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Abstract. One of the general themes in ubiquitous computing isctire
struction of devicesand applications tosupport the automated capture of
live experiencesandthe future access of those record©verthe pastfive
years,our research group has developed over half a dozen different capture
and access applications. In this paper, we present an overview of eight of
these applications. We discuss the different design issues encountdted
creating each of thesapplications and share our approaches tsolving

these issues (in comparison and in contrast with other ¥oarhd in the lit-
erature). From these issues we define the large design space for automated
capture and access. This design space may then servyeoag af reference

for designers to extract the requirements dpstems to beleveloped in the
future.

1 Introduction

In a seminal 1991 ScientifiBmericanarticle, Mark Weiser describegis vision of
ubiquitous computing — a visiowheretechnology is seamlessigtegratedinto the
environment and aids humans in their everyday activities [36]. theeyears, one of

the services envisioned ige automated capture @verydayexperiencesnade avail-

able for future access. Automated captamdaccessapplicationsleveragewhat com-
puters do best — record information. In ubiquitous computing environments, comput-
ing is proliferated throughout the physical world. The computers we carry with us and
the computerembedded inthe environmentan be instrumented to automatically
capture information. In return, humans é&ee tofully engage inthe activityand to
synthesize the experience, without havingmarry about tediously exertingffort to
preserve specific details for later perusal.

This researcitheme is notunique toubiquitous computing.VannevarBush was
perhaps the first to write about the benefits of a generalized captuse@sisystems
when he introduced the concept of the memex [8]. The memexnteased tostore
the artifactsthat we come in contact with in oeverydaylives andthe associations
that we create betweghem. Overthe years, manyesearchersaveworked towards
this vision. As a result, many systems have been budaptureandaccess oexpe-
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riences in classrooms [2, 3, 22], meetings [4, 9, 10, 12, 14, 21], andgetieralized
experiences [25, 31, 34]. In our research group, we abpedooked athow thecap-
ture andaccess of experiences cassist people in a variety of situatiomeluding
college lectures [1, 33], software engineering desigretings [28], impromptmeet-
ings [6], military strategic planning sessiorassademic conferencdél], distributed
meetings [27], and inside the home [32].

We definecaptureandaccessas the task of preservingrecord ofsome liveexperi-
encethat is thernreviewed atsome point in the future. Captuocecurs when aool
generates an artifatihat documentghe history of whathappenedThe artifacts, or
captured dataare recorded atreams ofinformationthat flow through time [7]. The
tools that record experiences arethpture devicesandthe toolsused to reviewcap-
tured experiences are thecess devicesA captureand accessapplication canexist in
the simplest form through a singbaptureandaccess device or in more complex
form as a collection ofaptureandaccess devicd®0]. Under our definition, some
tools arealreadyinherent captur@andaccess deviceg.g. penandpaper,cameras and
camcorders. However, some of these tools only support a singlelurseythe cap-
ture of the information. Othetémit access to occur anly a single location at a
time. More compelling applicationare often built to support darger community
with more universal access.

In this paper, we present a desigpace for capturand accessapplications. We
map out five dimensions in thidesign spacanddiscuss the key attributes efch
dimension. The dimensions are extracted from the issues we encounteredésighe
of many different applications. In thigaper, we overvieveight different capture and
access applications we haseeated. Waliscuss the issues involved in tbesign of
each of these applications with respect to the design space we present. didsus®
each application, weompareand contrast ourapproach foibuilding eachapplication
with other workfound in the literature. In doingo, we show that these issues we
present are ones othessearcherhavefacedtoo. Bydiscussing multipleapproaches
we areable to discussradeoffsbetweenthese approachesThis paper describes a
design space that serves as a poirefdrencefor extracting systemequirements and
presents eight different case studies in the form of overviews of work wecteated
in the past (and used to formulate this design space).

2 A Variety of Capture & Access Applications

Over the past five years, we have explored the use of capture and access in a variety of
situations. As a result, mardifferent applications have beeuilt to support the
classroom, meeting roonoffice hallway, military tactical operationsenter,and the
kitchen. Each application ha&splored anumber ofdifferentissues. In thisection

we will overview and discuss the approaches taken to build these applications.
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2.1 Classroom 2000

Motivation

As technology has been introduced into classrooms, instructors are given the ability to
present more informatioduring eachlecture, with the goal of providing deeper
learning experience. As mesult, studentsre often drownedwith information and
forcedinto a“heads down"approach tdearning. While studentare busy copying

down everythingpresented irclass, theyare potentially distractedfrom payingatten-

tion to the lecture itself. An instructor produces a lotadifacts while teachinglec-

ture slideshandwrittenannotations,and spokenwords), which students attempt to
preserve in their notes. The Classroom 2000 project alleviates somestiidbiet’'s
burden by recording much of the public lecture experience.

How it works

To capture what the instructor writes, weedelectronic whiteboardée.g., theLive-
Board [12] or a SmartBoard [29]). For instructors who teaith a prepared presenta-
tion, we convertecthe presentation intslidesdisplayed onthe electronicwhiteboard
that can be written on; otherwise, it acts as a simple whiteboard:agfarewhat the
instructor says and does, the classroom contained microphones used to reeodiothe
and a single camera to capture a fixed view of the classroom. Finathptiore other
web accessiblenediathe instructor may want to present, a web proxy wsed to
monitor and record the web pages visited during each class.

Immediately after eachlass, all thedifferent capturedtreams of informatiomvere
processed to create an on-line multimedia-augmented set of lecture notes in a form that
supports student review. In order to build the appropriate access interfacensicker
whenandwheremost studyingvould occur.  While classeare regularly scheduled
activities thatoccur in specificrooms (thereby, specifying wheand where capture
occurs), wherandwhere students reviewhe notes willlargely vary. Because the
notesare multimediaenhanced, we require a&fectronicformat. Wedecidedthat it
would make sense that the notes are availablevietaaccessibléormat. Thisinfra-
structure would also allow students to review the notes at their own convenience.

Related work

Rather than instrumenting the classroom veitlymented capture devicgsich as the
LiveBoard as an augmented whiteboardl PCs that pullweb pages from #gging
web proxy), thelecture Browsempplication [22]and other whiteboardapplications
such as th&ombieBoard[5] and BrightBoard30] rely on camerasand vision tech-
nigues to capture the materials written and presented on the boards, as welktastto
changes. The tradeoff between these two approdielsesr the granularity o€apture
as well as the level of intelligence built in to tb&pturesystems. By instrumenting
the physical objects the user interasiith, we are able to obtain a finer level of
granularity in the interaction history withoneeding toapply much intelligencénto
the system. For example, when the instructor writes orl#atronic whiteboard, we
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can easily access information at the stroke level. Capture devices that ne&cloine

vision have amuch more difficulttime extractingthis level of information. For
example, occlusion by the lecturer can prevent the system from seeing allvaftthe

ing as it is being written. As a result, the change detected is not a stroke level, but at
a cluster level (or a coarser level of granularity).
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Figure 1. Classroom 2000 & StuPad. At the top of the figure is shown the public
capture of Classroom 2000. The bottom portrays the personalized augmentation of
thepublic catureprovided ly StuPad.

2.2 StuPad Student NotePad)

Motivation

The goal of Classroom 2000 was to hedfieve students fromeeding to tediously

copy down all the notegresented duringlass. However, becaus€lassroom 2000
lecturenotesare capturedhrough actiongerformedstrictly by the instructor(s), it
excludesstudents from being able to make the notes personally meaningful. As a
result, some studentdill take a small amount of private notes with el paper.

When students study, they are forced to manually integrate the electronically automati-
cally capturedlecture notes (provided by Classroom 2000) with their owprivate

notes on paper — a nontrivial task. To better support the integratiesciofstudent’s
notes with the Classroom 2000 notes, we needed to also have the student’s notes in an
electronic format that could be synchronizeith the othercapturedstreams ofinfor-
mation. We wanted toreate asystem thaintegratedthe public streams dhforma-

tion captured byClassroom 2000 into aglectronic studemotebookduring the lec-

ture, thus giving students the ability to personalize the material as it being captured.
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How it works

To support the personalization of tbapturedexperience, waeeded toprovide stu-
dents with an interface that &apable ofintegrating thepreparedoresentation, digital
ink annotationsand Webpagesbrowsedfrom the public classroom notes intach
student’s private noteboolkduring the capture phase). Relativelyaffordable video
tablet technologyallowed us toinstrument thestudents’ desksvith a note-taking
environment that is networked and at least as powerful asléh&onic whiteboard at
the front of the class.

During class, the act of writing is more natural for students to perfohiess dis-
tracting than typing. After class, again, ithard to predictwhenandwhere students
will review the notes. Thaccessapplication,therefore, waslesigned taun onnet-
worked computers with the more traditionedyboard/mouse interfac&he personal-
ized notesare reviewedver the web to facilitate students to be ablerddiew the
notes anywhere anytime.

Related work

Other systems, such as tAadio Notebook [31]Jand Dynomite [38]are private sys-

tems used only to capture an experience for just that individual. NotePals [10] allows
users to each privately capture their notes during the live experience. thifexperi-

ence, all the users notes are gathered to form a collective view@ffbgence during

the accesphase. Thisapproachtakes intoconsiderationthe fact that some points

may be missing in different people’s notes, or that the users’ views mdiffdvent.

The NoteLook system [9] also supports the integration of both pahtigprivate
content. The NoteLook system provides users with an arragroéraviews that can

be used taake snapshots of the public presentation when a seminar participant re-
guests. Once the snapshot is integrated into the user’s private notebook,gorizate
tations can be placed on top ibf The subtledifferencebetweenNoteLook and Stu-

Pad lies in NoteLook’seliance onthe participants talevote effortand awareness (as

well as a little anticipation) on when to request the public information to be autded
their personal notebook.

2.3 SAAMPad (Software Architecture Analysis M ethod Pad)

Motivation

Softwareevolution is adifficult andtime-consumingsoftware developmerdctivity.
System evolution is enhanced whegsigners have more completainderstanding of

the rationale underlying the current architecture for an existing system and the implica-
tion of anychangegesulting from the evolution. Tonderstandvhy a system is

built a certainway, the rationaldehindthe designmust bepreservedfor future de-
signers and developers. However, its@metimeddifficult to recordall the rationale

into a document. At other times, thigtionale isnot discussed anywhewutside of

the designmeetings. Thé&oftware Architecturdnalysis Method (SAAM) was de-
veloped at the Software Engineering Institute in the mid to late 1990’s to support the
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organized discussion of architectural rationale [13AAM is a people-orientegbroc-
essandcenters aroundroup meetings -wherepeopleproducescenarios to help ex-
tract how changing requirements impact an already existing system. A typical SAAM
session is a live event involving discussions by 3-10 ofstakeholders involved in

the system including users, designers, managers and facilitators teatdsed around
drawings of the architecture on a public display.

How it works

We prototyped a capture and accegstem to support theapture ofSAAM sessions
(see Figure 2). Both tharchitectural diagramandthe discussionaroundthesedia-
gramsprovide the rationalebehind the architecture of asystem. Thediagrams and
discussions are, therefore, important aspects of the meetings that we wapiute
and relate later on. By converting the public display tceelantronic whiteboard sur-
face andrecordingthe discussion with digital streamirgediatechnology, wewere
able to capture the SAAM sessioaisdthen providethe ability tosalvage summary
information afterwards.

The primarycaptureapplication waslesigned tacapturethe architecturaldrawings
generatedluring thesameetings. As the participantiscussedhe specificsdetails
about a component, the application stored that part of the discusslerthe appro-
priate architecturablock. Thus, as acenario wagpresentedboth the architectural
diagramsanddiscussions that come aboarte captured. After all the scenarios are
captured, they can be reviewed to asskessimplicationsandthe rationale othanges
to system to determine how to properly evolve the system.
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Figure 2. Software Architecture Analysis Method Pad. The left shows stakeholders
participating in the capture of a software design meeting. The right shows the access
of a SAAM session.

Related work

Some capture and access systems us@deigtings, such as thdarquee[35] and the
Filochat [37]are private note-taking systenand donot capture asharedgroup per-
spective of the discussion — rather, thegpturethe individual note-taker’'sview.
However, in some meetings, particularlydasignmeetings, it is more important to
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have the shared understandinghofv a system iglesignedor how it is agreed to be
designed) be preserved fposterity. SAAMPad captureshe evolutionscenariogre-
sented by a stakeholder. Tivoli [26] draws thest similarity to theSAAMPad sys-
tem. It introduces the notion 6fomain objects” to represent very specific kinds of
artifacts that are captured. d¢mder tocapture very specific kinds of artifacts (such as
software architecture diagrams 8AAMPad, or Intellectual Property (IR}Jocuments

in Tivoli), these applications rely oknowledge ofthe well-definedformal aspects of
the live experience.

2.4 DUMMBO (Dynamic, Ubiquitous, Mobile Meeting Board)

Motivation

Not all meetingscan bescheduled ahead ¢iime. Some meetingsccur from more
serendipitous encounters. The subject of what people talk dbony theseoppor-
tunistic meetings is not knowaheadtime, nor is it known inadvancewho is in-
volved, or everhow long the meeting will last. Publighiteboardsarethe site of
where a lot of these types of informal meetings take place. aitesften placed in
locations where there is a reasonable flow of traffic to encourage anyone who passes to
discussideas and tdrainstorm with one anotherHowever, it is difficult to know
when someone is involved in an informal discussiotha whiteboardversusjust
doodling on it. It is a challenge to support ttepture ofinformal meetings in a way
that facilitates the retrieval of the conversation and writings on the whiteboard.

How it works

We created asystemcalled DUMMBO [6] (see Figure 3), using anon-projecting
SmartBoardwith an attachedsound system, tocapture informal and opportunistic
meetings. When anyone approacheshiberd andpicks up a pen to write, thaoard
automatically begins teapturethe writing anddiscussion. After a certain period of
inactivity, recordingwill stop. Sensing technology iastrumentednear the white-
board to detedthe people presemuring eachmeeting. If two or more people are
known to be near thboard,then recording ofthe conversatiomvill occur even if no
writing appears on the electronic whiteboard. A Weérface is provided tsupport
the access othis collection ofunstructuredmeetings. The context of d@nformal
meeting (who was there, when and where it occurred) is used to help an indiidiual
a meeting of interest. Users may browse throudgime line displayingperiods of
activity at the board and may apply filters (who, whevhen) to pinpoint a meeting
of interest. Once an appropriate time period has been selected, amdrécemeeting
has been retrieved, the access interfdlmvs the user to replay thehiteboard activ-
ity, synchronized with the audio.
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Figure 3. DUMMBO. The left shows the instrumented electronic whiteboard that
sits in apublic ace. The ght shows the context-based access interface.

Related work

Xerox PARC'’s Flatlandproject [24] has alséooked atthe captureandaccess of in-
formal activities, but it uses time as the only mechanised to retrievéhistorical
information. Flatland waslesigned tosupport informal activities within g@rivate
office. DUMMBO is intended to support the capture of informal activities on a public
whiteboard where many people can intessith it at any given time. For thgitua-

tion that DUMMBO is intended tosupport, time alone is n@ood enough to help
users forage through a potentially large set of information to find just their discussion.

2.5 BVS (Battlefield Visualization System)

Motivation

Military strategic planning sessions impact a large number of people. Howeler,

a small number of the stakeholders are ever actually present during the actual planning
sessions. A group of the higher-lewdficers gathers taollectively build a strategic

plan. While typically ageneralwill orchestratehe largergoals of a plandifferent
officers are responsible for smaller portions of the plans (such as logistics, fires, etc.).
Eachportion may becreatedndependent of eaabther, but allare used tdform the
complete plan. The resulting artifacts are tkétributed toall in the chain ofcom-

mand. Howeverthis artifact oftenfails to portray the entirdynamic natureand ra-

tionale supporting the plan.

How it works

The Battlefield Visualization System (BVS) application was designed to cajstais

from these strategic planning sessions, which can be distributed and asynchronous, and
to support theaccess ofthe multimediarecords ofthese meetings fronmultiple,
distributedlocations. Acaptureapplication wascreated to read ifnigh definition
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mapsprovided to itthrough a government proprietary map engine FalconViy
and displays this map on a large electronic surface. During each capture session,
can navigate around the map at different zoom levels and annotate military symbols on
top of the maps. As a user presents a plan to be executed, treambe panned and
zoomed to arrive at the desired points of interest for further annotation syfii®ls
added to the maps represent military units that can be later moved or put into action at
some later point in the session.

As each capture session is occurring, the informatidirdadcastedia the web to
remote camps for other people also involved to follow alwitg the planningses-
sion. After a session has been captured, it can be reviewed via an applet that supports
the playback and synchronization of the audio and video of the command post with the
maps visited and symbols and annotations captured (see Figure 4).

Figure 4. The Battlefield Visualization System. Maps retrieved from a military
GIS program are nagated, while militay icons are drawnybstrateists.

Related work

This application isvery similar to SAAMPad adoth explore thecapture ofvery

formal and structured types of meetings. Likewise, BVS also relistaieholders to
capture the information. However, there are also other stakeholdgpsesentduring

these meetings. For this reason, dgeessapplication was built to support theyn-
chronizedplayback of the information — conveying teequential nature afteps in

the strategic operation, as they need to be executed. These interfaces are higher fidelity
representation of thexperienceghan static representatiobscausehey make use of

one more piece of information: time.

The Rasa system [18] gerhapshe most similaproject to BVS; both systems
explore the exact same problem. Rasa appigen techniques to capturthe plan-
ning sessions. Similar to the point tleampareghe techniques used i€lassroom
2000 with the Lecture Browser, we point out again that it tredeoff inthe amount
of intelligence built into theaptureandaccessapplication versus augmenting exist-
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ing digital devices to capture the same kind of information but at a finer granularity of
capture.

2.6 The Conference Assistant

Motivation

Large academic conferences often hawdtiple tracks of concurrerdctivities. Paper
presentations, demonstrations, special interest group meetingscatall occur
simultaneously. During any given tinperiod, conference attendees carove about

and listen to any of the presentations in which thayeinterest. To helpemember
what was seen, attendees take notes to document the sessions they attienamabr,
attendees are conflicted between taking notes and actually synthesizing the sessions.

How it works

The Conference Assistant [11] allowsrs to take notes at distributed presentations.
As attendees arrive at a conference, they are a given a handheld PDA for use during
the conference. Rather than needing to take detailed notes, presentations are captured
by the rooms. As a result, conference attendees can take summary notes on the per-
sonal and mobile devices. After the conference concludes, each attendee’s notes can
be integrated with the presentations. However, wherattendeesnove aboutbetween
presentations, their mobilitpresents a challenge for integratiagchuser’s private
notes with the appropriate presentation they had seen.

The Conference Assistant is not only a capamgaccessapplication but is also a
context-aware application. Astendeesnove abouturing the conferencethe Con-
ferenceAssistance capturdbe physical location of the user (through use of RF ID
positioning technology). As presentaticare given, theyare captured anthgged as
given in certain locations. After the conference ends, whesittandegreviews a talk
she attended, the location informatioruged tointegrate the personal notes with the
actual presentation information.

Related work

The notion of context-based retrieval is not novel, father is seldonused in the
domain of capture and access applications. Most applications use timeistegha-
ing variable betweewarious streams of informationHowever, whermultiple cap-
ture-enabledcenvironmentsare availableand user canmove betweenany of these
physical spaces, more informatibeyondtime is needed tantegrate theappropriate
information. DUMMBO, described earlier, uséme, location, as well as thdenti-
ties of the people presedtring the live experience to retrievihe appropriateset of
information. Systems such as StuPdescribecearlier,andNoteLook [9] allow the
personalization of captured information in settings such as classrooms or seminars but
assume fixed location. NotePals (which also besnused at conferences a®ll as
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classrooms), like the Conference Assistance, integrates thehastzs ormatches in
context, such as location, etc.

2.7 TeamSpace

Motivation

Project group meetings are used to discuss various aspects of the group pfegtet.
ings can be devoted to understanding the team’s progress; specifics on how important
parts of the projectare implemented (owill be implemented)are sometimespre-
sentedagendas are drawsut, and schedulesandresponsibilitiesare defined. Tradi-
tionally, these meetings involve multipleeople who come together at a mutual
location. As companies look to grow world wide, the nature of the wiade is now

a distributedenvironment with multiple people datifferent geographical locations
collaborating in a largeroject. Thedistributedwork environment means th#tese
meetings nowoccur through a virtual connection while people remagattered in
multiple and remote locations.

How it works

The TeamSpace project supports the capture of these meetings as multimedia meeting
notes as part of lrgerset ofsharedartifactscreated andnaintained foreach project

[27]. Meetingsaretypically held in anumber of meeting roomand/oroffices. A

capture application was built to captumed sharestreams of informatiotetween the
different instances of ifrunning at thedifferent sitesinvolved in the meeting). The
different streams of information the application suppdrtslude presentation slides,
annotations, agenda items, action items, and video frames. Telephone connections are
used to provide an aud@nnection betweethese physical spaces. Thasdio is
captured througlthe phone line, although potentially a voieer IP solution could

be instrumented as well.

Related work

In comparison to other meetirggptureand accessapplications,TeamSpace can be
used to capture a single collocated collaborative meeting (sutlvals etc.). How-
ever, TeamSpacallows for multiple people tocollaborate in thecapture of the
streams of information. Furthermore, it gdeyondjust allowing multipledevices
to control a single meetingurface(such as Pebbles [23]). More compellingly,
TeamSpace providesultiple peopleandmultiple locations with thechance topar-
ticipate in thecapture ofinformation. The keydifference iseveryone carcapture
information and it must be shared across all location.
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2.8 “What Was | Cooking?” Collage

Motivation

The home is a busy environmemiherethe continuous flow oéverydaychorespre-

sents a large set of activities to manage. The kitchen is one room in the home that
can serve as an example of ttfellenge to balance paralttivities. Cooking is a
multifaceted sequence of detailed instructions that demands attention teuaktatie.

The potential for interruptionand occasional memory lapsesxacerbated by tenden-

cies to performmultiple parallel tasks presents obstaclesatality to complete a
cooking activity in the way it is drawn out in the recipes.

To support recovery from an interruptadtivity, the context of theurrenttask is
often used to reorient oneself to resume the incompldfeity. Peoplecanleverage
off the clues provided by the physical objects they hateractedwith to aid them in
the resumption of their tasks. In some cases, the clues that the envirpnovetgs
fail to be enough or are not accurate because time has elapsed. Whipeealls for
a lot of white materials to be mixed, when a person returns tentkiag bowl and
looks in it, it ischallenging todeterminewhat has beeadded inthe bowl. Was it
flour, baking powder, baking soda, salt, smargar? In otheinstances, afood is get-
ting cooked, materials congeal, melt or dissolve over time. As a reddh people
do not get the chance to make a mental snapshot of how they left the actraty,
ery from interruption is difficult.

How it works

To better support the everyday activity of cooking, we instrumented a kitcheap-to
ture pictures of the cooking activity as it is bepgyformed[32]. Multiple cameras
are embedded in the environment to capture pictures inside the kitchen. The kitchen is
further instrumented with an assorted mix of sensing technologfegble of detecting
when certairitems in the kitcherare usedsuch as cabinedoors orutensils) and
where activities are occurring (such as over a certain counter-top or at the\&imé).
the user interacts with these items or workséntainareas ofthe kitchen, theseen-
sors trigger. The triggering of the sensors is used to control the taking picthees

to create aollage of recenactivities. Thuswhen people do not get tlebhance to
make a mental snapshot of how they left the activity, ttawely on theenviron-
ment to provide that information to them when they attempt to resume the activity.

Related work

This cooking collage application is an example délort-term” captureand access
application, where the access of the information thegj@uredoccursshortly after it
is captured. Most captureand accessapplicationscaptureinformation are typically
accessed after some longer periodimie (than almost immediately as it éaptured).
Short-termcaptureand accessapplicationsare typically used as remindesystems.
Xcapture [16]and Where-Were-WEL9] are other examples ohear-term capture and
accessapplications, capturing eith@udio or video of aractivity and allowing the
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users toindexinto the capturedstreams when thepeed to be reminded afertain
pieces of information during an activity. The collage we present provides apfiocus
context view of the state of an activity. It is an ambient displayrésides in the
background settings of an environment doesiot requireany specific useinterac-
tion to perform the indexing, but rather always updates itself to display changes.

3 Design Space of Capture & Access Applications

Designers constructingaptureand accessapplicationsare facedwith more thanjust
issuesrelated to differenpieces of data. Beyonddata, thereare still the users, the
devices, time and locations involved in the experience to take into consideration in the
design. These components form the minimal set of issuesi¢hdtto beaddressed
when designing capture and access applications:

- Whoare the users?

- Whatis captured and accessed?

- Whendoes capture and access occur?
- Wheredoes capture and access occur?
- Howis capture and access performed?

3.1 The Who Dimension

Building a capture and access application is like building any kind of application: it is
extremely important to identifwho the users are. Thegho component of aapture
and access application deals with the scale of @setthe users’ roles.For different
kinds of situations, there may be adifferent number of users participating in that
experience. Capture and access applications involve two different kinds of activities —
captureandaccess Hence, the people involved duritige capture of an experience do
not necessarily have to kbose who will beaccessinghe information. In some
situations, even though the people present during theskiperience arthe same set
of people who will access the captured information, it might becdlsethat they are
not all directly participating in thecapture ofthe experience. Each persqmesent
during the capture dhe access ofhe experiencamay have a part irthe experience.

In understanding eagterson’s partdesigners can desigystems to suppospecific
roles in the capture and access of ¢perience. As Grudipoints out, much of the
success of groupwarystemsdepend onwho amongst the participangse actually
doing the work and who can directly benefit from the work [ITHhere ismuch simi-
larity between groupwarand captureand accessapplications. Beyond recognizing
who are the users, designers should also degigtications to tak@dvantage of peo-
ple’s roles in the experience. When a single user who plays a major roleskpean
ence (such as an instructor during class) can capture information on beslalthoke
present (the students) to review in the futtinere is cleabenefit for the students to
have an automated capture system developed around the activities of the instructor.
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The issues in theeho dimension that designers must consider are:
- The number of capturers
- The number of accessors
- The overlap between capturers and accessors
- The perspective of the capture (public, private, shared, etc.)

3.2 The What Dimension

Designersnust alsoidentify what to captureand make available for accesthat is,
determinewhat artifactsbhestdocumentthe experience. Therare many everyday ac-
tivities that can beaided bythe servicesprovided bycaptureandaccessapplications.
However, each live experience may vary in the amount of structure to tlosmitify-
ing the formalcharacteristics ofhe experiencenelps identify the parts of thexperi-
ence that can be captured and how to design an applicatrecdmaithis set ofinfor-
mation. Once data has been captured, users can review tlexpisgence. However,
the live experience can never Iielly recorded. Wile the actuakxperiencesets the
ceiling for what iscaptured,the amount of information actuallgapturedsets the
ceiling for the access of thexperience. To increaske fidelity of theaccess experi-
ence, more streams can tmptured andnhtegrated;collectively, theycangive amore
accurate the account of the experience. Wwhat dimension isdefined bythe number
of streams of information captured for later access. One approach is to sedléhas
high as possible by capturing as much information as possible. Information can
always be processed and filtered; however, wireapturednformation is lost to the
past, there is no way to recreate it. On the other hand, informatmaptisred sahat
it can be accessed in the future — capturméaningless withouaccess. Whereas it
is important to make the liveapture aczomplete as possibl¢here isalso novalue
in doing the capture if there is measonablendusefulaccess tahe captured record.
Hence, the needs of access should not be ignored. If a low fidetibces$s isall that
is evergoing to berequired,thenthere is noneed tocapturemore information than
what is needed. The tradeoff between the two approaches is theusédrtodesign a
system to capture as much as possible versusftts used tounderstandhe access
needs for that system.

The issues in thehatdimension that designers must consider are:
- The artifacts in the live experience
- The artifacts captured
- The artifacts accessed
- The fidelity of the access experience with respect to the live experience
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3.3 The When Dimension

The whendimensiondealswith issuesrelated towhen captureoccurs, wheraccess
occurs,andthe timescale betweenhe captureand accessphases. Knowingvhen
capture occurs means being abldrstrument the physicapace involvedvith cap-
ture devices and applications ahead of time. Furthermore, dewidepplications can
be designed to take advantage of this known piece of context to infer othesdict
ing andcustomizing the right kinds afapture services tinitiate automatically for
unique situations. Someexperiences occur periodically avith some frequency.
However, whenexperiences occur unplanned or on irregutaéervals, applications
must bereadyfor capture atny pointandflexible enough toadapt tothe changing
requirements of theituational context. Usingnowledge ofwhenaccess occurs can
also inform thedesign ofthe access deviceand applications. Knowledge of when
access occurs can be used to provide the users with the right applications for the right
available resourcesNot knowing this information mearfanytime” accesssupport
must be provided, where the context of Hueess experience ismmknownand applica-
tions must be built to support impoverish resources.

Finally the timescale betweethe captureandaccesyhaseqi.e., the timediffer-
ence between the captuaadaccess phases) catso beused toinform the design of
the applications. When the access of information occurs only immeddtetyit has
been captured (or within a day two), persistent storage of the information may not
be necessary. Medium-term applications typichtiyedata accessed ithe weeks to
monthsrange oftime after it has beercaptured. Thesapplications will need to
physically store the informatioandfurthermore can processdtransducehe infor-
mation intofriendlier formats than theaw datathat is captured. Finally, long-term
applications store information ascordsfor posterity. Informatiomeeds topersist
for much longemperiods oftime than other types of applicatioasd it may make
sense to provide users with a synthesized summary afxteriencewith an interface
that supports being able to drilbwn tothe exactpoint that theuser(s) want to re-
view.

The issues in theehendimension that designers must consider are:
- The times when capture occurs
- The times when access occurs
- The frequency/periodicity of the capture and access occurrences
- The time scale difference between when capture and access happens

3.4 The Where Dimension

Thewheredimension addresses the physical locations involved in a captdraccess
phases. Most capture and access applications handle experiences that occur in a single
location. However, it is becoming more commonplace for people in natffgrent

places to collaborate and essentialhare an experienegemotely. Furthermoresap-

ture and access applications must also take user mobility into consideration.
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Identifying where access occurs chalp inform thedesign ofthe access applica-
tions. Where people will want to access information will provide understanding to the
resourceghey have available — what kind of machiné® usershave available to
them, the kind of input and output capabilities they have, et@acckss occurs in the
same environment as the live experience, specialized devices can be instrumented to be
both capture as well as access tools.

The issues in th&heredimension designers must consider are:
- The locations of capture
- The locations of access
- The overlap of physical spaces
- The mobility of the users
- The multiplicity of locations

3.5 The How Dimension

The tools and methods for capturing and accessing information as well scabhef
devicesform the last dimensiorhow. Captureandaccessapplicationsaretypically

built as aconfederation otools. The number odlevicesthat are used in a&ystem
definesthe scale ofdevicesfor captureand accessapplications. At oneend of the

scale, only a single device is used in the application. A key question in the building
of capture and access devices is whether the device that is doing the capture can also be
used to provide the access. In some instances, peuhabrtabledevicesplay dual

roles as both the capture and the access devices. In situatieresa device does not
support theaccess ofts capturedcontent, or simply it is not the best tool to use
when accessing theapturedexperience, there is reeed toidentify whatarethe other
devicesthat takes the role of supportiragcess tdhe information. In mostases,
capture is often done using a number of devices and so a certain amount of effort must
be devoted taoordinating theseevices towork together. If the tools useveork

with can be identified ahead of time, designers can augmentdkeseswith capture

or accesgapabilities. Devicesandapplicationscan be instrumented tsupport the
explicit interaction of the users to capture information or tbay befully automated

to support capture. Explicitapture of experiences imore common, butequires

effort on the part of the users. \Wan ease¢he explicitproduction method by auto-
mating the capture of materials — making the capture implicit. Fully imulgiture
applicationscan make captureompletely transparent to the usedcan be done in

the background. Howevelrfrom the designer'spoint of view, these systemaill

require some level of intelligence. For example, systems that rely solagnweras

to capturewill also needvision techniques to detechanges inthe material that is

being captured. Systems that rely on explicit interactionan be instrumented to
capture at digher level of granularity. Theadeoff betweenthese twoapproaches

lies in the granularity otapture asvell as the level of intelligence built in to the
capture systems. By instrumenting the physical objects the user interacts with, we are
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able to obtain a finer level of granularity in the interaction history witmaetling to
apply much intelligence into the system.

The issues in thBowdimension designers must consider are:
- The method of capture (implicit, explicit)
- The number of capture devices
- The number of access devices
- The role of the devices

4 Conclusion

The five dimensions we have outlined,vasll as the list of key attributefor each
dimensionsare by nomeans an exhaustivists. Clearly, privacy and security are
among the list of those issues noentioned here. Thedssuesare certainly not
lesser in importance; in fact, these issues may be the more challenging ones to ex-
plore. Insteadthe issues wéave outlinechere areavhat we believe to be common
ones that need to be considered when buildimgcaptureand accessapplication. As
a result, these five dimensions should always be addressed at the stantiesigheof
a capture and access application. By identifyingithat who, when where andhow
components of a capture and access application, it is possible to &xrdiehctional
requirements to construction of a system.

In generalizing a design space for captamd accessapplications, weexamined the
issues involved in the design of not only daptureandaccessapplications wehave
created but those of related wddund in the literature. When we examin®doth our
own work andother’s with respect tothe design space, we can sbe parts ofthis
spacethat existing applications populate, as well as the holes insffasethat re-
main to be explored. Few projects have explored the following issues:

- Long-term access of captured data

- Capture of informal experiences

- Capture of distributed and remote experiences

- Capture mobility

- The personalization of capture

- Context base (context rich) capture and access

- Instrumentation of dual role devices

- More variety in the types of devices tlat augmentedith capture and
access capabilities

In future work, we willpresent a prototype for anfrastructure to capturand ac-
cess (known as InCA lafrastructure focCapture andiccess)which will look at how
the task of building a capture and access systmbe facilitatedhrough lowerlevel
support thatincludes reusableomponents that form building blocks for tbapture,
storage,andsubsequent access thie experiences. We identify five dimensions for
capture and access in this paper. InCA aims to support developersdavéiepment
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of any application rangingnywhere orthese dimensions. By making éasier to
build systems that exists in thikesign space, applicatiateveloperswill be able to
build more compellingcaptureand accessapplications in the future. Furthermore,
they will be able to explore issues thgtve been previouslynvisited, such as those
listed above.
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