Journal of the Ergonomics Society of Korea
Vol. 31, No. 4 pp.525-531, August 2012

http://dx.doi.org/10.5143 /JESK.2012.31.4.525

The Effect of Gesture-Command Pairing Condition
on Learnability when Interacting with TV

Chun Ik Jo', Ji Hyoun Lim', Jun Park’

1Department of Industrial Engineering, Hongik University, Seoul, 121-791
2Department of Computer Engineering, Hongik University, Seoul, 121-791

ABSTRACT

Objective: The aim of this study is to investigate learnability of gestures-commands pair when people use gestures to control
a device. Background: In vision-based gesture recognition system, selecting gesture-command pairing is critical for its

usability in learning. Subjective preference and its agreement score, used in previous study(Lim et al., 2012) was used to
group four gesture-command pairings. To quantify the learnability, two learning models, average time model and marginal
time model, were used. Method: Two sets of eight gestures, total sixteen gestures were listed by agreement score and
preference data. Fourteen participants divided into two groups, memorized each set of gesture-command pair and performed
gesture. For a given command, time to recall the paired gesture was collected. Results: The average recall time for initial
trials were differed by preference and agreement score as well as the learning rate R driven by the two learning models.
Conclusion: Preference rate agreement score showed influence on learning of gesture-command pairs. Application: This
study could be applied to any device considered to adopt gesture interaction system for device control.
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1. Introduction

A3} 714 Atolel A e s a-goldt &Y AXE
Mz 3t HFE S Aol Fa e dd AT
¥4-& S=3ch(Kim, 2005). WIMP (Window, Icon, Menu,
Pointer) 2 tPASE GUI Aol 7]8.=5} 01927} o
TA s Feolglo, AA 9 BAT]Ee] wHe
E AEE 43S BAo] Atk 4, 3 AIA,
A2A ol ZIHkst A2 AREAF QI o] A7} /s a1
812 (Hong & Woo, 2008), °]&3t 528 ek 5 A
27 71HF AREAE QIE|Hjo] A Bl ] ARE H
o] A AFEAFS] AFEE GAF Heo] Thssithe o)
o] §lof ole] #&t AG7F Es] MAE T Yoh(Kim et

al., 2010).

Nielsen(1993) & AFEAZF AIARE S840 2 ALS
& JdeAE S AxE FY R g5
(learnability) & AQ¥elaitt. 1231 sh5Ad o] H7l= sk
s ARESE Rl Y, 3 9 ARLE o] 8% 7]
oe] F4 Fol AHE & Sltkar AlRbEIAT AlEe] AR
I #A-Hst] st5A Q) JidS =%k 95 (Jung & Hong,
2008) ol A= AlEe] WAl AMG-elA S4H 2

-, AHARE TVZE F28h7] ddhs 8% (command)
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2ot 52 (gesture) FHE F3to] TVSE A& AEsh= &
07 o]FoHt} o] ¢, command®} gestures A¥S}
ol w2l Z2}] gesture—command 9] Sh5Ado]
o= Aojet o dHTt

HA 71HF 22 914l A|AE 8748 71 slo] 18k A
AT (Lim, Jo & Kim, 2012) |4 397F4] gesture2} 30
7}A] commandE AFE3E] =E3 1,1707019] gesture—
command “&ell thate] 3092 A Fo| =z FE 72
AETE $4389a, °]F 53| gesture—commandE
A= FAelA JAYA =7 EE2EH U o] HE e
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2. Method

2.1 Experiment hypothesis

E o= gesture—command 2
= O

E
koﬂ r,H }oq PRGN EOH 01—0} H= zi_% %x% 2

33 Ak,
o} ARk o7 AlgEo] A% 3= gesture—command
olgbd commandE K1 gestureE W= Algto] #+
Zloln, gho] wha] o]Fold Aolgta 7ofE 4 qlvk
AJA =7} 2 gesture—command 22 H-¢E wpxk
72 commandE RIl gestured W= dEE A
7rol Frar, dhgo] gold Aojgtar odE = itk whEhA
gesture—command 2] 24¢ FHA MIE9} oAY
A =7t A3HE commandE AWst7] $13) FAsNOF =
gestures W& dels AR JEES nAEAE &
ohi7] fJste] tha 22 AdE ARSIt

A 938t =S E= gesture—command 2 ZF2He]

o of o

1o

A% A ddx|Eola, FE5HSE 012 command

a5, O = T
£ A fal FAslor sl gesture® W= A
= A ZH(recall time) I §HE $8)0|A] Hox|= dsFo

FataAt s 7S v F 7Rlolth
HI: B2l S %7} %S gesture—command 4% 1
x| oke AL commandZE &3] 3t gestureE

Wzt = A7ke] U Ao, SN E Ul

esture—command 2l 18R
T3] 213 gestureE W

Sk2~
= Zlola, 5% uE

HZ: 9RAYAEI e
o

2.2 Selection criteria of gesture-command pairing

 AFtellA] AFE-8E command—gesture listi= A3 A+
(Lim et al., 2011) o4} AH&-3F 397H2] gesture & &
TS AREEE Flo R Aglslal, o] F AU EE ]%EE
7391 25%9} 3kl 25% e SISt JHAYAE
Al Aedtelld 39702 gesture”F Z42F FoFS w 307
9] command FEHE 5 1592 949 command E5-S
71% 2.2 Wobbrock et al.(2009) 0] #A|et3t 215 o] &3}
Arberel o, Aakale (1) 3 2t

_10

|”| w

4=3

Fch.

~

l’

A, Gesture rol t3t QAU =
F, : Size of command pool = 30
P; : Command ;& 7o) YX]3t 4=

Table 1. Selected command & gesture list

Gesture-command preference
Gesture list(Agreement Score) Good Bad
$-Z5htol A ﬁi ©]35(0.3089) Volume Up(57) PIP(Dual View) 27](1)
) z}é*o oA $-7 ©]%E(0.2533) Ad 2k o) %5(53) A5 A SllA)
High O =
$-ZAckol A o} 2 ©]5(0.2600) Volume Down(48) Home(1)
Agreement $‘?4 F0.1378) 2 27(33) A% AY 7F 0% (1)
score S-Zaheko 4] HEAhthiak Ab 0] E(0.0867) Home/o] A vl 27(16) | A&l W ®7|(1)
Low | 8 — 58w - 953k - A53kd ©]5(0.0933) A g4 [VOD] forward(1)
FS7dtoll A skt - H5EF 2 710]5(0.0689) Menu &71(16) [VOD] backward(1)
HE5AdeA 5 - s 2 2Ho]F(0.0689) Menu %3(16) g & dlA)

Command?®] 3% QF 7= APAFNA = 3T

gesture-command®]] thst =341 preference
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7}7} 2] gesture‘)ﬂ HA| o) A= commande A1 Aol
A =A% FHAA Aew A7 P B2 A
3}, F=yAol /‘\1321: AF7F 1 oA = 71 e AL V)E
ox ARt on, Age A3 Table 13 #th o,
gesture—command gl 3ol A7|A] FE= gesture9}
command & ATt

I A% JAAA T} =2 T, 5 3 gesturee]
aiA i AlEEo] $U3 commandS A48
IS EshdelA
FSdel A o2 o] 12l

oAU} e B = gesture°ﬂ tiste] 2 744

% command”} 04”5]* IEE ?3}‘;“”}‘1 =57

Fomepow 7453

Command ot S E7) B2 gesture—command 8°] Z}
ZF A=Ak o] A §U3 gestures THE command
9} -8 o] F7] wliel, A8 A= counter balanced¥

T FFe] AL oks) o] Fulsgieh

Set A:
— High agreement score & Bad pairing (BH) 4%

% 8%9] gesture—command %

— Low agreement score & Good pairing (GL) 4%

Set B:
— High agreement score & Good pairing (GH) 4%}

% 8%9] gesture—command %
— Low agreement score & Bad pairing (BL) 4%+

2.3 Experimental environment & apparatus

’é%% I 7}-2] U)\O] e
= 2 HAARE F
Zojxj= Kmectoﬂ/ﬂ—rlﬂ Ao 2 2m A 1
BEAEE HS |

Y= HES RUHE F3 2O
AHEE command listE {Eet 7 22 IS A%
sk, Ao zjof Al AL shdS A "ok AL
st A= AP 0 E& Yo MRS visual
feedbacks A&ttt AP AN £ 4 % shd el A
‘Start' HES T2 APt B g A Sl
Ready, 3, 2, 1S 31802 0524 HAE 7 g€=

92 o), HEYTAA 2 o),

Aoy gt

command & 37} FAR 2 BAIET A= T
o] commandE A= gestureE 7] W, $i=o

Foed T EJE A HES FEOEN 52 Al
25 A4 F QELO R gestureE I tHA] Y&
FoFd Aule] HES w8 79 TaE o4k

Figure 1o =A]% whe} 7LO], AP A2
gesture”7} AASA FAHAE A4 'Correct'Z, 12X
%S ¢ Error'® B3 sh, 'Correct‘c?i 7Zg-out 334
BE 33 1A Error'? 389 A4S, Al S5
command®] @F3F7F 18 FHEY, g commands=
FAA| 2 JHE EE ] Hol3lE command
listell 718 & 7292 Aozt Al Ax ey A3zt
oAx7) A3kt gestured 71993 W, £ A FA xQd
Bl HES 75 "WrtH9]

&y & HES oA =9
sec B9 7H

]7}(recall time), gesture
TR w7119 AlZFH(movement

st

( STJ

Set up the
program

l

Display
» command
name

l

Perform
gesture

Revise %No Correct?
Yes

Finished
8 set?

time) & m

No— Blocking

Figure 1. Flow chart for experiment application

2.4 Participants

% 14799 A=A 107, oA 48) 7 £ 230
%‘01 slon, ol5e] Hit AFL 24 64U A Fox}
= 9 78 (70%), 9143 38 (75%) 7} Kinecttt Wii 5 Al
25 71dk QIE| o] A5 ARES| £ Aol gileoy, TVE
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Experimental Procedure
Introduce Learn Gestures | Learn Commands ‘ Main test | Interview
e Without . e Gesture & e Asksimple
* Overal commands * With gestures Command question
Experimental Program By Movie-clips By Movie-clips Randomized Order Gesutre-based Device
Divided in 2 Groups [Randomized Order 1 (Randomized Order ] (Blocking 1 (TV with Gesture }

Figure 2. Experimental procedure

M AZAZ 24 2 AFe] Al AR glglon],
Aozl = 19S AYsty BF 927o|9dr), A
gesture—command %2 AAZRE 2719 IFOo®E Y
Fo] Fo] 4=Ajo w} gesture—command set A (8712
gesture—command ) 2} set B(8712] gesture—command

5 w2 AAESIT
2.5 Experimental procedure

A= Figure 2014 HojF= vhe} o] Aga,
gesture 8h55, i AF 9 ARPQIERE Aoy Ada
M AlE Al HHah el e Aol A
ok WA, ARFeAE THE dHshs WS

Eod=g
A7) A o] o] HS gesture g DAl =
Table 1] AAE 8FF2 gesture listE ¢71A717] Y3t

Gz, e Fedx} 74] EGALS Eg 2L AT T
1044_ Aol whet PR R FsteS ko B 5

FHE W7k APt

2 98 Aol set A EE set Bol ifs}h 842l
gesture—command 2 A, T setE SHGIE

3Lt A oI A= command®) gestured] GBS 5
A WA 5 RS S| EOL‘ﬂr ﬂi 33 o) W
Al 5 37 A ARIREe] @46 QlEl o] Folxlth
o]%, A= T4 FAE Zﬂ’\]ﬂ{— command?®]|
33 th. Commandel o3l
T8 S A Error'® g3}

ol gestureE FIYIEE

23l gesture®

I, 2HE gesture—command -3 tHA] SH5AA =3E)
E= 319k 849 gesture—commandE 9407 A F 3}
, FAAE AT FAARE Fe TS 99 E
=

ol
-
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3. Results

Gesture—command 2] 24Q F34 A5 w9} o]
st SJALAZel| wet 4719] ERE EF FH, 7 A
o we} recall time?] Bt k& ANE 3= Table 29
Figure 39} #t}. o] A¥E EUE gesture—command
2o EAo) wel recall time?] xfol7} QA RS &
2 o

Gesture—command &= SHA T3S we] Aigks
Ediz, 7 &% ¥ 7% recall time?] A7) GL
(2.8365)>BH(2.5439)>BL(1.5159)>GH (1.0758) 2
2 Yepgth A3o] IPA5E 53 Aol Wi xo|7}
EAP o, 27)H recall timeR T} Wol= A& B
Atk GHO] %71+t recall timeo] 7Fg WA EEE 0
W, GLY Z7|%+t recall time©] 7 TA YERS

Z7133F recall time®l djgt 48 AAle] S84 13]
2t =28l gk Hlo|elE g elsh Table 37 T

Table 2. Average recall time in 4 categories

HHE 13] 23] 33] 43 53] 63l 73] 83] 93] 103] 113]
GH 1.0758 | 0.8906 1.0197 | 0.9349 1.0125 | 0.9904 1.0745 1.0335 | 0.9990 1.0488 1.1193
GL 2.8365 | 2.1695 1.8467 1.7511 1.4210 1.2849 1.2982 1.3005 1.3255 1.1830 1.6054
BH 2.5439 1.8471 1.5285 1.5074 1.3697 1.2638 1.4600 1.3169 1.2812 1.1279 1.2616
BL 1.5159 1.1245 1.1730 1.3860 1.2760 1.2188 1.3823 1.2793 1.4596 | 2.1168 1.6388
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3.5000

3.0000 2:8365

sec 1 2 3 4 S 6 7 8 9 10 11 Order

Figure 3. Recall times trend for 4 categories

Table 3. Summary of initial recall time

Mean Gesture-command preference
(SD) Good Bad
Agreement High 1.0758(0.0782) | 2.5439(1.6581)
score Low 2.8365(1.5450) | 1.5159(0.2600)

4. Analysis
4.1 Initial recall time

1474 9] “3‘7“011}%01, g7l B, gesture Sty
AL Az B A&l 4= 27| recall timeS A3}
o, 1% 9] AelE 7&?8}0% Bokth 4714 145 (GH,
GL, BH, BL) 7tell BAHo= {28t zfo|7} Qllo,
AT E S5 (G# versus B#) FE AU E @& (#H
versus #L)9 4L EAH R Fslx] kgtr) 3HH,
A3 set A/BE] Afoli= BAAORE {ogt o ek
oH(p<0.001).

(a3

rkﬁ

4.2 Average time model

Sr5 o HEA 7R Y (Average Time Model) 3 3+
AIZFE 9 (Marginal Time Model) @] 5 7HA] =8h4] a2

Holg 4 vk RS Sgoleta & m, BAgEEe
WAge] F oz Z7kE ) FAREARAAe]l (1-R)w
2 PaEE 2e, SANGEDLE Q] Tl S7h

tH(Hwang, 1987). & ATolAE shgar4le) 2714 29
24319 gesture—command #2] 540 skl oW o
e WX =A] ot A} Skgivt

BAEARED L S50 P55 FAgHAe] (1-R)
W Atk A 7Ptk HeAREs 2 Al

M= v 2ol Ag-sksith

Y. =aR"
x=2"

s

DA ”01]*1«] TR
t A ‘%ﬂ’“ﬂ Jof| 2] H recall time
A L

PN
-
O = O~
% 73 3
2~ 2
H5E

recall time

o= I e
J?L'rﬂ-%

o
1
tlo
ol
i)
b
s}
v
dlo
1o
1
o
ne
o
o
30
v

Y, = aX’ 2

AF oA ZAE recall timeS FHHA 7R Dol F3ko]
4714 5 HE 9 A7 w5 e dake
Table 43} Figure 43 2t} HH#AZFE ] £A3] R
@S AgE dx), 2 BRe GH(0.9139)>GL(0.8824)
>BL(0.8709)>BH(0.8630) 2] =17] <=2 el Ak
A3 REEe EdE A 0F B8 4 25 E FE
Ht recall times 9&3Hd GHS F+ZH 1 recall time
2 Y, = 1.0758X "% GLO| A Ht recall time Y,
= 2.8365X "% BH| *+ZH recall times Y, =
2.5439x "*¥% BLY +HH# recall time Y, =
1.5159X """z z}z} Alaret 4 Qlch
olZ 71x2 Z} 3 A9 Hit recall time S
A7) M2 53 FHFAAIZINA o] a7t 2] o

4
*e 7ol AHET 4 9k

N:

| \re:)

Table 4. Predicted average recall time by the Average Time Model

T3 13] 23] 33] 43] 53] 63] 73] 83] 93] 103] 113]

GH 1.0758 | 0.8906 | 0.8319 | 0.7960 | 0.7703 | 0.7504 | 0.7342 | 0.7207 | 0.7091 | 0.6989 | 0.6899
GL 28365 | 2.1695 | 19732 | 1.8557 | 1.7729 | 1.7096 | 1.6587 | 16163 | 1.5802 | 1.5487 | 1.5210
BH 25439 | 1.8471 | 1.6518 | 1.5365 | 14561 | 13951 | 13463 | 13059 | 12715 | 12418 | 12156
BL 15159 | 1.1245 | 1.0125 | 09461 | 0.8995 | 0.8641 | 0.8357 | 0.8121 | 0.7921 | 0.7747 | 0.7594
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3.5000 >BL(0.7418)>BH(0.7261) 8] o2 YElyt)y At
3.0000 2.8365 Rﬁ"% Ed= 7-")?1'” = E‘OH Z]'Z]'v/] =5 il Gl
55000 1t recall times <53k GHO @Y+ recall time

2.543
20000 | ——aH U, = 1.0758x "' &, GL2] @43+ recall timeE U, =
Lsonp 15159 e 2.8365x % BHO WA recall timed U, =
: E BH
; o 2.5439x 85 BLO Wt recall timeS U, =
LE 1.5159x 4% 22} AR 5 ol
0.5000
0.0000 T ' v .
sec 1 2 3 4 5 6 7 8 9 10 11 Order
3.5000 -
Figure 4. Predicted averages of recall time 3.0000 28365
by Average Time Model
2.5000
2.543
2.0000 4 —4—GH
. . 1.5159 - GL
4.3 Marginal time model 1.5000 | BH
10000 | & -
FRARELLS Sho] AWLFS dAB#AIZI0] (1-R) .
W At s TP dAAR R RS Al
0.0000 +
A= ke o) #8381t sec 1 2 2 4 5 6 7 8 9 10 11 Order

U, = aR"

x=2"

Uy x3A 3ol A 2] F23 7 recall time
a 3 WHA Tl A B recall time

m: T F7F F R S 3l

x HEE Y Sl

R : 5E

wEbs] xH 9HE S W] T4t recall time Uy
=

U, = ax’ 3

A8 oA =A% recall times AR F&o]

47K ER i 8 A7) ASEIs Table 59t

Figure S. Predicted average of recall time
by Marginal Time Model

o] RE> GH>GL>
13 %7} good

2]

b I
Q1 A%, AADAEI} BS A9 B8 Rytol U 70
o, AEE} bad) A9, DA B A R

o] w7 AxtE ik

5. Discussion

B Ae vEs 51 ?_’ﬂ. A 2E Sl gesture—
3t 24, gesture—command
YA 57} shgef o st g3ks

Figure 531 Qef, @ANUR G 2] RikE ABF - WIAEAR LA HA A 119 2248 A
A3}, ZF 7 8 RS 3718 GH(0.8279)>GL(0.7649) g commandE 7]71el AEstr] $1st A3t gestureE
Table 5. Predicted average recall time by the Marginal Time Model
T 13] 23] 33] 43| 53] 63] 73] 83] 93] 108] 113]
GH 1.0758 | 0.8906 | 0.7974 | 0.7373 | 0.6938 | 0.6602 | 0.6330 | 0.6104 | 0.5911 | 0.5744 | 0.5596
GL 2.8365 | 2.1695 1.8547 | 1.65%4 1.5222 1.4185 1.3364 | 1.2692 1.2127 1.1642 1.1221
BH 2.5439 | 1.8471 1.5317 | 1.3412 1.2099 | 1.1122 1.0358 | 0.9738 | 0.9223 | 0.8785 | 0.8406
BL 1.5159 | 1.1245 | 0.9442 | 0.8341 | 0.7577 | 0.7004 | 0.6554 | 0.6188 | 0.5881 | 0.5620 | 0.5394
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