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2-1 EEestRERENERIRETRE

"EH) LR ARE AR EH AR E - FEEN R R POEI A - AMTEEE A
BRI B S — (S B A R R ~ 2 ~ B e (Rafaeli, 1988) - E A2 EH AR HETHE
(natural user interface ) & At/ T THIMFZERHY—{IH B 2E58RE - IRl Ry AR SR M TIEE HHY T Al — (Jaimes &
Sebe, 2007) - FEERIEABHEB LHT - WS ABLET RN HEEETTF 2 A RNBRAE (Karray,
Alemzadeh, Saleh, & Arab, 2008) - {HJ& LA R AN HIAZE A DUES B AMPUR L T SR e — H ) »
ST TR - DB R T8 - SCER R A EISCR -

Norman (1990 ) fEFRAHLOEERAY A - 2B L A B RVEE - B YIRer R g e Fist: "
BERRIE TR E Ry APTRREN » BV DURHERIPER o - [RIL - feMtess meimn - o e e ik s
B FBIER UL - B R« (R EITES - th4h - Norman g2 H FARECE (natural mapping )
HITIRE » B RTLARA B B ARV » e 2 A6 FIRERK - Bevan SE AJRFE T 2 A RRERIME B8
B aEEE IR A SEER T AR - B ER ~ Dl ~ Bhic i ~ 458814 iliph 2514 (Bevan & Curson,
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1997, Federico, 1999; Nielsen, 1992) -~ Z5AIKIEH I H RN SR T R - 1T/ HAVEGT » 8Lkt
ERAE H BRimnikat o thElRE TR -

2-2 EIRFENEAA TS

i1

TR B ABATER IR HARENE - 2 —EIREE S AR IE. - B E N SR H ARTGE
7320 (Pentland, 2008 ) - [A Ry L Ry BIREGE A MG DURE » i imAH A g Bl S P BRI E
R A E NS R R R o AT AR ER R AN ~ A A - RV AR R T SRR R v

FRiN e = B 8%, (Karat, McDonald, & Anderson, 1986; Sear & Shneiderman, 1991) - SCEk
HREAFZREIHE ] - 5588 E R AR (Jackson & Peters, 2003) - fHEE&[E Hh £ Ad AN F] 5K
29 P B 5@ PP ERR A (Holzinger, 2003) - ARt (Chiang, Brooks, & Weir, 2004) -
i EL 3%/ (Rogers, O'Brien, & McLaughlin, 2006 ) - T & i Eb % B aePE24% (Suter, Dooroo, Singhose,
Sorensen, & Glauser, 2007 ) » ZEHISZ FHE J7EHZH (Mainardi, 2008) » EBFREZEAHE (Nishino et al.,
2010) % - THEARAEHESIIEA S - FIRHER RS 2B EALIAR - Jier T8 F RS
HEIE#E A B M@= (Astell etal.,, 2010)  f iz Bh AMMEE =#eii B s RIS - 1T A8 (Yu
& Isenberg, 2009) - HAEHE T HIfEATEIEEE FAYEN HlS & - 5 A B tBeF ey 5= - 78
TTEEE R EHEHE 3D ¥t (Fiorella, Sanna, & Lamberti, 2009) - BRI TEIEERE & BERHER B FEMA 3D
YirraEEds (Katzakis & Hori, 2010) © thAbh » #5238 i EA PRI B RIBECRHE » AIAERR S B0 IR T
B GRAT{E AR e s b R AR S0 L 2D -8 - #5547 3D W)Yo B SRR B (Hachet, Decle,
Knodel, & Guitton, 2009) - @fE 3D E#t e f2E) (Valkov, Steinicke, Bruder, & Hinrichs, 2010) -

fEPERE B R TRIMHTE R - TR SRR BN (Breinholt & Krueger, 1996) - gz
AR E Y ET (Kwon, Lee, & Chung, 2009; Park & Han, 2010) - figgf2EfE 4:3%E 1 (Huang & Lai, 2008 ) -
fifie 24 (Cheng & Takatsuka, 2006; Bach, Jeger, Mauney, Howarth, Wirtanen, & Capra, 2010; Skov, &
Thomassen, 2008; Villamor, Willis, & Wroblewski, 2010 ) - { TE#E & . filgZ2d< = Ashbrook, Lyons, & Starner,
2008; Karlson & Bederson, 2008; Karlson, Bederson, & Contreras-Vidal, 2008; Parhi, Karlson, & Bederson,
2006; Perry & Hourcade, 2008) - fifiiffg& [mlfg = (Rantalaetal., 2009) - “R[EJiiH & & AYELEEEERESK
(Po, Fisher, & Booth, 2004 ) - KA [E4F#ERE A ERERK (Rogers, Fisk, McLaughlin & Collins, 2005 ) % °

] ' T B g 2 e AR 2 e B Y R (Breinholt & Krueger, 1996 ) © 4% F[B&GHIBE /M -
S A DU S O R EE S - W% eG4 (icon) YEf/ 1 (Nasanena & Ojanpaa, 2003) - 52
e R DRGSR AT - BRT RIS - MR - BEOCT - iR - IRIRE RS - Bk Y
FefiEteEis (Huang & Lai, 2008) - HfALA Bty - P nt ERURERHEZSE - IR At E R
ERSHE BTG TR E MRS (Buxton, Hill, & Rowley, 1985) - Hfgg#Elmisk « R @i BRI FIRIE
(Lindberg & Nasanen, 2003) » F TR R AR LS ST » BERGEA/NIF » JKF 7 AR SR AR B K A
TRE » SERBE I TERRE - maiEes Rt b Heg RT » e A @i s XFERC - (A IREEREN D #E
IRl (Kwon, Lee & Chung, 2009) - JGH » AH&GRABEAEMA S R Aads - LR - FAUtEathe
BEINBE AR - A ERR (Huang & Lai, 2008) - Refe BABAFHIIRIERCE (Wobbrock, Myers, & Aung,
2008) - WFFEEEEAT 12.1 SNHY LCD AysRRE LR RIRE ST ARY - 20mm £y B4 KA Hg R
(Colle & Hiszem, 2004) - ff PDA LI ARG/ N~ B 9.6mm - JRZh%2 (Parhi, Karlson, &
Bederson, 2006 ) FIHRE il il B 4 R HAURRRE - Horh g T RARIRE BB N A M LAYBCE 5 - R
BRARIIZEE T B A REA R B I AU & -
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BRI TR OB - EZEBr AR R LR R - B ARREE ~ IR EE @i L)

s BEAPHRVEESE - 5P AR TSR] (Nielsen, Storring, Moeslund, & Granum, 2003) - iR
MR T A G iR EIRRTE - DZERERC ARG i A RIS - YE R ARSEE skl ;s [RILL » fsis
RRER AR OB b - (R AR A E AR R By TEAGET - fEMgiei i il et &) - B
B RPN AR B E 2 H KR - Hrh g T2 =AY 28U X U miEEE
HIERET AR » [RIEL » AR A R R B il B B I » PR AR YRR B Pl =AYt Ay B
SRENENE - IR 2 B 3 BR VRIS -

dH ??%

2-3 [RIEFBERE

TEfitegm VR —FHRBE Y T - R FRRYTF84 - DR (drag and move ) 1Efilf2ess =
AYTRE (Saffer, 2009) - #5040 1 - GEEE (tap to select) ~ B[#A (slide to scroll) -~ fg#E
8 (spin to scroll) ~ §&H#E (flick to nudge) - FEEELeAE Vit m CREEINTES - LIRS - B28) - ig
Y - 15 DURRE SR B o BRI RIS ELER - R — 7R B T A
HUHEE - VIERE TGRS R » MFHEEE) - BRFEMT IS - FHREERE R - Wt R L)
e s B BN RN 2l ke R RS B EE BN F < 3R R NERFST ~ S B AR 5 i E e e i) -

HE (flick to nudge ) HYF-EARIE DAFHEAEY - RIMREERY[FIRF » A5 — 05 mIESESHER) - T-HabERIHE
Bl VHERE TR RS B E - miRiF 1k - BHERVENE » 2T HARRYT-84 (Saffer, 2009) -
e/ N e b DU EAE A LA/ N ER el - RO GEI AT i) - RBEIEEEE R
FEAE MR R TR KSR B S A3 (Wobbrock, Myers, & Aung, 2008 ) - f AR figg
e EROTELENE - 5EfL (pick-and-drop) FL#fR (drag-and-drop) HEEHR{ESTRE (copy-paste) HYEH{E

(Collomb & Hascoet, 2008) - ffi#fE/it (drag-and-drop) ClEZ#HEHEKER LIERB BV ZH
(Collomb & Hascoet, 2005) - ZfAfEdl (drag-and-throw) Ed#Ed (push-and-throw) FYBIEE %5
a8, (Hascoet, 2003; Hascoet, Collomb, & Blanch, 2004) - Jth4f » DU — R bl %4 5ei %
SARRAERI 2w FEAE (B[ 2 TS RO AN E 2R by BRI AN S0 B i S BN R R B gL
WA BB BE I o 1 R R B e e we e sl b TRERI R A S E S SR B B E Ry
AL A Gnd R ERYAIEE (Collomb & Hascoet, 2008) - [XIItL » H Fiffi A wdl RS 502
w0 ZLIER RS BB SRR A0 R BRI A R B B B A S BT - SRR TR -

WIRVEEVIY

S JeiE = RCHE
1 fREEE ERAZFE (Saffer, 2009)

2-4 =R A

BRI W AR R ROR - BIRATRE X RTT ~ ABR ~ EAREHBRILAT ) -
FEH —AEVI R BT AT DA B I R ~ B - IESHEE YR AR A Thee (ThHE ~ £
B~ BREJRR - 2009) - FE=HEZE B FRIREID A L - W R LIER B =il A 728 - T —
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2. ZHERE R 2 imREE ( Catanese, 2001)

2-5 X IRRIRRE

AR TRERV S, - AL SORERE e B R S (Sears, 1991; Sears, Revis, Swatski,
Crittenden, & Shneiderman, 1993; Saffer, 2009) - JT4EK » e fEfE TR RE B = HE B HE (8 L 2 Bo %
HERE - RN (Fiorella, Sanna, & Lamberti, 2009; Hachet, Decle, Knodel, & Guitton, 2009;
Katzakis & Hori, 2010; Valkov, Willis, & Wroblewski, 2010) o [K|jH 2245 & FEMESE T - TS AIETHY
BRI - BB =AY BRIE T A SR T A B - RSO - \E e T B

(drag to scroll) FBHVE X a4k T /kSER B #EH |, (horizontal and vertical drag) ffTFE4EE T RbEHEHT |
(slanting drag) AYF-E4 - T/KFREHIN | AFES RSB AT K » 7] DIRIHZKSE S g i
=HEVIRR X liEE) o SEE G RBEIAEE Y~ Z flhanyiEE) o mn TR rYFEMUIP T DUEIRE
PP X EhER Y (Z) Wil o (H T RER Ry RNy S EBR ) — ARy X B2 Y (Z) fih - S0 P B eio s
RTRER R o TP e, B TERHE | ATV E A B =Y E T ) - (HIRBER
RESTRS BIUEERERT » 2k TR AR ) B0 T RHAETER ) SR EARTTREREA TSRS R -

= BBt

AWtseEhgEh - HE 7 VAR R AT AR T EAIURR - DU AR A = MEYI (i
R AL AEBREEA] 4x2 (R adt - SR St IR RE - S SOk g o '
BRNERN =AY - el B ALV Bk - 00T B AR TSR S LR
G - FEER R R (N EE 3) - HHE - fEH SRR e I (RS
G e - R PSRRI B (ANtE 3-a) o FCFR S HIE e iR (R st B A% - e A FE R An =R - )
& IESHA ARk R I R e (200 3-b) - S2{FE DAITFHRAE —HEV (T B RGEE - MEPAAAHEE - R
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3. BERMIHIREREE - (a) EEMAHEE (b) HREKEBE (c) FBZREE

3-1 FRRRERMERE

A SRR E BRGS0 AR ) ey S e - AR S R =R (k1)
BRERGHIRE » HRZHESE - ZUERHE EHFE - B =y - HFE2a95s
A« (1) APEIEEH#HR (H. and V. drag) ; (2) HAVRIAHIE (slanting drag) 5 (3) JMEEHE
EfEE (spintoscroll) Eil (4) 44t (flick to nudge ) ZFEPYFHAURE - Horr - S5—FEAYRE Sy /K S Bl o 5 417
BT - (EEFE =MEYO RO Rl B ; 55 AR R BRI R T2 - NIRERRFEE) X B Y (Z)
FafEh e 5 55 =R AU RE Ry B B E R - R A A R RSy X Bl Y (Z) WafEhie ; SEPdfERlRg sy
WEHE » JRAEAELL E RO Efh N - EE =AY - 2B RIETIE A -
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3-2 FRBRT=HYHRA

FHA =HEVICE B = ke - SV (2D) s LIER KPR E R EE R ; =fEmrkam
AEENERE X Y ~ Z ZfafhE e o DURRS I RiR: - Q] X B EFCPRIREEE - Y 28R

LA - Z SR AR A PR o FRAY 2D SR R RE IR 2 B PR e o e B
[T E —HEPIPRRY X e Y il - BTSRRIk E Ry (RIEEh X i) - =MV 280K
B (A% 2-a) - EHERAF S R e ELHEFURY (HIEE) Y i) - —MEIPE 2806 RE (A& 2-b) -
AREEE Ry 1 INRERIRFEIES Z St - NN 5 — R BB R R e B (e S — AW (R X ke Z o
R FEHERI - =MV R EEUKFIRE - (EE AT S e iRy (A1) Z®) - —HeY)

P2 HNER S EGT R EH S (A0 2-¢) -
fEf R EDALIR AR - QRIS R (e » ATReE Ry X el Y S el s - DUR AR
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MIFEHER - —HEVIFRIZ AR B ~ s et 5 e Rl - BEEh A R B - [RILEw fdih e A

LD
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e
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SREEE) — VIR

R 2. FRARA=MEME BRI ERERRRA

o DA o R i FRARF -

REIE AR A B - R2
Y ek Z i ) - (2 e R T S EI M b - B R 21 - IR LR e Y
o MEATERHET BN - FHERA LIEAHAN G e B8 - /4
KIRIEL BRI EEIIE - A SR TE07 By (T Eh A R % - XL
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F ] { - g .\;
' S 3‘& ¢ "3
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3-3 RERMARELR

ZHEVI Reikidh - —HEREERRAELL Cinema 4 D BEITH: - A EREEHILL Director 22 » BAZ =
HEVII Ry Shockwave3D A&, » Wi s i 8 f i B/ N B Ro B 38 ~ W et A B e/ N R B+ IRBIIZKSE:
BRI 18R QIR 1 B el m e = HEYI e - (8 EH R - M /KRR
=R e RS » Y E R S e R (200 4) » A 32 SRR R HP xw4600
TAESG EVEHIER o B AT FE R Xiroku 2\ E]FTBHEEMCELRRER T - WAL E{E HA 1366X768
fEATEERY BenQ 32" LCD TV | » #2425 Ry 71.5cm x 40.5 cm » BE/KSE 2 60 FE{ERY - STRUB S CE & 7
IR Fe i DA 60 FEERA) » 2% N gt & Fy 108cm o

X @ (7 514 ) Y G R ) Z 0 G )
%@| 0,0 |==1366,0| %@| 0,0 |=={o0,76s | gfﬂ 0,0 |==|0,76s |
’J‘j‘ o o = 0 o fi’ o o
s | 0" =] 1366 . Sl |00 |=={ 768 o e L 00 |==p{ 7e8° | o

4. HERGREBREARE : (a) XEeRKTREAE (b) VEERESREAE (¢ Z#iERFEIRERAE

KRERET - H 36 R HIE - ST MY TIRE IR EVI BRI TIE 5 5 16 fi2ct ke 20 fi155
M SPIEFHEE 25.8 3% > ZHIFE IS F 168.0 5y - A 173.5 15 » 24339 161.2 1353 © Ailff
WebERE R A > BB 18 (Z3ZHIRE - STiRE X+Y il AR X+Z Wi{Tss - 2R AR5 18 A5
H o QUSGIREE X+Z Wh > PR XY BhER - IR P A > DI L LR AT
B PRI R e - FRSE AT G A R /NS - BRIE A T TR R o AL
I BN DABLELHRISE - Pl 2 IR FEIARAE 30~50 S3gif] -

BRI - Ry FRECSRIRAERTREGHRERY - A BKEE Director fEXTH—BHERLE - BIGTEEE/EIINT
s B TBIE 2 B35 TRy » BLE B = HER a0 - LA Camtasia flgki 7 L —AEWVIIFAYSE R EIE -
DUESE R R E R Webcam fsg b - ACBRPU TR FEEIUE - WA I DABUR s ek B2l
FeREEN/E (4066 5 i) o 2% - 2EEMEORSEECRAR A P R EL RS TIE B B FHERIRTE: - B3Rt
TCAAAEE R PR S /A B B R e nyIE o 3R © B GERE ~ AKSPEE - RUEE - heE
S ~ SHESEVURR e 2% - BHHE el ey 2 M Bl R R o iR RE Y T E & R
i - FIlFE NASA-TLX TAEAFTHREMESATFHI/SMERERE - SRR RE X EH - RE : RAFRYES |
BigE/N ~ RS « 2L 14 ~ BTG BT R - SflE IR RE - HE B RE
ZraffEsR (Likerts Seven Scale) » SREHd{E A B fig#is e b B FEAE0Y){4 S B iR AR FAERK - 43
B - RRERIESEES o AHRRCER - RIE A0 A 738 BT E T TR BT

V4
5. KEGIREEEERIRG
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w9~ ERE R

4-1 EIEPITAE RS

DI FEImL AR HEBACE - MERAE SR ERIREEL - e =il At (S5 23.6 1) Bl el
B (P 318 B) AR (F (1,140) =13.971, p<0.05) - {HEHEf X+Y Bl X+Z FgfEAN[F A
ORI - 258 R — b e e B i [ S HIRF i L - A IR A2 5 (A 4) -

xR 4. SER=RESRERER A R E 2 FIOBREE
=hEERE G AR (B B)

AR — .
SHESFA ERESTS
X+Y 22.4 (10.0) 28.9 (14.3)
X+Z 24.8 (11.3) 34.7 (16.2)
ST » FEMAR TR 52 R R L » HEENE 5 (F (5420) =7.289, p<0.05) + f£=

LB i TE /e ECL B A5 (fE#5-5) o » S5 SEGmAE X+Y Whif Bl X+Z difife - FAS A FEREIAHE R X @
KSR L SE D Bl - AT 17.5 8 (X+Y i) Bl 193 % (X+Z ) - fE=milEl.Z 1k L frmdfE
GBAEB ((EB-1) - AT ARG AR SR BT 5 e e R g _ERTA] - K X+Z diha A R
HIFHER Z i GUretidE ) - R aIM B - 7 17.7 8 - PR X+Y Eilifaiyfisy (7 29.2
M) o (HEwI A A AR - T RN R A R (e i) - KRR AR R R 5 Hirp
1852 SPaftirid (386 8) - Ko X+Y #Aty = ffEmilE & (A& 5) -

R 5 ERNERATBAERRR 2 FI9BRIEEE
HAEB R AR (86 #)

AR - - -
LIEEfm  2.2K&EwR  3IEAHEIE 4 EMER 5 JEA S 6. =B
X+Y 29.2 (16.8) 252 (13.2) 204 (153) 304 (18.1) 175 (9.7) 311 (21.2)
X+Z 17.7 (13.1) 386 (211) 373 (21.1) 308 (188) 193 (156) 34.6 (22.9)
= B B B
5y 31,9 > 3.8 35-“;{;?«. [ xom 34.7
anl 28.9 oy 206 a0t 28,9
25 23.4 25F
20+ 1% 4 201
151 151
190F 14F
5F ik
0 0
Fi5-1  E£%-3 FiE-5 EE-2 O EE-4 EB-6 ZiRRS EiRiRE
=R EIRTRA
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Abstract

Recently, large touchscreens have been adopted as the interactive devices for exhibition in
art galleries or museums. Some contents displayed on these devices may include three
dimensional objects manipulated by two dimensional gestures. To facilitate intuitive usage by
universal visitors, the nature mapping between 3D content manipulations and 2D gestures is an
important issue. To address this issue, the objective of this research is to explore the mapping of
rotation manipulation for 3D virtual objects and gesture patterns on large touchscreens. The
experiment system was a digital media for ecological education that allowed the users to view
and rotate a model of a green turtle with different gestures, such as nudging or dragging on
horizontal, vertical, inclined angle, and circular patterns. The tasks of experiments were to rotate
the 3D model from the original angle to a designated angle with these gestures. The processes
were recorded for detailed analysis.

The results of analysis included the following findings. The tasks of rotating models to
orthogonal angles were easier than perspective angles. When the task was to rotate the model to
perspective angles, participants tended to try the dragging gesture in vertical or horizontal
directions first. For all tasks, dragging in vertical or horizontal directions provided more natural
mapping between rotation manipulation and gestures than other gestures, such as circular
dragging or nudging. In addition, since it was difficult for users to move their fingers in
completely horizontal or vertical ways, the confusion of such operations and dragging gestures
with inclined angles happened frequently.

To overcome the problem of not being able to perform fully horizontal or vertical finger
movement, it is necessary to include the algorithm for recognizing the intents of users in the
system. The simplest way is to provide calibration with respect to movement using predefined
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threshold. In addition, if the users would like to perform inclined dragging for the purpose of
rotating models with respect to multiple axes, two assistive supports could be offered. First, the
system should provide shortcuts for users to change the viewing angles of model orthogonally.
Second, circular lines on the bonding sphere of the model should be offered to provide guidance
for finger movements with respect to different axes of rotation.

Keywords: Gesture of Touch, Large Touchscreen, 3D Object Manipulation, Digital Media for
Ecological Education.



