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Abstract: Nowadays, a number of methods on model-based user interface development (MBUID) have been applied to deal with the
diversity of users, devices, environments, and development platforms in a pervasive computing environment. In general, those methods
attempt to specify a user interface once on an abstract level, and to run anywhere by use of model transformation. Due to the limitation of

task model used in the current MBUID methods, however, it is still an open question whether the generated user interfaces can meet
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usability requirements in a divergent context of applications. In this paper, a task model based user interface development framework is
proposed for modeling and implementing effective, efficient and satisfactory user interfaces. In order to cope with the usability
requirements, a novel perceptual control theory based task analysis (PCTBTA) method is presented to specify the user tasks in a divergent
environment, in which the context information is introduced into the task analysis process, and the interaction content is reflected at a
higher level of abstraction, providing the task space for usability design. For model transformation, a method is provided for converting
PCTBTA task model into a variety of interface models. Finally, a case study is provided to illustrate the feasibility of the proposed method,
and the effectiveness of the method is demonstrated by comparing it with other methods in terms of availability and performance.

Key words: task model; perceptual control theory; usability; model-based user interface development
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Fig.1 User interface development framework based on the PCTBTA task model
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Fig.2 PCTBTA task modeling process
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FICERST A PCTBTA T 45 BERLPREL BTS (KA 5 BREEAT RAR R R (0 B 3 Fiow).

(1) 28 1 R AT 25 Hh 1R 52 i IR % s B4 25 17 41 .

FESCHRITT] A, BRATTEE T PRAN A 5000, L BRI R 3 20 AT PCTBTA A5 8 A B GIIAT 45 (1) D4 280087 R 1
M2 KB A2 856 22,45 8 LR SO SRAT 45 2 41 ETC 3l 3k 20 A 30041 200 07 D) 2% 45 B8 vl 572 o 47 00 RO 45 5 471
BN SEHAT 55 7 %45 FTC.

IR, KRAUES B S ARG IFEUES T4

BN IRIITS T

i AN R W DR 2R AR R AT 25 7 81 4R

SRR 1L A O BT 45 72 AR AT N [ S e R 2

YR 2. MR IR LG A 2T 25RE (1 5% W) DR] 3% 5 B A A 2% 2 TR 1R G 3R DA B G AR A S 40 4 4 A TR s e 46 5
FAT %5 HAR I — AT 55, 30 1, PCTU FITlE N — sk M BT 55 2 5 3 3 BRI vk an R

o NANE AL RN NRR B R TS5,

o NMIWHRRGHAMES ZE AR SRR, AE K FZ RS 2B R RIMAES;

o NITHFEHEEAT S Ik 0T IR 0 R AR R A — B 08 R AT 5%

o TR FE ST 55 0 AT P I B 00 R A R 26 G AT 45 1 B F) — J2 1R 3% 8 00 3R AN TR 56 22, 4R

P U0 58 G 1) AR, AR AR AR R A B RO R T 45

B3 WD | DI 2, H 2 T K % Ay B S AL 4 — AT 25 B AR BT R, 2% SR AN AR
AN R D A 20N 5 6 Ji5 1R 4T 45 17 81 FTC

IR 4. A BT 55 7 AR A I8 1) 5% e R 2R

IR S, KR BRI R A BL AT 55 JF 51U 9h B FTC 44+

LB e. EENNRATDE S HELET PFra Ik E.

Wi LA BRI, Ay LA 0 B AN SRR TR 2 AT R RE KA 25 7 4.
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(2) % 2 5 PCTU KT 45 741 R ER ETS.

W1 B SCHTIRETS 48 0 AR R I S5 (04T 45 226 2 48 LR — AN ETS KT 45l LLR 7R 76 [’/ — A F P
LG H ETS AHRE R AT 55455 20 381 J5t THT St I ASE 20 260 4 iod st o (0 D A1

EFXERA CTT £55 R R MAT S BRI 2] BTS AR I 7E SCHR[8] T 4 8 U T AH G 78 PCTBTA {14515
R % 7 LS LOTOS 455 R AN, I 52 SN R W PR 32 22 7] 1) 0% 2R AR SCR T SCHR[12] T (4 D7 Ve X 86 56 R g
AT TE Ak (338, A AT S A5 8 R 2 I ETS 2438 ZE A (L3R 3).

Table 3 Executive logic of influence factor relationship

R 3 HMHEXRMPATEHE

FETE AR R (t, it2 Ir= replaceiincompletej

Root

E

Invoked(Root)— Invoked(t;)A—Invoked(t)
Invoked(t;)—Performed(t,)
Perfored(t,)—Performed(Root)
—Perfored(t,)—Invorked(t,)
Invorked(t,)—>Performed(t,)
Performed(t,)—>Performed(Root)

AR (tl it2 Ir= replace_complete]

Root

b

Invoked(Root)—Invoked(t;)A—Invoked(t,)
Invoked(t,)—>Performed(t,)
Perfored(t,)—Performed(Root)

1 2
TR R (t] it2 |r= choiceiunorderj
Root Invoked(Root)—(Invoked(t;)A—Invoked(t,))v(Invoked(ty)A—Invoked(t,))
Invoked(t,)—Performed(t,)
0 Invoked(t,)—Performed(t,)
7 i Performed(t,)vPerformed(t,)—>Performed(Root)

HIPEH KR (tl itz\r = choice _ order, Priority(t,) > Priority(tz)j

Invoked(Root)— Invoked(t;)A—Invoked(t,)

Root Invoked(t,)—Performed(t;)
Performed(t;)—Invoked(t,)
(*) Invoked(t,)—Performed(t,)

Al 5]

Performed(t,)APerformed(t,)—>Performed(Root)

% 3 1, Invoked R R fil AR 2, —Invoked 7R AR Al IR S, Interrupted 2278 IR ES,—Interrupted KRR
12 Wtk 45 Performed K71 58 IR 2, —Performed 38 78 R 52 BOIR 2.

FRHE LA 126 &R 2 M AT I (R 3R, F S04 T A5 PCTU BT 45 /7 41 $2 ETS (197 1% S e
first(PCTU)¥8 PCTU (1 MUAT 45 P 411 ak b R ST 5GP A1l HR 46 1 30T 94T 45, Body(PCTU) R BR T first(PCTU)
CAAR AT 45 576 A 2 1 FEAAT: 25

o WAL AR PCTU WA AT S5 MG L — U BRAG S0 3R 5 Wi IR 28 o g 4 T AT 45

e PCTU it\r = choice _unorder ,first(PCTU)5 t J& T [f]—/~ ETS,Body(PCTU)5 t J& TANFI M ETS;

. PCTUliPCTUZ]r=choice7unorder,first(PCTUl)L? first(PCTU,) )& Tl —4~ ETS,Body(PCTU,)5

Body(PCTU,) )& T-A[F ¥ ETS;
e PCTU it\r =choice _order ,PCTU 5 t J& T AN ¥ ETS;

e PCTU, iPCTU2 |r =choice_order ,PCTU, 5 PCTU, J& T-AN[F] 1 ETS;
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e PCTU it\r = replace complete I% PCTU it\r =replace _incomplete ,PCTU 5 t J& T AN [E M ETS;

e PCTU, iPCTUz\r =repleace _complete I # PCTUliPCTU2 |r = repleace _incomplete ,PCTU, 5

PCTU, J& T [ 1) ETS;

o PCTU B K M 5% 5 5148 n A 1) FTC .

(3) % 3 5:ETS MEA

WRAGFAS EST #0%F R— Al 7 S TH AR 7T 6 H B % 1 3 T2 20 0% 38,3 - |0 7 1A 0 B0 A AT T 4
A AR A () e R P K 2 7 )R] WP A 3 8 (19 e 2 o o) 8 e 22 5 B LA 1 SR A ke PO AT 45, B A 40 1o 320 R o4 AT
HEAMTAE TR —A ETSHAE W UG R e AT BB AR 1,0 13X 26T 45l LAY il & /8 h — AN ETS, 78
[ —/N ST b R
3.2 METSEIXIEEE B4 1%

of U A 280 FH Sk 1 P 5 R 2 R A LG AR AR RS T e A T R R S R RE IR 9 2 B 1 I AR
TS K AT G FE S AT T, IR TR X i 2 T AR B o Rt T A TR AT 45 A ) S AR AR
B TR i — AN AR R D Rk F P ST R Sl R IR AR A T B SRR N ETS B0 35 AR 2 1) 7 48t o 72 0 4

o 35135 ETS 2% iF (KIS

o A WA R 2 58 AT 45 A (020 TR A A 6 B 55 [ P 80 R — A BTS. AT 45 A5 2 Jia) o) 3 A58 280 42 36 (17 1k
TR BIE ETS BT 45 20 A i A8 v 10 Bo7m 78 WA O FH P b5 3R 0 X 136 11 P 28, 00 146 2 ) [ e 4 ) e T o AR o
RS TS o 138 T LA 43 Ay ] — ST P 38 (98 % 3% F0AR [ R T 2 1) 5% 6 A 25 T PCTBTA J7 v 1T - F AR A
T FE 0O 5 AT 25 U 8 ORRF — B0 R 1T A 2R i AAATE 55 55 Y e 7 A PR AT 45 B TR R A A A R A A R S5 B 2
B,

o EB 2 IR IR Z N PR A EL 4 B STN.

9 T TR b AR 6 E 2 () ) A e 4 6 R, ,PCTBTA 77K STN 77 sU /s X iR 7 2 [ ¥ 4% 4% 75 STN 1,
BTE— A RS — AR B4 B ] DUFR I 5 RS R A U (R AT 45 5 FAT: 45 S AR AT 1 45 R R R — A
AL 45 FpE R[] AT 45 SR AT DAGE R G A T AN A IR A AT 5 FAE AT I 45 R AT LAy o 3 8 3AT IR sl 3T
S SRSCATAE G A AT S SR SR AR 2 I S BR1 43 S AT A AT 5 3R I IR B A w] R RAT AT 5 A
AR B AEAS ETS % B STN A — A5 05, U A9 250K AR 4 78 (AT S ZEAE N 132 bR id a8 i AT 250k
AR, 7T LARS B3 5 T IR (R84 6 &

3.3 MIEEE R RERE A iR

B TAT SR B P AT R i 5 — AN BT RAE — AN ) FH 0%t 1 % rh e Gk AR 2 B MK A 2
B S I 1) A e RIUBE AL g S gh H P R E AL b s ERIWT S BRI, B A T ST E
HA R I A0 A Ty A S 7 aC AR AR MK I A A 28 5 IR R R e 4 1o AR LA

o 125\ STN T AUT [ st ik 72

FEUFEH A 71— AR PCTBTA (L4 i B 48 5 S B oR AR 8 % 3R oR ETS o BTl & 4T
G5 AT E T SR S0 A 2% R BIE STN Hhob] 3 bR AR 8 460 (¥ 4 3k, A= B 42 28 B %) %2 (abstract interaction
object, B FF ALIO)Z [A] 2% 48 5 28, LA K S 1T 2 18] (1) 5K 3.

o 2\ AUI B CUI HI#:#e.

CUI £ 1 B AR%8 H %) % (concrete interaction object, fiIFR CIO)H 1, CIO 2 ] 7 v LI S0 211 UT 5244, 4
SPIEHE. fZ4 . BbR. T HFIERSE.CIO A ATO L4k 1M K A0 IR () ATO <3 15 % FI A8 THL T 3 [ A [ v LA ke
BAZA CIOAEEHd i, B B LU F AR Z: 27 O/ AR, IR, Bt fnas 57 =0
. EE . ).

e 5335\ CUI 8 FUI )44,
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B 2 FAR B SR E T S (W C,C++,Java Himl 55)SC8 CULAR 2 1 5 2 A8 U S 1 A s 2 0 P 5t

I FUL

4 Rz FZEH
b PCTBTA J7 12 HE s, AR LUK 58 5 0 22 45 S 49, 3508 56 T PCTBTA AF 45455780 fry FiY ) S i F R ol A

4.1 ESHMEEDE
A2 el 5 T 2R G 8 27 A R B BRA R T P 4R B 55 AN [ B T P A5 AN [l A5 P A 85w xR e 1) SR AN [+

S BUAR el ], O P SR AR G (0 45 B AT I 55« U 5% DA o A B i B D) BRI B A R IR 555 ok 2
EAR AR AT B (K S 0 55 T 3035 S AR 5C (R R 55 AR 0 W (KD A A P 4 s

e e Fhammm LRI &W/ﬂﬁ)"z
b AR [l BRI B, S Rl /4 I IES)
L EACRENL] Mo i i) PR AU Lz fsyi LS B A
(R E R | | (EHPE SR | | (e b R I BTATRIRHAE 25 PR G
E{TH ONH IR A B A R AN P

Fig.4 Task decomposition of campus navigation system on goal-oriented level

K4 RIS HRSE RS H bR RS o) fif

7E PCTBTA J5 ¥, SUVF Bt 40 58 55t v HEAE it R P (00 A ) L ey 1 L o e e v ol T B2 A
K455 50 E Lo PCTU,E AT AR —NJST R 4138 J5UTE 5 T AT 45 S ST IBR AR, 58 1 P e AR A ) A5 ol
LA GE 10 73 A, BEvE 52 LK) PCTU LK 4.
Table 4 Definition of PCTU in the campus navigation system
4 RIESFMAZLT PCTU IE X

A BoRHE AL E i A P A2 1) {5 BN 1S 5 5 FH Hb ik
(DisplayMap) (CurrentLoc) (QueryLoc) (QueryPath) (Introducing) | (RecentAct) | (AddressBook)
F %éiné’lﬂ%j?ﬂx BHP A EEAEDRE 1PND] 2R b ilﬂl%ﬁ ‘
Hii | 24%kBE fﬂﬂF{rEHﬁ ﬁ&iﬂ@fﬁ@ ﬂ:ﬂﬂﬁ)ﬁi‘l{‘ P 2 TP 1 fﬂ)“%:ﬂi
Hﬁfg’%' 1\7?15 B 4\;7%“{451%" é@,ﬁ;ﬂ‘]ﬁ%% 5B i&ﬁﬁiﬁ FRE D) Hb kA B
- wonfEHhE b | BoRTEHE bk WoR{EHE E i LiES RS
i;ﬂ Wi Wi Wi i A R R R s

H T M BT B, SO 328 JORS el 5 fT 28 &8 P 1) e 4 0 IS RO AR MR (1 S K B IR ) PCTBTA 5%

(K 55 S AL K A T A 20 11 A e

FEHEARE B A B R, — 2000 A [l A 02 % FH P A SRS I 3 0 R 4 e 8 S I i A2 2 IR 45 SR A PCTBTA
JTE T AR AU 55 (0 LA B
(1) 28159128 0Hr.
VUMM P P BARFIERE.

> M

HEH
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> M H bR AR R B S RS A B % R I B AR
> IRBER AT B AR

o NGBR3 M 58 B AR A W AT B 55 SRIBOIS AT B SR AL B T T A RS
R ARAE - AT IR

o HWZEMMAHr(IE 5);

Table 5 Type of interface element in path inquiry
£5 BRI A R R

1% TCH B TTEFM
FRUGES A7 from AR
R A B to Al AR

H A determine ] YRR
R R display paths A Hir A%
B H exit Al AR

(2) 2B 2 AL A AT,
o SN R REAN S A R 5
> RIPGE S AT 45 H DA RN B 52 i PR 25 A0 45 PCTUCH RT A7 B ) PCTUGE #1376 301 PCTUCH
FARAEY, E AT A 7 R AL 2 PR EGE AT A7 B 1A A2, LU AS TR 1 7 SR, 365 B8 I P st s
AT 25 E b 300280, 1) 5% e R 22 6365 R e VAT IE B RIS 4 47 AR U
> RN ST BT 45 P AT RN R R R A HE PCTUGE WAV 3h) 1 PCTUCH FI k), 31 i 5%
15 e R 25 03 R R A IE TSR 28 0 B A
o HTARIRI R N WAL S B, ARG G G DL I ERAE L B NS B SO R A DL R A B S A
PR3 AE SRBGE i A7 B AN SR 28 i AT 5, — MRS 00 T B FH P B SN B B % A Y IR R
Rl ] I, R Ge 2 F 7 S 44 22 o] B804 21 H AR 1038 428 (1 7 1B . 2400 o1 R0 1) 5 ) BR] 38 A7 AE I, &
GERENS I I 25 H P S A1t S Ut A A0 R %o S g
(3) 28 3 lid A WO 18 BRI AR 5O PP AT 55 40 BT 1 45 4L
PR AR AW R T T B b2 AR 55 308 5 A 55 0 AT ) A B 15 B [ PCTBTA AR5 AL Q] 5 B,

from determine display paths exit

(default: @ ) (default @ )

r |
LI o

External 1nﬂuence External 1nﬂuence H1nt Display the closest 1nfor'mat10nI

Exciting factors Inhibiting factors Exciting factors Inhibiting factors

CurrentL P Input value ) Input value
Hrentoe PCTU] does not match RecentAct 1P_CTU;[ does not match
RecentAct PCTUI[ ' AddressBool PCTUI[ %@

hlnt re-input o hint : re-input
AddressBool {; PCTU[

Fig.5 PCTBTA task model of path query
K5 i) PCTBTA T 454578
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WHEM T, S P BRI S ES GTC{from,to,determine,displaypahts,exit}AIL:‘:F‘,gf‘(ﬁ)(@)ﬁﬁﬁ(from)
FHSR I Z& R A7 B (to) 4T 55 B i AN 1T LA AR 3R IR, By DK I s SO BT 5 28 B e AT T (R 48 AT 25 9 L P SN
(user_input), Rl : % A BN B L Ab 2 m P I, 7522 H 7 A O S S B A TS I L R e LR 6.

Table 6 Task definition in path query
F 6 BAEUPAESIE X

Task name from to determine display paths exit
Task type perceptual task perceptual task interaction task system task interaction task
User goal starting position final position get path information exit
Displayed variables control variables control variables control variables | only output variables | control variables
External influence Y Y N N N
L. CurrentLoc_PCTU RecentAct PCTU
Exciting factors RecentAct PCTU AddressBook PCTU
AddressBook PCTU —
Inhibiting factors input_notmatch input_notmatch
Action hint: re-input hint: re-input

42 FRERBIMENITE
421 WMESBRIRIR ETS
AR5 3.1 15 BT R 1 A 2%, N PCTBTA AT 454524 1| ETS )3 e 45 LL R D3R,
(1) 585 1 5 SR AT 55 vh 0 56 i) DR 38 Rl 7 AL 55 P 4 .
A A 9 B AN ISR 55 BRI 5 (From) ISR X 28 R4 L (to). H
o ALE MBS TS N T N A E S S frome T [t=user _input() ;
o RN RLN N AT F, = CurrentLoc_ PCTU,F, = RecentAct PCTU 1 F, = AddressBook _PCTU ;

o NTHEFEYUFALE HEREES KRN A EEFRLR lfli'l: |t|r = replace —incomplete , i

B 56 IAT CurrentLoc 145, i 5 2% e, AT user_input 1T-5%;
o AN EE HHERIE WIE ) S AT 2 MR P E R OGR!

F, Ry |t|r = choice —unorder ,F, Ry |t|r = choice —unorder;

o PRSI IR FE N B 8 S e v 1 47 ARSI IE F, = input _ notmatch .

5 R B T R AR AL, 2 a5 A A A A RN R

o RIS toeT [t=user input();

o PRAENAYBNMA E: F, = RecentLoc_ PCTU A F, = AddressBook _PCTU & 4115 B 48 4F 4% 2 T 1y 2%

- R -~ . -~ R - .
%: F,—T |t|r = choice — unorder, F, —T | t|r = choice — unorder ;

o PEAEIILN (KK % F =input_notmatch .

AR LA L 23 #r, mT LA 21025 B8 A0 52 i DN 35 R B A2 B0 AOAR 55 1P A1 B 6 ) 6 P,

(2) % 2 5\ PCTU KT 45 741 - EX ETS.

FER AR AW AL 55 P IR 6 h A4S 3 A PCTU: A7 B S s A0 bk, 303X 3 A PCTU HEAT FiiAk
HLETRWE 7 iR,

A 3.1 TP AR 1 ETS $-BUMER G 1K )5 v, 7 AR 31

e ETS1 {from(GPS/wifi),from(input),from(RecentAct),form(AddressBook),to(input),to(RecentAct),

to(AddressBook),determine,exit};
e ETS2 {from(input),from(RecentAct),form(AddressBook),to(input),to(RecentAct),to(AddressBook),

determine,exit};
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F PCTBTA /=448 ¢4 B P oo T & 7 %
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o ETS3 {from(GPS/wifi),from(input),form(AddressBook),to(input),to(AddressBook),determine,exit};
e ETS4 {from(GPS/wifi),from(input),from(RecentAct),to(input),to(RecentAct),determine,exit};

e ETS5 {from(input),from(RecentAct),to(input),to(RecentAct) ,determine,exit};

e ETS6 {from(input),from(AddressBook),to(input),to(AddressBook),determine,exit};

e ETS7 {from(input),to(input),determine,exit};

e ETS8 {display,exit};

e ETS9 {hint(GPS/wifi_notavailable),choice};

e ETS10 {hint(from_notmatch),re-input};

e ETSI11 {hint(to_notmatch),re-input};

e ETS12 {hint(task fail),display the closest information}.

GTC
from determine dlsplay paths exit
FTC
from to
|
CurrentLoc Ll_’_C_T_[ﬂ RecentAct PCTU; 8 m
RecentAct u’gﬂ{.ii‘HAddressBool PCTU! wJ =)t
AddressBook [PCTU| determine display paths exit
| =refien |
FTC
1:']=fr0m input_notmatch Action: . —H—I—@
hint re-input
F,=to input_notmatch Action: —}H—@
hint re-input
Action:

E,=form _fail || to_fail

D0

hint gisplay the closest information

Fig.6 Task sequence set of path query
Ko mizEMMESIFIES

}'pc"fu_;'CurrentLoc

ch @—[—]»

input display
FTCS

F =currentlocation input_notmatch
F,=GPS/wifi_not available

F,=currentlocation_fail

FTC —H%—

GPS display
0-+0

hint re-input
OO0
hint choice  display

O-+0

hint display the closest
information

{PCTU| RecentAct
1""""""""'

e ) B
display the list choice display activity
content

IPCTUl AddressBook
1"""""""‘"

GTC —_—

display the list choice

Fig.7 Pretreatment process of current location, recent activity and common address

AHRLE S I B AN T sk AL B AR

K7
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4.2.2 M ETS FI 145 7Y 1) 4 3

A ETS Fon i85 1 n DR IUAE [ — FR1i i P9 25,0830 ETS, AT 4 ATl F2 o i B s A8 it B - 5
ARG AN E R A 6 E 2 0] R e 406 R AT LU I STN B Sk 3R % A2 7 ) (IR A e e B 4 8 i, L, ETS1
HWIUEIRAS, ETS8 Fll ETS12 AT 55 AT I #E vp i n] 232

Address lok[fail]

GPS [fail]

Fig.8 STN diagram of path query
K8 A A i) IR A e i

4.2.3  HOR TR 2R 3] S IR 2R R A

ETS 1T & AL 55349 0 J 7 AL 55 R T PCTBTA J5 1058 SN BN I AT 55 80E SO — A s 28 B i
7R AR R Y, AT LA E MR TSR Bl S S (K E 4 E TS Hh AT 555 Sk o AR A (0 1 0% R LR
703 STN P& A RN B A0 35 10 Sl s A i S Y, vy DA B A 780 10 ) it 5 S T R T 7 i B 2B a1 94 1 10
Jhos.

Table 7 Relationship between the task and the display variable type in ETS of path query
RT HAREM ETS IS 5 B 28 B 6 Bk &

ETS ETS L7 I0{T 45 S A ETS | ETS{u T4 A SN ETS | ETSIUFIMT% WA A ION
from(GPS) from¢AddressBook) single_choice to(input) text_edit
from(input) text_edit to(inputy text_edit 1o(AddressBook) single choice

ETs1 from(RencentAct) single_choice ETS3 | ioeAddressBook) single_choice ETsé determine activator

from(AddressBook) single_choice determine activator exit activator
to(input) text_edit exit activator fromginput) text edit
1o(RencentAct) single_choice from(GPS) to(input} text_edit
to{AddressBook) single_choice from(input} text_edit ETST determine activator
determine activator from(RencentAct) single_choice exit activator
exit activator ETS4 1o(input) text_edit ETS8 display object_output
from(input) text_edit to(RencentAct) single_choice exit activator
from(RencentAct) single_choice determine activator ETS9 hint(GPS_notavailable) feedback_output
from(AddressBook) single_choice exit activator choice single_choice
1o(input) text_edit from(input) text_edit hint(from_notmatch) feedback _output
ETs2 to(RencentAct) single_choice from(RencentAct) single_choice ETs10 from(re-inputy text_edit
1o(AddressBook) single_choice ETS5 toginput) text_edit ETs11|_hintta_notmatch) feedback_output
determine activator 1of{RencentAct) single_choice 10(re-input} text_edit
exit activator determine activator hini(task_fail} feedback_output
from(GPS) from(input) text_edit ETSI display the closest information object_output
ETS3 from(input) text_edit ETS6 from(AddressBook) single_choice
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from[guccess]
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from{success]
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fail]
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from[success]
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[notavaliable]
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exit
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A e-input

[fail]
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Fig.9 Abstract user interface of path query
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GPS [fail]
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[success | }\J{nput
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Fig.10 User interface prototype of path query
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5 XLLaih 5i%fh

M T IS T PCTBTA AT 45 M - SLTH R 73578 e, AR S0 M T R R 1 6 T L L 782 (1 sl
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Tt Al ot P S BRI AT 8 1E . IR b, A SO AR 7 v 1 b e ot R R SR T b AR 5 o T A6 T R T 9T
RIS AN [ 5 3% A6 AT 45 S A % T A st R e A 5 £ T P TR 3R 4 0 B 3 T A T D SR 52
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AT EE PR A
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TF R FE R A M 5 T R 3B B4 06 ke 58 36 e A 8 11 3878 7 AN [ 7 25 A8 B 45 5 W 4 4% A B 2 J iy 7t ik, G
WK F HTA FI CTT Jy v AT 45 1, B T Gl > o PR 45 B Il 3R, 5 803 A= B 11 P 3 T A0, 45 3 155 S 1)
{255, A 45 T 7 SR AL B8 22 DBEAZ B (1 m] 8, 4 R I8 68 1 4% 26 20 281 1) b B 7 84 RV AR T 7 I i N 558,

HTA
find paths
1
2345

| User input ‘ User input ! er ‘
| from to | i
________ 7
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Table 8 Usability factors considered at different stage of interface development
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