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A Study of Trajectory Mapping Method
as a User Interface Design Tool for Mobile Devices

Suk Won Lee + Rohae Myung
Division of Information Management Engineering, Korea University, Seoul 136-713, Korea

In mobile device’s user interface, menu organization is very important as well as menu structure because
small display of mobile device. Menu items should be organized based on user knowledge structure to
design user-centered interface. Traditionally, MDS (Multidimensional Scaling) have been most often used
to expose users’ perceived organization of menu items. But, information that MDS reveals is just relative
spatial location of concepts and not relevant to concepts connection. Unlike MDS, Trajectory Mapping
explicitly finds users’ cognitive links between perceived concepts. This study proposes a Trajectory
Mapping technique for eliciting knowledge structure, especially a set of cognitive pathways linking menu
items, from end user. With twelve participants, MDS and Trajectory Mapping were conducted using
cellular phone’s menu items. And user knowledge structure was analyzed through Visual Concept Map
that combination of results of MDS and Trajectory Mapping. After then, menu items were organized
according to users’ perceived organization. Empirical usability test was also conducted. The results of
usability test showed that usability, in terms of task performance time, number of errors, and satisfaction,
for newly organized interface was significantly improved compare to original interface. The methodology
of this study is expected to be applicable to design a user-centered interface. In other words, Trajectory
Mapping technique can be used as a design tool of user interface for imposing user knowledge structure on
the interface.

Keyword: trajectory mapping, knowledge structure, user interface design tool, menu system
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2.3 Multidimensional Scaling
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A 21y BoA WO 2 g 9] B S 22 E AE
SHA @tk 18] 3L W4k W (interpolation)ol] ©]3te] AS} BE] 7id
Abololl A = Sl= A 23 s AdEEHA . A,
(2), 20y e fol| B APk Folzl s ol 9fll=
X, 2238 a4 Sieh A%k BAlolol e &
50| 7FestA| %= B -Hnot feasible) ‘XS AT = 9131, A
St BAtol ol 7d o] BEo] YA FoA W tiE Foll A et
thA+o] Q1= 73 $(feasible but not sample) *+--* S A &gk 4= QI T}
‘"= Ast Bl AElE tdo] del 3F F U ol EEE
A e PR 7-Hdead end) 2B S 4+ ITKRichards
and Koenderink, 1995).

B AFo M= 99} 22 Trajectory Mapping B A}-E whe} [A}
873 A4 ofeldl Sl e EA 94 HE
sisick BARAZOA 2170) ol ool A=
HAFI 72492 F 7] 7HES AdEeA & H, 7L =719
Ndel £&58 AZ8HA S 18] AL Trajectory Mapping &
Aol whet A1), 22), 23y A A sttt 1278 ¢ 2P
SolA 247} 15314 18] WAE +HHES 05, F 180
e} (A8 AR ofel|lE Atol o) d 2 A A
= 2

F2
o=
s

R

3.9 23

3.1 Visual Concept Map

(A3 27417 ofol ¥l o] gk MDS ¥4 A, ALE-A}
7F AZbata e il obolslel tie oAl 144 9]
T <Figure 2>9} 2t} 9% ke d3lo) 71 523 7)1
Ql Fgp o} #AH w37 ofelEl Eo] X3 A, ] 72 S
Fude AFY s o} AAE v ofogl o] 9]
8 itk 22l 29 AZS FHlE o 7HA Rt 7]
7 #HH w5 ofo]dEo] YA Utk o] MDSS A=
RSQ = 0.66°0.2 A o] Frhil & 4 gt} 3}A| %k MDS]
Ao 2= (A3 A1 7 olo|RIEZRH Q1A E Y
G2 A AR & 5 S B NEEC] o9A dE

9ol A4 T2E B GEA 25 ek
o] = Hsl7] Yl MDS] F7H2 A 1} 99| Trajectory Map-

ping S B3l Aoizl NEEZY A4 JeE dFHU A
22 ¥ A5} <Figure 3> MDS9| 2 1}9} Trajectory Map-
ping®] AZ}E A3 Visual Concept Map©|T}. <Figure 3> &
Sto] AHEAZA AZE (4587 2R ofo] A5
B4 975k QA A2 E AZH 0.2 stotel sk

Visual Concept Map £ A3} 7|2 |77 7+29+= &3 o
B ARALY A4 25 wEs T (A7 A (7] §
FTRE A4 MENA AR Mwe 71E wa F2AA (At
AA-F3 AT 8kl Hlol A AREAH A
A Fsh ot #HEE vy ofolHEF HoA 9]
, AHEEE 78715 A A-AIE A AL, (AHE S
W AW B AL (A AA-7
UEHI AR FEHE AAA 9Z2E o] F itk
13} WA A g e A 718 vl R0l A
S - g /A A1 okl R E
A5 o] UAT AREAS] A4 FRAME et Y’
o} FAE w5 ofol Rl 57 oA <F3p o B E vy o}
53 A A8 AL, IAA A8 G A A A
A - A A3 EA A g FElE Ha lok AR A}
2 (7HEt 44 2718hd el tiate] 71wl 79k o
2A AR -7 A7 e AT e A =
71she] e = AA 25 FAska ok

ot F

BN ot |

=2

]

oy

]

o off
it

I

M oa® o &

FHe e
ot 4]
EY
=

fr W o mx 9 1> oo o

S

32w FEAE

MDS9] Z3}9} Trajectory Mapping 2] A¥}E- 233} Visual Con-
cept Map®] £-4 AHS v}go = (AH-83 A1 ofolHl
S0l thete] 2L w7 725 e stiek [(SA1- s A
A e &3 2817 8k vlwE AL, (4]
AL 1Y) He s AL MESAS AAF T U]
o AW o v E T8k piA R (7]
gt A4 2718kl e b2t Aol skl E



Btel 717]9) AH8A el s o] 2 A

Al =2 4] Trajectory Mapping ¥} o] 3 A+

OPINE 3
/ A olmsyy  CSeMZREIY
1 T AAIEREE boumnpynay
aprpfgne  CEFUER | oHuM SR ALY
J _‘A | J,l'
FNHE NN D gy \O7ISABRR
[t Ha1 A % g
ri
\_ OB MY
S oF e NP
x e ONHET|4}
B8ty Nseyn
H=gauy
2 e o7}t Z 7|8t
I oumrgsRELY T
T omany N\
| opfl x| 4 /
. ostniztiy 7 4
. -
] o . _ootopE

Figure 2. MDS 2 3}

Fa

LE e wHEDT
#_!EIE
e R L (
HEHEwyad HNSMBEE
sk g
aguHs

24

7| gEsREZ2d

284 0JE{=21=t

Fhm2hdd =) 5

X T
-2 T

0 1 !

Figure 3. MDS Z 3}9} Trajectory Mapping A Z}&- A 33} Visual Concept Map

21



22 o] x4

STk <Figure 4> AHEAY] A4 25} AAHES A2
A 3 o],

’aﬂ *A/2

—  sstaw

=
8
B
=
g
=

| 2mmstzy we

—  simaz
g
— maam | amagad =ois
LT s :

[ aswez 4| mamgzm
L

|| mangsss ‘
azm

L ueus sz

— uzwszm |

| [ wzwsma |
\ azm

AR A2 F2ol| 7128t JPEE W F2E B,
71E el M= (g /A AL skeloll M (=41 s}
A A g7t E S A A1 skl 2 AA ST o= A
g0l F3P et 212 AL Ae Aol o] It
A FxoA [F3} AR AZE Ao R /‘37‘%‘3}- e
3 718 vy T2 153 2419 ok Hlw AR (A1 A
A1 H137] geRE A1 MES T 4719 73—‘% A= A
e vy FRAAE 758 AR & w2 FAEE U
t}. o] = Visual Concept Mapol] YEPF AR H, AFEAFE0] A
2k, HR7 geRe, VEZ o thg g S BF A=
o] AlFeFE o] 715 0= 2 Q7] Wj#olth ETE X
718} wlFrobe BEA et A 2718he e 2]
o a9l w2 FAHAE, ol AHAREC] 54 7]l
g 271ste 1 7)% AR 94 A o] AZehs 9w i

4. 252 H7KEmpirical Evaluation)
ol A Trajectory Mappin

el 720 AL
AT,

Moz A2 e Khg 87 A
Fap] dstel 431 %718 4

gﬁo
O
39S 7

R
4.1 %7} Wy
¥
A B7LE 8 AR SR E FEE Yagy ol
o Hojz= Qe o]0l A WA AE H o] Q1 H o] 2~

Aye 71&9] AA A7t A=ES vl T2 <Figure 1>9]
1, T A Qe ¥ o] 2~(Q1E ] 0] 2 B)E Trajectory Mapping B
0 2 N2 /)¢E w7 2 <Figure 5>0]t}.

Rl L)
« SMBEAEY

W CLEEE]

B7sW &3

Figure 5. AF&-4 ¥ 7o) AFRH o &g o|E]

ZEHE T A 9] (IS0 9241-11, 1998)0)] W} &8
A(efficiency), & I} (effectiveness), T (satisfaction)S A4S
Atk &GS Sfdt] AAE Fdsted A8 As
S7slAth A HAE AR Tk St T
A oeld) 2 ZAsAt dde A4 A TS
A && BE7} ofbd & AR Y i oboldE 23S
W2 G DEE 2HL skl HAg] 43

2 913 of ABjslo] -] ol e MEA Y B A
o st 94 A=14 : vf-$- Evt 37 . BulEs) 54 .
HE 78 05,98 1S UEHE kA ATk

(2

loru

l

U=
Z 5}
R I = ]

2 29 Al

A B7HE flte] & A9 tidol © A oY E SPH-
w2900 HEZED F 22 QIHFH | AE 7HA dlEHo]HE
Flash®Professional 8% ©]&-3}] A 2Fa}H T} <Figure 5>+ A}
24 gylo] A12-H o B o] olt). o g o]E = o H o]
2 A B7F R TRHES A&t A& olHE 19inch
LCDEUYE | 75mmx155mm Z7]2 B ojF¢l a1, w48z
Z 0] BALS uFA|3}7] 95t o Bglo]HE 4¢3 ZUE ¢
U] B2 3 AR 2 7L

,qzx Hale nfe A 8o 2 W, AZAN, & & 9,

3ol Ha 2 HES A EA BA) £S5 gk
FAGA A F L AR Slate] i HES 2
ot 3 Az vl B F 27 715 H Y, 3] S vt
An FE WES FYSE 9 A2y g AR 7|
o] g H.



Bt 71719 A+-8-A Q€ 3] o] 2 A A = E A Trajectory Mapping 33 o] g+ A7 23

3) A3 A
242+ ) DA A= & 571A Y BAE
A7} 483k 571A] Al = T 2T

ey 549

A 1: AR Sl = A A A S Al Al L.

I 2: A H 0 gl WA FoRES &) Al L.

A 3 th718bE 9] AJZEe] 124] Z]E A 244] 7102
ﬁo]‘/\] Q.

A 4: Aoz AR 9le MEYD A MEEE §

T2 WA Q.

A 5 e S 2713} 514 Q.

HA S e5t7] Aol WA 55 2pel| Al A AIE w5 ofe]
o] 7153 ofulE et star, & ghetslR] Eahe A
o= AwS 3l FUch Z47te] A 3 Atolol = 387t F

ANZEE A gl S a e 2R Q3 EHE WA|EY
). 28] o] & Icarry-over effect)yS A3} 517] 98 42t
o] QA NA AAE A 2] 42A4E Balanced Latin Square
Designg ]85} ZAstAth

4 3497

Z 209 AAAACEA 135, o1 77 B ASH AL
2 712 il Bojsk. 0m9) AAAAE 1094 F 2
£ 0 2 0] Between-subject Design® & AH S A A3} T}

2 A NAEA 25 e olx A 717 ol BelolE)2
HYS AN, T A FAFA TFE el o) BE
7 gl olE 2 A8 4ASET R 0 884 1

(24 69, A 49 tholE 21~334(M=26.50, SD=3.74)0]
, MEZ AL 717 T~119(WM=9.20, SD=139)0|t}. F ¥
A JAFA 253 78, 94 3%)9] Yole 24~364
(M=273, SD=330)0]1L, HZE A}L7)7HS 7~11E(WM=9.50,
SD=1.35)0]t}.

}11 bzt

4297+ 2%

(1) A =3 AIZE

QI #H o] Afolof] ;e FHAE Pt 73 A7+, &
AHE <Figure 6> 7 2}, QIE| 3| 0] 28] &}o] 7} ALg-AL9 JHI
3 A|7to)| v X = 98-S ¥ 71el7] Y5)ed Student’s T-test S
AABFATE A 1, £18) = 2.20, p= 0.04; A 2, £18) = 2.78, p
=0.01; IA] 3, £18) = 7.56, p< 0.001; F}A]| 4, £18) = 3.83, p=
0.0012 QIEj#| o] 2ol w2 Ht Akl E Zpol7} AR S
o o]& SAA R Fostgltt Qe F o]~ B AHEALE
< 2 wre] g w5y ofol’l& Zoprt HAE 3T
4] 59) 730l Qo] 2ol whE HF e AIbo] o 244
28] A7} SIAA T FAH 0.2 Foj8hA| = 9kt «18) =

0.48, p=0.63.
WoiEnjol~a EolE§o|As
70.00
6000 ——
Z S000 —
&~ 40.00
=
3000
<
K 2000 [— —
E]
1000 |— —_— —
0.00
IR 1 oA 2 oA 3 A 4 %< K
CIE{EO|A | M=57.58 | M=3771 | M=43.39 | M=4811 | M=26.03
A SD=33.83 | 5D=25.53 | SD=10.89 | 5D=21.68 | 5D=15.17
CIE|HO|A | M=31.63 | M=1507 | M=1643 | M=21.39 | M=23.59
B SD=15.81 | SD=3.10 | 5D=3.19 | SD=3.92 | SD=5.56

Figure 6. Q1E{ ¥ o] 2~ A, BO] IA|H HF =3 A| 7+

@l 5

QEjs|o] 2 Ztolo] we A Hit o2 S}, 2EH
1= <Figure 7> 3} 2T} Q1] 5| o] 2 o) W} Bt o Y 3149
21l & H71e}b7] 918k Wilcoxon Mann-Whitney Rank Sum Test
E AAEG T BA 1, Z=-2.208, p=0.03; A 2, Z=-2.01,
p=0.04; A 3, Z=-4.05, p<0.001; A 4, Z=-3.47, p=
0.0012 QIEj#|o] 2 ztolel] wE Pt ol g 39 Aol &7
AR ottt 53], AR&AHE <] QE|H| o] Bl A 2}
A 2,3,4% £ Aol A9 @7 HAsA gk o
Ak 347 59] AS-o) = olE)H|o] A HF o 2] 35| 2o
7} e EkA] gttt Z=0, p= 1.00.

WojEEol= A TAEBO[xB

4.00
<t
o 300
G
F 00
0.00
A1 iR 2 iy | o= | i ]
SIEHO|~ | M=490 | M=1.60 | M=420 | M=280 | M=170
A SD=242 | SD=217 | SD=228 | SD=181 | SD=2.06
QIE{HO|A | M=230 | M=0.10 | M=0.00 | M=030 | M=1.00
B $D=2.26 | SD=0.32 | SD=0.00 | SD=0.67 | SD=0.67

Figure 7. Q1E{ ¥ o] 2~ A, BY] A H HF o 2] 314

B)AHEA ST

QIE|#| 0] 298] Apoof| o gt ARE-ALe] Bt THEES} HFEH
A= <Figure 8>3} ZTh THEE A QIE # o]~ BE AH-E
W= 7.10)7} QIEfF o] 2 AE A& W (M= 2.60)E.T} =%k
o} Qe go] 29 zfo] & AMEALS] WSO = £ o) S 3
| HthZ=-3.85, p< 0.001).

o)

¢

m[o ;0



24 o] 44

8.00

6.00 |

500

Wr 4.00
&l
300 |
200
100 |
0.00 !
OlE{EfO| 2 A OE{ 0|2 8
M=2.60 M=7.10
5D=0.84 SD=0.74
Figure 8. Q1E{ 3| o] % A, BS] AR} BHE &
5. 8 9

MDS H'H 3} Trajectory Mapping HHH-2 017k 2|2 25 A
250 2 olahals] AN 88 W 0.2 AHE5I0] THGI-
bert and Richards, 1994; Lokuge e al, 1996; Richards and Koende-
rink, 1995). & AN E AHEA7} A AE AHE-E T
R A= A F2E A4 R 8] 18]
MDS HHH 3} Trajectory Mapping WHH S AFESA T 712 AT
M o]t Z2 S B8, Aok o, #EA 53 o] I
B urallel) BAZ A ADES L2 AEA,

SR T B A M= o T-E B A= 3 (hierarchical) 7|
§ PAE AEES IPCR 33 4EART, MDS THE

Sajo] 2157 AT 25 i olold 5ol Wl 4ol
o2 o9 3T AEA & 5 AAAY, 1EUS B2
= & 57t 01 ATk o] 21 & &A1 4 E Trajectory Mapping "
S Fote] SESFAL, AHEAR] QA A E(cognitive map)
o F4E G MRS B AN TEE AZAO o
A 4 AT ol & AT AR W0l AZH A
Sol 0 A%1e) A4 FEF ol 2 B8 5 9%
2 o
Trajectory Mapping W' 0.2 FZH AlE2}9] |4 £2

HiE o 2 2§ A o] 2E /WLt 71E QIH 3 O]Zi
Sh AN Z At QI # o] 2of] thsted AREA H7HE A8
o AR B2 AR AR AFE S A E e Qo)A
AREE g A 7 A7 L SRS BYTh AR
7F Apde] k= B AT obol Bl 4l w2 A Zohd A
2, AHeel A4 Taot AHee ABHol2r) e
AR A B A= FEE 7FsstA lF] dEolt o=
Aejso] 27} AREAFE A4 29} AR FL FHEE
Helth= 7129 A% (Hayhoe, 1990; Lee a al, 1984; Roske-Hofs-
trand and Paap, 1986; Shurtleff, 1992)8] A3}9} Y= etc}. 1811
H A3 AHE E8) A Trajectory Mapping ¥ 0. & Al-8-2}9]
A4 F2E St S FASHE Ao Rosch2002)7} A

P

3

R

okt 5 71A] DA A, Cognitive Economy : Wl A| 28-S F
oto] ARG AL A QA A o AYge] JHE o
S F AEE {7t FAE o 3ttt 4, Perceived World
Structure : Wl 7= AU I glE $4E et FAS =
ARG AL A7 A8 TR FAH0L BhE
z u].e = H]—mo] S ¢} &= 9114_

BB, 359 A% A28 ATl 28 AL 1) He
A2 o SIS BAAT FAH R FoohA = sk
ot A 5ol th gk AR B7F 23k B A 22 QlE # o]~

£ AddE o] 7} glo] BRIt skAuh & AAE F3st=
o 24 F Fit —’Fﬁé‘ AlZEE B b0l 7 ATH Magsye) -a
= 212.82%, Moo = 108.123%, £18) = 624, p< 0.001). &
=7 Al ”H 45} 53], 4= 7HHL1_ Qe F o] 2= AREA}
o] A4 F2E Wgsto 7HHL Qe o] 20|t} AFgALY
A2 F27} g E E ol A Batdd 7]7]9 A2 HaE
SISl WA A8 4 A 83 2 02 o3
(Ziefle, 2002), A FHE AaZHolo| M FB AFS GeHo7
7}58H) 3l tHWickens and Hollands, 2002). 131 22 34 4
P S F3k Zol7} flriete QI H o] A Al
AHEALS] A 2] P27} g E] o of gt

B

o
iih)

o

2 AN Bt 22 A

S, A} 264 71719) <)
AIC A s e Hifed A
Mapping "} o] AH-E 7 SUth MDS9| 235
Aol wEldel FAJH o] Sl w5t otolHEel tigh i3
RS & 4 AL, Trajectory Mapping®] A3E F3j4 NEE
79 x];ﬂ AAAHE & 4 9tk

E A, Trajectory Mapping H'H-2 & A Lol 4
AE 71 g tig <17t ZV—] TE
BEIE kel 9l54o] 33 388 5 ek

webs] 2 AT 2HE T3 G 5 UK 0| Trajectory Mapping
W AL A4 TEE B Rekd 717)9] Bl
2 S AT BRA 72 A4 4 ek

lru ol

l‘_‘

Allen, R. B. (1983), Cognitive Factors in the Use of Menus and Trees : an
Experiment, /EEE Jaurnal o Sdleted Areas in Communiatian, 1(2), 333-336.

Amant, R. St., Horton, T. E. and Ritter, F. E. (2007), Model-Based Evaluation of
Expert Cell Phone Menu Interaction, ACM Transaaion an Canputer-Hunnn
Inceracion, 14(1), 1-24.

Gilbert, S. A. and Richards, W. (1994), Using Trajectory Mapping to Analyze
Musical Intervals, Proceding of the 16th Annual Conference of the Cgnitive Saenee



kel 717198 AH-gA} Qe # o) 2 AA| B2 A Trajectory Mapping 1 o 33 A 25

Sadey; Atlanta, GA.

Haung, S. C., Chou, L. F. and Bias, R. D. (2006), Empirical Evaluation of a Popular
Cellular Phone’s Menu System : Theory Meets Practice, journal of Usallity
Studies 1(2), 91-108.

Hayhoe, D. (1990), Sorting-based Menu Categories, lnternatianal journal of
Man-Machine Studies; 33(6), 677-705.

1SO 9241-11 (1998), Ergunanics Requirarenes for (i Wark with Visual Display
Teaminals, Pare 11 : Guidanee on Usallity:

Jokela, T., Koivamaa, J., Prikola, J., Salminen, P. and Kantola, N. (2006),
Methods for Quantitative Usability Requirements : A Case Study on The
Development of The User Interface of a Mobile Phone, Pasaial and Uhiquitaus
Conputing 10(6), 345-355.

Kiger, J. L. (1984), The Depth/Breadth Trade-off in the Design of Menu-driven
User Interfaces, Intermatianal Journal of Man-Madiine Studies; 20(2), 201-213.

Lee, E., Whalen, T., McEwen, S., and Latremouille, S. (1984), Optimizing the
Design of Menu Pages for Information Retrieval, Ergmanis 27(10), 1051-
1069.

Lokuge, I, Gilbert, S. A., and Richards, W. (1996), Structuring Information with
Mental Models : A Tour of Boston, Procading o the SIGCHI Canference an
Humn Faaars in Conputing Systars, Vancouver, Canada.

McDonald, J. E., Dayton, T. and McDonald, D. R. (1988), Adapting Menu
Layout to Tasks, /ntarnanianal Journal o Man-Machine Studies, 28(4), 417-435.

Miller, D. P. (1981), The Depth/Breadth Tradeoff in Hierarchical Computer
Menus, Proweding of the 25th Annual Meeting of the Hunmn Faaars Sodery; Santa
Monica. CA, 296-300.

Norman, K. L. and Chin, J. P. (1988), The Effect of Tree Structure in Search in a
Hierarchical Menu Selection System, Bduviar and Infarnmdon Tedindlggy; 7(1),
51-65.

Norman, K. L. (1991), The Psydidlagy a Me Sdeaion: Designing Cognitive Canerd
at the Humn-Conputer Interfacg, Ablex Publishing Corporation.

Norman, K. L. (2008), Better Design of Menu Selection Systems Through
Cognitive Psychology and Human Factors, Humn Faaars, 50(3), 556-559.

o] 4 ¢

et AN 28 Y B F 8k St

et R A G2 AR 219
A 25 A2k

TRk IZEE s Ul

Paap, K. R. and Cooke, N. J. (1997), Handbodk o Hunan-Conputer Interaaion, 2nd
ed : Chapter 24. Design of Menus, Elsevier.

Park, K. B. (2000), Multidimensianal Saling Kyoyook Kwahak Sa, Seoul, Korea.

Parush, A. and Yuviler-Gavish, N. (2004), Web Navigation Structures in Cellular
Phones : the Depth/Breadth Trade-off Issue, /nternatanal Journal of Humn-
Conputer Studies; 60(5-6), 753-770.

Richards, W. and Koenderink J. J. (1995), Trajectory Mapping(‘TM’) : A New
Non-metric Scaling Technique, Peraprag 24(11), 1315-1331.

Rosch, E. (2002), Faundadon of Cgniaive Psydhdlggy . Care Readings, Chapter 10.
Principle of Categorization, The MIT Press.

Roske-Hofstrand, R. J. and Paap, K. R. (1986), Cognitive Network as a Guide to
Menu Operation : An Application in the Automated Cockpit, Frgmanma;,
29(11), 1301-1312.

Shepard, R. N. (1962), The Analysis of Proximities : Multidimensional Scaling
with a Unknown Distance Function, Pydianzerrika, 27(2), 125-140.

Shurtleff, M. S. (1992), Menu Organization through Block Clustering, /nternaaio-
nal Journal of Man-Madhine Studies, 37(6), 779-792.

Snowberry, K., Parkinson, S. R., and Sisson, N. (1983), Computer Display Menus,
Ergmama 26(7), 699-712.

Tang, K. E. (2001), Menu Design with Visual Momentum for Compact Smart
Products, Humn Faaars 43(2), 267-277.

Ware, C. (2004), Informution Visualization: Peraption for Design, 2nd ed., Motrgan
Kaufmann.

Wickens, C. D. and Hollands, J. G. (2000), Engneaing Psyddogy and Hunmn
Perfirnune 3rd ed., Prentice-Hall.

Ziefle, M. (2002), The Influence of User Expertise and Phone Complexity on
Performance, Ease of Use and Learnability of Different Mobile Phones,
Bdhaviar and Inforrmtion Tecdhndlggy; 21(5), 303-331.

Ziefle, M. and Bay, S. (2006), How to Overcome Disorientation in Mobile Phone
Menus: A Comparison of Two Different Types of Navigation Aids, Hunnn-
Canputer Inceraaion, 21(4), 393-433.

3 = 3
EEREEREEEEE AL
M.S. in Industrial and Management Systems

Engineering, University of Nebraska

Ph.D. in Industrial Engineering, Texas Tech
University

HAGTYY 05

ot
3
kel
BEAAY. )
=
9[_1,
El
ol



