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Abstract 1 Introduction

The continuing proliferation of handheld computing de-

6/14'ces holds out the promise for a new generation of com-

uting applications that could enrich our experience of the
grld around us. Yet many issues must be overcome for
S vision to be realized: What applications will enrich

r lives? What kinds of interfaces will make them us-

ole in dynamic, social settings? How should the devices

The UCSD ActiveCampus project is an exploration
wireless location-aware computing in the university s
ting. ActiveClass supports classroom activities such
anonymous asking of questions, polling, and student feé
back. ActiveCampus Explorer supports several locati

aware applications, including location-aware instant m . . .
bp g emselves be designed? What kind of infrastructure can

saging and maps of the user’s location annotated with . .
namic hyperlinks of nearby buddies, digital graffiti, et _est.support the development and delivery of application
etgwces?

This paper describes results on the use of these system% _ ) _ )
several hundred students, drawing on observations, aggré-'€ UCSD ActiveCampus Project has been investigat-
gate usage data, anecdotes, and the analytical perspeltf1€Se questions in the university campus setting, using
of Ecologies. Analysis exposes novel behaviors, the relB€ activities of students and professors as our application
vance of proximity in social computing, and a willingnesdriver. Demographic shifts are bringing more students to
to share location information with others. our campus. More are working and living off-campus,
compromising the learning community that the campus
setting is meant to nurture.
Keywords: ubiquitous computing, mobile applications, Sustaining dispersed communities through virtual
wireless communications applications, education. spaces is well known [Rhe00]. Direct support of phys-
ical communities is seen in the discourse enabled by E-
Graffiti [BG01, BG02] and GeoNotes [EP81], where
*This work is supported in part by two HP University Mobile Techysers can leave their electronic thoughts in physical space

nology Solutions gifts, Microsoft Research, the California Institu : :
for Telecommunications and Information Technology (Cal-})T)and for those who follow (See Section 2.2). These projects

the ActiveWeb project, funded by NSF Research Infrastructure Grdovide a compglling applic.aFion and warn of the need for
9802219. A version of this paper to appear in IEEE Computer. a large community and sufficient content to be successful.




We began with the null hypothesis that recent pro- The next section describes our applications, followed
posals of applications employing context-aware ubiqudy a summary of our experimental results. We conclude
tous computing, running on existing infrastructures amdth a discussion of their implications for research in
handheld devices—especially Personal Digital Assistahtandheld-based context-aware computing.
(PDAs)—could fulfill the promise. None of these are a
given. The applications are novel and not well und . . .
stood; the devices, although the best all-round platfo% ActlveCampus Appllcatlons

available, are designed for mobile professionals maintai: Me€t our goals of access and sustainability, we held to
ing calendars and contacts. several ‘design rules’. One, infrastructure and end-user

We first developed a context-aware application infrats(':'—ChnOIOgy would build on portable standards and im-

o . ose minimal demands on the technology on which they
tructure and an arr f lication servi BBT . . .
ucture and an array of application services [G 0 gre built. We gravitated to a client-server model, on the

th t t i i I tsth . . .
and then conducted extensive device deployments rO%%rver side using a standard web server with MySQL and

coordinated student activities. We began with a simple 1P to support applications. Two. the applications serve
plication called ActiveClass, designed to encourage sfu- bp PP ' ' PP

dent participation in large classroom settings [RSTGO asic HTML, ensuring that virtually any networked de-

In Winter and Spring quarter 2002, we gave HP Jornal ce can render its content in a web brqwser. Optionally,
. . . OAP remote procedure call (RPC) interface supports
PocketPC PDAs with 802.11b wireless networking to 3 : : ) ;
client-side tasks such as detecting and reporting location.

students enrolled in three classes, two sections of our s? ree. computational demands on the client must be min-
ond programming course (CSE 12), and one section.g ' P

our third programming course (CSE 30). To the last cIa'srTs],a.‘l’ as comm_unny-onented computing takes place in a
milieu of activities.

we also introduced the ActiveCampus Explorer appIica-I interf desi he interf A
tion [GBBTO3]. It is designed to help students and fac- n user interface design, the interface must minimize

ulty take advantage of unseen opportunities for Iearniﬂg,ng’ as itis ted'?“S and_dls.tracts users from the very
and interaction on the campus, such as nearby activifl'ronment we W'Sh o h'gh“g.ht' Interfacgs must be
or meeting with a colleague. Lastly, in Fall 2002 we ga\;‘easy to_ grasp, even in a dynamic setting. Since early re-
wireless HP Jornada PocketPC PDAs to the 300 freshn?éjrlfs_ with E'G“?‘Tf'“ [BGO1, E.'GOZ] revea_led the appro-
entering UCSD’s new residential college, Sixth Collegg,rlatlon of graffiti for messaging, we decided to support

and sponsored the Sixth College Explorientation, a thré@gltiple applications within our framework, with simple

day team challenge using the PDAs and ActiveCamptﬂ@ns't'onS betwe(_a_n a.pp_llcatlons. _
Explorer. System scalability is important. Testing on our 1GHz

L . . server showed that it could handle 300 users. Everyone
For sustainability, it was desirable to create “V|rals y

checking their buddy list at the same instant could in-

technology, whose value would increase with the numbef%ase load thirty-fold, however. Consequently, we put a

ic:f l;sse;‘:‘élf\;in;uilg/l zigggngvzetzjt ia},'lgugéthcgr;/::‘qﬁate-limiter into the system'’s automatic push mechanisms
Y q ' ?(%gracefully degrade quality of service. On each inter-
i

denominator” technology approach, assuming that usgf on with the server, the client is told how long to wait

_ _ USEE
would find greater value in more fellow users than ”Ch%[afore reloading a page or sending location data. Internal

applications. ) caching mechanisms avoid unnecessary requerying of the
We came to use agcologicalapproach [Hug71, Sta95]qatabase [GBBTO3].

in order to put our experiences and experimental datérne next two subsections describe our applications in
in perspective, which effectively combines the viral angh e detail.

economic viewpoints into one analytical perspective. An

ecological perspective denies the dichotimization of s@-1  ActiveClass

cial and technical elements of a setting, putting all pegtassrooms have evolved to accommodate a large num-
ple, artifacts, and practices on an equal analytical footingsr of people, employing stadium seating, microphones,
thus permitting us to see the cooperative and competityigd LCD projectors. These changes do not address the
forces of the setting operate across these elements.  ggcial dynamics of a large, diverse classroom of stu-
The evidence thus far is that significant innovations adents. To fill this gap, we developed ActiveClass (avail-
changes to hardware, software, physical infrastructuable athttp://activecampus.ucsd.edu ), asim-
as well as some teaching and learning practices, areple client-server application for enhancing participation
quired before the use of handhelds can support a diveiaethe classroom setting via small mobile wireless de-
widespread educational community in the way we enviices such as PDAs. ActiveClass is intentionally mini-
sion. Yet, for focused activities of limited duration, suamal in both its function and requirements for integration
cess can be found. into classroom practice. The former permits students to
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“Sarah”. Map shows an outdoor or indoor map of the

Figure 1: Question list sorted by question vote count. #ser’s vicinity, with buddies, sites and activities overlaid

student votes on a question by clicking its vote count (g links at their locationBuddies shows colleagues and

left), or answers a question by clicking the count undgfeir locations, organized by their proximity. Icons to the

the “"A” column. left of a buddy’s name show the buddy on the map, be-

gin a message to the buddy, and look at graffiti tagged on

the buddy. Separate pages show lists of sites, graffiti, and

use low-cost mobile devices, the latter eases adoptiontigddies, and perform operations on them.

professors.

The idea behind ActiveClass is simple: using personal,

mobile wireless computing devices, students can anorgllent hashtable question again, he goes to its Spy page,

mously ask text questions, answer polls, and give the pughich lists Sim as the author, as well as the answers that

fessor feedback on the class. The students and profesghers have entered for it. He notes Sim as a potential

see these lists of questions, polls, etc. Students can voteutor for next term.

asked questions, encouraging the professor to give them

precedence. The modality is a silent, aggregated, brode2  ActiveCampus Explorer

cast conversation. The identity of the student asking@&r approach to supporting denizens who are mov-

question is fully hidden from other students, and hidd&#g about their community is a variant on a familiar

from the professor unless he or she takes deliberate gme [MM99, OS00, LKAA96, PBCO1]: if each per-
tion. son on campus carried a mobile, wirelessly connected de-

vice, then it could be used as a kind of “x-ray glasses” onto
A Class with Sim. Sim is a student in Professor G'sheir immediate vicinity that would let them see through
class, the second programming course for CS majors. Bhgwds and undistinguished buildings to reveal nearby
topic today is hashtables. “Why doesn’t the program negénds, potential colleagues, departments, labs, and in-
to search the whole table?” she thinks. Because neresting events. Opportunities once unnoticed are now
body else seems to be lost, she doesn’t want to raise Agparent, creating serendipitous learning opportunities.
hand. She decides to ask her question through Activea simple realization of this concept, appropriate for a
Class. With her stylus, she types it in on the keyboapgndheld like a PDA, is shown in Figure 2. In the left
that pops up on the PDAs display. The PDAs wordscreenshot, the large area is a map of a person’s imme-
completion suggestions reduce the effort of typing in longlate vicinity. Overlaid are labels showing the location
words. Soon she notices that many students have vog@tearby departments and friends. The labels are URLs
for it (by clicking on its vote count) and it rises to the tophat can be clicked to bring up a web page. A nearby col-
of the list (Figure 1). league, formerly no more available for lunch than a hun-

Professor G. looks at the top question and realizes séived others, is seen to be nearby and can be instantly mes-
eral students have missed a key concept. He uses a resggéd or found on foot. Any place or entity can be tagged
homework problem to illustrate how the relationship bevith digital graffiti, supporting contextual, asynchronous
tween key and placement limits the search. discourse.

Sim is relieved to have had her question answered. Sh@ctiveCampus currently detects location through
goes to the ratings page, gives the teacher a 9, and clitks PDA's report of currently sensed 802.11b access
Just Right for the speed of the lecture. points [BBGO4]. Their reported signal strengths and

Professor G. saves the day’s questions. Seeing thel@ewn locations are used to infer the user’s location by a
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least-squares fit. Also, users’ point-and-click correctionsOne was ActiveClass’s complete anonymity. Con-

of location on the map are saved with these reports, refsequently, we provided a feature that let him “in-

ing future location inferences. spect” a question for its author (providing a thin veil

A Day with Sarah. Sarah walks out of her introductoryOf anonymity), while maintaining complete anonymity
mong the students.

electrical engineering lecture, wondering where was th ) . .
engineering her Dad had told her about—building thingsTWO was that ActiveClass would be difficult to integrate

that improved people’s lives? Glancing at her PDA, aAdnto his routine, another thing for him to_manag_e during
tiveCampus shows a map of her vicinity, and she see g class. We encouraged using a Teaching Assistant (TA)

link to a talk with “human” in the title (Figure 2, left). to monitor the session for appropriate use and the like.

Clicking through, she sees there’s a talk starting in the eHen he could ignore ActiveClass until his usual breaks

gineering building on the human-machine interface. SHf¥ duestions. o _
decides to go. He also took to calling his laptop “the virtual student”.
After the talk Sarah heads to the food court for somigiS metaphor had two benefits. For him, it meant that
lunch, hoping to tell to someone about the talk. LookirfgfS 1aptop was just one more student asking questions. He
down at her PDA, she sees that her “buddy” Brad is near‘ﬂ9“|d usually refer to the virtual student only after tak-
and active (both location and message icons highlighted§ guestions from students raising their hands, indicat-
blue), and sends him a “Wanna go eat?”. Brad notices {A8 @ prefgrence that students parnupatg verbally'. For the
“dome” on his PDA flashing,and flips it open to see thatStudents, it meant that apparently negative reactions to a
Sarah has sent him a message and is nearby. Now gigstion from ActiveClass were absorbed by the virtual
looking for each other, they see each other through ff&dent.
lines of people and sit down to talk about their day. A tendency among the students and TAs was to use the

Later, Sarah notices that the tree outside the librarydgestion and answer features as affordances for commu-
not dead, as she'd thought—it's made out of metal afisation. First, we observed students sometimes answered
talking quietly. Flipping open her PDA, she clicks over tguestions by using the Ask Question feature. This led
the digital graffiti page of ActiveCampus. There’s a list ¢fS to add the Answer Question feature (and later, 1-click
graffiti that's been “tagged” in the area, including a “livingtnswer-scoring that TAs used). Once in place, students
dead tree” link near the top. Clicking on different parts §ometimes used it to thank those providing helpful an-
the tree leads to different parts of an interactive artworRvers. The TA monitoring the session would sometimes
She clicks on the spray can to the left of the graffiti's subise it to answer questions that were off topic. The pro-
ject line, and is taken to a page where she “tags” the intégssor, too, used the ActiveClass session to carry ques-
active tree with “Thanks tree!”, to be seen by others witpns between class sessions or out to the class’s discus-
view the living dead tree through ActiveCampus. sion board. Here, ActiveClass was impacting the bound-

aries of the ecology.

. . A few data points convey ActiveClass’s role in the
3 Exp.erlments an(.i Experlence classroom. About a third (1/3) of students provided some
3.1 ActiveClass Experience ) kind of input (question, vote, etc.) to ActiveClass on a
The ActiveCampus PDAs were introduced into an efsqy|ar basis. In CSE 12, the average number of questions
vironment possessmg_con&derable social, physical, ed per class session was 8, and on average 40 votes
technological complexity. Consequently we separate i\, e cast per class session. (These numbers were slightly
aspects within the classroom ecology, termed the po|fier in CSE 30, where the lecturer’s style was more in-
ical (i.e., the relations between professor and studenighciive.) Once the answer feature was introduced, es-
and physical (the desks, artifacts, and layout of the claggnia|ly every question that was not directed specifically

room). T,hese aspects can be linked through the concgpine Jecturer was answered by another student, with a
of Brand’s shearing layers [Bra95, Ch. 2]. The differing,aximum of 8 different answers for a question.
rates of change of these two layers/aspects has qualit

) : _ %though the level of participation seems low, we note
tively different effects on classroom practice.

that the lecturer took verbal questions in preference to Ac-
The Political Aspect. For our study, two staff lecturerstiveClass questions, and he carried over good questions to
volunteered, both highly motivated and sympathetic to thés second section. The next subsection on the physical
students. The first lecturer cited many concerns about A&spect sheds additional light on the level of usage.
tiveClass. By our judgment, and the lecturer’s, the level of the

1The flashing dome feature has been prototyped but not deploygél.eStlons was quite hlgh and qualltajuvely dlﬁ?rent than
ActiveCampus also uses the second line of each page to convey eveéfi§h before_- After the first use Qf ActiveClass in CSE 12
like a message arrival. (third week into the term), he said:




The most surprising aspect from today is seeing The Physical Aspect. Students must use their PDAs
students ask questions that | don't recall ever  within the constraints of the physical setting of the class-
being asked in prior versions of CSE 12. Afew room, with numerous other artifacts. Our students’ desks
of these questions were especially insightful. 1 were designed to barely accommodate standard-sized
was very pleased to answer these questions that notebook paper, and are slightly sloped towards the stu-
hadn't occurred to me, and the resultis thatall  dent.
students were able to benefit. Like paper, use of a PDA requires line-of-sight access
for reading and interacting, plus it has a limited viewing

His response also hightlights that even students who dd#gle. The PDAs small screen, crammed with clickable
use ActiveClass directly are potential beneficiaries. ~ features requires some precision when using the pen.
Putting these observations together with our detailed” "€ Students incorporated various PDA “postures” into
session data from ActiveClass, we found that the anof{)€ir Practices, most to keep their PDAs nearby while
mous materialization of questions in a public space dfaintaining the primality of paper for note taking. A pop-
fected the classroom ecology in several ways. It gal" tactic was to place the device on top of the paper on
the students the ability to ask questions without reve{le desk. The PDA of course partially occludes the page,
ing their identity to peers, resulting in a broader range gecessitating that it be frequently moved. S?udents would
questions. This in turn gave the lecturer the ability to pickS© Use a leg as a second platform or their free hand to
questions to answer (not people to ask questions), th@d the PDA in the air. . .
filtering the spoken discourse. Yet, the lecturer did notFOr many students, note taking forms a bridge between
choose these questions in a vacuum—student voting the lecture and out-of-class practice. Because ActiveClass
fluenced the lecturer’s filtering. Finally, ActiveClass gavé Physically detached from students’ notebooks and con-
TAs and students the ability to answer questions, oftk&ns content not found there, it was not deeply connected
questions not answered by the professor. to note-taking practice. Students asked “How can | use
Each “feature” of ActiveClass questions gave SOmglisto study?” In response, we added an archiving feature
thing differentof value to two or more parties Althougﬁo ActiveClass that allows users to view previous sessions.
students may have been motivated to ask questions in AcStudents also had to accommodate the technological
tiveClass by a certain level of anonymity, the lecturer fRults of ActiveClass, this new generation of networked
contrast liked this feature for the ability to pick questio8PAS, and the campus's wireless network. Ultimately,
(rather than people who ask questions). Thus, we fiffnY st.udents, fl_ndlng the management o_f the additional
that ActiveClass improved the fitness of question-askiRgIECts inconvenient, chose not to use their PDAs.

by moving the focus from thpeoplewho asked the ques- | 4qqessing the impact of ActiveClass, a natural ques-

tions to thequestionghemselves. This level of fitne;s i%ion is whether it measurably aids learning. We do know
not perfect, of course. For example, some experienggs: it was found beneficial enough to sustain use. The
with ActiveClass suggest that incomplete anonymity M@y rers professed that they would use ActiveClass again,
inhibit some students. and one-third of students voluntarily used ActiveClass on
The last essential element was the lecturer’s toleraRcgagular basis. This initial experiment cannot answer the
for “unapproved” uses of the PDA's, such as instant magyrning question, however. First, as a case study, we did
saging and playing games. Both lecturers felt respongist control for selection bias. Second, at the inception of
ble for creating an environment that held the students’ gis study, we did not know by what mechanisms Active-
tention, and thus tolerated such activities as long as theyss might aid learning. We can now hypothesize that it
didn't distract other students. The PDAs small displayoncerns the broadening of discourse, and we can look for
and quiet pen-based input were beneficial in this regar¢nanges in learning outcomes at the extremes. For exam-
Itis notable that this group practice was not born wholgle, are more students pursuing independent research later
but emerged through “experiments” by the lecturers, sti-their studies, or are fewer students dropping classes?
dents, TAs, and researchers. Like Brand's shearing layesgch learning outcomes would not necessarily appear in
variations on practice could be achieved at differing ratggeasures such as test scores.
depending on the medium. By exploiting affordances
(e.g., answering a question with the asking feature), sBi2 ActiveCampus Explorer
dents could attempt and learn from innovation with Bhe results from ActiveCampus Explorer have a signif-
minute’s effort, whereas the materialization of practicésantly different character than the ActiveClass results,
in ActiveClass’s implementation took a few days. Yeghedding light on the importance of the social, physical,
changing the classroom itself can take years. This leadsl technical setting to the use of handhelds. Because
usto... their use occurs at unpredictable and inaccessible times



and places, we currently lack detailed observation of pré&sftware Infrastructure. Although the use of HTML
tices with ActiveCampus Explorer. In lieu, we have ouachieves instant ubiquity, a significant loss is true push-
own experience and aggregate data collected by the Atteractivity from the server. We use periodic refreshing to

tiveCampus system. minimize this problem, but issuing alarms and the like is
. not possible. Consequently, users must “keep an eye” on
3.2.1 Experience. the PDA for the arrival of ActiveCampus Explorer mes-

Our own experience with ActiveCampus Explorer hasges, notice interesting graffiti, etc., as one moves about.
been quite positive. However, these results were achieved
in part by refusing to be deterred by physical and technialaffiti Issues. Digital graffiti did not appear on maps
obstacles. Here are a few example scenarios: or notify taggers of activity on their graffiti, making them
less visible than sites and users. Also, there is no pro-
e Ben drops by Bill's office, but he’s not there. Beryision for deleting or hiding unwanted graffiti, creating
checks his PDA and sees that Bill is at the cafeteGétter.

across the quad. Ben heads over to the cafeteria and . . . .
joins Bill and Jens for lunch. ?’hysmal Constraints. With a PDA and software infras-

tructure that makes it difficult to reliably wake a PDA pe-
e Bill is late for a meeting, but has to pick up soméodically and push alarms to a user, it is best to keep the

lunch first. The group waiting for him sees that he8DA on and within view, or at least handy. Most men

at the food court, and concludes that he'll be arrivirdaVve good solutions in loose shirt and pant pockets, but
shortly. women'’s clothing typically lacks these affordances. Also,

placing a PDA on a flat table often leaves it at an angle
e Bob is waiting in the lab for Bill to get in. When Bill where it is hard to read the screen. Indeed, we have seen
pops up on his buddy list at the location “Griswold’people propping up their PDAs with the edge of a book or
at APM”, he heads over to Bill's office. a pencil. We are now experimenting with alternative solu-
tions to the physical placement problem, such as attaching
e Andrew urgently needs to discuss some class projggbDA to a clipboard.
details with Bill. Andrew checks his PDA and sees
Bill in the Cove Room at the Price Center foodcours,.2.2 Aggregate Usage Characteristics

and runs over for a short conversation. Since we had research questions concerning the require-

« Bill is waiting for a colleague to join him at the Artments for self-sustaining behavior and other emergent

of Espresso cafe. Checking the graffiti on the cafe Réoperties, we performed aggregated, anonymized anal-

sees “AoE has the best croissants on campus.” gies of our server data from ActiveCampus Explorer’s
makes a note to try them ' “|aunches” in April 2002 through May 2003. The first
' was in conjunction with one of the ActiveClass groups,

As with ActiveClass, there are considerable barriers 3¢ sicond for the Sixth College Epronenthon. The
the successful use of ActiveCampus Explorer on wirel¢84Nches were meant to create a structured, supportive
PDAs. but the causes are somewhat different. AIthougﬂntEXt for students to use ActiveCampus Explorer. These
use is less politically charged, there are numerous nEYENts were useful both for generating data quickly in a
challenges, driven by the less structured, more dynarifgni-controlled setting, as well as for providing the op-

environmentin which ActiveCampus Explorer is expectdtp"tuUnity for bootstrapping a virtually mediated commu-
to be used. nity, or at least getting a sense for how one might behave.

In both launch sessions, the students were encouraged to
PDA Design. Wireless PDAs have limited battery lifetry each feature.
typically under 4 hours with wireless connectivity. A stu- \easures of use based on the number of transactions
dent could be away from a reliable power source for ke excessive weight to a few heavy users. We instead
hours. Nor is it easy to configure the PDAs to cyclicall¢xamined how many distinct people were creating content
wake and sleep to conserve power. Often a running ap@hr each feature. The top chartin Figure 3 shows the num-
cation or the networking itself will keep the PDA awakeser of distinct individuals who created each type of con-
Worse, PDAs predominantly have dynamic RAM storaggnt during each month. The peaks correspond to the two
so if the main and backup batteries die, the PDAS sejynches. Generally, use decays at an exponential rate, a
tings must be restored. A restore requires time and sofjgtor of two, over a month to month basis, until it stabi-
savvy. The wireless networking can hang permanenflyes around 25 users. About a third of these are members
if the PDA hits a dead zone while being moved betwegfithe ActiveCampus project. This disappointing outcome

hotspots, requiring a reset to restore connectivity. Usiggn be attributed to the ecological deterrents cited above.
the stylus to enter (non-standard) text messages is tedious.

6



Content Creators

In short, relative location as a context seems to matter in
community-oriented computing. Perhaps ActiveCampus
Explorer’s presentation of nearest buddies at the top of the
list highlighted their proximity. At the shortest distances,
the pairs may have physically seen each other in the same
room (using IM as a back channel) or knew they should
be in class together.

Finally, we examined privacy issues. Just 1% of users
changed their default privacy settings to hide location
" from buddies, and 8.2% exposed their presence and lo-

H H h |—L cation to non-buddies (0.3% more exposed just presence).
0 L e B In short, users seem unconcerned about location privacy
T with friends. A modest percentage will even trouble them-
selves to share location with non-buddies, perhaps as a

300

250

Number of Creators

100

10000 way to meet people.
5 4 Conclusion
8000
7 Even at this early stage in the development of wireless
. AR ] . , handheld computers and their applications, our experi-
o 6000 SR ] ence at UC San Diego reveals considerable promise. With
'fg ‘ Y . o, .t the structure provided by the classroom setting, a simple
_8 4000 Tt application like ActiveClass, by anonymously materializ-
8 . ing questions in a public space, can create new modalities
- , ' for participation in the classroom, in our case broadening
2000 '; e discourse. A location-aware computing application like
= e |- ActiveCampus Explorer, with its many services, shows
";:"‘:" 1.0 ¢ potential to create impromptu opportunities for users.
0(', 5000 4000 6000 8000 10000 Yet, considerable progress is needed. Mundane issues

such as battery life, data loss, and connectivity make these
applications difficult to use. These issues are certain to be
resolved soon, but illustrate the sensitivity of technical in-
Figure 3: Messaging and graffiti creation statistics. novation to material circumstances. The office and busi-
ness travel environments in which PDAs have flourished
do not present these challenges to the same extent.

The one-way nature of existing standardized commu-

Since one of the underlying principles of ActiveCamjcation technologies also presents challenges to ubiqui-
pus is that location matters, we analyzed message Senggg context-aware computing. Standard SOAP RPC does
and receiver locations. This analysis was limited to thgt fix this problem, as it retains HTTP’s ‘pull’ seman-
1597 messages for which both the sending and receiviRg. \We are now developing a native ActiveCampus Ex-
PDA had been located by the automatic geolocation syforer client that uses off-the-shelf XML-based instant-
tem within the pl’eViOUS 100 seconds. There are nUmerQﬁéssaging frameworks for managing a ‘push’ connec-
reasons why a user might not be currently geolocating, tibn to the client that can negotiate firewalls and restore
cluding use of a non-located computer or the user’s choiggost connection. The native client can also provide bet-
to to hide location. ter client-side animations and use of sound to direct the

Next, we compared each sender-receiver pair's averager’s attention.
distance at the time of messaging to their average distanc&he social barriers to handheld computing are perhaps
in general. The lower chart Figure 3 shows this relatiotite most significant. As computing moves into public
ship. For 473 out of 539 pairs the distance when messagaces, the issues of regulating access, sharing resources,
ing was less than the average distance. For 311 pairsdhd acceptable use remain to be resolved. ActiveClass
average messaging distance was less than 50 feet. Phits the power of negotiation into the application itself.
tendency held up when members of the project were éts unclear if these ideas can be extended to ActiveCam-
cluded from the analysis, as well as data from the Explods Explorer. Although ActiveCampus Explorer’s buddy
rientation. visibility policies have some of that character, it is difficult

Mean Message Distance




to tell at this time what effect they have had. [MM99]  J. F. McCarthy and E. S. Meidel. ACTIVEMAP: A

The fact that students are willing to share location visualization tool for location awareness to support
with buddies and even non-buddies suggests promise for informal interactions. Inntl. Symposium on Hand-
location-aware social computing. Also, the fact that stu- held and Ubiquitous Computing (HUC'99pages

dents are more likely to message each other when they 158-170, 1999.

are closer than average is a tantalizing observation, s[{gS00] R. Oppermann and M. Specht. Context-sensitive no-
gesting that relative location is a relevant context factor in madic exhibition guide. IrUbicomp 2000 pages
community-oriented computing. 127-142, Berlin, 2000. Springer.
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