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Abstract

This research aimed to study the efficiency and user satisfaction with different menu types, conditions of usability and
age group. The sample consisted of 41 children and 40 adults. The data were analyzed by mean, standard deviation,
ANOVA Repeated Measures. The results showed that different response times of overall users were classified by
four menu types (p<0.05), while the result of adult age showed that response time of the Corner Open Pie Menu and
Pop-up Linear Menu more than Pop-up Open Pie Menu and Pop-up Close Pie Menu differently. (p<0.05) Response
time of children differed more than adults (p<0.05) and response time of the laying condition and the holding condition
were not different. (p>0.05) The efficiency of accuracies showed that the children had more errors than the adults.
The result of user satisfaction showed that users liked the Corner Open Pie Menu the most, and satisfaction about

its easy use, and ease of learning as well as being suitable for a tablet were found at the high level.
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Figure 1 Example of linear menu

Figure 2 Difference of condition of usability between personal computer and tablet.
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Figure 3 Pie menu
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Figure 4 Open pie menu on tabletop computer use by
stylus®

ﬁm%wﬁﬂaﬂwawﬁaﬁﬁpjﬁﬁ%wm pngale
WENENWA L ﬁaszﬁu%ummmkmﬂau (Menu hierarchy)
lasann UAAINEIINAN ENNILERNLAY (Menu item) ot
WosuaziiszauTu (Menu level) Tildunmfaudaauuuy
\§Uasd 910 Figure 3 anduldigldmusnifoniuugiga
ldue 8 Lug,whﬁyfu LLﬂsziaﬁL&l‘léﬂaﬂLLazizﬁU%uLﬁ&m’m
%m’auﬁﬂﬁtﬁammgﬁmnﬁi‘j'wﬁaumum ULV
Ind iemoauan wazame® ldvnsudiym ssdutu
vasuwINaN lagniseanuuuiuy W wwinauuuy
A% (Half-pie menu) lasudazszaumusnnyuld bidiia
Mlisansnfiwgdeslduning lidiedmau dusad
s Figure 5 waﬁ'lﬁﬁa;ﬂ’ﬁmmmLﬁwﬁamhﬂ@i’ﬁaﬁuu,azaﬂ
anufiosdaaldom

L

Figure 5 Stacked half-pie menu®

INUNAVLAZINWITLNIRANY WU i‘]ﬁlqﬁ’u
ﬁﬁﬂuauiﬁnﬁa:ﬁwuwLuhbaaﬂauuuﬁ]aﬁwﬁaﬁumnmﬂ

a
v K

dmomudrfsdeyaldinuazamannlinuldiouazed

' '
v AdAaA

Wi lunaNIzinNN TR S 02091 UUIE VLI RN

=

uwideidiwunaunsanenidulszidunanyg loun

578

miﬁnL;kaﬂamvlﬂﬂizqn@ﬂfuuqﬂmnimww: nIWA



810 Pattanakitsiri et al.

1309TXALTULAL TG L A% (Menu
JoywiSesszausuiazanududanadiayinay (M

)6.9,10,1 1

hierarchy ﬂ?ilﬁd’]%L&lhb'Nﬂﬁ&lLLUUi:ﬂJﬂ SUNRLUY

12131 geinglafianaauidoaiwlng

#8839 (Multi-touch)
VL@Tgnﬁwm"ﬁuumauﬁ'smaﬁmulé{s (Tabletops) 3m3
Uffuiutsznindlifivaenfiuaasunuldzdeuiiana
wandsnnmslFnuusiuEe wseliansidnsie
FILRAILY Figure 6
ﬂifﬁ‘ﬁ‘Lﬂ%ﬂ']il,ﬂ%tl‘l_lLﬁﬂuﬂizﬁﬂ%ﬂ’w\ﬁt%’j’mm%
WNANALWMEUATINYNITBUUAaNRIAaT (Personal
computer) lasmsltianduazihnm laildidunsgSey
Foulagmsldiuuninseduiaudasnsla snvedslas
NWSTedisien Lwhmﬂaummﬂszaﬂ%mwuuqﬂmtﬁ

[

AauNILAasuAURaNAIaNduNRovuazlTAua 19w

v K A v

nareluaauiay REHERGE R LR LR FI A TG [EUT)
29083 TN uURLRURaiM TS suAsUY SR ENT AW
POINPWNANTLINFUATI D INUIINaNFNAITHAE

W MR ULEanI bl

J Sci Technol MSU

MNMIENENNWIToLazuNANALTA BT
JULULLIYINAN ;ﬁ%’ﬂ@i’umﬁﬂﬁhmsaammugﬂ WUy
wynanay 3 wuu da wywnanuuyTalasyangle
“qnﬁl (Pop-up close pie menu) %aLﬂuEﬂLLuULNKL’NﬂaN
LmuéﬁLauﬁwm'mwmmLLazmu’?%'wme-] IECRGEE
Figure 7a gﬂLmuﬁaaaﬁamg’mnammmﬂﬂ‘[@ﬂﬂi’mg
%ﬂﬁnﬂﬁl (Pop-up open pie menu) EULLHULNEﬁqﬁLLuQaﬂ
YINLNANNVBITRAY LNasuas’  wazinwidevasl
WWas UNUAs wazame® TunuIdoved dlasn ualuia
uazame™ uaadlaad Figure 7b Lngﬂuuuﬁa’mﬁm%
'NﬂmlLLuuLﬂ@IﬂUﬂﬁﬂgﬁuﬁgu (Corner open pie menu)
a5ldumAaunan Asus R2H™ uaasldas Figure 7c 1itoa
nnuiiniialudetudagnanouuy fimsldauialwdn
wazlng uazfiinwuzmildnuuandrsiuldauaina
afavasfly NWTEs st mueaualuiEesves
nﬁjwmgqmaa;ﬂ’ﬁuazaﬂﬂzﬂﬁﬂ“ﬁmuﬁmNa@iaé'ﬂwm:ma
mIsemaa e ltuiiniiadan

a]'mmqwaé’anﬁh'sﬁwﬁmjﬁﬂm%aﬁ@ﬁﬁ]:ﬁ’l
113UULULARINAN (Pie menu) Wnasaulizdnd
mwuuu,ﬁuLﬁmﬁ"alﬁ;ﬂ"ﬁﬁmgﬁﬁﬁq@‘lum{lﬁﬁmu

Figure 6 Difference of condition of usability tabletops and tablet.

76 b

7a

Figure 7 3 pie menu types for testing.

(Pop-up close pie menu, Pop-up open pie menu and Corner open pie menu)



Vol 32, No 6, November-December 2013

A5ANRBUINIIY
1. msiusIuINTaya
1.1 AnAununadeya FIdoduiuns
uTundayadioauasannguaiadns laslings
shagdlenaseuldulsunsuuneiasSamsung galaxy
tab 7.7 ewéeuiedorlillanasuauiidasns lag
minasevazidunyligliifend (uutew)auiland
ﬁﬂﬁﬂg‘ﬁum Tuudazyluuuiigaznasay 16 a%9 (GEY
Flanddas 2 a%9) lednssausrdumsnaseuluuda:
awaunilym Leamning effect dathalusunsuuaas
19 Figure 8 BadsaNNAgaLUBlUTUAINESIATINNTUIN
wwpseuauanuiswelalumawie nafildanmsiu
Tayafa FANMaUAKEY (Respond time) ANNYNG8S
(Accuracy) uaz naaMuawalavasglfauunuzeuna
1.2 szuzmlunaiivdays dudiunisda
idayalugiadiew nuaWuS w.a. 2556
2. dszrnsuaznanalodng
Uim’msﬁiﬁmm‘i%‘ﬂﬁﬁag‘ifl,%l,l,ﬁu@mﬁ"a"l,ﬂ
ldnusuwan
n@:uéf'saﬂwaﬁlﬁumuﬁ%’m%&ﬁﬁa #ndnm
32AUlIyIaT WrINeFETTAYURIRIIANN U
40 Aw uaz LENTNEEUsEEUUTaNANINTUDRA 1 $10n
41 aw lasudadu lsaSoutinunuestn druanziuude
Snasdansane %’a%i‘@q’%%’uﬁ P 19 au l5aSou
TUnUaINN Suanzluusy sinasidansund 391
U3Tud $1wu 22 au
3. 328z lWNIIAILRRIW TR Lhau
ANTIAY 2556 - NUNTRUT 2556

Menu list

Application of Pie Menu through Tablet 811

4. GudsilFlunsdnmn
4.1 ¢2uds89832 (Independent variables)
laun sUuuuwy snnaznsldnu uaznguanguasgls
4.2 dulse (Dependent variables) o
NANaaUAKEI ANNYNEBY uazaNuRiwelavaagly
5. n1sdiaszidaya launimidnais
mLf;tl\‘lLi_lummg’m lLlaz ANOVA Repeated Measures
6. wasasiafnlylumsdnen
itasfiafilluadsueSsilusznanlds
3 &% Ao
1. guninlmaufiiaaiufiuiia Samsung
galaxy tab 7.7
2. lhuwnulSoufisudsaninwagun
wiivsa Wulusunsufiiamnlagls Adobe Flash Profes-
sional CS6 %aﬁ@umuu Samsung galaxy tab 7.7 8N e
ﬂwﬂ"ﬁmﬂﬂmnimzLﬂunﬁﬂﬁ;ﬂ"ﬁﬁaﬂswﬂmnwﬁﬁ%
asUETRMUA lasusnnasavluudazguuuiam 4 uny
fla Pop-up Linear Menu, Pop-up Close Pie Menu, Pop-up
Open Pie Menu ez Corner Open Pie Menu
3. wuussumuAgaiuanuienalavas
{lF vuingiuesnudiomal fiuiusseninsuywuas
AaNRNABS (Human computer interaction) lasan984814
41973 142849 1SO 9241-11 Ergonomic requirements for
office work with visual display terminals (VDTs) -- Part 11:
Guidance on usability® TasFiaszAualugIuves ANy
szantumslinusunuuudne g (Ease of use) a1l
s lunISeuUuuuINue1 9 (Leamability) uaz
mmmm:auﬁazﬁ']mhwm U BN UUULALIES (Suit-
ability)

Example of testing screen

Result screen

Figure 8 Example of testing program in tablet



812 Pattanakitsiri et al.

Wan13vguazanlana
mﬂm‘sﬁwms‘nmaﬂ%\‘nugmmuLugﬁv’a 4 wuy
unuAULae lasdndnwszaulSyanaisiuim 40 an
wazszdulszandnwn a1 $1uam 41 au lastindnw
¥MINAFeUT 2 §n12z Ae ama:ﬁﬁauﬁmﬁmagj
LLa:am'szﬁLLﬁmﬁmwa%iuuﬁmul,ﬁm% FAIUUNITUU
sedudsznu@nsndi 1 vmsnageutesannzidsife
ama:ﬁwﬁuLﬁmnaguuﬁ'muﬁmﬁm iflesnsening
msmaauluam’a:ﬁﬁaLLﬁUL%@lagvlﬂvléTﬁﬂﬁnwuiw
Tni3sudszanaznuiuiiassuniwn o K398
edaliinfaissgnzdoinnzldnudauandrsves
anmzmsheufiuidaluinGeusaulszandnunia 1
mnmi‘maaalunsjwﬁ'saﬂ"\ai‘hmu 81 A
lu 2 aniz 4 Jluuby wyaz 16 a5 ledauas
ANUYNADINN 7,744 7@ nafildannnnsnaaeanyuing
Extreme value Y9RGNIINN waz gInann agnaiia

Cell Line Chart

Grouping Variable(s): menu
Split By: cond, age

Error Bars: 1 Standard Error(s)

J Sci Technol MSU

Und I@Uﬁﬁ@i'n,'mw‘i'wq@agﬁ 6 faaiwf @hgaq@agﬁ'
4,390 FadIwi ﬁ@hm?zﬂag’ﬁ 272.04 fad3wift Hendes
Luummgmag'ﬁ 191.68 Lmzﬁmmmmuagﬁ 5.58 R4
lavmadsudaya lasle3s 5% Trimmed mean #a337n
mydSudayalnainui mmﬁyayjﬁ 264.15 Hadiwn i
@i’nﬁmmummgmagﬁ 142.08 LLa:ﬁ@hm'mLﬁagﬁ 1.73
waze3dn ldiiandayanasyuanlilundianssiuams
afiddall
3.1 nanaaudnad (Respond times)
1. JuuuLLy

27N Figure 9 WU MNWANMINARAINY
41 Corner Open Pie Menu W@ iaaauanad (Respond
time) gaﬁq@ iaa‘ﬁum fa Pop-up Linear Menu, Pop-up
Open Pie Menu a2 Pop-up Close Pie Menu ena&1éu
suluunLYEN 9 uaadlads Figure 10

Respond Time (ms)
g

150

Pratom . Condition 2

F # Portree . Condition 1

- Portree . Condition 2

Pratom = Children

Portree = Adult age

Condition 1 = holding condition
Condition 2 =laying condition
Menu 1 = Pop-up Linear Menu
Menu 2 = Pop-up Close Pie Menu
Menu 3 = Pop-up Open Pie Menu

Menu 4 = Corner Open Pie Menu

Menu

Figure 9 Mean of respond times, Grouping by menus, Split by age group and condition of usability



Vol 32, No 6, November-December 2013

Pop-up Linear Menu

Pop-up Open Pie Menu

Application of Pie Menu through Tablet 813

Pop-up Close Pie Menu

% &

Corner Open Pie Menu

Figure 10 Design of four menu types for compare efficiency and user satisfaction

fafansanfisanauansnsvas Respond time
1uﬂ§u;ﬂ%ﬁo%u@wuiﬁ Jduuuy 19 4 wanenITuegng
Iiddymeaiiafiszau .05 lay Respond time V8931
wuuLpuy Corner Open Pie Menu (X=330.49) 11NN
3UuLULWY Pop-up Linear Menu (X= 298.54) Pop-up
Open Pie Menu (X=271.77) W82 Pop-up Close Pie Menu
(X=260.84) enURGU

wiifiafiansmnlunguildiiduglnagwudi
respond time madgﬂ LU Pop-up Open Pie Menu nu
Pop-up Close Pie Menu LLag respond time ‘Ha\‘igﬂl,l,‘.l_l‘l_lmhb
Corner Open Pie Menu nu Pop-up Linear Menu laiuan
defuathaliioidmiaiaiiszdiu 05 ud Respond
time ﬂladg‘]_ll,m‘i_ll,&lkh Corner Open Pie Menu (X= 233.34)
1411nN31 Pop-up Open Pie Menu (X=201.39) W&z Pop-up
Close Pie Menu (X= 196.25) a1 dingd1Ayn9gna
ﬁli:éfﬂ_l .05 WAz respond time ’USGEULLUULNH Pop-up
Linear Menu (X= 228.99) 41nN31 Pop-up Open Pie Menu
(X=201.39) waz Pop-up Close Pie Menu (X= 196.25)
adnliiiuddymiadafisziu .05

mmﬂumﬁ:'jﬁgmmumw Corner Open Pie
Menu dagunniusasdu vnldiaaldanway dlidadls

nanlumdumuazdadulaionuudas wiuwndzduny
mymué"uﬁﬁaLukmgiﬁ@‘hl,muuﬁ 877% 397 AT respond
time ﬁgﬁﬂ’j’lgﬂLLUUL&IKB’JGﬂa&J%GaEN Respond time wa4
EﬂLLUUL&IE} Pop-up Linear Menu 17nN791 Pop-up Open
Pie Menu L8 Pop-up Close Pie Menu Lﬁaﬁﬁmmwmu
NYVaIANFUNZINUITLEN qﬁmzjﬁ;ﬁ%'ﬂmuﬁa Respond
time °1IE1\‘1L3J‘1¢LLLI1JLﬁ%@]i\‘lﬁuﬂ’ﬁ’%&l’mﬂ’jﬂgﬂLL‘]J]_IL&H;JL
2snaw Selumnasasadsil wadlafidwluaungenag
IS
1.2 ngvany

laRasan Respond time muﬂa‘:wmqwu
11 Respond time 289L@n (X= 360.05) 41NN31 Respond
time va3§ma (X= 220.77) ataliuddynshan
5260 .05 neraLduiwszin n (7-8 1) dasldinanlu
mathanudla dum uazdaduls snnnd glweg (19-25
1l) 39%1 14N Respond time ﬁgan’j’maa;ﬂmgagmﬂ

1.3 @AEMIITNULALLE

NI Respond time AURNITNNT LT
9% WU Respond time luamuzﬁuﬁmﬁmwaguuﬁ
maLLﬁuLﬁmmnﬂ'j’lamazﬁﬁau,ﬁmﬁmagj s laifitiy
fadyneadafissdn 05 Meitoradumnetn ligld



814 Pattanakitsiri et al.

ssfaufiudansonsuividaliunlde Aldidenvinned
aauazmaneiussluudazanazmslduing e
lunnaaadldlavinnsinuariimeesdiarialuan
advanad lglaifaenundaussltnuuinibalu
anziaaedle liuanensi
3.2 MWDNea4 (Accuracy)

MNMTAATNZATaRANAA WAL RBNAN

aauvaduy wud lasmufianugndas (98.95%) lay

J Sci Technol MSU

L%yuflﬁdmiﬂm'smqﬂLuﬁagimzﬁumﬂﬁamﬂﬁq@
(X= 4.32 - 4.76) I@]UE?JLLLIU Pop-up Linear Menu il¢in
m?z‘ygaﬁqﬂ (X= 4.76) uazlwZasanumaunsauiozi
wyanlfnuusuividalassgnagadluszduannts
mﬂ‘ﬁlﬁm (X= 4.21 - 4.58) I@UEULLUU Pop-up Linear
Menu ﬁmmﬁygdﬁq@ (X= 4.58) aftanadumszin 3
LUULNY Pop-up Linear Menu Lﬂ%EﬂLLuUL&JHmmg'}uﬁ
finsldnuegidudszdagud ldgldifaanuduean

307

20 \

Error
7

age
e s e eeeeee PortreeCondition 1
—— Portree.Condition 2
== == = Pratom.Condition 2

Pratom = Children

Portree = Adult age

Condition 1 = holding condition
Condition 2 =laying condition
Menu 1 = Pop-up Linear Menu
Menu 2 = Pop-up Close Pie Menu
Menu 3 = Pop-up Open Pie Menu

Menu 4 = Corner Open Pie Menu

Menu

Figure 11 Accuracy, Grouping by menus, Split by age group and condition of usability

Q’Lmyjﬁm’mgnﬁaa (99.61%) NNNI LAN (97.68%) 813
Humwzin eninsdasulalunsiiandiaeuladivn
dlva wazgdlngjonvaziasfivszaumasilunsldnugd
WUL Linear Menu 3nudalunaufiaiae Suuuda @ vinlie
ﬂ’ﬂ&lﬂ:’%mEISJ’mﬂ’J"lLaﬂ“?]lvl,&il,ﬂf;lﬁﬂi:ﬁm‘rﬁmﬂ%ﬂ’ﬁl’ﬁj’m
annaw dudafananaluglnafhesnn Seldananan
VINANNLANGAIITEWING 2 RN zmInulaatnataan
TnpdaRananafiind uuaadlees Figure 11
3.3 anuftanalavasgld (User satisfaction)

1) §ldaugduuuiuy Corner Open Pie
Menu mﬂﬁlqw

2) mmﬁawa%mau;ﬁﬂuﬁaomuﬁmi
1°ﬁawu°?'1lazmniﬂmwnmuhsagius:ﬁumnﬁamﬂﬁqﬂ
(X=4.21 - 452) I@]EJEIILL‘.LILI Pop-up Linear Menu ¢
Laﬁﬂgaﬁﬁg@ (X= 4.52) IuLéaﬁﬁﬂ’lﬂ“ﬁ\‘i’]uLleLﬁ’]&J’]iﬂ

LLﬂ:LﬁﬂIﬁlvlﬁx‘i’]Uluﬂﬁﬂ’ﬁmu&l’mﬂ’i’]LﬂJhLLL‘LI‘]J’J\‘malI‘ﬁIﬁﬂ’Ii
TFanwlaiuwsnans mmﬁumsﬁmﬂdawalﬁ;ﬂfﬁ@'j’n%
mm:auﬁﬁwmlﬁmuuuuﬁuLﬁmmﬂn’j'n,uhl,l,l,umanau
FIs LU atslsfianannsdsnang@nssuvasy
Iflusmevimineuuuuseunin wud dlinasanld
Idldlafunsneunuugouauiniingg RN
m’numﬂ@hwamia:gﬂLLuuLuhLaai’mazl,ﬁﬂ@ﬁ;ﬁm e
azuunagiis=dv 4 usz 5 lapdmlngy waitldanms
ma‘uLmuaaumuhd’mﬁ;ﬁ%’ﬁaﬁmﬁ51'\1"[,1]mm:ﬁa:ﬁ']
RERIAELERR G

dyduaniinaaag
omﬁé’sﬁlﬂumuﬂ%amﬁwﬂs:aﬂ%mwmaagﬂ

UUULUY 4 WUy fe Pop-up Linear Menu, Pop-up Close

Pie Menu, Pop-up Open Pie Menu &z Corner Open



Vol 32, No 6, November-December 2013

Pie Menu Lﬁa%mﬁ:ﬁ’hgﬂuuuLukmnaufmmm:aw
fazhanlEnuusuiividansols wazIULLLAIYINAL
1@1“?%mm:amzﬁmﬂ%@muuuﬁuLﬁ@]mﬂﬁq@ lasnns
maaunwﬂ%\imgﬂl,LuuLukkﬁy'a 4 funguéaing iuan
Fuan 41 au uaz gwaidruwan 40 au Fnsnasevdali
dlifend (uuden) Wasafivdland uazrimufivtaya
NAADUALEY ULATANDNGDY Aathan3e et wio
Fnanuuugeumuiediaseilusinasnnuionala
NANNTITUWUIN Corner Open Pie Menu Midianaau
FUDI gdﬁqm iaa"'ﬁum fa Pop-up Linear Menu, Pop-up
Open Pie Menu a2 Pop-up Close Pie Menu ¢na&1éu
LRTWUTN namauauawauﬁnﬁumﬂﬂ'jw;ﬂmy'ama
Sinddyneaiafissdy .05 uafIaAUELDITEY
gz uIRes Ao ama:ﬁ'ﬁauﬁmﬁ@ag LAz
amazﬁuﬁ’uLﬁm'magiuuﬁaw,l,ﬁmﬁ@ lduanenemu Tu
mumadmﬁmsw:ﬁﬂsz?m%mwﬁmmmgn@Taowm"]
wnifadafanaaninniglng uwazludiuvasannuis
walawuin ;ﬂ‘ﬁ"’ﬁaugmmum‘ﬁ Corner Open Pie Menu
mnﬁ'qm Tusuzasanuazainlunsldnuluuuiay
§19¢) (Ease of Use) anuaunsnlunsifoudsuuuiay
@199 (Learnability) ez mmmm:awﬁazﬁ%w@m 9
IFnuunuAULEe (Suitability) ;‘ﬂ‘*ﬁ’tﬁﬂumu Pop-up Linear
Menu ﬁumnﬁqwiunnq b

VDA UIE

1) gﬂmewﬁaaﬂauﬁlﬂumimaaa WDugyl
wungsnauiugmiusnautesldiRo 8 wy udlu
M99 Luksﬂaﬂﬁyfuﬁﬁhmumﬂ nWiTeReaasf
azﬁmsaanLn_mLuyfaanamﬁLLﬁﬁmﬁwluﬂs:Lﬁuﬁ AaLiia
izé’u%maawwﬂaw (Menu Hierarchy) %oluﬂaﬁ;ﬁuﬁﬁ
wagdteiisuitymludssadudinauasolils
MINA I UBUNLLRG

2) nwuafildnmyisewuin dssaunmsalln
milFruuiviEainenaasinadolszinsnwlunsls
1 ualnnuddeidllagmdesestlusgiuil Ssmsia
Usninludamasszaunmsallunmsldnuufividadas

=) =\
naanIIsndsznd
VONTIVVOUNTLA 819738 @307 LT TWuun
& a P o & vo 1R &
&z 819138 a3 3770 Wasduns Nlalwedsnsnneilgm
BasGoulazilaniTie ufiuwde uaztiomniolusin
fiunwiasednig vanuvaunszamk dan asen fieas

Application of Pie Menu through Tablet 815

suauulunn gi3asuazaasiumaslasurionasanlag
ARDA UAZTANTILYNIZAUATALATITEY 4T 133IT
i Walsungufs wazena13d Agnytiud Ujnowng i
aasidupsztiomianawALNUNNTaYRIREIRA
ldded

1@anaN3919d9

1. Ahlstrom D. Modeling and improving selection in
cascading pull-down menus using Fitts’ law, the
steering law and force fields. Ln: Kellogg W, Zhai S,
Veer G, Gale C, editors. CHI ‘05. Proceeding of the
SIGCHI Conference on Human Factors in Computing
Systems; 2005 Apr 2-7; Portland, Oregon, USA. New
York : USA; 2005. P.61-71.

2. Callahan J, Hopkins D, Weiser M, Shneiderman B.
An empirical comparison of pie vs. linear menus.
Ln: O’Hare J, editors. CHI ‘88. Proceeding of the
SIGCHI Conference on Human Factors in Computing
Systems; 1988 May 15-19; Washington, DC, USA.
New York : USA; 1988. P.95-100.

3. Hopkins D. The design and implementation of pie
menus. Dr Dobbs J. 1991;16(12):16-26.

4. Kiermasch J. The Comeback Of The Pie Menu. [serial
online] 2000 Aug 04;1(1):[4 screens]. Available from:
http://www.centigrade.de/en/blog/article/the-come-
back-of-the-pie-menu/. Accessed June 22, 2012.

5. Brandl P, Leitner J, Seifried T, Haller M, Doray B,
and To P. Occlusion-aware menu design for dig-
ital tabletops. Proceedings of the 27th international
conference extended abstracts on Human factors
in computing systems. New York: ACM; 2009. P.
3223-3228.

6. Ecker R, Broy V, Butz A, and De Luca A. pieTouch:
a direct touch gesture interface for interacting with
in-vehicle information systems. Proceedings of the
11th International Conference on Human-Computer
Interaction with Mobile Devices and Services. New
York: ACM; 2009. P 22:1-22:10.

7. Vaittinen T, Vilamaa T.P, and Piippo P. Design
issues related to pie menus for 5-way joysticks.
Proceedings of the 4th international conference on

mobile technology, applications, and systems and



816

10.

11.

Pattanakitsiri et al.

the 1st international symposium on Computer human
interaction in mobile technology. New York: ACM;
2007. P. 564-571.

Miyamoto M, Terada T, and Tsukamoto M. Design
and implementation on a pie menu interface for
analog joysticks. Proceedings of the 2009 ACM
symposium on Applied Computing. New York: ACM;
2009. P. 154-155.

Zhao S. and Balakrishnan R. Simple vs. compound
mark hierarchical marking menus. Proceedings of
the 17th annual ACM symposium on User interface
software and technology. New York: ACM; 2004. P.
33-42.

Samp K, and Decker S. Supporting menu design
with radial layouts. Proceedings of the International
Conference on Advanced Visual Interfaces. New
York: ACM; 2010. P. 155-162.

Au O. K.-C. and Tai C.-L. Multitouch finger registration
and its applications. Proceedings of the 22nd
Conference of the Computer-Human Interaction Special
Interest Group of Australia on Computer-Human

Interaction. New York: ACM; 2010. P. 41-48.

12.

13.

15.

J Sci Technol MSU

Banovic N, Li F. C. Y, Dearman D, Yatani K, and
Truong K.N. Design of unimanual multi-finger
pie menu interaction. Proceedings of the ACM
International Conference on Interactive Tabletops
and Surfaces. New York: ACM; 2011. P. 120-129.
Yee K.-P. Two-handed interaction on a tablet
display. CHI '04 extended abstracts on Human
factors in computing systems. New York: ACM; 2004.

P. 1493-1496.

. Asus R2H. ProductWiki. [serial online] 2004 Feb

23;1(1): [2 screens]. Available from: http:// www.
compare.productwiki.com/asus-r2h/. Accessed
September 20, 2012.

ISO. EN ISO 9241 Ergonomic requirements for office
work with visual display terminals (VDTs) -- Part 11:

Guidance on usability. Berlin, Germany; 1998.



