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ABSTRACT

Objective: The main objective of this study is to propose a user-centered assessment metric for ubiquitous services.

Background: As the ubiquitous era took off, the interactions between ubiquitous services and users have come to take an

important position. It is essential to conceptualize a new assessment model that considers human-system interaction capability

with a user-centered design perspective. Method: The evaluation model for the interactivity of ubiquitous service was

approached from the concept of usability and inter-personality of services. As a validation study, suggested assessment metric

was utilized to evaluate the u-Home service. Priority weighting of each assessment metric was derived using the quantification

type-I analysis. Results: To evaluate interactivity, this study suggested a quantitative metric for user testing performed after

classifying the interactivity characteristics to contextualization; ubiquity; user experience; and service capability. Conclusion:

This study suggest the metric for the ubiquitous service that are experienced in real life, and introduced the concept of

ubiquitous service interactivity. Application: The suggested evaluation metric can be used to evaluate interactivity level of

ubiquitous service and identify the potential problem and usability requirements at the early stage of service development.
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1. Introduction
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2. Related Studies

2.1 Research related to ubiquitous services and inter-
activity

FHIAEL Aul2sl BAE ATE AR sl
5] A sk Ao HFE 5 AR AFH FA

B7hE 919 e HEAES 4,

9] BEYE gl /1RAe AT Bao] gtk 7
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ol weto g FHEEo] 7]e7 sito] FFE ATk Steitz
etal, 2001). B3 theket 3§ An| o)A Sl Ve

2 A3l (context—awareness) o] th3k Ao Ao

o] BZ+¥ ¢tk (Barkhuus and Dey, 2003; Barton and
Kindberg, 2001).
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Table 1. Key components of interactivity(modified from Heeter, 1989; McMillan, 1999)

Component Related researcher Components used
.. Ku(1992) Communication connectivity
Connectivity | 1. 'and James(1998) Connectivity

Personalization | Lieb(1998), Dholakia et al.(2000), Wu(2000) Personalization
Neuman(1991) Sendr s conmunicain
Zack(1993), Pavlik(1998), Yuping and Shrum(2002) Y
Hanssen et al.(1996) Functional Lo
Bezjian-Avery t al.(1998) unctional communication

Two-way Communication between consumers and manufacturers

communication Mutual communication
Ha and James(1998) Exchange, Mutual exchange
Heckel(1998), Cho and Leckenby(1999) i
ﬁg%%?fé%gf b(1998) Human to human gommunication

Communication direction

Steuer(1992) Real time participation
Bezjian-Avery et al.(1998) User control

Controllability | Wu(2000) Crossed user control
Coyle and Thorson(2001) Perceived controllability
McMillan(2002) Control
Miles(1992), Hanssen et al.(1996), Rafaeli(1998) Responsiveness

Responsiveness | Ha and James(1998) Response, responsiveness to users
Heeter(1989, 2000), Wu(1999, 2000) Perceived responsiveness
Novak et al.(2000) Time required for interactions

Time McMillan(2000) Time sensitivity

Coyle and Thorson(2001) Speed
McMillan(2002) Time
Hoffman and Novak(1996) Search

Searchableness | Wu(1999) Search or navigation
Haubl and Trift(2000) Quantity and quality of information search

Feedback Anderson(1986) Real time feedback

Ku(1992), Straubhaar and LaRose(1996) Immediateness of feedback

A, ARL, WA, S o= eE S Yrk(Table D).
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2005). FHIFE 2 v M 53] FAA e
o] @7E=, ol YAYE AMu|x 837 7P o)
2P s zpol o) tAE A = AFEIL SF=
eEAoR Sy glal AR HFEE s o
7t BlwA ko], ARgRe] A3 Al el SRk
AE o) A7} Wg-ah= WAA] dsAg-S zheth 28y
FHIFE 2 Aol A = AEFHo] A7} iAol oiglal oheF
St Ql/& 24X 2 (multimodality) A& oA ARE-217} <1
218HA) B3t Al AMulAgE WA He 5A1E deAkg

9] EAS AYA FH(Christensen and Olson, 2002;

Peter et al., 2003).
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A E 7180 ERV/ERY A e] Ao AT
#8e & A1 27 9tk (Kannan et al., 2001; Lee,
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AEF o) A7} ¥h-g-ah= WAA] A AgS zheth 28y
FHIFE A oAM= Qe o] A7) vl #oigla th
¥t Q/Z 24X & (multimodality) A& ol AFEAE
QIABA] Zegt AeollA] A AE WA H& A4 szt
4°] 545 AYA "ok (Christensen and Olson, 2002;
Peter et al., 2003).
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2.2 Review of existing ubiquitous service evaluation
frameworks

FHIFE 2 A2 Frke)l dE ATrelMs, HIAE A
Y 7ol obd DA A b2 AdEelM frHIFE
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Wo] 285 31=d| (Loiacono et al., 2000), 4% 2§29
SR FHIFEIA Au)A FHote] thef "ubi—SERVQUAL"
o] st A7} X3 AT Kwon and Kim, 2005). &

and Rainsford, 2001; Arnstein et al., 2006; Kwon et al.,
2006). UCDE &g3F 2
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3. Ubiquitous Service Evaluation

Framework

"AREAL SN0 MBI A IT A ARTE GR]FE 2 A
|220lM B FeAde] AxHal itk el BolAl o=
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Table 2. Major ubiquitous service evaluation frameworks utilizing UCD

Methodology/Researcher

Evaluation key factors

Main architecture

4U: UbiComp(2001; 2002)

University, utility, usability, ubiquity.

The first proposal on a theoretical ubiquitous service
evaluation method.

UEAs: Scholtz and
Consolvo(2004)

Attention, adoption, trust, conceptual model, interaction,
invisibility, impact and side effects, appeal, application
robustness.

Development for evaluation method on business
practice case(IBM).

Calmness: Riekki et al.(2004)

Relevancy of interaction, context-sensitivity timing,
courtesy of interaction, availability.

An evaluated technique used on affective(Kansei)
engineering.

3 keywords approach:
CUCN(2005)

Situation sensing, automatic computing, self-growing
intelligence engine.

A technique on an efficiency evaluation per service
system.

TELU: Lee(2006)

Time, event, location, user.

Human-centered evaluation technique.

5 entities, 10 functions:
Ryu et al.(2006)

Activities, evaluation, reception, integration, expression,
functionality, service quality, contextualization, service
and privacy, configuration, coordination.

A user, service, system and evaluated technique per
composed factors(ISO 9241).

3 levels approach:
Jo et al.(2006)

Capability, ubiquity, service quality.

An evaluation on quality level used in user satisfaction
(regression method).

Intel's evaluation scope:
Arnstein et al.(2006)

Configurability and the system administrator, robustness
and the user, extensibility and the developer.

Contents of business practice considered in terms of a
service system, a user, and a developer.
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9] BHAIE 7R AL Q7] wjEef, FHIAE A MuA FES
MR A A7) ol AREAF IF A FrPRES B
& 3lel= Weto] @ It (Edwards et al., 2003; Fleisch

and Tellkamp, 2003).

Figure 12 & A9 435224 metrics 7HE T2~
5 RoFth A5t A2 27 FEoZ FAIESIYE 1]
A A ;\13]/& AT AL £A xS A RRA
A SAX] MR FAAE L2AAE FR]FHE A AR A

9] :IL”Q. Q1S 133 HF metricss AT Zgolth

Classification: u-service
interactivity key attributes

Development & Selection:
Interactivity element metrics

Expert review ——|
(Principal Component
Analysis)

lq— u-Service component unit

Definition: Performance metrics
into u-Service interactivity

]

u-Service interactivity metrics

Empirical survey: u-Home service

(Future home)
v 2
u-Service interactivity u-Service interactivity
questionnaire user testing

[ |
i
Development: u-Service

Interactivity Metrics systems
(U-SIM)

Figure 1. Ubiquitous service interactivity metrics
development process
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Table 3. First classified factors of ubiquitous service interactivity
(31 factors)

No.| Candidate factor Integrated factor

Application

robustness Robustness, sensitivity, capability.

Social acceptance, adjustability,

2 Compatibility interface quality.

Context of use, awareness of
3 | Context-awareness

application capability.
4 Diversity of Source diversity, selectivity, I/O
selection correspondence.

Direction of Synchronicity, equality of participation,

5 . communication ability, interaction
communication
transparency.

Multi-sensory experience, breadth

6 | Experience-ability expetience.

Playfulness, addiction, likability,

7 Fun distraction, attraction.
8 Learnability Training, adaptability.
9 Level of effort Slmphqlty, spontaneity, complexity, user
perception.
10 Linking to other | Integration, interoperability, scalability,
systems integrability.

Location sensing, position-awareness,

11 | Location-awareness | . .
situation-awareness.

Nomadicity, simplicity, portability,

12 Mobility accessibility.

Personal information, personal

13 | Personalization | . ability, customizability.

14 Predictability Predictability of application behavior.

15 Reality Communication context, virtual reality.
Credibility, accuracy, trust, information
16 Reliability quality, confidence in results, confidence

in using the system, functionality.
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Table 3. First classified factors of ubiquitous service interactivity
(31 factors) (Continued)

No. | Candidate factor

Integrated factor

Real-time interaction, intelligent
interaction, transformation, responsiveness
and the perceived purpose of
communication, immediacy of feedback,
feedback or feed-forward, observability.

17 | Responsiveness

18 Safety Prevention, privacy.

19 Satisfaction Interaction quality, mutuality, service
guarantee.

20 Security Error traceability, stability, maintainability.

21 Suitability Interoperability, sharability, adoptability.

22 | System capability | Performance, ability, proactiveness.

23 | Time flexibility Contingency, degree of contingency, time

sensitivity.
Ubiquitous Ubiquitous integrity, real time
24 . . -
connectivity connectivity, connectivity.
25 Ubiquity or Reversibility, need for support,
Pervasiveness | wearability.

Downloadability, help or wizard, on-line
26 | Understandability | help, helpfulness, help content, technical
manuals.

27 University Utility, ambient intelligibility.

Inferencing, transparency, consistency,
compliance, embeddedness, dialogue
initiative.

28 | Unobtrusiveness

Ease of use, quality of use, effectiveness,

2 Usability efficiency, reusability.

User

30 controllability Controllability, modifiability.
31 User Relation immersion, interaction
involvement involvement, user immersion.

she 3109 FulAE A Au) 2 A A
S A7t 2AE S8l 7231 HSh
21 (PCA: Principal Component Analysis) 23}

._
Wi
)
o
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N
flo ofm
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FAS) 981 BAR BAAE PO 2AHE A
o}

AR EES 98 Ao AR A9 F 109

I~

492,
w4e] gl 4

orthogonal matrix input format(Kim, 2003) & 83}
2 F ek FAREA L SAS 8.08 #8349, Varimax

with Kaiser Normalization 3]3S 163] ¥rEEglom,

eigenvalue7} 1 o|Akel 32 V|=og Aw ALE uols}
o] ABE AHsh= Walolm® Ao J§S viEow
eigenvalue 1 o4l gk A 80% <] Ageo] 7153t ¥
TE 4otk

WEe] p7l olds BE WE eld BAjo] ofe)
7 Ao

r

WA 79.3%2) AEEE AU &
=319t (Table 4).

Table 4. The attribute indices deduced with
Principal Component Analysis(PCA)

Representative

. Description
attribute P

* Related to ubiquitous service environments

* The level of the interactions considering the
relations between services and users

* The level of the provision of customized
services through status perceptions

Contextualization
support

* Related to the ability to provide ubiquitous
services

* The level of ubiquitous service user protection
and error prevention

* The level of the performance, speed, security
and storage ability of service systems

Service capability
support

* The extent of the ubiquity of ubiquitous
services

* Ubiquitous connectivity of services and
convenience in carrying devices etc.

Ubiquity support

* The extent of user experiences in the use of
ubiquitous services

» User participation and the degree of effort for
use of ubiquitous services

* The communication direction or response
level of ubiquitous service users

User experience
support

3.2 Metric for ubiquitous service interactivity
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2 AT HE AREA S fElFE A~ ’\131 c}i
284 WA S SEiA F7HRISE 4019 AXdE
o} 8709 5oz T8l Fosiith }%Z}(User)
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(capsulation) & 8t} ARE 7ol = AH|AE Algsls
71§18t =117 Bu 2874 (Output artifacts) = AHSAF
7l@1 (personalization) ol Al 2= AuH]
#5=A ®rh(Table 5).

= AF (browsing)

Table 5. The range of ubiquitous service interactivity
evaluation unit

Interaction Unit(IU) Definition

* The measurement value evaluated by
the subjective judgments of users

* This means users' subjective judgments
and/or perceptions at the time of the
first use of services but once the
interactions with services began

This means the measurement values
including users' experiences

* Perception

User
* Manipulation

« Recognition The tasks that directly require services,
Input are directly associated with users'

artifacts ) works and can be objectively measured
* Service call are included
. « Integration * The measurement Yalue of changeg in
Service systems measured in order to provide
systems . services for the requirements and/or
+ Capsulation needs of users
* This means the environments and/or
. outcomes where user are provided
Output | * Browsing & . Lo . P
. . with services including the results of
artifacts | execution

concrete tasks provided to users as the
results of service systems
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3.3 Evaluation framework for ubiquitous service inter-
activity

B ArellA] e 2823 87 metrice Figure 2
o & F2E FAE Utk FHIFEA s s E)
£ sHt 7%= PCA AE vl o R =23 9|4
E] A~ Au] A $49¢1 Service capability, User experience,
Ubiquity, Contextualization®.& ©]5o}#] Qli 7} $A&
& 7% TR A 4, BE T e r
FEACE 7 ek ?i—‘;—% Table 73} o] z %54
AEZ FAFY 9o ZF =4 ¥ FTA metric 10
o7l AAA metric 4091712 T =] U

FHIE AHl 4B AEA Y BYe SPUsEo] 5
S s, A A0l Se) A 3
27} Hn] HEAQ o] 2w wa AFS S A oE)
o Akl QTS Falol Ak M5 G A%
2 ANSEL frolaA ske WAES AR, G
AR Soleh. ik 2t PG e Al e
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Table 6. Example: interactivity of ubiquitous service metric
Measurable criteria
- - Metric Derived measure di?o;/rcg J
Component Attribute Indicator (modified/adopted)
Usable input method or
L .. Mean number or .
various interactivity degrees . . * Type, applicable degree of
. . e degree(questionnaire . . -
Various(multimodal) (keyboard, stylus, audio input, . multimodal interface
. . . . & user testing)
u-Service input artifacts touch screen, etc.). (iy)
i if: haracteristic t . .
input artifacts | charac ensic o use Usable degree of multimodal . . * Applicable degree of same
(sensor, u-Service(Recognition) . . Degree(questionnaire . . .
g devices same service X function with multimodal -
actuator) Unitability or functions. (i) & user testing) interface
u-Service adjustability among :
systems u-Service components Service coverage * D¢ = Successful distance Seffah et al.(2006)
(Integration) Usable range of requesting the | distance = Dc Degree based on user's location
service(sensing distance). (i3) | (questionnaire & user | * Recognizable degree of -
testing) use for the usable distance
Data ad]ustab.le d.egree . . . * Data adjustable degree
between service in operating Degree(questionnaire . . . .
. with detail service relating -
and the component of other & user testing) . .
. . . to specific service
. Various(multimodal) services.(sz)
u-Service input | . .
artifacts(sensor, input artifacts * Suitability of service
> | characteristic to use Acknowledgment degree of Mean number or
actuator) . e . . . . defense system for other .
. u-Service(Recognition) | service defense system against | degree(questionnaire \ Lin et al.(1997)
u-Service . . user's access(e.g.: stop of
. Accuracy level of the trespassing of other user. (s3) | & user testing) . :
output artifacts . function, warning, etc.)
Lo u-Service result
(multimedia) . . o
(Browsing & Exccution) Instinctive understandabili * Availability or degree of
Ly Degree(questionnaire instinctive understanding Constantine and

degree of the service function
result. (o))

& user testing)

for provided ubiquitous
service

Lockwood(1999)

Table 7. Example: evaluation factors of ubiquitous service interactivity(S: Subjective measure, O: Objective measure)

he characteristics indicator of u-service interactivity

Measurable criteria

of service and user

yl y2 y3 v4
(characteristic factor) (user experience) (contextualization) (ubiquity) | (service capability)
Participation or rovides serviees Portability and| Level of user
adequate to the situation, : .
effort level of user . . pervasive protection and
. considered the relation .
to use the service connectedness | error prevention

Suitability ratio of service
functions: number of problem

Unitability or occurrence or number of total B - - 0
adjustability among functions. (s1)
u-Service components
(Integration) Data adjustable degree between
. service in operating and the - - - S
u-Service component of other services. (52)
systems
Stability degree of service
Capability of system when adding or removing - - - (0]
providing information | @ service function. (s4)
of u-Service system | Quitability of temporary storage
(Capsulation) saving to provide requested - - - S
function (buffering degree). (s5)
Instinctive understandability
) Accuracy level of degree of the service function - S - -
u-Service the u-Service result result. (01)
output .
artifacts (Brows.lng & Frequency or number of service
Execution) system error during using - - - (¢}

service. (02)
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Ubiquitous service
interactivity

|
Metrics

Function-based Cognition based Activity-based
interactivity interactivity interactivity
I | I
Consist of Consist of Consist of
Service capability User experience Ubiquity Contextualization

Measure Measure Measure Measure

Figure 2. u-Service interactivity evaluation structure

4. Case study
At A= T 7 HAS T L FRE I A=
At metrics®] AR TA HASH AR 0] FLEE
E}OL"G}EZP aoich 5 FHIFHE A AuA A e S
I A BAE ATEkL, W7F AR SRS EES)
o] A Tl gl A Al 94 £95 Bdehs 7HEA
£ AFataat sk 7 HAls fHIFE S Aus g

&40 TIgk AR wsl Aol Qick fulAE S A
2s0) HEAGHE AN AN} ohleh AHg B
oI maPFoRA A4 B 97 B4 B 5 9
£ AAE FYstadt wik

4.1 Experiment design
4.1.1 Selection of experimental target

FRIFHE 2~ AR A28 metrics ARl A7) 4§

i AHIAZ u—home AHIAS AAslglEdl, A4 ol
= A4, u—home AH|2= FRIFE A B2 dH 4=
g Bofu, 7H Al el 2Adsisictal whdE7] o
olth AAZ 2006\ o= 383k Aol 488 Akt
T lglom, A5t Au|AZE 2&A 07 AFE T 9tk
(Ham, 2006). B4, F0]FE A Hu|AE 23 AT 5
AU TAAR A e F5o] AriFow golsith
HFE A e g FFo] AR AT 5= Qs
AMu|27t ofdel, & At o]Fo] 7hsEh FitellA] i
= FAEE Ao glorz AA9L fAlEA e A
A2 AR B84, AAZ Aoke] e1HT)h 314
Wk u—home AB|AE TR FREAA A (R wizho] &
Aoz ARgAE A4 AFT 5 = Anj AFo] 7hs
stk 43S AYa itk

& }.©
AP

125.6m”e] Wz oz FAEon, 1772
FHIFE| A AH| A ofol®lS AlF3kaL Qit) ololRlES &
A=l mge] &, UPIS(Ubiquitous Parking
Information System), SU|E$IAo] #& ujtjojgo| &
HEjrt]o] = FFTV, 174 I wdAzbel, u-
Health, As¥@a7H7AI28, Habggoh, Ao, 48
A g2y whE wA)A], wi ], YRR}, AlEY B

& 57]EL (Organic Light Emitting Diodes), @5 #4 7}
7 TE SHAAH soE FAH Stk

4.1.2 Experiment method

2 Aol ATE metricsE 43k, AREAEY 4)E]
2 A% (anchor) & 78 <lab] 213 AE H7lel Hask 2
A5 MLt 2F BrEale A 270 o]de] o]
WA E S5 54709 F3o] /PEE ) ol & AwA FHE
el Aeds AT B7HA= task—driven 7k}
element—driven 37}2] 2712 |2 A F= et Task-
driven 37}= task—scenarioZ 7|HFC. 2 H7}E Qo w,
element—driven H7F= FH|FE A AMu]A PG40 2
W Ase THeE 7T AY A 4%
home AB|AE A7lshs AR E33Fe] 77119 F7kellA
10709] A Au]AE 213 AR (event) & Al¥ (task) 3k,
THlE AEUES eSS sith s g AF
of 2QEE AT 30% Wigloldnt AN 73 An]as)
AREAE A el Bask AlvE e W AdDAE
2t}

Md
of

(e

Figure 33}

Bedroom 2
u-Education

Bedroom 1 Family room

U-Media Digital table

Kitchen

Dress room 7 =] u-Mom
Magic mirror P

Powder room _Living Toom

Medical mirror N c System
monitoring

Door
Biometrics systems

Figure 3. Experiment sequence: u-Home service(10 phases)
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Short message

ANEL

2 ATl AP A B7HE Bl 18skiTh
ZAM L 3719 E4A 8] A (u—Healthcare, u—Education,
u—Mom) & o2 AAIEIS 1, 1A ke Be oAy



72

Joo Hwan Lee - Joobong Song - Myung Hwan Yun

—
M
W
~

A7} BE Au|AE H7sR= within—subjects

AL

& AbgBIIck fulTElz Anlzg) BrkeAE 7 9|
At SrEaht 2 Es 59 AAH OF e

WA flstel BT task #o.% B7hel

e EL

o fFHIFE 2 A2 Al2Ee] A2 dlolE o] 4L
&X= Mulx #2] PDAS 2438k3ich
AF, 1T, HARV 55 xgste] BF 11270] 713l

on, Fad AEA= 10874340
& 1900 30704 4ol AAA At Al

oo
}.\—ift‘

xtol] th3t X &= Table 8324 7t}

A4

79 o121
S|

gt
349 )4

Table 8. Examinee technical statistic quantity

Basic data Frequency %
Male 59 54.1
Gender

Female 49 45.0
~ 20s 13 11.9
30s 62 56.9

Age
40s 24 22.0
50s ~ 9 8.2
IT industry 21 193
Design industry 22 20.2
Tob Construction industry 22 20.2

0

Service industry 11 10.1
Researcher/student 16 14.6
Homemaker etc 16 14.6

4.2 Result of experiment

)

K-mean 73 HE B8to] AT 758 2435k,
7 o] BAAOE folgt dFE AUEAE wA s
WA, T 17 EA4E ARESte] e AAS Al
2Eks Aot #As Bste] 7 AARS ] e
Z-gAol oWl JgS mH x| wetdt 4= S Zloln, A
FHAGTE B AARS Tl Az AgAdel nA=

Y 2715 Wt sk
FRIFE A A ARy Bl Y SoE A
S 98 52709 S (AR, FHA) 7 AREE QI 4
I A A-gd e dAE A

Al FHIAE 2 Mu| s 5

Table 9. Variable definition and value scale

Variable Variable definition | Type and level Measurement
name value
. .. Quantitative,
BigY Interactivity continuous data 0~100,
magnitude
» Ubiquitous service Quantitative, estimation
Yid=1~4 characteristic continuous data
- Measurable criteria: | Qualitative,
10=1~29) User categorical data
i Measurable criteria: Qualitative, 1~7, likert
=110 Input artifacts categorical data | scaling numeric
data subject
. Measurable criteria: Qualitative, experiment
1@=1~6) Service system categorical data result
o Measurable criteria: Qualitative,
1217191 Qutput artifacts categorical data

FHlFEZ Auls AE48Y S9E2 FE AR
714§ 7% BAZATE Table 10~13% 2.
WA F2E Apd SPUGe Fed Brhag

17

=

il =
NSRS fHAE L Aus Faed S4S F
T 3}
7

g} o] [ A4S Ak &
I5 4 9] Ao et 45284 249 metrics ¥

A gkl diste] ZE-S& AAISHITE User experience,
contextualization, ubiquity, service capability®l] th3F &
9 5 HFAOoRE FHAE A AH|A9 interactivityll
ojsk RS AASITE FHIFE S AR S A8 )

Table 10. User experience support variable(y1)

Metric u; U, U3 uy u; ug Uy U is is iz ig ig iz
Mean | .875 | 212 | -02 | 205 | 417 | 2908 | 1.558 | 1.732 | 3.689 | 1.594 | 3.75 | .169 296 482
Min 467 | 21 | 2.1 0 417 | 225 0 0 2 667 3.75 0 -1.9 0
Max 1 191 | 1.78 | 556 | 417 | 4.25 5 10.33 9.5 3333 | 3.75 64 | 2481 | 1.857
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Table 11. Contextualization support variable(y2)

Metric Us Us U up U Uy Ujs Uss Uz Us 0 04 0s
Mean .146 -13 .079 1.287 | 1.305 -11 1.251 -.01 -15 =25 .165 2 3.208
Min -1.77 -2.31 0 -23 -1.97 -2.03 0 -2.25 -2.25 -3.67 -2.41 -1.52 | 3.208
Max 1.968 | 2.598 32 6 6 1.572 | 4.667 1.92 1.929 1 1.835 | 1.968 | 3.208

Table 12. Ubiquity support variable(y3)

Metric U Uz Uz Uz Uzs Uy Uzs i i i3 iy
Mean 851 375 348 441 17 -12 .09 142 418 225 .082
Min 467 -1.81 -5.66 -2.08 -2.1 -5.66 -2.07 -1.91 -1.32 2.25 0
Max 1 1.984 1.939 2215 1.872 1.642 1.929 1.742 2.21 2.25 301

Table 13. Service capability support variable(y4)

Metric | s, $2 S3 S4 S5 S6 07 03
Mean | 081 | -78 | 891 | 835 | -1.0 | -6 |1.862]1.797
Min | 0 |560] 0 | 0 |-569| 23| 0 | 333
Max | 32 | 1.186]2333| 1 |1346]1.967]6.667]7333
#aE HE RS EE55] 2l v, ve, i ve B 5
W42 31 Big Y (interactivity) E2#-S AA s th

FE5HFZ 4% small y value:® continuous value®
g e aed RE®S SAS 8.0 'e—Miner'd]
multiple regression analysis modules &-&3}o] AA|E}3]
tH(R?=0.7040). Multiple regression A3}, R?(coefficient
of determination) 70.4%, F—value (model fitness) 60.66,
p—value .0001 (K.05) ZH Atel BFo| F28hs &
Ut (Table 14).

Table 14. Analysis of maximum likelihood estimates(Big Y)

Parameter | DF | Estimate Standard t-value Pr>|t]
etror

Intercept 1 13.1316 4.5690 2.87 .0049

Y1 1 3044 .1036 2.94 .0041

Y2 1 3694 1174 3.15 .0022

Y3 1 .0978 .0873 1.12 .0265

Va 1 2597 .0900 2.89 .0048
FAR Al t—value gkol 242 2.87,2.94, 3.15, 1.12,
2.892 -2t (significant) 7192 YEITE t—probability
t B fo40) 9 RO tEkor), vs9l A e
Wapell el A e s Ad daE BoFqln

(0.0265). FE5WTFS} 55T BT A58 HFEs
HIFE A A A28 -5 =
estimate#tg AR e 207 %3E
Equation (1) multiple regression #4143 T&% &
ot} A AMgste] mds Ay} fu)FE A A
A A ARgA o] Al X (killer attributes) = 48Rl
€ (contextualization support) @ WEREo™, A&aF 48
2 (user experience support), AU~ 58 Z 9 (service
capability support), AA1/d =] (ubiquity support) 2.2

9% ) et

Big Y = 0.3694%(ys) + 0.3044%(y;) + 0.2597#(yy) +
0.0978#(y3) + intercept. (R?=.7040) )

Sfolth, F4Hm FI) e

30.4%
8
‘o
.
.

.
.
36,908,

Ubiquitous‘
service
wteractivity

9.8%

25.9%

Figure 4. u-Home service case study results
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28 A= fulHAEHA Aus Aeded £4 5 7
2 F Q3 W= Aol X9 £A4d (contextualization

support attributes) 2 WEFEI, SEHTE X]Z) AIZE 1]
F (A8 Aatell digk HAAIZK (perception: time ratio
(correcting time for service procedure)) metrics7} &
O FoEE A, WE 7P F44Q1 g3k Bt
TEUFEE A7 Au) 2 ZFZ oA AR TofEljof st

= A X'(perception: user control level using service
manipulation) metrics® A|A]E At}

5. Discussion and Conclusion
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