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Abstract

This paper describes amethod for making personalized smart suggestions, in which context-adjusted
and personalized activity-support information is provided. This method provides functions for evaluat-
ing how the current contextual information affects the user’s activity and determining the best time for
providing activity-support information to each user. We propose a general measure “motivation-indica-
tor” for user-oriented context evaluation (e.g., level of burden, profit, and familiarity). We also discuss a
self-tuning mechanism for personalization rules by analyzing how the behavioral response to the chang-
ing contextual information changes over time. The motivation-indicator provides a framework for ana-
lyzing whether or not activity-support information should be provided to a user in a specific context,
which dispenses with the annoying procedure of pre-defining information-provision rules for each user.
Thus our proposal has a beneficial effect on sharing context-based activity-support information among
users without losing the personalization policy of each user. We have confirmed the feasibility of our

method with a prototype.

1. Introduction

With the progress of broadband wireless networks,
it has become possible to use broadband services dis-
tributed in various networks (e.g., the Internet, office
networks, and home networks) from anywhere at
anytime. Moreover, various kinds of appliances such
as portable computers, cellular phones, and PDAs
(personal digital assistants) are now available,
enabling usto utilize services using the most suitable
appliance. The network environment that offers flex-
ible access to rich services is thus called the “ ubiqui-
tous computing network”.

With some recent sensing technologies including
RFID (radio frequency identification) tags reaching
thelevel of practical use, various kinds of contextual
information in the real world can now be imported
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into the cyber world. By utilizing advanced sensing
technologies, a ubiquitous computing network can
not only simply provide a variety of services in
response to a user’s request, but also autonomously
provide various awareness and relief information to
help usin our personal daily activities.

Human activities are greatly influenced by user
context, which includes location, schedule, and pref-
erences, and by the environmental context, such as
the weather, temperature, and traffic congestion.

Therefore, the ability to collect and analyze these
types of contextual information and provide context-
adjusted support information isrequired. For this pur-
pose, context-awareness [1] is a key technique.

To bring awareness to users, some activity-support
information should be pushed to them. However, to
ensure this does not become a nuisance, it is espe-
cially important to provide the context-awareness
with a powerful personalization mechanism, which
selectsthe minimum set of truly required information
and providesit in atimely manner.
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Theremainder of this paper isorganized asfollows.
Section 2 briefly mentions related work. Section 3
describes the concept of “context-aware human-
activity support” in ubiquitous computing networks
and clarifies its requirements. Section 4 proposes a
personalized smart suggestion method and discusses
some key issues including a user-oriented context
analysis based on the context-evaluation measure
“motivation-indicator”, a best information-provision
timing analysis, and a self-tuning’* mechanism for
personalization rules. Finally, section 5 discusses the
configuration of a prototype system.

2. Related work

Much of thework on personalization in the context-
awareness field is concerned with providing frame-
works that analyze user preferences, which are man-
ually configured by users or automatically obtained
from the history of their activities [2]-[4]. Jack-in-
the-net [4] has a genetic-algorithm-based self-tuning
mechanism that evaluates the strength of therelation-
ship between users and services and replaces old-
fashioned services with more attractive new ones.
Preference-based personalization is effective at
screening out information that the user is not interest-
ed in; however, it isinadequate for selecting the truly
required information and determining the best timeto
provideit. Finkelstein et al. [5] proposed a personal-
ization framework based on a variety of contextual
information, in which the ECA (event, condition,
action) mechanism is applied for personalization

*1 Seif-tuning meansthat the system autonomously tunes configura-
tion parameters instead of the user doing so menually.

Bring context-adjusted

fixed |TBA{

Suggest the best timing to
initiate actions for planned
activities

Inform the user of any
relevant changes

|

TBA: to be arranged

rules. By pre-defining “ context-changes” or “profile-
changes” in the Event part, context-oriented informa-
tion screening can be achieved. Williams et al. [6]
introduced a user-modeling concept, in which a
user’sprofileor history islinked to aspecific context
and gives auser-oriented meaning to it. Both propos-
als apply the concept of user-oriented context analy-
sis, which empowers the context-awareness system
by providing a powerful personalization factor
“information-provision timing”. However, they still
have room for improvement, as follows:

« The ECA rules have to be pre-defined for each
user, which makes it difficult to share context-
based activity-support information among users
without losing the personalization policy of each
user, becauseit isimpractical for auser to prepare
ECA rules whenever new activity-support infor-
mation is registered by others.

« Personalization rules need to be tuned by users
themselves, which might be a nuisance for non-
experts.

Our godl is to introduce a general measure of how
much the context affects a user’s activity, which
enables the system to analyze whether or not the
activity-support information should be provided to a
user in aspecific context without ECA rules. We also
aim to achieve self-tuning of the personalization rules.

3. Requirementsfor context-aware human
activity support

Context-aware human activity support aims to
autonomously provide various awareness and relief
information that helps human activitiesin every stage
of atask cycle. Figure 1 shows an overview of the

Spontaneous activities

« Recommendations by friends,
« Have checked it out on the Web

spontaneous aciivities to Forgotten ,"
user's awareness Time, _yTime. !
place |
place Planned activities

+ Schedule,
+ToDo

Ongoing activities

Fig. 1. Context-aware human-activity support.
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concept, which includes capabilities to:

« make the user aware of spontaneous activities
(e.g., activities recommended by the user’'s com-
munity and activities which are of interest to the
user but have been forgotten or overlooked) that
best suit the context,

+ suggest the best timing to initiate actions for
planned activities,

« monitor the contexts related to ongoing activities
and inform the user of any relevant changes
(especially negative changes).

Examples of human-activity support information
are shown in Fig. 2. All the support information is
generated by analyzing both user and environmental
contextual information and is displayed on the user’s
mobile appliances. Figure 3 describes requirements

How about stopping here for a cigarette?
You won't have another chance for a while.

for the context-aware human-activity support, which

include functions for:

(1) extracting the contextual information setsthat are
relevant to activity-support information; in the
example shown in Fig. 3, the contexts related to
the activity-support information “rainy-day-only
dessert is a special only for couples” are weather
(rainy), companions (couple), and information
source (Mr. A),

(2) evaluating how the extracted contextual informa-
tion affects a user’s motivation, such as the com-
panion context “couple” greatly increases user's
motivation in the example in Fig. 3,

(3) analyzing the best time for providing information
to each user, and

(4) self-tuning individual context-evaluation rulesin

How about waiting in café B out of the rain?

‘ John will arrive in 30 minutes.

Fig. 2. Example of human-activity support information.

(1) Extract related contexts -
Weather (rainy)
Companions (Couple)
Information source (Mr. A)

evaluation rules

Heuristic rule tuning

(4) Self-tuning individual
context-evaluation rule

* (2) Evaluate extracted contexts

H Rainy: decreases user's motivation

H Couple: greatly increases user's motivation
H D e— Mr. A: increases user's motivation

1 context analysis 0

1

Rainy-day-only
dessertis a special
only for couples!

Information
provider A

(3) Analyzing the best
information-provision
timing

User B

Fig. 3. Requirements for context-aware human-activity support.

Vol. 2 No. 2 Feb. 2004 el



Regular Papers

response to the user’s behavior.

In the next section, we propose a ‘personalized
smart suggestion” method for achieving these func-
tions. For function (2), we discuss several measures
of how much the given context-set affects a user’s
activity in section 4.1, and by using these measures
we describe a solution to providing functions (3) and
(4) in sections 4.2 and 4.3, respectively.

4. Personalized smart suggestion method

4.1 User-oriented context analysis based on the
context-evaluation measure

In this section, we propose a general measure
“motivation-indicator” for context evaluation and a
user-oriented context analysis method based on it.
The motivation-indicator shows the human motiva-
tion level for an activity based on the user and envi-
ronmental contexts. It consists of both positive fea-
tures(e.g., thelevel of profit and familiarity) and neg-
ative features (e.g., the level of burden), as shown in
Table 1, and varies in response to the changing con-
textual information. For instance, the weather-con-
text “rainy” affects the motivation-indicator “level of
burden” of users who dislike walking in therain, and
aso affects the “level of profit” when alimited-peri-
od saleis held only on rainy days.

We define several activity-categories such as“ play-
ing sports”, “eating”, and “waiting”. When usersreg-
ister activity-support information, they select the
appropriate category. The motivation-indicator for
the specific activity-support information can be cal-
culated by

MI(A.C) =y &, xF(A,S(C))), (€}
]

whereC={Cq, ..., Gj, ..., Cn} represents a context-set
that is relevant to the activity-support information and
A isan activity-category to which the activity-support
information is attached. In the example shownin Fig.

3, the context-set for activity-support information
“Rainy-day-only dessert is served only for couples’
is C = { Cueather, Coompanions, Cinformation-source} , @nd the
activity-category could be “eating”. S(C) is the cur-
rent status of the context Cj. For instance, S(Cueather)
has a status such as fine, cloudy, or rainy. F(A, S(Cj))
analyzes whether or not the context status S(Cj)
affects the user’s motivation for the activity-category
A, and returns 1, -1, or 0 if the motivation-indicator
increases, decreases, or is unaffected, respectively. g
isaweight parameter for each affected context.

When a couple near acafe serving aspecial dessert
performs an online search for activity-support infor-
mation about arainy day, the motivation-indicator for
that cafeis evaluated by adding the values of i) F(eat-
ing, rainy) x Aweather, ii) F(eating, couple) X dcompanion,
and iii) F(eating, friend) X Gnformation-source Of USer A.
When the motivation-indicator exceeds the minimum
threshold, the cafe information is displayed on the
user’s appliance.

Thus the motivation-indicator dispenses with the
annoying procedure of pre-defining information-pro-
vision rules such as ECA for each user, which makes
it possible to smoothly share context-based activity-
support information among users without losing the
personalization policy of each user.

4.2 Analysisof best timeto provide information

The best time to provide activity-support informa-
tion can theoretically be obtained by seeking the con-
text-set that maximizes the positive features of moti-
vation-indicator or minimizes its negative features.
However, such ideal timing does not necessarily
appear in the real world. One possible solution is to
give another threshold. This approach is reasonable
for analyzing the best timing to initiate actions for a
user’s planned activities. However, considering sug-
gestions for the user’s spontaneous activities, the
threshold approach, which tends to propose the same
activity repeatedly, is inadequate.

Table 1. Features of motivation-indicator.

mou::x:j: d‘?zamr Example contexts which affect the feature

Familiarity Have previous experience of visiting, have checked it out on the Web
Interest by friends, never been there

Preference Frequently eat this food

Burden Congestion, bad weather, long distance

Profit Have a discount card, limited-period sale

Urgency Deadine is near, imited time event

Danger ‘Alone, in a group, accompanied by experts
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We assume that a suggestion made when the moti-
vation-indicator changes drastically or after a long
interval could appeal to the user’s psychology effec-
tively even if the absolute value of the motivation-
indicator does not exceed the threshold. For example,
if the motivation-indicator burden-level for eating is
greatly influenced by how far the target restaurant is
from the user’s current location, the motivation-indi-
cator for the activity-support information for restau-
rant X near the user’s home might increase every day;
however, informing the user about restaurant X every
day does not make sense. On the other hand, if the
user visitsacertain place after six months, it is effec-
tive to provide activity-support information for
restaurants in and around that place based on an
analysis that the motivation-indicator has increased
after alonginterval.

Thus our method can trace behavioral response to
changes in the motivation-indicator over time and
evaluate the variation of the motivation-indicator

Value of
motivation
indicator

Suggestion
timing
Suggestion
timing
| iommenal],

Fig. 4. Temporal response of the motivation-indicator and
suggestion timing.

ime

within a specific period. Figure 4 shows the temporal
response of a motivation-indicator and indicates sug-
gestion timing.

Thistracing isalso used to monitor contexts related
to ongoing activity (especially ones whose changes
might have a negative influence on the user’s activi-
ty), which enables our method to suggest aternative
activities when the traced contexts become worse.

4.3 Self-tuning mechanism for personalization
rules

The biggest hurdle to personalization is to pre-
defineindividual personalization rules and their mod-
ification, which is a nuisance for users. Thus, a self-
tuning mechanism is mandatory to make our person-
alization method practical. In this paper, we propose a
heuristic tuning mechanism for personalization rules.
Moreprecisely, thereturn valueof F(A, S(Cj)) and the
value of § in formula (1) are automatically tuned by
analyzing the user’s response to the suggestion.

Figure 5 shows an overview of our self-tuning
method. The first step looks up an activity-support
information influenced by tuning target contexts by
checking the return value of F(A, S(C;j)), which must
be 1 or —1 because activity-category A, to which the
activity-support information is attached, isinfluenced
by context C;.

The next step verifies the tuning history of each tar-
get context (e.g., number of tunings, last tuning date,
and user’s behavioral responses) and selects afew of
them. An example of acontext selection-ruleisgiven
below:

Step 1

Tt Tuning target

PP
information infiuenced
by tuning target contexts

<~/J ivity-supps
\‘ by friends X, Y, Z matched

Step 2
Select tuning target contexts

Step 3
Display suggestion message
attached to the tuning target
context (see Fig. 6)

e
Tuning history

Step 4
Tune the values of F and &
depending on user's response
to the suggestion message

—
Tuning database
for Fand &

Number of tunings: 3
User's responses: Yes/Yes/Yes

Last tuning: 10/20/2003

MI: Motivation Indicator

Feature | 5 value of tuning
Target  fotMi | target contexts
Interest | Friend's recommendation: 30
Restaurant| g qen | Rainy: 1, Not crowded: 10
Long distance: 20,

Bank Burden | Crowded: 10,

98NCY | Deadline coming: 50
Outdoor |Burden | Rainy: 10
event Urgency | Last day is soon: 20

Fig. 5. Overview of self-tuning method for personalization rule.
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Common context

Specific context

Same
building

Hobby

((scene2 | ) (" scenes )

Recommended| Limited
by friends period sale
Last day
is soon

With
girlfriend

Last day
is soon

T

>

Not crowded || Always
now. crowded

}{Mgo‘—z 1

without getting wet <=Ll

Will end Dec 1%

Limited
period sale| L Favorite

~
=

Not crowded now <T[_

Limited period sale!

Never

Recommended
been

With
by friends girltriend

Tiigh class &

John recommends <] good atmosphere

T

=u|

Suggestion message

Italic words: Tuning target contexts

Fig. 6. Example of suggestion message for tuning target context.

1) select a context that often produced a positive
response from the user,

select a context that has never been tuned,
select a context that has not been tuned for a
long period.

The third step displays a suggestion message
attached to the tuning target context, which could be
defined by activity-support information providers or
generated automatically based on the rules prepared
for each context. Figure 6 shows examples of sug-
gestion messages for the tuning target contexts.

The fina step automatically tunes F(A, S(Cj)) and
§ depending on the user’s response to the suggestion
message. For instance, considering that the context
Ceongestion-level affects the motivation-indicator “bur-
den-level” and F(A, S(Ccongestion-lever)) @Nd Gcongestion-
level have the following default values:

* F(A, crowded) = 1,

« F(A, not crowded) = 0,

* Ocongestion-level = 10.

If the user dways responds positively to a sugges-
tion message such as “This popular restaurant is not
crowded now”, the tuning mechanism modifies the
return value of F(A, not crowded) from 0to—1, which
decreases the negative motivation-indicator “ burden-

2)
3

82

level,” thus increasing the user’s motivation-level.
The tuning mechanism also raises Geongestion levet t0 20
if necessary.

5. Configuration of prototype system

To verify thefeasibility, effectiveness, and scalabil-
ity of our proposal, we developed a prototype system
(Fig. 7). We considered the user’s location, schedule,
and preferences as user context. The user’s location
can be gathered from multiple devices including a
cellular phone, GPS (global positioning system), and
RFID (radio frequency identification) tag reader.
Environmental context, including weather, tempera-
ture, masstransit delay information, and shop crowd-
ing levels is gathered by the context management
server, which supports http and simple [7] as context
gathering protocols. The application server contains
the personalized smart suggestion engine and pro-
vides activity-support information that is not only
context-adjusted but also personalized to the user’s
mobile appliances through the wireless network.

We developed software for registering context-
based activity-support information from mobile
appliances. Figure 8 shows ascreenshot of acellular
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Web servers

Mobile
network

Cellular phone
+GPS/PHS

?
b

Context management ~ Application server
server (Linux) (Linux)

Colle and managi M
contextual nlormaﬂon
Private network

Wireless LAN
access point
(IEEE802.11b)

Providing activity-support
information by personalized
smart suggestion engine

PDA (PocketPC2002)
+ wireless LAN card

Fig. 7. System configuration of prototype system.

phone. The left side shows the information registra-
tion page. The contextual information at that time
including the user’s location, companions and the
weather is automatically gathered and attached to the
registered information. It is also possible for infor-
mation providers to explicitly specify the attached
contextual information. Theright side is ascreenshot
of the result page for an information search. Figure9
shows a screenshot of a PDA. The upper part mainly
informs the user of the best timing to initiate actions
for planned activities. Suggestions for user’s sponta-
neous activities are listed in the lower part with the
suggestion message. The results to date with the pro-
totype confirm the feasibility of our method. The
effectiveness and scalability will be examined in the
ongoing field trials.

(a) Registration (b) Search result

Fig. 8. Screenshot of cellular phone (only Japanese
version available).

[ inform users of the best timing o initiate actions for planned activiies |

Support for
planned
activities

Support for
spontaneous
activities G

LuSlEF o g
[

E5% LRI SoR|

Suggest activities that can be
achieved within available time with
context-adjusted suggestion message

Fig. 9. Screenshot of PDA (only Japanese version available).
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6. Conclusion and further work

This paper described a personalized smart sugges-
tion method that provides activity-support informa-
tion that is not only context-adjusted and personal-
ized but also timely. Our method is based on agener-
al measure “motivation-indicator” for context evalu-
ation, which indicates the human motivation level for
an activity based on the user and environmental con-
texts. We also propose a heuristic tuning mechanism
for personalization rules by analyzing the user’'s
response to the suggestion.

The motivation-indicator provides aframework for
analyzing whether or not activity-support informa-
tion should be provided to auser in aspecific context,
which dispenses with the annoying procedure for pre-
defining information-provision rules and achieves
smooth sharing of context-based activity-support
information among users.

We have confirmed the feasibility of our proposal
and are currently examining its effectiveness and
scalability through a field test. We plan to study pri-
vacy issues and an effective context-structuring
method. A context-awareness system handles a vari-
ety of private information, which requires a privacy
protection mechanism especially when the private
contextual information is shared in a community.
Context-structuring aims to derive a meta-context
such asauser’sactivity from aset of sensed contexts,
which not only makes context-aware applications
simple but reduces the size of contextual information
stored as the user’s history.
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