
w7 fF w@et ez TR

I~
=
3} F=+= ofget ) Collaborative(d & A Ql), Interrogative( & &3}

rir
M
2
- 2
i
o
2
il
=
oL
k1

I
it
K
L
o

d

o

), Argumentative(3=43}+=), Confirmative(2213F+=), Explanation(A
™ 3}+=), Direction(*]A]), Agreement(s2sl+=) olth. A4 A3 Jjd=
& st AL F 3PAZE Fio] HAT AF¥H A, AP A0

s
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7 o] #(grounded theory)

193t (Strauss & Corbin, 1998).
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S = Poole?} Holmes(1995)¢] 2% W5 A] 2"l (Functional Category
System)S #8319, FAZSA ZY 271 TA 4 (Problem
Analysis: PA), ¥4 %4 #®]%(Problem Critique: PC), 312 ¥4 <4
(Orientation: 00), %7 7B (Criteria Development: CD), a2 3 A A|
(Solution Development: SD), 312 2 -5 2](Solution Approval: SA), 3|2
A W] (Solution Critique: SC), 71EF(Nontask: NT) ©Ao]thH(<3E I
—4>).

<¥ I-4> 384 ZANE AL 9% 29 27 (0] 949,2005)

o A 2ol i &
4 24 PA EA7F &4 92 7 AN
A4 £4 njj PC =H 4 A HE 3 o
A2 A3 +3 00 24 12 9439 4. 42
A4 A CD 4 AZd A% A4 A
A2 #HA SD EAE A2E 5 Ak dgd AA
28 79 sA A siEe] AF Jr 23 2 9
HEH =7 SC 4 Ee 95 9 d]F 2 b5
71E NT =A g Fhol A2 Ae

ek o], dHH JidE A HAol AT A= B2 Aol o3
A thoFgk FEolo A o] Fo] H A wH(Fischer et al, 2002; Lee, 2012; Cho
et al, 2014), @94 A3 FAS Wz o= Bk AHA] A
Aol = A= v EFe AA ol

Sung(2009)¢] Aol = FHA olgd AARE weY] #Fe &4
st o, Aztst B = &
st A4S F 6HAR Yo, 1 dAE H92E o)), 9iE FA)

NZA A 7], AR w57, AZE =0, A7tE st 67
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If ’Comprehendirlg | &

\ Individually
o
Y
Exchanging visuals
Contrasting &
Comparing
Visuals
| No
X N
- \"‘i Discussing Critically ™. No
@erstandiflfg:?/ (questioning/explaining/ —><Qnderstanding‘?>——>
persuading) e #
\y/ \\( /
| Yes
Yes

/

\
X

[Z9 I-18] 84 A Z43 dA=FE &8 AAE

| I.I
| Creating visuals 1€

No

Negotiating meaning i \
%@iers{anjin/g?

(alternative/understanding/

agreement)

g

Yes

Yes

W A Y & (Sung,2009)

ol#3dt A¥E My o ® Sung(2009) = A
S Ay Hgdoz Adstdoh(2y m-19]). A
A APFAARELS HrES] 8 25 9

Individusl Leved Sosial Level

‘T Viswal Clues |
¥ L i ¥
Tdentifying Amshzing | | Drcwssime L) Fhboratme
the Text the Text | Veuzh ‘ Veuk
. ‘
‘ Creating 1.
T Visuaks
A
— — 2= o T
¥ .
Tndividual Visaslization Processing Collasborative Visaaluation Processimz

(lnternal Represestarion)

(Extermal Represeatation)
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=3 Visual Thinking flow
----- 3 Reflection Thinking flow
/ %
\
Identifying & Analyzing . "

2 . Socil Ynledatton
Fd the Text (Exchange information \
R Disgﬂb\:x‘:d visgal thinking system Social reflections
- Distributed visual knowledge ) (Ciical discussing/Question’
II, v Explain/Persuasion)
Contrasting &Comparing e
the Text sy ’,ﬂ;\
y / \N‘ s :
Pt External represent s ,r’ I
"""" (Sharing thinking system) Py - :
L g S !
Individual o
Vistakdiay el Social understanding
AT S Y| (Negotiating meaning Altemative
S P Understanding/Agreement)
Y Individual Pt as
nderslanding

<
Social Integration
(Building Visual knowledge
Sharing visual thinking system

Sharing visual knowledge)

p
Individual Visualization Processing v/

Collaborative Visualization Processing

[Z¥ T-20] 83 AoAR A A8 #39 F(Sung,2009)
HAH A dojAR A3 FAL YAH FTA o3 oA 2e A
Ao A FA oFk ARSA Al F A Adowm verEdnh
M A zst e g2 24 gaES tfx 9 v, Q1o Az
sk, W1e] olefsty] #AF e =ghA A ol Folxnt. FHA A3}
HALS JHY Al sty Exbetal AHAQ Ao R B g 7—1533:]
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g4 Aztst #A ] e Sung(2009)9] AT

94 A7t AL AAHTE o g A Ak s % Sung(2009)
o AT AlE A AnHAgel TALS YEA Laax, Aztse B
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Bl

4. N5 A% HI=ZA

1) HasZA9 Az

Hasexs 94dstax gt 545 9 sty A4s &8 v
= W, A, =5 SEnAd e, 3 2, oA, A4, 2011). H
A= Aodely =Ae] FAE Aty st HEAel WS
Agst= Aol7] wimel =gtk Aujitnt ofyel W ViHEs BT X2

sheloh(Spector & Wang, 2002). 22y di7le] A5 HAZ=A+= it
B X, AXZEYAE Esst= ARFA HAEZXACT)E 53 ¢
olx ou 2 AMgE I gl o™ (Woolf, 2010, 745, 2016914 A2 E), o

AL WKFsE FHofo Aol =2 A FA o]t} (Spector & Wang, 2002).
sRAE AT BAlol usyTel ANHHEA SEa T4,
FeAEE &9 StFolA ‘= (Tools) e BAS® ﬂ%X}-‘ﬂ A AT
o Fad ows wats HATHN AR, 2015). ‘=P (Too) ZA H
AzzAe] dde gL satadd 93 Aoy th(Hannafin & Hill,
2008; Hannafin, Land, & Oliver, 1999; Howland, Jonassen, & Marra,
2012; Jonassen, 1999; Pea, 1994; Stahl, Koschmann, & Suthers, 2006;
ARE, A8X, 2016). ¥Eor HAz=EA L A4S QAA =7 F=Z
A8 =R EFeke] ool <iE O-5>¢ #ol AT F AUrh
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<E O0-5> EF(Too)ZA Y HIAEZA 9 %

Ha=s= ] N
2% N o2 a7}
Ao BF
HAF, HaA,
2=zl o]l A olalle] A 2016)
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Ho Qi AlZFst B A olE MHASRE JAEFFH] wiite] FHA A
Dz

2} 3} %“’4??} Abgrel ke B4 FEdus AS & 3
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AX oz HAEZAI ANAFE 2 ds=
AT 23S BHY HAEEAE AA A

ZtE A, AAE dE dd oA HA Sor SEHAT

AZtE Fxe RAoR HAEZAY EE&HAT. FHA
Al ZEsted A A ZtE FE v e HAaEEAE J8 &S Adste d
o] gipAolofol FTh(Scott et al, 2004). o4&l A& AT ol A]
st7b ZapA o m ol FolA 7] fleiM = AdE ¥ ]
ofF gtrfar ¥ts] . tf(Mark & Kobsa, 2005). I+ A3} o3tA A&
TR &oldt HAas2AE AAGste AIFS & 5 AATh ol dA 7]
=gk dgATet dAsh= Ay B 7 Atk AIAE FxE SHoE )
= HAasEAE d2E9 AZH4 A7 (visual design E+ visual display)
g Aerh AAA dAG Ao FRE AGEy] 93 HAE) o]
n A, golojasl, ¥, F e AAHOR v Aol XzbAoln 44
olsigt F# e WHo=z AHAAEeE AS oF|FdtHLimbourg &
Vanderdonckt, 2003). AlZt4  AAE  Fa A4 AHud(text
elaboration)7} o] FoJ A =dl(Z1 4 8], 2009), o] FHAAA A|ZFA Awn]A o]
aEHE Ao Bl AnAde Az A ease] wA, 5, AE,
T, 7% o] Bgate] Ve HoR ofggA Hole AS gnE
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Eata wE A dgddts 9SS 3oh(Galitz, 2002).
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E FEsHA Ha, olEgk A AR s =&

S Ee ‘g894 A2 (collaborative knowledge)’' 0. & WHET}H Kang &
Byun, 2001; Kirschner et al., 2004; Stahl, 2000, 2006). ‘&4
(shared knowledge)' &= & Al EFo=Z olsd 4 Q. FHH A

21 2 (Shared mental model)ol&t &4 2 Aol s Heh
Eo] 7FH fAbsE 91x1# # A (Cognitive representation)©] tHFox et al.,
2001). HE AEERE =d d94 A4S F A SHA M E
A XWXH d494 A Azhst AaEe] BAlelA M E = )
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pA

3} (Chomsky, 1966).
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(35, 2006)
Aol LETEA Aol HETEE ABAE e dim ol
=

@ 5 Atk dold EETROA dojd AETFE Wik

e

}goz ]

Fox = HAHL WAA FA(propositional representation) S EE3F=
Aolgta & 4 Qo AoA ZFFEE ot HAAA o] ofm
4 T ZE(sematic structure)E WEIEo] FASA Hi, FFoNA FAH

g T 8 g5 S8l A= BAz SdstA dhHA R, 2016). 1

B=)

H 22 9WA%  FEAH(propositional representation)& A4l R 3 (mental
model)S A7 ¥ o] A vH(Schnotz, 2005; Schnotz & Bannert, 2003).
Aojx AFFxAAA ALA ASTxE HEE= 3A4Le oF F a3
o]Zo R =3 & Qth. AAH AFFEANAN AH HAFFERE W=
HALE do] AreE AAFRIE EAH = @Atk Schnotz(2002,
2005)°] T EHolAM = o mA e HAES At © olF Fast ¥
ol AW, & F4e deVt AR RaHe x4 918 3A
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Abstract
Mechanism of Collaborative Visualization in

Technology — Enhanced Learning Environment

Gayoung Lee

Major Advisor: Ilju, Rha
Department of Education
The Graduate School

Seoul National University

As use of technology in learning increases, there are increasing
instances in which more than one individual must collaboratively
create a digital product such as an e-learning module, or a class
project in a Power Point format. The reason why 1is that the
collaborative visualization is a process where collective intelligence is
revealed beyond individual intelligence, making one have clear thought
and communicate with others effectively, and has a potential to derive
better visualization products than those of individual visualization.
However, collaborative visualization conducted by more than 2
persons has a realistic difficulty. Technology is supported to
overcome difficulties in the collaborative visualization.

In Education, there have been efforts to apply the collaborative
visualization to a field with recognition on its importance. However,
researches on the collaborative visualization have focused on its
application methods and effects. It is desirable to suggest more
accurate and adequate learning and teaching strategies based on
mechanism where learning is being done.

This study aims to examine how learners visualize during

collaborative  visualization in a technology—enhanced learning
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environment, and to identify its mechanism. In other words, the study
intends to identify the mechanism of the collaborative visualization
through empirical evidence of a visual intelligence utilization process,
cognitive process, collaborative process and a collaborative knowledge
construction process in learners’ collaborative visualization.

In order to investigate what mechanism is done in the technology-—
supported collaborative visualization process, based on 1) main factors
of the mechanism and 2) procedures of the main factors, the specific
purpose of the study was to understand dynamic relations.

As for research methodologies, the study used literature research,
Narrative & Behavioral Analysis, CORDTRA diagram analysis,
visualization attribute- working analysis, interview analysis and
validation of the mechanism developed. 3 experiments of time-series
were conducted for data collection. 9 learners participated in
experiments, 3 each. The 1st coding scheme was derived from
literature research. Through the coding scheme, Narrative&
Behavioral Analysis and CORDTRA diagram analysis were done and
the mechanism was derived through the synthesis of visualization
attribute - working analysis and interview analysis. 2 corrections
were done for the coding scheme through 3 experiments and the
mechanism was corrected and complemented three times. Member
Check was conducted for the mechanism derived from experiments.
Furthermore, collaborative visualization mechanism derived finally was
validated by experts: members.

Research findings show that mechanism of the collaborative
visualization seems to be composed of systemic steps of 'input’,
'process’ and ‘output’. ‘Input’ is the step where objective of the
collaborative visualization 1is established. Hence, members share
mutual understanding on the objective, set the final objective and
form an action plan for achieving the objective. 'Process’ is the step

where the collaborative visualization is done in earnest. 'Process’
¥ ey

"':l‘\-_i _'H.I.- o
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consists of 2 upper and lower layers. The upper layer reveals the
visualization process based on members’ activities and the lower
layer shows factors supporting activities that happen on the upper
layer. Factors on the lower layer are ’'collaboration’ and 'monitoring’.
As shown from those on the lower layer, during the visualization,
collaboration with team members and continual monitoring of the
objective set at the 'Input’ step are conducted. A group visualization
process centered on activities on the upper layer is made up of
(1)generation, (2)conversion, (3)elaboration and (4)development. It is a
simultaneous phase. 'Output’ is the process where collaborative
visualization knowledge is constructed from the collaborative
visualization among members. In the group visualization of
(I)generation, (2)conversion, (3)elaboration and (4)development,
collaborative and technological factors act constantly. Such a 3-step
process was schematized into the collaborative visualization.

Finally, based on the research findings, this study provided
suggestions for the collaborative visualization mechanism 1n a
technology—enhanced environment, development of the collaborative
visualization and visual intelligence, conflict and mediation in the
collaborative visualization process, formation of a mental model in the
collaborative visualization and 1its application to an instructional
design. Based on above, several themes were suggested for follow—up

studies.
Key Words: Collaborative Visualization, Visualization Process, Visual

Intelligence, Visualization Process mechanism
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