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Abstract. We developed a locative fiction application callehOsphereand
deployed it on the UCLA campus. This applicatioegents an interactive
narrative to users working in a group as they memeaind the campus. Based
on each user’s current location, previously visigzhtions, actions taken, and
on the similar attributes of other users in thesgmoup, the story will develop
in different ways. Group members are encouragedhey story to move
independently, with their individual actions an@gress affecting the narrative
and the overall group experience. Eight differemtations on campus are
involved in this story. Groups consist of four fg@pants, and the complete
story unfolds through the actions of all four grawembers. The supporting
system could be used to create other similar tgpéscative literature, possibly
augmented with multimedia, for other purposes anather locations. We will
discuss benefits and challenges of group intemastion locative fiction,
infrastructure required to support such applicajassues of determining user
locations, and our experiences using the applicatio

1 Introduction

Our work on ubiquitous computing has focused orugrimteractions among users
and devices. One important element of this work besn to deliver useful and
interesting content to users based on their phlygications, often modulated by the
social groups to which they belong. We built a skengpplication based on applying
these ideas to stories that are presented to basesl on their location. This paper
discusses the design of our system, important ssstee addressed in building the
application, and experiences in its use in a regirenment, the UCLA campus.

We built a story callechanOspherehat would play out across several locations on
the UCLA campus. Because of our interest in graougractions, we designed it as a
story told to a small group of users.

Members of this group take on different story rad@si move from place to place,
either individually or together. The story unfolals they visit different locations, and
depending on the participation of other group mamtthe plot may vary. It can only
reach its conclusion if all members participate athdbcations are visited.

Though the text of the story itself is particulard single narrative, the software
infrastructure used to present it to the groupsisEtrs is general and would support
many other pieces of literature or other forms afitent with similar characteristics.
Common infrastructural elements include methodsaiermining location, a parser
to convert raw text and interaction logic into mateto present to the readers,
primitives to handle group formation and interactio and networking and event



communications support. We also addressed howirgg@nd cooperation can be
used to handle problems arising from poor or intgemt network connectivity.

We discuss not only the issues of the story weadlgtwrote and tested, but also the
generality of the system and its usability for aevi variety of locative media. The
experiences we present include discussions bdteadifficulties in writing this kind
of story and in debugging and experiencing it.

2 System Support for Location-Based | nter active Narratives

Our narrative framework allows authors to deplopteat and dynamically provides
services to individual mobile users and groups sérs. Our Panoply middleware
supports the creation and management of decemttiajiroups of computing entities
calledspheres of influengevhich serve as an organizing principle for agglmns. In
our target environment, story participants carrybiteodevices that represent them in
cyberspace. Panoply enables the formation of spheara provides tools for
application design and content authoring. Thesks twere designed to be useful for a
wide variety of interactive experiences involvinggps and locations.

21 Story-Telling Application

nanOspherewas designed to be an interactive, location-dratacter-driven work of
speculative fiction that involved a wide varietydifferent physical locations on our
campus.nanOsphereis a non-linear, team-based narrative in whichheaember
assumes the role of a story character. They eamivee a customized experience,
which includes pieces of the story and clues, basetheir location, the location of
other team members, and the overall progress ohé#neative. Each user has the
opportunity to manipulate virtual objects and parfovirtual actions that change the
state at the present location. No individual plaigeexposed to the whole narrative;
only by combining the team’s individual experiendegs the entire narrative emerge.

nanOsphereequires the creation and management of groupstifes. These could
be location-based groups, such as all the chasaateo happen to be in the library at
a given time. Social relationships and shared taskexperiences could also define a
group. For our application, we created a virtuaigogroup that maintained story
state and was responsible for disseminating canféms$ social group is represented
by a network server; mechanisms for on-demand camwation of story events and
delivery of locative media content are providedcase features. Discovery of peers
and mediation of interactions between two particfpaor a participant and a virtual
location, were supported. These features are commoormmany applications,
independent of the content or the nature of thégiaants.

Media Language and Parser: For the creation and interpretation of locativediae

content, we provided a media description languaaget on XML that consists of
basic media elements such as location descriptommglitional scenarios, and actions
that users may take. Additionally, we provided abconditionals that let the media
engine test various constraints such as the presefnanother team member or the
presence of someone exploring a different medieepiEigure 1 shows an example of



a location description. This example shows a simipdation and also illustrates a
triggerable scenario that is activated when theigipant is playing the “Rowan”
character, and the “Renata” character is also ptésehe vicinity.

<LocationDesc name="Office” path="Narrative">

<LocationText>Morrison's office had become a sechame. Bookshelves covered one wall. Books, aldnials,
sheaves of paper, and photos of family and friemlered the shelves. Mementos from travels to @hdil Germany,
Australia dotted his walls. A box of blocks andffed animals lay in the back corner of the offiftest in case Paulette,
his two year-old visited for the afternoon. He tikéo surround himself with things and images thatden him

comfortable, especially since he dedicated so miitlis time to research.</LocationText>

<Scenario>
<Cond>
<And>
<ActorCondition var="name" val="Rowan"/>
<PresentCondition name="Renata"/>
<ValueCondition var="Office_Rowan" val="false"/
</And>
</Cond>

<LocationText>A frazzled student answers therdtyes?"<p/>"I need to talk with Professor Moaris Right now.

It can't wait!"<p/>"Professor Morrison, I'l

talk with you later. Call me if you need anythinglie student opens the door and leaves. </LocatktrT

</Scenario>
</LocationDesc>

Figure 1: Example Locative Media Description

User Interface: nanOspherepresents use

with a Java-based interface (Figure 2). Blbomowsst el
interface presents a portion of the stor nandsphere
the participant on his mobile device; e G

content is relevant to his current posit
and reflects the progress of the story b
on actions performed by all the charac
In the figure, the user has assumed the
of William, one of the story characters, \
has just arrived at thénverted Fountail
The main panel, marked “Locat
Description,” displays relevant story t
laying out the scene as it would appe:
the virtualInverted Fountain The interfac
also indicates important events that pro
the user with more information and ¢
supplies contextual hints or prompts ir
“Event Log” panel. The user can ¢
influence the course of the story thro
actions; choices for these are provided i
“Available Actions” panel. As the us
moves around campus and enters
locations, the interface automatic
updates the scene description and
available options.

Location Description

It's quiet; you hear the fountain first. Campus opens up around
the fountain and leaves a blessedly blark Space among its
usual crowd of buildings. It's deceptive, this fountain. Sall
children race from their strollers and farmily to peer over the
edge, new students casually warnder over to take a look, while
others sit on the nearby steps,avoiding any kind of look into the
abyss. To the children, the fountain must look orminous, with its
sullen grey rock-face that slowly bleeds into a gaping
hole-—vater gushing into a waiting mouth. The closer you get to
the fountain, the more you hear the rush of water, and once
you're actually Sitting on its lip, the outside noises of children
playing and rmothers scolding dissipates untl all you hear is the
moving water. Dante would have loved this place--loved its
wrildness.

You see people milling about in small groups, whispering and
pointing towards the fountain.

Available Actions Event Log

b

[T

Talk to the nearest group. Hint: Stroll by the Inverted
Fountain
Search around the fountain,

Alert: Amanda 7 has
entered this location

Figure 2: nanOsphere's User Interface



2.2 ThePanoply Middleware

Applications such asanOsphereun on top of Panoply, our ubiquitous computing
middleware, which handles location inference, neking and configuration, group
context management, and communication with otheicde and services.

Location Inference: In mobile story-telling applications, location & important
component in determining what part of the storimsediately relevant to the user.
Panoply provides a localization module for sengihgemantic locationswhich are
regions that are meaningful to users or applicatioBemantic locations are obtained
by mapping low-level hardware observables to seim&entifiers. The framework is
modular to allow the use of different low-level &ization techniques [5,10]. Our
current implementation uses a combination of 802sténe analysis [1] and
attenuation monitoring. The semantic localizati@mponent reports when a user is
inside or outside of a particular office or wheosgr is likely within visual proximity
of a relevant campus landmark. These semantic megian be defined over a wide
range of sizes, and can be subdivided or aggregatedther related semantic zones.

Network Configuration: Devices participating in an interactive narratipplécation
need to dynamically retrieve content and mainta@iationships to peers and story
groups. Administrative realities do not permit dgphent of content servers at every
location. As users explore the campus with theibileadevice, Panoply monitors the
wireless landscape to identify appropriate 802.&tworks. Based on configuration
information provided by th@anOsphereapplication, Panoply manages network and
media server connectivity. In practice, Internetreectivity is not always available.
Where no connectivity is available, ad hoc 802.&flmorks are used to discover and
form connections to nearby peers in order to altmeal coordination and interaction.

Groups-Based Infrastructure: In Panoply, groups and group connectivity are
managed byspheres of Influend®], a device management and coordination system.
These spheres are based on user and device characteristics sischsocial
memberships, location, network presence, etc. Ramopvides low-level primitives,
including group creation and discovery. Spherestaai policy, state, memberships
and relationships, provide contextual sensorssacdrely mediate interactions.

A sphererepresents a single device, or, recursively, acsirad group of spheres.
Most groups occurring in mobile story-telling apaliions will fit in one of the
following classes: device spheres, location spheaesl social or attribute-based
spheres. Adevice sphergepresents a single mobile device.lggation sphereis
associated with describable physical regions, agka room, building, or the area
within range of a specific access point, and caifuge any device spheres currently
in that spaceSocial spheresepresent groupings of other spheres to achieskes tar
indicate common interests or goals, such as bemlers of a club. All spheres are
maintained by one or more devices and have a nktpresence. An example in our
application is an interactive narrative sphergjpe tof social sphere. The participants’
mobile devices have device spheres, and are trdaresiel peripatetic members of the
narrative sphere.

Event Communication: Panoply uses a publish-subscribe event model for
communication, which is well suited to the loosetupled mobile computing model



we are building our applications on. Events carused to deliver low-level context
changes and notifications, as well as on-demandenbnSphere components and
applications register with their local sphere fesided event types, and corresponding
events are delivered to the interested componesste® events includdiscovery,
membership, location, policy, cache, heartbeatd management eventstc. These
events are generated by core Panoply componenglicAtions use these events to
react to external changes and adapt their behatgplication-defined events are
specific to the creating application, e.ganOspheraises media-update events from
the media sphere to the mobile devices, and aetvents from mobile devices to the
media sphere.

Media Caching: Various locations that are critical to developihg story may have
poor or no connectivity, yet provide sufficientanfnation to allow a mobile device to
determine the identity of that location. Therefones enable predictive delivery of
content from the social media sphere to individuaevices during periods of
connectivity. This content is then stored in a sploache Then, if the media sphere
is disconnected and our location subsystem indsoatehave entered a new location,
we can check to see if the cache contains apptepneedia. If it does, the local
infrastructure reveals the content to the applicatiAdditionally, changes to virtual
story state made by the local device are cacheataamnectivity is restored, or may
be shared with locally discovered team membersyfexist.

3 The nanOsphere L ocative M edia Experience

nanOsphereis an interactive and location-aware narrativejttem by a UCLA
graduate student in the English department andumdergraduates (one in English
and one in Computer Science). The goal of thiseotojvas to showcase group
interactivity and location-aware media, and atsame time, tell a story.

The story is a speculative, fictional narrative @boanotechnology on the UCLA
campus. Four users each play a different chargetesecurity guard, a graduate
student, a campus information technology specjadistl a professor of sociology)
and interact with the campus from that person’spective. The narrative is goal-
driven, and uses this concept as the impetus fdr eharacter to move from location
to location.

The authors used the construction of a new biotolgy building on UCLA's
campus as the main plot-device for the narrative tory begins with the theft of an
extremely dangerous prototype technology from a pemnanotechnology lab.
Secifically, the story takes the four users throwgjght specific points on the
campus. They are able to read descriptions of tinwendings as they stand in a
location. As the character visits more locatio® true story behind the theft is
revealed. Each character has a different reasobdimyg involved in the story: for
example, the graduate student might lose her fgpdaihile the sociology professor is
best friends with the head of the lab that was éndkto.

The story has a definite plot arc, with each plagmtering at the “beginning” of his
or her involvement in the story. Players gatheeslat each location and can engage
in virtual conversations with other characters. fiplg players in a single location or
two players crossing paths can lead to more otbey being revealed or to the clues



changing. Players are also encouraged to engagetual conversation and discuss
the narrative if they happen to cross paths.

In addition to the exploration of the central stony of nanOsphergthe authors
wanted to create more conceptual media experiefiocassers using the same story.
Based on the same locations, the authors created tither alternativpaths that
users could take, allowing them to experience #messtory from various, and often
unexpected, points of view. The paths use diffeferrhs of narrative, ranging from
poetry and song to drama and prose, freely quatthgr authors in order to form
complex layers of experience. The nanite path fadlthe stolen swarm of nano-scale
robots as they gain sentience and awareness; thee fpath considers the UCLA
campus in a post-nanite world; the Wesley pattofadl the thief who originally stole
the technology, and his descent into madness.gossible to switch back and forth
between these three paths. The authors also wemtedate an “infectious” paradigm
within the story. When any of the four players coolese to being infected with the
stolen nanites, they can “jump” to the nanite dfatha moment as a way to suggest
infection; the same would occur if any of the playaccidentally came too close to
Wesley: they can choose to enter his path and expis mind.

4 Lessonsfrom nanOsphere

Our experience with the deployment has yielded@sténg insights into design issues
for locative media and locative media infrastruetuas well as issues and questions
for authors developing location-aware media. Thiatienship between software
author and storyteller is significantly blurred iafrastructural limitations feed into
the narrative, and narratives approach the levebfifvare in their complexity.

Social Issues in nanOsphere:, It became clear that the storyline's dependenaies o
coordinated actions taken by multiple characterglccde problematic. The story
could only progress when different characters tspécific actions, pushing forward
the story's progress. At a given moment, any gtsaracter might find that they had
no options in any story location as the story whkxhed, waiting for some other
character to make progress. If a participant todireak from the story, he could
effectively prevent other characters from accessieqy content and completing the
narrative. Depending on author intent, this might ot acceptable. One possible
solution would be to implement narrative event tisn¢hat ensure the narrative
advances at a reasonable rate by triggering umeajame events necessary for
active characters to progress. From a larger petispe the infrastructure should not
always be forcing narrative progress. A contenhaummight in fact want to require
one character to wait upon another’s actions witlaoy other narrative recourse.

Debugging Interactive Narratives. While refining our framework, we built a
number of debugging tools. We found that it wadrdéte to exercise the application
without actually moving about the campus, and thesreated a clickable map of the
campus to simulate location transitions. Additibpalve built a version of our media
interpreter that displayed and logged the conditiatecisions affecting the current
story. In our experience, it would be useful to éva comprehensive debugging



framework so that developers and authors couldyessilate narrative components
and test them under both real and simulated camditi

For example, in the narrative description langudlge,authors were able to specify
what text they wanted to associate with variougtions. They were also able to
specify various conditions that controlled whenaier portions of the text were made
available for display. During testing, it becamédewt that the authors did not, and
with available tools could not, completely antidipall possible paths that individual
characters could take. On occasion an individual’'sisexperience might include
character introduction or plot development thanseéo be “out of order,” at least to
the extent that text in interactive media can heClearly, we need better support for
authors to express high-level flow constraints beirt stories, akin to software
invariants. One role of a debugging framework cdédconstraint verification on the
narrative content, to point out possible narrativer problems to the author.

Localization Issues. The nanOsphereauthors selected eight locations on campus to
be semantic regions that play a part in the nasagirior to the implementation of
our localization code. Some of the referenced lonatare highly specific, intending
that the user be in one small area, such as avidodi room, or a particular bench in
a garden. Others are intended to be more broadilyedeand aim to have the user in
the general proximity of a landmark. In both casesurate localization is important.
In the former case, we wanted to be somewhat forgititow about how precisely a
user had to be in a particular location. Users iiggh discouraged if they go to an
area specified in the story, but are unable taattuthemselves in the exact position
the authors envisioned. By defining a slightly Ergone, users need only approach
the general area to know that they are on the tiglk. Three of the locations chosen
are particularly close to one another. Two of thase outdoor locations and one is
indoor. Although these regions do not overlap, they close enough that it can be
difficult to absolutely differentiate one from ahet, clearly presenting difficulties for
participants. This is a limitation of our localizat technique; however, in general,
some limitations will exist in many localizationremes. Content authors need to be
aware of the limitations of the localization supgpamd design accordingly.

When the device determines that it has moved t@w location, our prototype
gives both auditory and visual cues. The auditary was added during debugging,
and though it is configurable, we have typicallft i¢ enabled. We discovered that
users tend to focus their attention on their devieghen they changed location,
possibly as a result of the tone. The change iatioo results in a corresponding
change of text displayed to the user. Users temdéchmediately read the new text
and proceed with the story directly from that lémat Thus, in the cases where the
user was supposed to reach a specific point, theyesmes did not get to the authors'
exact intended location before progressing with stery. It may be possible to
modify the interface to inform users when they getting “warmer” so as to lead
them all the way to the intended location befotevéihg the story to progress.

Authorial Issues: From the authors’ perspectiveanOspherevas difficult to write
for two reasons: First, it is always hard for thiedividuals with different levels of
expertise in creative writing, and especially dreatwriting within a new media
framework, to come together with cohesive ideas eetute them in a manner that
is fair to all involved. Second, two of the writedédd not have much expertise in
computer science, which made it hard to understeowd to use and showcase the



features of Panoply. An important and difficult gtien for future collaborations
between technologists and artists is which shownhe first, the making of the
software—in itself an artistic process—or the dreatcomponents of locative
storytelling?

This question is not easily answered, other thdeawe locative narratives to those
who are adept at both technological and artistisydts. This answer is unsatisfactory
to most people pursuing media projects, and ovkslothe rich tradition of
collaboration within new media and electronic biieire. Electronic literature that
uses innovative interfaces and novel means of camation is often a collaboration
between artists and programmers. As StricklandLawegson, the creators of Vniverse
[17] suggest, their project “could not have existedan individual project, and we
find that we most enjoy performing it in collabocst as well.” We agree with
Lawson and Strickland: true collaboration betweetists and technologists occurs
when the project is conceived by both parties.

Another challenge was how to engage the readeatdto walk around campus. It
is easy to keep the users’ attentions when locatieelia is performed in a small
space; how does an author capture the users’ shiten@ugh for them to trek through
a mile-long campus®anOsphers narrative “bounced” between physically distant
locations on the UCLA campus. To fully explore #tery, participants traveled back
and forth between different story locations. Somes a character would arrive at a
new location, only to be told to go back to the lasation she visited. Unless the
focus of a narrative is to encourage exercisejrigraser mobility can be tedious. If a
narrative is to effectively influence a participant change locations, the narrative
must offer sufficient allure to overcome human fii@erA very compelling narrative,
or some form of competition and reward may be eigffit.

The decision was made early to maikenOspherea plot-driven mystery and use
clues and cliffhangers that propel the narrativevésd and encourage people to walk
around the campus to try and find more clues. Eg&pee with running users through
the story suggested that this approach was noicwuff for the amount of user
movement the story demanded. Perhaps a narratsignéel to serve as a tour of an
interesting area could solve this problem. Onemising possibility to avoid too
much user movement is to restructure the notioloadtions in the locative media.
Events in locative media may not be tied to a $jeeltication, e.g. “Café Roma,” but
rather to a type of location, e.g. a café or rastat, etc., or locatiotemplate Using
this technique, a locative narrative might progr@sghe participant goes about their
daily routine, only forcing particular movements foajor story events.

The project’s conceptual layers (the different igdtone can take to reveal more of
the story) were a response to the artistic comgahat such a plot-driven story
implied. They enabled the authors to experimentwitose styles and use the
software in novel ways with regards to location ars#r interaction. The authors
needed to agree on what kind of story they shoafsttuct and who their intended
audience was. The group vacillated between wantngesent their audience with a
very abstract media experience that worked withste concepts (nanotechnology,
the body, the relationship between scholar andestibjbut relied on users to draw
their own connections as to how they would navighteugh the project, and a
straightforward narrative that presented a “re&diys one with reasons behind every
action. Here is the fundamental divide that was oantered when creating
nanOspherewhat constitutes eeal and maybe more importantgnjoyablestory? It



proved difficult to create a narrative that wasigmxg conceptually, yet concrete
enough so that users would feel they were realtyjrgesomewhere.

5 Reated Work

Mobile Bristol [12] and InStory [2] take a toolditased approach towards
supporting the authoring of locative media, simiaPanoply. Mobile Bristol focuses
on enabling rapid authoring of locative media cotgeormediascapeson Windows-
based PCs and palmtops. InStory provides an anthenvironment that supports
mobile storytelling, gaming activities and access relevant geo-referenced
information through mobile devices such as PDAs andbile phones. The
infrastructure provides localization services, adlvas relevant media encoded in
XML, as does Panoply. InStory also enables explicieractions among users
through GUIs. Mobile Bristol and InStory primarifgcus on enabling easy content
development by authors who have limited programnskids, Similarly, the iCAP
[7] toolkit allows users more control over how theiesigned applications behave
without having to write code, though it provides idrastructural features like
localization. We add to the richness of the expeés that can be created by such
toolkits by treating groups as first-class primésvin the Panoply infrastructure, and
make group interactions implicit. Panoply also ngetadynamic network selection
and configuration, a hard problem that is cru@ahie success of mobile applications.

The fields of social entertainment (Ghost Ship [Hitates! [3], SeamfulGame [4],
CitiTag [15]) and museum tours [6][8][14][16] hawbne much to enhance user
experience through locative media. Users can ptayes or gain knowledge about
the objects in their immediate environment throurgarfaces on their mobile devices.
But many of these systems do not provide the lefehteractivity and freedom of
movement that Panoply-based applications do. Elesetapplications that are more
interactive than the others [6] are not cannot &eegalized beyond their immediate
application, do not support user-specific custotiira and are not group-aware.

6 Conclusions

The success afanOspherés mixed. We learned much about the realitieswifding
this kind of locative media application, and it ped improve the Panoply
infrastructure. Some of tools built in conjunctisith nanOspheranay be helpful in
building other such applications, and the lesstias we learned will benefit other
groups. On the other hantinOspheralid not become popular. Even members of our
own group found working through the entire storynswhat tedious, and there was
no enthusiasm for running through multiple storyicomes or exercising optional
features, in large part because of the amount p§ipal movement required. Perhaps
the single greatest lesson that this applicatidersfis that peripatetic stories require
strong motivations for the movements they requikestory must be extremely
compelling to get its readers to walk up and dowis,hgo into and out of several
buildings, and figure out exactly which locatioreed to be visited next.



An important lesson in regards to the group aspafatsnOspherés that the group
experience must be designed to involve the groepngt require too stringently that
all group members participate at once or experig¢heestory at the same speed. This
offers extra challenges in designing such stories.

From a technical point of view, fixing an exactdtion is often difficult. While
technologies like GPS would handle some of ouridiff situations well, those
technologies have their own weaknesses and chablengtorytellers using these
technologies must keep these limitations and imaoies in mind, both when
choosing locations and determining how to ensuakttieir stories make progress.

Designing and supporting a good peripatetic steryat easy. There are major
challenges in conceiving the story, in providinghieology that supports its needs,
and with ensuring that the experience meets thieedesf one’s audience. Much work
will be required to make this form of storytelliegsy to create (or, at least, as easy as
writing any good story can be) and enticing taaitislience.
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