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ABSTRACT

With the advances in ubiComp-enabling technologies, there has been a rapid increase in interest towards a ubiHome
that can provide users with context-aware services in a home environments where people spend most of their time.
However, there are obstacles in realizing ubiHome for daily life because the role of ubiHome is still ambiguous to
residents. In this paper, we highlight a novel role of ubiComp technologies for the home! to harmonize family
members, who share service resources in a space, by providing them with interactive methods for negotiating conflict
situations. Our finding from user studies provides a guideline for avoiding conflicts among residents by listing when
the conflict can occur, and how to handle such a potential conflict situation. As a result, harmonious home can play an
important role in increasing time when family members stay a space altogether for their services.
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1. Introduction

Recently, ubiquitous computing (ubiComp) has
been a hot issue in the area of information
technology. The term ‘ubiquitous’s not strange to

ed;ile anymore because it often appears in various

a, eg. news, advertisements, movies, and so
on In ubiComp env1ronments computug resources
could be omnipresent in dallyhfe and connected
seamlessly with each other in order to provide
information or services anywhere at any time [1].

- Such ubiComp-enabling technologies will
bring a lot of changes to our life at home. Home
is the most important environment where people
spend more time to relax themselves than in any
other place. Generally, residents expect to get
simple, easy, and convenient services as much as
ossible that adapt to the individual's situations.

owever, most residents still hesitate to exploit
new technologles in home because they are
annoyed afraid of learning unfamiliar
Uechnologles even if the bechnolo es guarantee
better conveniences. respect,
ub1Comp enabli technology Wl]l play an

rtant role for the mainstream penetration of
ub ome into our daily life since it hides the
complexity of the technology from residents, and
provides simpler interactions.

In fact, much research, on ubiquitous
computing, has concentrated on  supporting
residents in "ubiHome”, a  home environment
where the concept of ublqmtous computing is
embodied for example, in a room where music
automatically plays and adapts to the people
within, pictures in the frames on a desk can
change depending on which person is working
there [2]. In-house context-aware communication
systems allow family members to speak to each
other as if they were In the same room, even
when they are not [3, 4]. Support for the elderly
or the provision of emergency services, such as
f];'e [%)urflar or injury, is a reqwrement of daily
ife

Although some ubiHome scenarios attract
people’s interest, there is a problem that ubiHome
services have been focused on one resident. This
may cause conflicts among residents who
simultaneously . stay at the same service space
since each resident is automatically provided with
personalized service according to each individual
resident’s context [7]. Conflict is a situation where
some residents are not provided with their
preferred services due to two main causes [8]. One
cause is the collision of system resources since
more than one resident or application accesses the
same resources simultaneously. The other is the
discord of resident’s mental state since a resident
cannot withstand some exclusive services, %
watching TV vs. listening to music WatchmgT
vs. reading newspaper, and so on. When a conflict
rises, the personalization for one resident often
makes others give up their services or move to
another location. For example, when a resident
watches a world cup final game in a living room,

the other who wants to watch a TV drama cannot
help movmt%l into_another room, e.g. a room,
where another TV is installed. Improper conflict
resolution causes residents to seriously argue with
each other, and to separate from other residents
for personalized services.

Many related works have reported that proper
conflict resolution plays an 1rn ortant role in
harmomous env1ronments ome, conflicts

services or tEphances had been
addressed [7 10] In addition, the methods handling
conflicts have been suggesbed such as assigning
service resources to each users, selecting the
high-priority user or _service, recommen
service lists, and mediating users [10, R
12]. Although prov1dmg available methods to resolve
conflicts among services or residents, these works
do not effectively protect occurrence of conflict
situations from our daily life. We believe that the
most effective way for handling conflicts is to
avoid conflict situations beforehand.

For avoiding conflicts situation among
residents who frequently share service resources in
a space, our approach is fo investigate when
residents collide with each other on service, and
how re51dents are provided with interactive
methods for dling conflicts. As a result of our
user studies, conflict situations often occur in case
where a resident enters [leaves] a space in which
more than one resident is present, and a new
service starts or the inhabited service thqt is
already tri gered and shared by residents in a
space, finishes. Therefore, it will reduce conflicts
for some proper conflict-han processes to he
provided whenever those activities of residents
occur. In addition, by 1nvest1gatmg
residents’disobedience on result
several-conflict-handling methods, we recor;ﬁrm
that it is important that residents participate
themselves in a conflict-resolving fIprocess by
negotiation _ with  others .as conflict-handling
processes[12]. simplifies
residents—conflict-resolvi problem by provi
uidelines about when the icts appear an
ow to handle the conflict. Thrs can be one of
important factors for implementing  harmonious
home environment that enables to increase time of
residents’ staying together for their services.

This paper is organized as follows: In Section 2,
we describe the conceptof a harmonious home by
focusing on handling conflicts among residents.
Then, when a conflict occurs and how to handle
the conﬂ1ct from end-users’ view points are
explained in Section 3 and 4, respectively. Finally,
conclus1on and future work are discussed in
Section 3.

Il. What is A Harmonious Home ?

In general, harmonious home may have two
kinds of meaning: one is to manage service



resources_efficiently for satisfying requirements of
each resident the other is to resolve conflicts
among residents who stay in the same space. The
former is about service collaboration where a
service collaborates with other services for
satis a re51dents requests as much as
possible. The service to be triggered by a resident
mutually influences other services. order to
watch a movie, for example, a resident controls a
light, adjusts a couch, and turns off a radio or
mobile phone. From this point of view, hannomous
home providing a resident with a service is to
trigger the resident-requested-service as well as

the  related services according to  the
resident—centric situafion., To achleve this, after
recognizing  resident’s  implicit uests from

context, a service should have the ab ity to invoke
other services, or to exploit the results of other
services, as shown in Figure 1(a). The latter is
about conflict resolution which is a way to
manage conflicts on providi several residents
with each individual service. en residents stay
in the same space, eg. a living room, it often
occurs for the residents to_sim taneously access
the same service or the collided services. While a
married couple watches a TV at a living room, for
example, the husband wants a sport channel but
the wife wants to watch a drama series. Or, the
husband wants to listen to music, but the wife
wants to clean a living room with a vacuum. For
managing such a conflict, residents require
harmonious home to resolve the conflict, as shown
in Figure 1(b).
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Fig.1 Concept of Harmonization for Home
Environment (a) Service Collaboration (b) Conflict
Resolution

~ Although  service collaboration plays an
important role in harmonizing home environment
service  collaboration biased ubiHome may fuel
separation of residents’ relationship. The more
context-aware  and proactlve computing are
advanced, the more service collaboration will
expand the resident's boundary for occupying
space or service. The boundary represents a
worklng era of r651dents services. A overlapping
of the bo n%l residents means that a
conflict may occur as shown in Figure 2(a). With
the advance of mobile computing_technologies, the
increase of each resident’s boundary often causes
conflicts among residents. If there is no way_ to
resolve conflicts among resident’s boundaries
residents will not stay in the same space to s
time together because they are accustomed to
personalized  service environments. They feel
uncomfortable to share a space or a service with
even family members. For example, it is not easy
for all family members to watch a TV altogether
in these days even while sta 1slfmg at home. Since
TVs are installed in more than one room, they
need not to share a space for a TV. The extreme
case of such separation is the life style of plant
‘Solaria’ in a novel Robot’ by Isaac Asimov. In
that sense, the service collaboration is an essential
factor of harmonious home for one resident, but it
is not enough for harmonious home where more
than one residents share a space together.
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Fig.2 Two types of ubiHome (a) Resident-separated
Home (b) Resident-harmonized Home



Conflict resolution is one of the most important
issues of harmonious home where more than one
residents share a space together that manages
each resident’s boun as well as personalized
service. Conflict-resolution heavily affects the
resident’'s life style at home because it decides
which service is provided and where residents get
serwce When a conflict arises among a marrl
cougle on watching TV, for example, if a
conflict-resolving method assigns each one to a
TV located in different rooms, they may watch
TV separately. Considering that separation may
eipfeat daily, 1t is natural for the couple to occupy

different room for a TV even if a conflict does
not occur.

On the other hand, assuming that the couple
gets TV service at the living room together due
to a conflict-resolution method that differently
solves the above conflict, it provides residents
with more chances to negotlate the conflict by
exchanging individual opinions, and interests, as
shown in Figure 2(b). As a result, they may
watch TV and spend time toggther by sharing a
space or a service. From s point of view,
conflict resolution plays an important role in
keeping a harmonious relationship among residents
of ubiHome.

For designing a harmonious home, it is
necessary to approach the conflict— resolvmg issue

om end-user's view points. This approach
provides a novel vision for avoiding conflict among
residents that is too abstract and difficult to solve
it from system or resource level views. The
end-user's view dprov1des hints for managing
conflict situation, when conflicts among
residents occur, and demdmg how conflicts are to
be resolved.

1. When_Does Hc_)me Become
Disharmonious?

Unlike an office or classroom, services at home
are dynamically-changeable tasks and ambiguous
with regard to starting, pausing, and stopping.
This is because home is a place that enables
residents to exploit a service without a sense of
particular purpose, to access several services at a
time, and to switch between them again and agam
Such a chaos often causes ome
disharmonious. For example, residents frequently
argue over watching TV program. A resident
listening to music with an mp3 player cannot help
stopp: it after moving from her room to living
room due to interruptions, eg. noise, inhabited
services, etc, in the new space. As a result even
if there is not any conflict, the residents have a
seat for separated TV in a living room or bed
room, or a resident is completely separated from
other residents by listing music loudly through
personal device.

Conflict at home is a situation where several
residents try to access the same service or
discordant services, e.g. radio and TV, which are
simultaneously tnggered as shown in Figure 3
Conflict enforces selectlon of one among collided
services, so that it causes some residents not to
be prov1ded their preferred service in case that
they lose the service competition. Especial f]
conflict is serious in ubiHomes that automatically
provide a resident with personalized service
according to each individual resident’s context. The
services are usually focused on one resident at a
time and automatically triggered if a certain
condition is met. Therefore, it is possible for
discordant services to be tnggered concurrently
when more than one resident stay at the same
service environment zone.
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To investigate such a disharmony occurrence at
home, we first observed when such a conflict
occurs in a ubiHome environment. To check the
number of resident's argument on services, we
conducted  3-hours  usabili test with 8
triple-resident groups 4 famJi1es 4 friends) with
ages ranging from 9 to 51. All palt1c1pants were
required to count the number of argument in
questionnaire sheet describing several conflict
situations when they felt the need to manipulate
serv1ces during staying in the living room. Our
goal for this investigation was to determine when
conflicts among residents occur. Each \group
consisting 3 residents were provided with TV and
music service in ubiHome installed in our
university [8]. We collected a total of 59 argument
counts from our subject groups.
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Table 1: The number of resident's conflict
depending on changes of service environments.

Description of event -categories
when conflict occurs # of Count

When a new resident enters to a 19
living room
After a resident leaves from a 11
living room

During three resident stay together |5
When a new service triggers 8

After a triggered service pauses or 14
stops
During there is no change among 9
services

According to Table 1, the number of residents’
argument on services ‘at ubiHome heavily has
arisen in case where a resident enters [leaves] a
space in which more than one resident occupies,
and a new service starts or the inhabited service
is completed. This is because residents consider it
as a service-turn-around time when a change of
inhabited residents and services occurs. That is,
they feel free to state their opinions to modlfy
service environment after changing inhabited
residents or services. On the other hand, most
residents won't interrupt the inhabited services
without such a change.

Our finding from this study guides when home
environment can take actions for avoiding conflicts
by monitoring simple status of residents and
services in a space. Providi some methods for
handling conflicts when a resident comes in or a
triggered service finishes, home enables residents
to avoid conflict situations beforehand. This helps
home to avoid conflicts without any complex
situation-aware  processing. Based on above
results, in the next section, we describe how to
handle conflict among residents.

IV. How to handle a Potential Conflict
Situation among Residents at Home?

To handle conflicts among residents,in general
there are two categories. automatic resolvmg and
manual one. The automatic resolving is a way that
enables an environment to avoid a potential
conflict situation through selectmg one of the
collided residents or services f, means of context
such as wusers preferences, location, time, and
priorities  among residents or  services. For
example, a priority-based resolution [7] gives
priority to the highest-priority residents to get
service,  while ower-priority  residents  are
preven‘oed from accessing services if a conflict

f residents occurs, as shown in Fl%ure 4(a),

dition, a group- context-based resolution [9]
enables a service to react on a group representmg
the avera&e preferences of all residents, while
some of them can be provided withthe averaged
service that is far from their original request, as
shown in Figure 4(b), On the other hand, the
manual_resolution [10] is a way that lets residents
to handle a potential conflict situation by providing
conflict-status  information. For example, a
menu-hased resolving way, provides residents with
a conflict-situation menu including each resident’s
preferences or recommendations, so that they could
negotiate who gets service or which service is
triggered, as shown in Figure 4(c).
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Fig.4 Examples of handling a potent|al conflict situation
(a) Selecting the user who has the highest priority
among potential users (b) Providing generalized service
to all potential users by merging their requests (c}
Passing a menu which allow users to manually
mediate the conflicted situation.

In home environment, automatic resolution is
still far from acceptance by residents. In daily life,

conflict ways, eg. rock-paper-scissors,
argument, ﬁ ht, etc, are interactive processes
among residents. Furthermore, a result of

residents-resolved conflict heavﬂ Ipen

abstract situations, e.g. their soaal e atlonshlps
individual 1r1tent10n or emotion, etc. It is difficulf
for automatic resolution to make a right decision
every time by being aware of _high-level
interactive situations among residents. Even after
resolving a conflict by the automatic way,

residents may disobey if they cannot catch a
reason how to handle the potential conflict
situation.

On the other hand, manual resolution is more
practical for usage in daily life. The manual
resolution, way provides plentiful information about
a potential conflict situation and hands over
controls to residents for handling the conflict. It
makes residents believe that they are completely
controlling the home environment, and that they
fairly accept the conflict-resolved situation. This is
because  resident I[13ar1;101pabe themselves  in
interaction through home technology, and they
accept the result of their participation.

To check the number of disobedience on
conflict-handled results, we conducted usabili
test with the same sub]ects in Table 1.
participants were required to count the number of
manipulation of service as soon as a potential
conflict situation was resolved after resident's
entering, and inhabited service's stopping. Half of
8 ‘triple-resident groups (2 families, 2 friends) were
11;rov1ded a_service which was automatlcally chosen
v a priori based resolving way. The other half
were provided with a menu through a TV that
dlsplayed conflict-status on services, such as TV
service: the preferred channel 1nformat10n and
music service! the favorite music lists. In case of
priority-based  resolution, default priority is
assigned to each resident. The priority of each
resident is dynamically changed according to the
counter residents, e.g. between hushand vs. wife
father vs. son, efc. In case of menu-bas
resolution, the conflict status as menu is provided
to the potentlal conflicted residents. The conflict
status includes service name and each resident's
preference on the service, e.g. (resident A:
service, Channel 7), (resident B TV service,
Channel 9), (resident C: Music service, song
name), etc. ‘Our goal for this investigation was to
compare resident's negative feedback between the
automatic conflict resolution and the manual
conflict resolution way. We collected a total of 18
disobedience counts from our groups.

Table 2. Resident’s disobedience comparison
between the automatic and the manual resolution.
The disobedience rate can be calculated as follows;
the disobedience rate (%) = (# of Disobedience / #
of Conflict) x 100
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QOur finding from this stu((ifz is that technologies
need not be comy 2pletely hidden from residents.As
shown in Table the, resident groups, who were
Erowded with automatic-conflict- resolving service

retty much modified services. The
disobedience rate of families and friends is 80 2,
and 87.5%, respectively. Most of service

modification had been done by lower—priority
residents who did not get their service from home.
According to interview, this is because there were
not enough explanatlons why they could not get
the services. However, the other groups who were
provided with manual conflict-resolving  service
had few modified services. With the pop—up menu,
the residents could explicitly recognize that a
conflict occurred, and actively participate in
negotiation for choosi services. The disobedience
rate of families, and friends is 18 %, and 20%,
respectively. What made the residents modlfy
service fewer times was that they believed their
opinions affected conflict-resolution process. During
such a negotiation, one resident could persuade
other residents to be interested in his service. As
a result, they enjoyed a service altogether in the
same space without changing location of residents.

Of course, the quality of priority-based
resolution rmght affect residents'disobedience.
priority-based  resolution  generates  resident’s
priority from statistical patterns on choosing
residents or service for a long time, the number of
disobedience might be small Unfoﬂ;unabely, it is
difficult to use such a statistic data from just
3-hours usability test. However, according to
interviews with our subjects, the residents who
are not provided service may also disobey the
result of accurate automatic resolution without
enough explanation, and they will move to another
space for the service. The reason of residents’

sobedience is that the result of automatic conflict
resolution persuades residents to recognize whose
service is tl[ﬁ)lortant or urgent, but not to be
interested in the selected service. This makes the
residents who are not provided services move to
another place for their services. Therefore,
accurate-automatic  resolution | without,  any
mteractlon with residents will not improve
significant] dy the, harmonization of residents who
are provided with automatically chosen services

altogether if conflicts among them occur.

Accordi to such a result, one of important
factors for harmonious home environment is not
only to solve some inconveniences on conflictir
residents quickly, but to provide residents wi
interaction chances among them as much as
possible through easy and simple technology.

V. Conclusion

this pa r we proposed a new role of
ub1Comp enablin technology in a  home
environment that is to harmonize family members
who shares service resources in a space together.
Our first approach for a harmonious home is how
to avoid conflicts among residents from end-user’s
view points. As a result of user studies, conflict
situation often occur when a resident enters a
space where more than one resident is present,
and an inhabited service finishes. In addition, for
handling such a_  conflict, it is Jmportant
thatresidents pa1t1c1pate ‘themselves 1n  a
conflict-resolving process by negotiation with
others. Therefore, it avoids conflicts from daily life
by enabling residents  to negotiate themselves
when a resident enters a space and an inhabited
service finishes. This simplifies conflict problems
at home by providing guidelines about when the
conflicts appear and how to resolve the conflict.
This can be one of important factors for
implementing harmonious home environment that
enables to strength relationship among family
members by increasing time of their staying
together for their services. However, for resolving
conflict, residents  negotiated Wlth simple
mformatlon eg. TV programs, music lists, etc.
This often causes the residents to negotiate for a
long time (in the worst case, more 0
minutes). For reducing negotlatlon time among
residents, as future works, it is necessary to
mvestlgate what method and information  are
provided to residents who have the control to
resolve conflicts.
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