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A Mobile Phone Guide: Spatial, Personal, and Social Experience
for Cultural Heritage

Youngjung Suh, Choonsung Shin, and Woontack Woo, Member, IEEE

Abstract — We have built a mobile phone-based guide
system to strengthen the user experience in a cultural heritage
site by supporting spatial awareness, personalization, and
social connectedness. Our mobile phone guide implemented on
a Java-enabled mobile phone provides both audio and visual
content that is tailored by tracking user movement with GPS,
collecting various user inputs and demographics, and allowing
for socially acceptable eavesdropping via wireless networking.
We applied our system to a cemetery site and present the
results of a user study. We also conducted a performance
evaluation to verify the effectiveness of both content filtering in
personalization and content synchronization in social
connectedness. Spatially, our results validated that our system
provided a satisfying physical exploration of historic space.
With respect to personalization, the content presented to
visitors was well tailored to their real-time feedback over the
course of their visit. Socially, the effectiveness of our sharing
interface motivated visitors to frequently synchronize content
among themselves. Our system will hopefully broaden the
appeal of mobile phones as electronic tour guides providing
adequate support for spatial awareness, personalization, and
shared group experiences.

Index Terms — Mobile entertainment, heritage sites, user
experience, historical media content.

I. INTRODUCTION

Mobile technologies are emerging into days of our
everyday lives [1]. Among variety of mobile technologies, a
mobile phone is the most popular and essential technology
people carry with themselves everywhere. A wide variety of
technologies exists in both research and consumer products of
held-held electronic guidebooks for the betterment of the
cultural heritage experience [2], [4], [5], [6]. While most
previous systems, such as the Antenna products or Sotto Voce,
have used custom hardware or PDAs to enhance users’
experience, we use mobile phones that support both location-
awareness and a rich, user-friendly interface. As phones get
more powerful, they are very likely to become the platform of
choice for museum tours. Antenna, for example, already
includes a service for their customers to download audio tours
to their phones. As more people use their own devices, the
historic sites will need to invest less in hardware support costs.
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Aoki et al. suggest that tour guide systems should balance
the interaction demands of three primary entities: the
information sources, the visitor’s companions, and the
physical environment [5]. In our design of a mobile phone
guide for cultural heritage, we embody these principles,
focusing on the spatial, personal, and social aspects of a visit,
and bringing together the location information of the visitor,
his/her user profile and interaction history, and the interests
and activities of the visitor’s friends. Each of these can have
an influence on visitors’ interaction with the media content
during their tour. By designing for spatial, personal, and
social considerations of the environment, we aim to help users
navigate the historic information space and consume
potentially vast quantities of historical media.

The contribution of this work is as follows. First, design of
the spatial-awareness in a phone-based tour guide avoids the
explicit use of location to trigger content, and instead
structures the experience based on an authored linear
narrative. Second, for personalization, we enable visitors to
interact with graves suggested to them in a customized
manner based on their user feedback. Our most important
contribution is our effort to encourage social interaction by
specifically designing a sharing interface which is novel and
attempts to address the most common complaint about
computerized tours.

This paper is organized as follows. In section 2, related
works are given. We deal with implementations in section 3.
Section 4 describes evaluation and results. Finally, section 5
concludes our work and offers a brief outline of future work.

II. RELATED WORK

A wide variety of research prototypes and commercial
products attempt to create hand-held electronic guidebooks
aimed at improving cultural heritage experiences. First, we
summarize a few key related projects that particularly focus
on spatial, personalized or social dimensions. Then, we point
out other work in the commercial arena.

A. Spatial

There have been numerous efforts to support mobile tour
systems using location-awareness [6], [7], [9]. Cyberguide [2]
was an early mobile tourist guide for the Georgia Tech
campus and adjacent neighborhoods. Location-based services
[11] are proliferating, thanks to modern cell phones. Such
services allow users to search for local restaurants, movies,
stores and so on by entering a queries based at least in part on
their location. Some researchers believe that in the near
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future, augmented reality and Geo-Tagging services will be
combined to provide users with location-based information
based on location or on sensed physical objects [6], [13]. In a
broad sense, these systems are similar to ours in that they
recommend content based on locations. However, we only use
location to offer visitors a sense of where they currently are as
well as where they might want to go in the information space,
and explicitly avoid doing content retrieval by means of a
tightly coupled mapping between the content and the user’s
fine-grained location. Instead our system structures the
experience based on an “authored linear narrative” that helps
a visitor understand what he or she might want to explore in
this historic space. At a basic level, such linear narratives
serve a function similar to authored signage in curated
museum exhibits; they tie a disjoint set of objects or places
into a coherent whole. We utilize GPS to present the user with
an egocentric map display that shows them where they are,
what interesting graves (either on or off the tour) are nearby,
and where their friends and family are located.

B. Personalized

The ARCHEOGUIDE project [8], like many other tour
guides [2], [3], [7], [9], [10], [16], [18], attempts to enhance
the experience of historic locations using user context.
Context-aware guide systems, such as the Electronic Tourist
Guide [10] and others [15], [17]are similar to ours in that
they recommend venues based on the user’s stated or
inferred preferences. Those systems are targeted at helping
users tour unfamiliar areas by providing a wealth of relevant
information based on location, whereas our project attempts
to use customization to tailor potentially vast quantities of
historical media to their tastes. For better personalization,
we allow visitors to interact with the guide book in a
customized manner suggested by their user profile including
their demographics and the themes in which they have
expressed an interest. Additionally, over the course of their
visit, we offer visitors specific content elements tailored to
their feedback. PEACH [22] is PDA version of a museum
tour with location detection, user modeling, and adaptation.
The PEACH system constructs a user model through a
widget, which enables the visitor to express whether she
likes or dislikes a given museum artifact. A more directly
adaptive approach is attempted in the Magitti project [21],
which is not designed for tourists, but for young urbanites
interested in all kinds of leisure activities. Magitti provides
recommendations based on predictions of the wuser’s
activities, using context-aware sensing and machine learning
techniques.

C. Social

Most visitors come to the cemetery (or any historic site)
in groups—from small groups of friends or relatives, to
entire school buses of children on class trips. A major
failing of most electronic tours is that they do not provide
adequate support for shared group experiences. Our work
attempts to overcome the inherent limitations of many

electronic guidebooks that focus on individual experiences
rather than supporting a group tours. Sotto Voce [5] is a
guidebook designed to support social interaction between
visitors and their companions by suggesting the use of an
eavesdropping metaphor that would allow visitors to split
up and then naturally come back in sync, but does not
support long-term shared experiences. The Lighthouse
project uses voice communication to facilitate collaboration
between physical and virtual visitors to a museum [20]. To
encourage social interaction, we have designed the tour to
support shared group experiences. We have designed the
system to support group coordination by allowing members
to see each other on a map and, inspired by Sotto Voce,
eavesdrop on each other’s audio stream. However, going
beyond the capabilities of Sotto Voce, we enable group
members to create a shared experience by synchronizing the
audio controls of all people who are eavesdropping on each
other. Our initial inclination was to follow the Sotto Voce
project in building the simplest interface possible, rejecting
complex controls such as sending/receiving or
connecting/accepting/rejecting to specific visitors, like
friends or family. Our design is different from Sotto Voce in
that we allow visitors to control each other’s audio
experience when eavesdropping. We believe that the
potential disagreements that result from a lack of security
are likely to be resolved socially.

D. Commercial

Antenna Audio [4] supplies museums, historic sites, and
cultural attractions worldwide with  audio-visual
interpretive tour solutions using a hand-held wireless
device. It incorporates various technologies such as audio,
radio, multimedia, and web services. For example, the
High Museum of Atlanta has adopted Antenna Audio
solution to develop tour guide systems for visitors to the
museum. They have systems that support group mode, but
it is designed for large tour groups and does not have the
flexibility of our approach. Their solutions manage to
enlighten visitors’ experience through intuitive controls
and high-quality audio and through non-linear, self-paced
exhibition viewing. Eyeled project supports localized
mobile systems in which the position of the mobile device
is determined by the use of infrared beacons able to
transmit a unique identifier that are installed throughout
the museum [23]. Another example is the Mauerguide
project [4] in Berlin where visitors can trace the history of
the Berlin Wall by means of multi-media, GPS enabled
PDA. Similarly, our cemetery experience follows a linear
story and attempts to engage visitors by creating tension
along a dramatic arc.

III. MOBILE PHONE PROTOTYPE

In this section we describe the design goals, approaches,
and implementation of an educational and entertainment-
based mobile experience for a cultural and historical site.
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A. High-Level Design Goals

e Education and Entertainment: learning about the
site and experiencing the exhibit is the one of the many
reasons people visit cultural heritage sites. However,
sharing the experience with friends and family, and
having a memorable experience in which the visitor
"gets the sense of the place" are often prioritized more
highly than education [5]. Conventional electronic
guidebooks easily satisfy visitors' educational desires
with in-depth digital media, both auditory and visual,
that are otherwise hard to integrate into the physical
space. Even though most electronic guidebooks
provide rich content, they do not help visitors have
satisfying group experiences, nor do they offer the kind
of dramatic or narrative content that can lead to an
emotionally memorable experience.

e Social Interaction: using an electronic guidebook
hinders visitors from interacting with their companions
because the systems are typically designed for
individual users. To fulfill the diverse demands based
on user preference, our system aims not only at
providing visual and auditory information about
historical events, but also serving as a communication
channel between visitors and their companions.

e No Extra Infrastructure: Woodruff et al. point out
that system designs that are applicable in a museum are
not plausible in a historic site [5]. In particular,
location-aware  systems that need to install
supplementary sensors to have the visitor’s position
detected are not feasible (e.g., because of policies to
keep artifacts in the site intact). Thus, location-
awareness systems that require supplementary sensors
to be installed on site are usually not an option; in our
experience at the cemetery, this was the case.

e Low Barrier to Entry: lastly, a concrete
motivation for installation on one's own mobile phone
and the compatibility of software with various mobile
phones are two essential factors to be considered, as
this system runs on one's own device. As visiting
cultural heritage is voluntary activity, the visitors will
be willing to use their own phone if our system
enriches their experience without adversely affecting
the device. We believe that leveraging mobile phone
support for Java MIDP and CLDC, safe and widely
available mobile standards, will enable this in near
future.

B. Proposed Approaches

Our mobile entertainment application seeks to
strengthen the user experience in a cultural heritage site
by supporting spatial awareness, personalization, and
social connectedness. Fig. 1 shows the overall
architecture of our application. In this section, we
discuss how our application addresses the three goals.
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Fig. 1. A system overview of a mobile cemetery tour guide.

1) Spatial Awareness: GPS mapping

We adopt location-awareness to offer visitors a sense of
where they currently are as well as where they might want to
go in the information space, rather than just using location for
content retrieval. On one hand, GPS alone is not reliable
enough to use for fine-grained sensing. On the other hand, we
do not intend to implement complex system logic to
overcome the relative inaccuracy of GPS to provide location-
based content retrieval during navigation. Instead, our system
relies on a linear tour to give the visitor a framework for the
experience. GPS is only used to supports a visitor’s
navigation by allowing them to sense where they are by
seeing their location in the map, and to explore the map to
seek interesting content at each grave along the linear tour.

When users get physically close to a grave, the grave icon
will start blinking. Users may browse the map with a
navigational cursor, using the up/down/left/right direction
keypad on the phone. If users move their browsing cursor too
far away from their current position, directional arrows pop
up, showing them which direction to go to get back to their
position on the map. All of these details are shown in Fig. 2.

Tour Mode Tour Mode Tour Mode Tour Mode
[Individual mode] [Individual mode] [Individual mode] [Sharing mode]

Grave landmarks

Browsing cursor X
Browsing cursor

. . landmarks
Going-up icon

Browsing cursor

Lo Going-up icon Browsing cursor My GPS icon
Goingright fcon My GPS icon Friend GPS icon
(a) (b) (©) (d)

Fig. 2. Zoomed-in map showing content hotspots and other visitors: the
“little person” icon indicates the user’s current GPS location, the “little
hand icon” is for letting the user browse the map, and the two small
arrows are for informing the user of the fact that she is browsing the
map away from the current GPS location.

Authorized licensed use limited to: Kwangju Institute of Science and Technology. Downloaded on February 3, 2010 at 00:11 from IEEE Xplore. Restrictions apply.



Y. Suh et al.: A Mobile Phone Guide: Spatial, Personal, and Social Experience for Cultural Heritage 2359

The above implementation is realized through Fig. 3 which
describes GPS-based map browsing algorithm in the
prototype.

Algorithm for GPS-based Map Browsing
// Draw navigation cursor for letting the user browse the map
1: Drawlmage(NaviPalmImage, getWidth()/2, getHeight()/2);
// Draw small arrows for informing the user of the fact that she is
browsing the map away from the current GPS location
if (Gps.X > Visable Tile X) then
Drawlmage(arrowRightImage,getWidth()/4*3,getHeight()/2);
else if (Gps.X < Visable Tile X) then
Drawlmage(arrowLeftlmage,getWidth()/4,getHeight()/2);
end if
if (Gps.Y > Visable Tile_Y) then
Drawlmage(arrowDownlImage,getWidth()/2,getHeight()/4*3);
else if(Gps.Y < Visable_Tile Y) then
Drawlmage(arrowUplmage, getWidth()/2, getHeight()/4);
end if
/I Current GPS positions are displayed
if (NetworkHasGroupInfo() == FALSE) then
if (IsTileVisible(Visable Tile X, Visable Tile Y)) then
Drawlmage(Me_Icon,Gps.PixelX, Gps.PixelY);/My GPS
end if
else
if (IsTileVisible(Visable Tile X,Visable Tile Y)) then
Drawlmage(Friend_Icon,GPSNetworkInfo.PixelX,
GPSNetworkInfo.PixelY);//Friend's GPS
end if
end if

i A A S o

—_ O

—_— e
AN A S

_.
®

N =
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Fig. 3. GPS-based Map Browsing Algorithm

2) Personalization

A further requirement of our design was that the content
presented to visitors should be tailored to their context. There
are two classes of context used: demographics and various
user selections made throughout the tour. Examples of useful
context include the visitor’s expressed interests, current
location and any content preferences he/she might have.
When launching a tour, the system collects the visitors’
demographics, the themes they have expressed interest in, and
their initial content preferences (e.g., content categories) to
create a suitably tailored tour. The tours are highlighted based
on the user’s demographics and expressed thematic interests.
User context is also used when presenting content to the
visitor. For example, if users get close to graves that they
might be interested in, these graves will be highlighted for
them on the map screen.

Additionally, over the course of a visit, the system monitors
the content visitors listen to at each grave, infers their
interests from the common characteristics of each audio clip,
and chooses individual audio clips from sets of clips at
content point based on these inferred preferences. To
determine which media content is provided to the users, we
developed a content recommendation module based on both
the characteristics of each audio clip and user feedback on the
clips. As a method for recommending content clips based on
user preferences, a similarity measuring equation was used
[26]. Here, user preference P is described in terms of the
vectors, P =(w,...,w,) of the =n distinct terms

T =(t,...,
described in terms of vectors, C = (u,,..., u, ) with n items

t,) . Similarly, the metadata of content C is

which are the same as those in the preference vector, that is
terms. In this representation, w;,is the weight value of the

user preferences on a certain property of the content, and u; is
the weight value of the content on the property corresponding

to Wi ( Wcategory > Wkeyword )

The recommendation module calculates the similarity
between user preference and potential content at the current
grave, and finds a content piece with maximum similarity to
the content list of the current grave. When the calculated
similarity of a piece of content is above the preset threshold, it
indicates that the user is likely interested in the content.

c;(gy)= arg max Similarity (c;(g), p(gy))- (1)
Cj(gk )Ec(gk)

Here, c;(g) indicates one element of /s, content in a set of a

list of content pieces at the ky, grave and p(g, ) does a set of

user preferences at the ky grave. As in (1), the system
recommends the five highest similarity contents to the user.
When a clip is recommended to the user according to his/her
preference, a key button for rating is also provided, with a
user feedback scale of -2(I hate it), -1(I don't like it), 1(I like
it), and 2 (I love it). The system then retrieves user feedback
on the recommended content pieces at the current grave. If no
user feedback is given (as we expect will happen often), the
system uses the initial content preferences. As in (2), it
updates current user preference based on user feedback, so
the updated user preference can be used in similarity
calculation at the next grave.

w'=(l-a)-wi+a-Aw; 0 <a <1 2)

where w;'is the weight of term ¢ after update, and w; is the
weight of term #; before update. The Aw, is rating integer value
from the user, 2 <Aw, <2 .« represents the learning rate

that determines how quickly the user preference weakens old
preferences and adopts new ones. Thus, user preference is
updated as in (3). Then, similarity calculation at the next
grave is done using (4).

Pr= (e, ). 3)

n

E Uuiwi

c-P pay (4)

IcixiPl oy o
ZMiZZWi

Similarity(C,P') =

i=1 i=1

In the same way, the recommendation module can evaluate
the available contents at each grave using (4), and then
suggest the five pieces of content with the highest similarity.
Fig. 4 shows this procedure as a flow chart.
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Fig. 4. The flow charts for content recommendation in personalization.

3) Social Connectedness: Eavesdropping

The last but most important aspect of our work is our effort
to support social interaction, enabling visitors to share their
experience by implementing an “eavesdropping” function.
Visitors could eavesdrop on other group members when they
are far away to see if they're listening to anything interesting,
and perhaps go find them if they would like to join them at
their point in the tour. Our audio sharing metaphor is similar
in spirit to the functionality of Sotto Voce, but has some
subtle yet significant differences. In Sotto Voce, paired
visitors share audio content as follows. When visitor A selects
a specific object on his device, he always hears his own audio
clip about the object. If A is not currently playing an audio
clip, but his companion B is, then B’s audio clip can be heard
on A’s device. In other words, personal clips are always
played in preference to eavesdropped clips about a specific
object. On the other hand, visitors in our cemetery experience
can freely pause personal clips to eavesdrop on the others’
clips and then resume the personal clip where it is stopped
before eavesdropping.

Moreover, there is an important difference in how we
designed audio synchronization for sharing. In Sotto Voce,
the way that audio playback on the paired devices is
synchronized is as follows; if A and B are both listening to
their own clips and A’s clip ends first, A will then hear the
remainder of B’s clip as if it had “started in the middle.” In
our cemetery experience, we allow the visitors to control the
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others’ audio experience. For example, if user A (the
eavesdropper) wants to share a particular audio clip with user
B, user A simply selects that clip, since all “synchronized”
listeners implicitly have control over what each other is
listening to. We believe that difficulties or disagreements that
result from this level of interaction are likely to be resolved
socially. Fig. 5 shows the overall process of the phase in
which one user eavesdrops on and controls the other in our
audio sharing function.

User 2: be asked to share contents from Userl
User 1:has priority over User 2

(1) REQ_ADDGROUP (5) GET_PHONESTATE

(2) REQ_JOIN GROUP (6) GET_UNSOLICITED EAVESDROPPING NOTIFICATION
(3) REQ_LISTGROUPS /GET_LISTGROUPS  (7) REQ_CONTENTCONTROL

(4) REQ_EAVESDROPPING (8) GET_FORCEDSTATEUPDATE

Time
- Mobile Phone
e Acquire Get the Acce \ Synchronize
h pt Get the forced oo
& available unsolicited “eavesdrop stateupdate ‘;‘:‘h ﬁé;[
3 grouplists cavesdropping || ping”from || (being controlled s
from the notification User 1 by User 1) _ (play
server contents B)
- Request | Fetchthe Syu‘i:"f:“ﬁ(x‘éq Recommend “share”
g crme | by | e || Gt | oty e
ping on phone which is played in
— User 2 state User 2 phone) J over User 2)
\—
1 @ 3 “) ] © (G 1t)]
[ Get group state H Manage eavesdropping state among group members ]

Server

Fig. 5. A process flows for contents sharing among group members.

By relying on social negotiation, rather than an elaborate
security and permission scheme, the interface for the group
tour is simple and almost completely transparent, while at the
same time providing maximal flexibility. For example, it may
be possible that user A wants user B to listen to a particular
clip, but it would be rather disruptive having audio starting
suddenly on user B's side while he is either listening to
something already, or browsing the map to find another grave
that he can visit. We wanted to reach a satisfactory
compromise between the simplest interface and undisruptive
user interaction. When user A eavesdrops, user B is
automatically synchronized (content-wise). If user A switches
graves in grave mode while in sync, user B will switch graves
in that mode too. Here, synchronized content contains both
audio and visual about a specific grave. For the simplest yet
most flexible interface, we leverage the fact that group
members are supposed to be friends, and let social protocols
be the "security," rather than a collection of annoying button
clicks, etc. We decided not to synchronize the displays in map
mode, because doing so prevents a group of people from
trying to do other things while synchronized, such as
browsing nearby graves.

In the end, our design has two benefits in addition to
facilitating group interaction. First, the audio sharing interface
is relatively simple at enabling listeners to implicitly have
control over what the others are listening to. Second, there is
no synchronization of the phone displays outside of grave
mode, only audio mode (in grave mode, all users see the same
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visuals, corresponding to the current audio clip). Users are
thus able to browse the map while the audio is still playing,
reducing the disruption to interaction.

C. Platform and Interface Controls

Our implementation of the cemetery media experience was
programmed for a mobile phone and runs on Java 2 Micro
Edition (J2ME). Fig. 6 shows the overall system
configuration. To support mutual real-time eavesdropping
among a group of people, paired mobile phones communicate
with a server over the WLAN. To obtain location information
in our system without any extra installation of sensing
equipment on site, we adopted GPS technology with both the
built-in GPS of the mobile phone, as well as an optional
bluetooth-enabled GPS device for users to carry with their
mobile phones. The system transfers the GPS locations to the
server via WLAN.

Fig. 6. System configuration: platform and hardware setup.

The mobile phone has 240mm x 320mm display resolution,
similar with most PDAs’ resolution. For input, some current
phones and PDAs use touch-screens for direct manipulation
and rich interaction. Many mobile phones, however, only
support traditional keypads. Chong et al. investigated user
interface design requirements for mobile devices [12]. In an
effort to support the widest range of devices, our design
minimizes redundant or insignificant features, allowing us to
control the interface with a typical phone keypad. We have
avoided using menus where possible by having the keypad
mapped to different functions in each of the two modes of the
tour as shown in Fig. 7.

Map Browsing
-up, down, right, left

Content Control
1: 15t Category exploration
2:2nd Category exploration
3: 3% Category exploration
4: Backward
5: Play/Pause
6: Forward
7: Volume Down
8: Ranking pop-up
9: Volume Up
0:Next Grave
*: Exit
#: Eavesdropping (toggle for
sharing mode and individual
mode)

Fig. 7. User interface for user input control during tour.

IV. EVALUATION AND OBSERVATION

Our mobile tour guide seeks to strengthen the user
experience in a cultural heritage site by supporting spatial
awareness, personalization, and social connectedness. For this
purpose, we applied our system to such a site. In this section,
we present our methods for conducting a user study of our
system and the results from that study. We also conducted a
performance evaluation to investigate the effectiveness of
both content filtering and content.

A. Experimental settings and procedure

For our study, we recruited 12 participants in groups of 2,
with a study of up to 6 groups (3 friend groups and 3 family
groups). We asked each group to experience our mobile
phone-based tour guide system, letting the system log data in
the background. Prior to their experience, the participants
were given an introduction to the system they would be using.
After the tour, participants were asked to fill out a
questionnaire and participate in interviews. With respect to
spatial awareness, we logged and gathered data such as users’
position information during their tour (GPS data) and users’
various commands from the user study.

To wverify the effectiveness of personalization, we
conducted a performance evaluation. To test with a huge
amount of potential content, we expanded the number of story
nodes implemented in the first prototype from three gravesites
to seven. The entire experiment involved a total of 147 audio
segments (covering seven gravesites) lasting from 20 seconds
to 2 minutes. All participants were asked to listen to content
of their choice with the system. We adopted two criteria for
evaluating filtering effectiveness: precision and recall [24]. In
our evaluation of social connectedness, we asked the
participants to complete tasks in order to investigate the
effectiveness of audio synchronization with our sharing
interface. Participants took part individually in a single 15-
minutes session during which they completed two trials. Each
trial was done in two ways: (1) automatically, using our
sharing interface, and (2) manually, not using our sharing
interface. The first trial consisted of the task in which content
of my partner should be synchronized on my mobile phone.
The second task required my content to be synchronized with
my partner’s mobile phone.

B. Results and Analysis

The evaluation brought to light specifics of the new
experience our system provides as well as corresponding
challenges.

1) Spatial Awareness: GPS Mapping

It was revealed that the participants were satisfied with their
overall tour experience without location-awareness through
fine-grained sensing of GPS since they relied on a linear tour to
get a framework for the experience. Fig. 8- (a) shows the GPS
data from the twelve participants during our user study. On one
hand, the Ilatitude and longitude position data reveal
inconsistencies and occasional errors with a fluctuation of about

Authorized licensed use limited to: Kwangju Institute of Science and Technology. Downloaded on February 3, 2010 at 00:11 from IEEE Xplore. Restrictions apply.



2362

5-10 meters difference between users. This implies that GPS
alone is not reliable for fine-grained sensing such as knowing
when a user is near a specific grave. Despite the inaccuracy of
GPS data, the position of the users can provide a rough mapping
for the spatial narrative. It was revealed that our linear tour
assisted in prompting participants not to walk away from a main
tour route. On the other hand, many users continued to interact
with the system by pressing narrative audio control buttons to
navigate the cemetery as shown in Fig. 8 - (b). Judging from the
interviews, some participants enjoyed navigating with the help of
both audio narrative and GPS-based map in the cemetery, while
others commented that “It seems to be useful to have a visual map,
but not so essential since audio narrative content is pretty clear for
easy finding.” It is evident that they were going for navigation
mainly by pressing the “Next” button while occasionally using the
“Play/Pause” button and rarely ‘“Prev.”. Thus, the data indicate
that knowledge of a user’s position should not be the only factor
determining which audio segment to play; however, as other
attempts to use GPS for location-based systems have shown, GPS
technology has limited absolute accuracy, but can still enable the
system to make certain decisions at runtime. For example,
decisions on a large range, such as knowing when a user is near a
group of graves, will still be possible using GPS and we plan to
design for location-awareness under this constraint in the future.
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Fig. 8. Observation data: (a) GPS data for all participants, (b) audio
control buttons in navigation mode.
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2) Personalization: content filtering

We validated that the content presented to visitors was
better tailored to their real-time feedback over the course of
their visit than to their initial user preferences. As shown in
Fig. 9, the initial content preference of users was not
consistent with actual buttons pushed over time for content
choices during the tour. Overall, users explored “the
interview while in life” content the most among three
categories after tour. From the interview, we found that most
of users liked “the interview while in life” content the most
but prefer a variety of content.

45

40
35 B

30

25

o Jife style

Ostruggle activity

preference(%)

B interview while in life

Initial Preference
(before tour)

Actualpreference
(aftertour)

Fig. 9. Preferences in three content categories (a) before tour, (b) after
tour.

For the quantitative data analysis, we used the weighted
harmonic mean of precision and recall, the traditional F-
measure or balanced F-score [25] to verify the effectiveness
of content filtering in our personalization module referring to
(5), (6), and (7). In general, precision can be used as a
measure of the ability of our system to present only relevant
audio clips. Recall can be used as a measure of the ability of
our system to present all relevant audio clips.

2 - precision - recall

F —score= — , where 5)
(precision + recall)
.. recommended N interested
Precision = (6)
recommended
recommended M interested
Recall = - . (7
interested

As shown in Fig. 10, we realized that F-score values of
most graves using user feedback were higher than using only
initial preference. As other attempts [26] to experimentally
validate that people’s opinion about items can change as a
result of their topical relatedness to a shown item have shown,
our content filtering mechanism basically guaranteed that the
ratings of topically related content were more likely to
increase. At the same time, specific content with negative user
feedback can be given low priority, even if that content is
topically related.
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Fig. 10. F-scores in cases of using initial preference and using user
feedback.

From the experimental results, we concluded that our
system, especially content recommendations made using user
feedback with rating interface, can reflect user preference
constantly changing from grave to grave, with good filtering
effectiveness.

3) Social Connectedness: audio synchronization

As a matter of prime importance, we found that our design
of a sharing scheme with mutual eavesdropping and content
control contributed to facilitating group interaction, that is
conversation, by information sharing and content
synchronization, both because of the existence of the sharing
function itself and because of the ease of interface
manipulation. In the interviews, most users commented that
they had more chances for conversation by using the sharing
function in our system guide than they had in any other
electronic tour guide. They commented that they were able to
exchange opinions regarding specific content they were
currently sharing. They also said they could talk together
without using the sharing function; however, they thought it
was very troublesome to share content with manual
synchronization.

For quantitative data analysis, we measured completion
time according to the manner of each trial. Using these data,
we calculated the average time of each of the 12 participants
in each trial. Here, we present the average values of the two
specified manners for doing the trials. Fig. 11 shows the time
it took users to do content synchronization with and without
sharing interface on two tasks. Average manual
synchronization in the first task was 10.4 sec. and average
automatic one was 3.9 sec. The average manual
synchronization in the second task was 10.89 sec. and average
automatic one was at 7.78 sec. We found it was inconvenient
to synchronize a specific content clip without a sharing
interface, since participants needed to adjust which category
the clip belonged to and where the clip stood in the list of the
category, one by one. In particular, it was revealed that our

sharing interface is very useful at the moment participants
find a certain clip undeniably impressive and want to share it
with their members immediately. Thus, our sharing module
motivated participants to share content with the help of our
simple interface.
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Fig. 11. Time it took users to do content synchronization with and
without sharing interface on two tasks.

V. CONCLUSION AND FUTURE WORK

We have built a mobile phone-based system to support
users’ spatial, personal, and social desires when visiting an
historic cemetery. Our work on mobile entertainment systems
has revealed several future research and design questions.

Spatially, while the overhead map view can be easily generated,
it may not provide the best interaction for helping users understand
their location. At this point the system does not provide orientation
data, so users may make it to the right vicinity but face the wrong
direction. Also, cultural heritage sites face the challenge of
producing maps or aerial photographs without natural obstructions,
like trees. Literature on cartographic interaction can shed light on
how to deal with this issue.

For better personalization, mobile phones with small
displays and slow input methods present a challenge for
collecting the personal data required to customize the user
experience. Users may be unwilling to fill in forms about
preferences, especially if they do not plan to return to that
place in the future. Our goal is to collect a minimal amount of
personal information upfront and then non-intrusively infer
visitors’ preferences based on content selection and
his/navigation of the same. We plan to implement and
evaluate user modeling techniques to present more adaptive
content recommendations.

Socially, in historical sites such as graveyards with densely
packed points of interest, two people can be standing close
together and looking at entirely different aspects of the site.
We have implemented eavesdropping as one method to easily
"skim" or "browse" interesting things another user might have
discovered. Another technique would be to allow visitors to
selectively share what they’ve been experiencing. System
cues may help facilitate social interaction. We can look at
how long the user has been listening and the user’s recent
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play items to help a social group find points of interest and
avoid uninteresting items.

REFERENCES

[1] S.Jang, Y. Kim, H. Na, and D. baik, "Embedded System Architecture
for an WLAN-based Dual Mode Mobile Phone," IEEE Trans. Consum.
Electron., vol.55, n0.3,pp.1623-1630, Aug. 2009.

[2] G. Abowd, C.G. Atkeson, J. Hong , S. Long, R. Kooper, and M.
Pinkerton, “Cyberguide: A mobile context-aware tour guide”, Wireless
Networks, vol.3, pp. 421-433, 1997.

[3] B.L. SAENZ, J.A. THAYER, W.J. SYDEMAN, and D.A. HATCH,
"An urban success story: breeding seabirds on Alcatraz Island,
California, 1990-2002," Marine Ornithology, vol. 34, pp. 43-49,
2006.

[4] F. Heller, "CORONA: Realizing an Interactive Experience in Visually
Untouchable Rooms Using Continuous Virtual Audio Spaces",
Diploma Thesis at RWTH Aachen University, 2008.

[51 P.M. Aoki, R.E. Grinter, A. Hurst, M.H. Szymanski, J.D. Thornton,
and A. Woodruff, “Sotto Voce: Exploring the Interplay of Conversation
and Mobile Audio Spaces”, Proc. ACM SIGCHI Conf. on Human
Factors in Computing Systems, Minneapolis, MN, pp. 431-438, Apr.
2002.

[6] M. Nagao, K. Suzuki, M. Yamazaki, and H. Ikeda, "New type of
electronic home museum utilizing digital video databases," /EEE
Trans. Consum. Electron., vol.43, no.3,pp.394-400, Aug. 1997.

[7] T. Yoshino, T. Muta, and J. Munemori, "NAMBA: location-aware
collaboration system for shopping and meeting," IEEE Trans. Consum.
Electron., vol.48, no.3, pp.470-477, Aug. 2001.

[8] V. Vlahakis, J. Karigiannis, M. Tsotros, M. Gounaris, L. Almeida, D.
Stricker, T. Gleue, LT. Christou, R. Carlucci, and N. Ioannidis,
“ARCHEOGUIDE: First results of an Augmented Reality, Mobile
Computing System in Cultural Heritage Sites”, In Proceedings of the
Conference on Virtual Reality, Archeology, and Cultural Heritage
(VAST’01), Glyfada, Greece, pp. 131-140, Nov. 28-30, 2001.

[9] W. Schwinger, Ch. Griin, B. Proll, W. Retschitzegger, and A.
Schauerhuber, “Context-awareness in mobile tourism guides — A
comprehensive survey”, Technical Report, Johannes Kepler University
Linz, IFS/TK, 2002. ftp://ttp.ifs.uni-
linz.ac.at/pub/publications/2005/0405.pdf.

[10] K. Cheverst, N. Davies, K. Mitchell, A. Friday, and C. Elfstatiou,
“Developing a Context-aware Electronic tourist Guide: Some Issues
and Experiences”, In Proceedings of ACM SIGCHI Conference of
Human Factors in Computing Systems (CHI’00). The Hague,
Netherlands, pp. 17-24, Apr. 1-6, 2000.

[11] J. Baus, K. Cheverst, and C. Kray, “A survey of map-based mobile
guides”, In Zipf, A., Meng, L. & Reichenbacher,T. (Eds). Map based
mobile services - Theories, Methods and Implementations. Springer-
Verlag, 2005.

[12] P. Chong, P. So, P. Shum, X. Li, and D. Goyal, “Design and
implementation of user interface for mobile devices,” IEEE Trans.
Consum. Electron., vol. 50, no. 4, pp. 1156-1161, November, 2004.

[13] M. Hazas, J. Scott, and J. Krumm, “Location-aware computing comes
of age”, IEEE Computer, vol. 37, no. 2, pp. 95-97, 2004.

[14] B. Bederson, “Audio Augmented Reality: A Prototype Automated Tour
Guide”, In proceedings of ACM SIGCHI Conference of Human
Factors in Computing Systems (CHI’95), Denver, CO, USA, pp. 210-
11, May 7 - 11, 1995.

[15] S. Poslad, H. Laamanen, R. Malaka, A. Nick, P. Buckle, A. Zipf,
“CRUMPET: Creation of user-friendly mobile services personalized
for tourism”, Proc. 3G, pp. 26-28, 2001.

[16] D. Petrelli, E. Not, M. Zancanaro, C. Strapparva, and O. Stock,
“Modeling and Adapting to Context”, In Personal and Ubiquitous
Computing. vol. 5, pp. 20-24, 2001.

[17] F. Ricci and Q. N. Nguyen, “Acquiring and revising preferences in a
critique-based mobile recommender system”, IEEE Intelligent Systems,
vol. 22, no. 3, pp. 22-29, 2007.

[18] S.Hartwig, M. Luck, J. Aaltonen, R. Serafat, and W. Theimer, "Mobile
multimedia - challenges and opportunities," [EEE Trans. Consum.
Electron., vol.46, no.4, pp.1167-1178, Nov. 2000.

IEEE Transactions on Consumer Electronics, Vol. 55, No. 4, NOVEMBER 2009

[19] B. Rao and L. Minakakis, “Evolution of mobile location-based
services”, Commun. ACM , vol. 46, no. 12, pp. 61-65, 2003.

[20] B. Brown, I. McColl, M. Chalmers, A. Galani, C. Randell, and A.
Steed, “Lessons from the Lighthouse: Collaboration in a Shared Mixed
Reality System”, In Proceedings of the Conference on Human Factors
in Computing Systems (CHI’03), Fort Lauderdale, FL, USA., pp.577-
584, Apr. 5-102003.

[21] V. Bellotti, B. Begole, E.H. Chi, N. Ducheneaut, J. Fang, E. Isaacs, T.
King, M.W. Newman, K. Partridge, B. Price, P. Rasmussen, M.
Roberts, D.J. Schiano, and A. Walendowski, “Activity-Based
Serendipitous Recommendations with the Magitti Mobile Leisure
Guide”, Proc. ACM SIGCHI Conf. on Human Factors in Computing
Systems (CHI 08), ACM Press, pp. 1157-1166, 2008.

[22] O. Stock, M. Zancanaro, P. Busetta, C. Callaway, A. Kruger, M.
Kruppa, T. Kuflik, E. Not, and C. Rocchi, “Adaptive, intelligent
presentation of information for the museum visitor in PEACH”, User
Modeling and User-Adapted Interaction, vol. 17, no. 3, pp. 257-304,
2007.

[23] S. Gehring and M. Gisch, "The Privacy Badge Revisited -
Enhancement of a Privacy-Awareness User Interface for Small
Devices," Workshop on Security and Privacy Issues in Mobile Phone
Use (SPMU’08), May 19-22, Australia, 2008.

[24] C.J. van Rijsbergen. Information Retrieval. Butterworths, second
edition, 1979.

[25] G. Adomavicius, A. Tuzhilin, “Toward the Next Generation of
Recommender Systems: A survey on the State-of-The-Art and Possible
Extensions,” IEEE Trans. Knowledge and Data Engineering, vol. 17,
no. 6, pp. 734-749, 2005.

[26] J. Masthoff, "Group Modeling: Selecting a Sequence of Television
Items to Suit a Group of Viewers," User Modeling and User-Adapted
Interaction, vol. 14, pp.37-85, 2004

Youngjung Suh received the B.S. degree in Computer
Engineering from Chonnam National University in 2001
and M.S. degree in Information & Communication
Engineering from Gwangju Institute of Science and
Technology (GIST) in 2003. She is currently working
towards her Ph.D. degree in DIC at GIST, Korea. Her
research interests include Mixed Reality, Human
Computer Interaction, Context-aware computing technology, Ubiquitous
computing and Wearable computing, etc.

Choonsung Shin received his BS degree in Computer
Science from Soongsil University in 2004 and MS degree
in the Dept. of Information and Communications (DIC)
from the Gwangju Institute of Science and Technology
(GIST) in 2006. He has been a PhD student in DIC, GIST
since 2006. He has researched smart homes, context-
aware computing, mobile computing, HCI, etc.

Woontack Woo received his B.S. in Electronics
Engineering from Kyungpook National University in
1989 and his M.S. in Electronics and Electrical
Engineering from POSTECH in 1991. In 1998, he
received his Ph.D. in Electrical Engineering Systems
from University of Southern California (USC). In 1999,
as an invited researcher, he joined Advanced
Telecommunications Research (ATR), Kyoto, Japan. Since Feb. 2001, he
has been with the Gwangju Institute of Science and Technology (GIST),
where he is an Associate Professor in the Department of Information and
Communications (DIC) and Director of Culture Technology Institute (CTI).
His research interests include 3D computer vision and its applications
including attentive AR and mediated reality, HCI, affective sensing and
context-aware for ubiquitous computing, etc.

Authorized licensed use limited to: Kwangju Institute of Science and Technology. Downloaded on February 3, 2010 at 00:11 from IEEE Xplore. Restrictions apply.



