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Abstract

This paper proposes the concept of collaboratiedyption as a focus of concern within the
general area of collaborative work. We positiondbacept with respect to McGrath's
framework for small group dynamics and the moreilianmcollaboration processes of
awareness, coordination, and communication (McGt#1). After reviewing research issues
and computer-based support for these interactipgcs of collaboration, we turn to a discussion
of implications for how to design improved suppiort collaborative production. We illustrate
both the challenges of collaborative production anddesign implications with a collaborative

map-updating scenario drawn from the work domaigeafgraphical information systems.
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1 Introduction

When people report that they are collaborating,twloathey mean? In practicegliaboration
refers to a broad range of shared activities—atgtind discussing work, coordinating one’s
efforts with others working on the same projectregimultaneously editing a shared file.
Because the term is overloaded with meaning, gsamsong different stakeholders can be
problematic. Researchers working in the area ofprdar supported cooperative work (CSCW)
are likely to understand a specific technical megtor the term, but practitioners who purchase
and use collaborative software work with a morejuand informal understanding. The lack of
a common vocabulary regarding what is meant byabolation makes it difficult for these
groups to communicate and determine wants and nAsdsstep toward clarifying the broad
concept of collaboration, we offer the tecwilaborative productiorio refer to group work that

is directed at a final goal afeating a shared product¥We survey current research and systems
related to collaborative production and presenitaré vision of computer-based support for

collaborative production.

1.1 Why Collaborative Production?

The literature and technology review and analysgorted in this paper arose from a joint
project with Bearing Point, a business systemgnater, and Rosettex Technology and Ventures
Group; we were working together on a project f& Kational Imagery and Mapping Agency
(NIMA). The goal of the project was to evaluate ghate of collaborative technologies used by
NIMA. Projects at the agency often include sharedkvamong professionals with differing
expertise (e.g., geographical science, image psoagsdata mining) but integrated by a focus on
a central shared artifact (e.g., an image map atebivith symbolic information). Our project
deliverable was a “roadmap” for the integratiomefv research ideas and technologies into the
agency. A key element of developing these recomattémts was to first determine what aspects
of collaboration were not adequately supportedxistiag technology.

In general, we observed that the commercial offdhelf (COTS) tools in common use,
such as NetMeeting (NetMeeting) and IWS (InfoWor&&), limited workers to sharing,
reviewing, and in some cases collaboratively edlifies. These tools supported certain aspects

of synchronous collaboration (e.g., working togethre shared objects at the same time), but
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switching among tools for different tasks did nietays facilitate, and in some cases even
hindered, the final goal of many NIMA collaboratitasks: the creation of a useful product. This
understanding helped us to distinguish the gemeramunication and coordination activities of
collaboration from a specific aspect of collabamatihat is oriented toward the goal of
production we began using the term collaborative productioemphasize the concreteness of
the goals driving this product-oriented style oflamoration. The collaboration in collaborative

production is an integral part of the productiofodf not an activity on its own.

Other researchers have critically examined the epinaf collaboration and how
collaborative tasks might be supported throughrteldgy of various sorts. For instance, Ellis
and his colleagues offered an early framework aniatulated the two basic dimensions of time
(synchronous or asynchronous) and location (locatmote) (Ellis, Gibbs, and Rein 1991).
Other analyses have highlighted task charactesi¢8mith, Wolczko, and Ungar 1997),
technology affordances (Benford, Brown, Reynard, @neenhalgh 1996), and theoretical
analyses of cooperative behavior (Malone and Cramw$094).

Our work on collaborative production integratesaslérom these earlier frameworks. We
have analyzed collaborative software with respeethiether and how they support a production-
centered view of collaboration. This has led teea view of the design space for collaborative
production as well as ideas for new designs. I phiper we summarize our review and its
implications in several sections. In the next sextive define collaborative production and
describe in detail its components and dependerfesawing this, we survey existing research
in several related areas of computer-supportedloothtion, including a brief review of
representative COTS technologies. After the sunweydiscuss ideas and issues associated with
tools or other support for collaborative productiae illustrate our discussion with a futuristic
scenario in the domain of geographical informasigstems (GIS). Concluding thoughts are
offered in Section 5.

2 Contribution

This paper contributes to IS research in three magys. First, it summarizes and relates
research on computer-supported collaboration. SEdbproposes and defines the idea of
collaborative production, which to the authors’ wiedge is a new concept in the field of IS



research. Third, it discusses design implicatiah proposes a roadmap for tools that could
better enable collaborative production.

The review of research describes a large numbeasefarch projects and several
commercial off the shelf systems; it will be ofangst to IS researchers working in areas that can
benefit from collaboration support and practiticeho are considering investing in
collaborative technologies or integrating them iexasting systems or processes. The concept of
collaborative production and the roadmap are exgettt be very interesting to IS researchers.
The concept of collaborative production distingesithe general communication and
coordination activities of collaboration from a sfpe aspect of collaboration that is oriented
toward the goal of production while the roadmaghhghts research areas that need to be

explored in the new design space created by theepbrof collaborative production.

3 Collaborative Production

In the computer science literature, researcheen@iimply assume an understanding of what it
means to collaborate, as illustrated by Suchmarilaigg (1986): “The term ‘collaboration,’ like
many of the words used to classify everyday aadsjtis an abstraction over a rich array of
concrete practices.” Because it encompasses so, maitdiboration is difficult to define,
particularly in terms of what it isot With our concept of collaborative production, éenot
intend a comprehensive definition of collaboratibat instead a scoping of collaborative
activities that focus on creation of shared proslugor the purposes of this paper, we consider a
productto be an artifact that is created for a purposkthat can be made accessible to others.

Our interest in shared production builds on theisahtesearch on teamwork by Joseph
McGrath and his colleagues (1991). These reseaclescribed a range fainctions
(production, group well-being, member support) amatieginception, problem-solving, conflict
resolution, executiorthat characterize the behavior of groups at diffepints in their
collaboration. More recently this framework hasrbeborated to also consider team
formation, maintenance, and evolution (Arrow, MctBrand Berdahl 2000). We have illustrated
the basic framework in Table 1, instantiating MdBisfunction-mode matrix with a
hypothetical GIS (geographical information systest®nario drawn from our work with
NIMA—a map-updating activity initiated by a newatg that mandates adjustments in national

borders.



Table 1: Modes and functions of TIP Theory for a hypothetical GIS scenario

Production Group Well-being Member Support
Inception Ed, a NIMA manager | Two treaty analysts Prospective members
distributes a memo (Anna, trainee Bill) and | check their schedules;
outlining implications | two map experts (Carla,| analyze their likely
of a new treaty Don) are asked to contributions and Ed's
coordinate the update | expectations
Problem- Team discusses Ed and Anna suggest BillMembers reflect on how
solving requirements, outlines| take the lead in they are making
subtasks, possible translation; Carla and | contributions, what
schedule, etc. Don will share map rewards will result in shor
updating and long term
Conflict Team identifies and | Ed offers leadership Members propose and
Resolution negotiates priorities | while also accepting argue for personal or
and dependencies in | others' refinements or | subgroup priorities and
their subtasks alternatives resources
Execution Bill drafts translation; | Anna gives feedback to | Bill learns some new

Anna checks and
refines, hands off to
Carla, who annotates
old map; Don enters
changes; as a group

they review/confirm

Bill on his translation;
Carla and Don go over
her annotations; Ed
checks in with each tean
member as the tasks

progress

terms; Don reuses a
notation system he has

used earlier; Ed is

quick response

Perhaps the most salient function of any team lootktion isproduction the ultimate

goal of this hypothetical team is to generate #wsed map. But the actual implementation of

the revisions takes place only in the final phadsth® team's efforts; prior to that they reach a

shared understanding of their mission, develoglartieal plan for achieving the mission, and

t

hcommended for his team's



identify and address conflicts in the implementastrategy to be followed. In McGrath's (1991)
framework, these phases are implicit in achievimg @roduction goal, even though the
preliminary phases may be short-circuited wherptiogect is familiar, the team has achieved

similar goals in the past, and so on.

While the focus of collaborative work is often aguction, an important contribution
of McGrath's framework is that it highlights thde@f group well-being and member support in
the successful activity of a group. Group well-lgegfforts focus on ensuring the coherence and
sustainability of the team as a configuration dfadmrators; just as important are the group's
efforts toward developing and maintaining the &b#si and motivation of its individual members.

The scenatrio illustrated in Table 1 also helpotwm$ our definition of collaborative
production, namely on thexecution mode of the production functianere team members are
carrying out behaviors—on their own or together—thatantiate and shape their final product.
Drafting and revising the treaty translation; amtiog an older artifact; entering changes to
create a new artifact; reviewing and acceptingdldsmnges: all of these are subtasks in the
collaborative production of the new and improvegpma

At the same time, the TIP framework emphasizeafipects of teamwork that are not
part of collaborative production, but that areical in successful execution of a shared task.
Developing a shared understanding, assigning agotia¢ing roles and individual contributions,
determining and administering rewards or other lbael as subtasks are completed: these are

essential elements of smooth group functioning i8dhand Simone 1996).
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Figure 1: Aspects of shared activities that enable collaborative production

In the remainder of this section we discuss thegeddencies in terms of three basic
requirements for shared activity (Figure 1). Pagmtr already-engaged collaborators must
acquire and maintaiawarenes®f one another’s goals, plans, work status, comaoation
availability, and so on (Carroll, Neale, Isenhd®osson, and McCrickard 2003). Assuming that
they possess a basic level of awareness, collaivsreancoordinatetheir efforts, expending
effort on the “articulation work” needed to negtgiahared work, schedule and re-schedule
tasks, hand-off intermediate products, and morgehmidt and Bannon 1992). In support of
both awareness and coordination, collaboratordiigeand use appropriasommunication
mechanisms (Olson and Olson 2000). The work thergedaout as a group can be broadly
defined a<ollaboration with collaborative production seen as the prodactised components
of collaborative activities. As suggested by tlgufe, even though shared creation of a product
may be the ultimate goal of a group, success iresuty this goal will depend on adequate
support for awareness, coordination, and commubpitéee McDonald, Weng, and Gennari
2004 for a documented example of the need forstifport). We turn now to a brief introduction
to these three aspects of shared activity and ithe@acts on collaborative production. We
illustrate these relations using a familiar collediive production scenario, that of co-authoring a

research paper.



3.1 Awareness of Others and the Situation

A precursor to active collaborative work is awarsie-bothsocialawareness (Who is part of

the team? Who is here now?) aalivity awareness (What has happened so far? What is
happening now?). Before people can engage in mgfainlirected exchanges, they need to be
aware of one another. Social awareness is an uaddisg of who is available for interaction
and what they know. Activity awareness, as the tenplies, is an understanding of the activities
of others and how those activities relate to arddgiask. While social awareness provides a
contact network, activity awareness provides aedrfor action (Dourish and Bellotti 1992).
The level of social and activity awareness may \mged on the task, but some minimal level of

each is necessary.

In the task of co-authoring a research paper, aveageserves an important introductory
role as well as a maintenance role. Initially, sesrcher must become aware of existing research
to discover other researchers who are workingnmlar areas and to identify possible contacts
or collaborators. A major part of this processatedmining which researchers are already
actively constructing or testing research systenasheow developed these systems are. After the
commencement of the research activity, researchass remain aware of the state of his or her
own research, the paper that is being developdddoment the research, as well as the

contributions and further intentions of his or hellaborators.

3.2 Coordinating Work with Others

Coordination is required for any activity that imwes multiple inputs from multiple individuals
(Schmidtet al. 1996). We use the definition offered by Malone @ndwston (1994):
“Coordination is managing dependencies betweenitefi.” Assuming that a team's members
have identified one another as collaborators ane hgreed to work together, they can then
focus their efforts on a collaborative task. Thisusing process involves coordination;
concurrent efforts that are not coordinated maliigbly inefficient or even in conflict with one
another.

With respect to collaborative production, coordimatncompasses two main activities:
scheduling interaction and managing coupling issRegardless of the technology used to
collaboratively perform workad hocor opportunistic interactions are rarely efficiemtthods
for coordinating effort. Predetermined interactioms the other hand, provide group members
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with an opportunity to create an agenda and pretparaselves and their materials. An extension
of the idea of scheduling interactions is synchrimg effort to handle coupling issues.

Traditional devices such as Gantt and PERT chdaw group members to divide their work, so
that they can parallelize their efforts. When grougmbers are aware of dependencies, they can

most efficiently divide their time among requiresks.

In the collaborative research example, if commuimgaresearchers decide that their
work is sufficiently similar, they may commit tot@grating their efforts. Coordination allows the
researchers to schedule future communications enel@p a plan for sharing their intermediate

results as well as integrating their final results.

3.3 Communicating with Others

An aspect of collaboration that supports all otheimmunication. The nature of the
communication process, the task functions of agrand the actual properties of the medium
chosen for communication affect the quality of teenmunication (Daft and Lengel 1986;
McGrath 1991; Dennis and Valacich 1999). Being &nara collaborator and his or her
activities may motivate a person to initiate commation, choosing the medium that best
matches the type of information to be communicaiedell as the potential needs of the group.

With respect to computer support for collaborapveduction, intra-team communication
is likely to rely at least partially on computer-gieeted communication (CMC). Research on
CMC focuses not only on the technologies that enabinmunication, but also on the sociality
of work. By enabling communication, technologiestsas discussion boards, email, instant
messaging, and audio and video teleconferencirgjeanges in the social fabric. They may
create new opportunities by attenuating imbalant@g®wer and initiative, but they also result in
potentially harmful interdependencies and introdecgunderstanding (Sproul and Kiesler 1991,
Olsonet al.2000).

Again considering our collaborative research artti@ing example, communication
needs and opportunities are promoted by awarebetat the same time awareness is enhanced
through effective communication. For instance afisroming aware of a potential collaborator,
a researcher may communicate to him or her vialeméai person at a research meeting. As the
project develops, communication will also be impattfor allowing group members to share

their descriptions and interpretations of reseanethods and results. Such communication
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allows researchers working as a group to maint@ionsistent understanding of their objectives

and make progress towards those objectives.

3.4 Collaborating to Create a Product

We have distinguished between collaboration in gerend collaboration to create a product.
Group members often work together without a comcpedduction goal. For example, not all
research paper review or analysis have a produfiiirmetion; on occasion, group members may
complement a peer's work, contributing to the gi®uapember support function, or they may
remind one member of his or her job as the stesigkpert, contributing to group well-being
(McGrath 1991; see also Table 1). Collaboratiomines working together, but not always

doing the workogether.

Collaborative production may be co-located or remtite work may be carried out
synchronously or asynchronously. Group membersaopayate on a single instance of an
artifact or they may manipulate separate instanseg) a range of different tools to exchange

results and maintain consistency.

In the next four sections, we survey survey reseesues, systems, and technologies
related to computer-based support of awarenesgnamiation, coordination, and collaborative
production. When surveying existing systems, wegaze that not all types of systems fit
neatly into one of the categories. In cases whed#ipte categorizations are possible, for
example a research system that addresses issbethalommunication and awareness, we
discuss it in the category in which it seems toehtie strongest implications for collaboration.
We focus on recent research, primarily work donerdf999, because earlier collaborative
systems are well documented and their ideas haae ingegrated into the more recent work we
report. In a few cases we include seminal papetsprovide important background for current
work. After reviewing this research literature, rgefly discuss COTS systems that support

collaborative work, then turn to a discussion afige implications for collaborative production.

4 Computer-Mediated Collaborative Awareness

We define awareness as the perceptiometia-dataabout collaborators that is external to task
execution. The technologies that convey such dataltaborators fall into two main categories,

1) awareness displays and 2) filtering systefwgareness displayare representations intended
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to make collaborators aware of what their partaeesdoing. We present current research on
awareness widgets used on the desktop, thosedtsypnd the desktop, including findings
from empirical studies. In contragtfering systemslirect content to collaborators based on
criteria such as user preferences or group activ#tipries. In this category, we also consider
recommender systems that help users locate cameninake decisions involving the content. A

pervasive issue in current research on awaren@ssay.

4.1 Awareness Displays

Many awareness visualizations and information digplre intended for use in a desktop
environment. For software developergLODE uses various visualizations to allow
programmers to view who is working on what souregec(Penner and Gutwin 2003). A specific
and increasingly common examplaaslar overviewswhich show where each user is working
with respect to the entire information space (Gatand Greenberg 1999). This functionality is
available through oUPWEB, a tool that allows users to see where other wsersiorking in a
large two-dimensional workspaceRGUPWEB includes a collaborative web browser with
awareness features built into the scrollbar fopldigng remote collaborators’ viewports; it also
provides the option to synchronize with other usaesvs (Greenberg 1997). The scrollbar
awareness techniques that are used are applicablbdar workspace-oriented applications.
GROUPWERB also includes a shared editor for annotations.

Other research efforts on awareness displays éodéisktop provide a more personal
approach. Awareness information can be provideagusictures of collaborators or their faces.
For example @oupPsPACEallows multiple users to interactively view imagggheir
collaborators; each user is represented by a 3Cehwdch head that is adjusted as his or her view
changes (Dyck and Gutwin 2002). In tisTANT MESSENGERVISUALIZATION, pictures of
remote collaborators are placed in a visualizatorhich they move closer to the user as they
become more available; this proximity awarenespshesers monitor remote collaborators and
know when to initiate communication (Neustaedted1)0

Some awareness visualizations are intended fobexsend typical desktop displays. The
TOWER system provides awareness of activities and cotitesxugh symbolic presentations in a
3D environment (Prinet al.2002). Greenberg and Rounding (2000) and desdddime
collaborative surface techniques designed for laogeen displays. ThedwiFICATION
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CoLLAGE—a system that developed for internal use by abolation awareness research
group—allows users to share photos and other imafgesvorkers and friends. It was designed
to promote informal and opportunistic communication coordination as well more task-
focused activities. Physical surrogates are an@pproach to awareness widgets (Greenberg
and Kuzuoka 2000); they provide tangible represemts of remote partners. These interfaces
provide awareness information that is easy to wstded, support the transition into
conversation, balance the amount of informatiod, @nsider privacy issues.

A range of empirical studies have examined the ctgpaf awareness information on
collaboration. In one study, four methods of repréiig changes in UML diagrams were tested,
including replay changes, a chronological storydpaonic changes, and textual documentation.
Most participants preferred the documentation me{fi@am, McCaffrey, Maurer, and Greenberg
2000). Another study observed the use of a groupwygstem and found that conventions such
as naming files and who replaces who in casessdrade are facilitated by awareness
information (Mark, Fuchs, and Sohlenkamp 1997).IBpofdwards, and Greenberg (2000) tested
blurred and pixelized video filters to compare &afis in awareness and privacy (i.e., the more
aware is of one's partners and their activities,miore intrusion or privacy invasion they may
experience). These researchers found that a blfiterdcan provide awareness and still protect

privacy and that the pixelized filter can as whlif to a lesser extent.

4.2 Filtering and Recommender Systems

Filtering and recommender systems are designeditie gisers to information as well as
protecting them from information overload. Wolvertd999) describes the importance of
filtering and retrieval tools in fast-changing atibrative environments and presents a Task-
based Information Distribution Environment®E). This tool can be used to deliver only the
documents that are relevant to a user’s currekstdtowever TDE does not take into
consideration the tasks of other users in the lootktive environment.

Breese, Heckerman, and Kadie (1998) present vafiibersng algorithms that
recommend content or services to a user baseceamtlysis of the behavior of a large number
of users. Similarly, Payton, Daily, and Martin (89@escribe tools used to identify other web
users with related interests based on both long-séow decay and short-term fast decay.

Privacy and disclosure, however, remain major issAaother issue is robustness or how well
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collaborative filtering algorithms perform in theegence of noise. O’Mahony, Hurley,
Kushmerik, and Silvestre (2004) discuss the stgaind accuracy of a widely used filtering
algorithm. &rcLADES allows scholars to search heterogeneous, distdbartchives for
information and also includes filtering and recomiter technologies (Gross 2003). Another
approach is to use physical proximity. For exampérscha, Holzmann, and Oppl (2004)
discuss a subsystem that maintains location infoom@n users of mobile computers and a
corresponding instant messenger service that lgesrhe subsystem's information to facilitate

the formation of groups based on physical location.

Notification systemare a subset of filtering and recommender systhatsuse user- or
system-defined rules to filter the information @ueceives (McCrickard 2003). For example,
Horvitz, Jacobs, and Hovel (1999) use attentiorsiggnalerting to determine what notifications
to send to users based on the current work ofgsee They use Bayesian models to infer a
probability distribution over a user’s focus ofesition and infer the potential cost of transmitting
alerts to users. Note that while we point to ncéifion systems as a technique for supporting
awareness, we do not include a comprehensive sbe@use such systems are themselves a

large and evolving research topic (McCrickard 2003)

5 Computer-Mediated Communication

Computer-mediated communication (CMC) has an ektenigesearch history in both tool
development and empirical study. The range of ttml€MC is broad, but basic technologies
include discussion boards, email, instant messa@ig and audio and video teleconferencing.
Here we focus on tools that have been designeaktlitate communication in support of

collaborative activities.

Some CMC technologies focus on facilitating comroation by creating one or more
channels for communication in a collaborative sgttiFor instance, @RONA provides scalable
group communication abilities for collaborative t&yas, building in support for different modes
and roles in collaboration. The system has two mddedisseminating information: publish and
subscribe, in which a recognized publisher sendsecd to multiple anonymous subscribers; and
peer group, in which the peers are aware of onthan@Hall, Mathur, Jahanian, Prakash, and
Rassmussen 1996). TheREKA system in use at Xerox allows service techniciarghare tips

not found in manuals (Roberts-Witt 2002). The @ps confirmed before being posted, and the
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employee's name is stored along with the tip. Téglnology has formed the basis for the
LINKLITE knowledge-sharing system, a system that extergdsgtsharing concept to other work

settings.

Other systems facilitate communication betweenrbgeneous devices. Taergal.
(2001) use awareness information to facilitate comication in @NNEXUS, a tool that
integrates IM capabilities into desktop applicasioA related tool, WARENEX, extends the
functionality of @NNEXxus to handhelds. Krebs, lonescu, Dorohonceanu, angditg003)
discuss the development of a collaborative syshamhandles access by heterogeneous clients.
Data distribution agents select what data shoulskine to users based on the users' access
properties such as available bandwidth and reitgtaf the connection. Also, the shared objects
are displayed based on the capability of the devicstudy presented by Velet al. (2004)
discusses communication as it affects performandarderaction when collaborating

participants use different platforms (either PGOA).

While the systems mentioned in the last two pagagganake communication possible,
other systems are aimed at making communicatiore rfficient. For example Aoldt al
(2003) present a social "mobile audio space” thatle used to support multiple simultaneous
conversations. The intent of this project is toalimobile groups (e.qg., five friends) to
communicate using audio channels throughout thg sk also Ackerman, Hindus, Mainwaring,
and Starr 1997). The challenges include privaayessand potential irritation at hearing
everyone's conversations all the time. One sukeptgupports multiple simultaneous
conversations by lowering the volume of users whumse/ersation analysis does not seem to fit
a typical turn-taking pattern. A different projettidies how people use two-way, push-to-talk

cellular radios.

Another system, KNSAS, provides communication abilities based on pro&intmith et
al. 1997). Users form different audio and video cotioes based on their relative proximity to
one another in a 2D world. Bradner, Kellogg, andkson (1999) examine and discuss how
collaborators' technical configurations enableaidht types of communications based on a field
study of their collaborative toolA&8BLE. Another tool aids in remote videoconferencing by
providing users with the sense that they are dgtimeracting and walking around in a

teleconferencing room with one another (Perry agdnval 2000).
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6 Computer Support for Coordination

Systems for coordination fit in one of two basitecmries: technologies that allow for human
resource management and technologies that allodofmument management. Human resource
management technologies allow group members tomkatings and divide work. Examples
include shared calendar systems and project marageaystems like GUrPPLAN, a multi-user,
distributed, project planning environment (Blum dbgtwin 2003). Because the goal of
collaborative production is the creation of artifaave focus our review of coordination tools on

those concerned with document management.

Document management systems allow group memb@taricand coordinate their
contributions in terms of product creation. Theg #ire predominant technology for managing
shared products, allowing users to work asynchrsiycand then integrate their work. Rees,
Ferguson, and Virdhagriswaran (1999) discuss therssues involved with document
management; they focus on erasing and overwriting,main causes of information loss that
may change the context of another user’s work. rlpr@iposal is that each change should be
accompanied by a structured description and camigtconditions that must be met for the
change to make sense.

A common scenario for document management is aloaation that isd hocbut must
take place in a secure and reliable fashion. Isdlases, one approach is to enable file sharing
by allowing documents to reside on a single pessaréchine and to distribute them to
collaborators only when and as necessary (BerleeAgarwal 2003). The master documents are
updated automatically if collaborators make changesescu, Krebs, and Marsic (2002)
describe a specific algorithm that allows usensaok offline with a shared document offline,
but then to update the master copy of the documbah they reconnectctCuUBE is another
document management tool that uses a log-basedagpto reconcile divergence in separate
instances of a document (Kermarrec, Rowstron, $tagnd Druschel 2001). Shen and Sun
(2002) describe theirdRCE prototype, a tool for asynchronous collaboratiwet tistinguishes

semantic document merging policies from syntacgcianisms.

7 Computer-Mediated Collaborative Production

A number of collaborative systems have been huitecent years with the goal of helping group
members carry out their production activities tbget In this section, we first survey toolkits
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and architectures that enable construction of systems. We then discuss two approaches to
collaborative systems—collaboration aware and bolation transparent systems. Next, we
briefly survey recent work on collaboration betwé@terogeneous devices and undo/redo issues

in collaborative work (see also Mills 1999).

7.1 Architectures and Toolkits

Dewan (1999) surveys collaborative architecturekissues associated with them. Laurillau and
Nigay (2002) discuss theLGVER architecture that defines production, communicatand
coordination services; they illustrate the architez's usefulness with thed¥ITESSESystem.

The EFT framework combines ideas from the CollatdegaObjects Coordination Architecture
(COCA) and CAB, the Collaborative Active WhiteBodtd, D. and Patrao 2001). Chung and
Dewan (2004) have analyzed and prototyped dynaroldtactures that automatically switch

among centralized, replicated, and hybrid architest based on resource availability.

Toolkits aid in the development of collaborativebgations by providing designers with
basic functionality for common tasks. Roseman arek@berg createdr@UrKIT (1996), a
multi-platform toolkit in the TCL/TK language forubding real-time collaborative applications.
It includes collaboration-aware components suamalsi-user scrollbars along with session
management and basic support for data replicaibared graphics primitives are designed to
simplify construction of shared 2D workspacesoBGFKIT is no longer under active
development, but it has influenced many other mesejrojects. A similar tookit is BTVIEW,
which provides for the sharing of views at the vandevel (Prakash and Shim 1994). Multiple

window applications can choose which windows tastzend which to keep private.

7.2 Collaboration Awareness

Systems that support collaboration can do it in@n&o ways:Collaboration awaresystems
are built explicitly to support collaborative adtigs; they may be a single application or an
integrated environment containing multiple appiimas. In contrast;ollaboration transparency
systems enable collaboration that takes place sintjle-user applications, without modifying
the applications. They often share the data andinget of a single user application through
screen scraping techniques or build a shared msédi-data object that is external to the

application itself.
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A recent example of a collaboration aware syste@rRiSUPMORPH, a collaborative
editing system that allows the formation of groaps subsequent shared manipulation of 3D
objects (Linebarger and Kessler 2002). Another gtans TEAMROOMS, a persistent
workspace-oriented collaborative environment thapsrts a variety of authoring and
communication tools (Roseman and Greenberg 199fis (ool has been commercialized as
TEAMWAVE and later bought by Sonexis).

Billinghurst and Kato (1999) discuss the conceptalfaborative mixed realityMixed
reality is an interleaving of virtual objects and objaatshe real world. The motivation to create
a mixed reality system for collaboration comes framaderstanding the potential discontinuities
among alternate workspaces, as well as the diffesehetween new and existing work

processes. Mixed reality has potential for bothotand co-located collaboration activities.

The groupware architecture used to build collahonaware systems is an important
factor in designing and implementing new toolsr@niework and the applications that adhere to
it often have to adapt to changing requirementsthis reason Yang, Inbarajan, and Li (2003)
advocate a flexible component-based approach inhwtnllaborative systems are constructed
out of loosely-coupled components that are collaton aware, but that do not know about one

another. Such a framework could allow COTS comptsnbe used in a plug-and-play fashion.

Collaboration transparency occurs when a single-ajgglication is used for
collaborative work without changing the originausce code. Collaboration transparency has
high practical significance because it enablesaboltators to continue working with the
applications with which they are already familigor example, Begogle, Rosson, and Shaffer
(1999) describe IEEXIBLE JAMM, a system that replaces single user componeititsmulti-user
components at runtime. A limitation of theexiBLe JAMM approach is that it only works for
single-user applications that use a well-definec& f@mponent architecture. In more recent
efforts, Xia, Sun, Sun, Chen, and Shen (2004) dsework on ©WORD, a system that allows
users to simultaneously edit one Microsoft Wordudoent by managing and propagating
updates to a central document object. In contea@bWORD's approach of homogeneous
application sharing, D. Li (2001) presents the ideentelligent collaboration transparency
(ICT), an ongoing project that covers heterogenegication sharing and interoperation. ICT

also addresses unconstrained interaction with @gpn sharing systems, and incremental
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acquisition and formalization of application knoddge. Both ©WORD and ICT use operational
transformations to maintain consistency among bgemeous applications.

7.3 Collaboration across Heterogenous Systems

Methods for sharing among heterogeneous applicatiane become increasingly important, as
the number and diversity of end-user applicaticas ¢grown. The general problem is discussed
by Dewan and Sharma (1999), who analyze issuesrmiucrency, coupling, and architecture. As
an example, these authors showed howBENERO spreadsheet and a UNC spreadsheet could
be used by different users to synchronously edistime underlying spreadsheet object. Jackson
and Grossman (1999) describe a system — also basdeBANERO —that has support for
heterogeneous client views and persistence viat egply. The survey-based persistence that
supports asynchronous collaboration uses either dtanps or replay. Captured audio and video

are also mapped to application events.

DeepVIEw allows multiple users to share scientific instrumseand collect, process, and
store information from them (Parvin, Taylor, Cofkeefe, and Barcellos-Hoff 1999). Both
synchronous and asynchronous collaboration areljpes¥he themes are functionality,
scalability, and performance, and the architecallavs for COTS technology to be
incorporated. A list of active users is provideald aisers can share large amounts of data, chat,
and exchange graphic overlays and images. It gspadssible to transparently share
heterogeneous single-user applications using #msesapproach of intelligent collaboration
transparency (Li, D. and Li 2002).

7.4 Supporting Undo and Redo

When building support for collaborative productitime provision of undo and redo services
becomes a significant concern. This of course istmoticeable during synchronous
collaboration, when partners working together m@agoe conflicting actions at the same or near-
same point in time. Choudhary and Dewan (1995)idenshe general problem of multi-user
undo/redo, and Perry, Agarwal, and McParland (2@02}ribute scenarios in which
collaborative editing might be used for scientdallaboration. C. Sun and Chen (2002) discuss
creating multiple versions of graphics objectsaadie the conflicts that result as part of

concurrent editing. They offer GRACE as an Intetmeeted implementation. Chang (1998)

19



describes the design and rationale fer/&Row, a system that allows multiple people to
simultaneously edit the same websiteaRow users are able to change information without
knowing HTML because they do the editing withinraveser.

The algorithm used to decigéhatto undo or redo is an important design concern. An
undo algorithm presented by C. Sun (2002) is gaatrauch larger research project concerned
with operational transform¢OT). D. Sun, Sun, and Chen (2004) present amsixte to the
earlier algorithm and show how it was applied ia tievelopment of @VORD. R. Li and Li
(2003) also discuss an OT algorithm that allows$abalrators over a network to simultaneously
edit any part of their local replicas of documenithout delay and with response as good as a
single-user editor. The algorithms that this grauworking on include SDT (state difference
transformation), TIBOT (Time Interval Based Opesatl Transformation), and regional undo.
The project also aims to make current OT algoritihmese usable and useful. An especially
challenging area for concurrent editing is in bifnteased graphics editing. Wang, Bu, and Chen
(2002) provide a useful overview of the problemsoimed as well as offering an algorithm that

should be able to undo any operation at any time.

8 COTS Tools for Collaborative Work

There has been a relatively slow cycle of incorpiogaresearch in collaborative production into
useful COTS tools. In particular, commercial tostil reflect a view of collaboration as a
separate activity, somehow independent of a graapksoriented goals. The tools tend to be
meeting-oriented and are usually intended for sippefplanned collaborative sessions. In these
tools, extended sessions that include spontaneca-looc collaborations are impractical,

because of the high degree of overhead in mainigithie collaboration context.

As an illustration of the state of COTS tools, vigdss four popular collaborative
applications that span the range of what is cuyevailable. Microsoft's BSTMEETING
(NetMeeting) and Advanced Reality’ RIBSENCEAR (Presence-AR) are collaboration
transparency systems, while Documentum’s@i® (eRoom) and Groove Network’sRGoVE

(Groove) are collaboration aware.

One of the earliest approaches, and one thallisstid heavily, is the sharing of single-
user applications through a broadcasting mechathiatrsends graphical output from one
application to other users’ displays. MicrosoffTMEETING is the most popular example of this
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technology. Although this approach allows group rhera to make use of familiar applications,
it has certain key limitations including view symeghization requirements, input restrictions, and
huge coordination costs. Group members in an agit-sharing session are limited to exact
view synchronization; they will see exactly the saaisplay. This means that members cannot
independently scroll to separate sections of aeshdocument. Accordingly, application-sharing
is likely to only be useful for the most tightlywqaed activities. A second limitation is that only
one group member can be modifying the documentyagaven time (the underlying single-user
applications assume a single stream of input).eikample, the blinking text cursor in a word
processor can only ever exist in a single placellé\dpplication-sharing tools handle floor
control transitions, switching control of input inoone user to another, in different ways and
with varying degrees of transparency, the fundaai@atn-taking constraint presents a

significant usability barrier in all but the shatend most focused collaborative editing tasks.

The third limitation concerns the coordination dwead that application-sharing requires.
Because this technology is strictly synchronousugmembers must coordinate their schedules
to find a time to connect. Because the technolagglves transmission of graphical information,
application-sharing tools can be bandwidth-intemsand their use may be constrained by
network management policies. Collaborators mustrdehe who should run the “live” copy of
the application, and must ensure that the outcdmigessession is distributed to participants or
posted to shared file storage. Better session nesineigt tools and integration with document
management systems can, at best, help reducevtrisead.

Other COTS approaches to collaboration transparbacg attempted to address these
issues. For exampleRPSENCEAR does not attempt to share the application itselfjistead
shares only the application's data. Shared da&ctsbare created and stored outside of the
application. Each user runs his or her own instarficke application, and all applications update
and receive updates from the shared data objeist.apiproach does solve some of the problems
of application-sharing, but introduces problemg®bwn. The most obvious of these is that
shared data objects must be developed for anycapipin used as part of a collaboration activity.
These data objects are often proprietary, suchréivatse engineering may be necessary to
analyze and reconstitute the appropriate data. Aesabtle problem is that collaboration is still

treated as an add-on feature and not an integpai®af the use of an application.
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eRoom and GROOVE take a different approach. These systems are@magnts designed
from the beginning to include collaborative toalgls as calendars, discussion boards, and text
objects. eRowm is web-based and intended primarily for asynchugnrmbommunication, while
GROOVE s a client application that supports some syrmubws editing. Having an integrated
environment alleviates the need to support alrexasting applications and ensures that all tools
are collaboration aware. The main problem withé¢hesls is that it may be unreasonable to
expect users to give up their favorite or most feamapplications simply for the collaborative
abilities offered by tools in the environment. @blbration is once again a special feature that
serves to disrupt user practices. Orlikowski (1982fusses employee resistance to the adoption
of LoTusNOTES Such resistance is likely to occur whenever uasrdorced to collaborate
through the use of a tool that they would not oth&e choose.

9 Design Implications

Given the state of research and COTS technololgees,can we facilitate the integration of
collaborative features as an inherent elementadygtivity tools? Only through integration will
users experience collaborative production (andaddmllaboration more broadly) as less of a
specialized activity and more of a standard practic the following sections, we offer a
roadmap for tools that could better enable collatree production. To simplify our discussion

of design implications, our roadmap focuses onezifip form of collaborative production:
concurrent editing. We discuss the role of taskpting in collaborative production work such as
concurrent editing and issues for further researchoncurrent editing systems and collaborative
production in general. To illustrate the potentibbur ideas, we return to the GIS work domain,

considering implications for the map-updating scena

9.1 Task Coupling in Collaborative Production

Our survey of research and COTS systems pointsetaritical role of coupling in determining
how best to support collaboration: collaborativak&athat are tightly coupled (e.g., proofreading)
have different sharing requirements than thoseatetmoderately or loosely coupled (e.g.,
editing different sections of the paper). We pamithe concept of collaboration into the
following three overlapping categories dependindhendegree of coupling between
collaborators: parallel production, dependent patidn, and interdependent production. We
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describe each category and then discuss impliabbhow fully-supported concurrent editing
would address this style of co-production.

9.1.1 Parallel Production

Parallel production refers to concurrent modificatof independent parts of a product. In
parallel production, group members are typicallykirng independently on distinct products or
different parts of one product. The degree of cogplk determined by how the boundaries of a
given group member’s work area are managed. Tipsoaph to collaboration can be highly
efficient, but there are two primary sources officency. The first is the merging of individual
work once all the parallel efforts have concludBuke exact nature of this merging operation and
extent to which it delays final output can varydxhen the diversity of tools, data sources, and
products handled by individual group members. Twsd source is the “edge problem.” The
boundaries of a user’'s work area may be fuzzy aodpgmembers may duplicate effort or

produce incompatible products for the same area.

Technology for fully-concurrent editing would addgsethese issues. All users would
operate on the same data set, at the same tim#esendt times, eliminating the need for post-
hoc merging. The edge problem should also largslypgear because group members working
on neighboring areas will be able to spot potemiablems and decide, when appropriate, who
should cross the boundary to produce the bestseptation of an edge area.

9.1.2 Dependent Production

In contrast to parallel production, dependent potida refers to concurrent effort on parts of a
product that depend on each other, such as crtigamother team member's written work.
Ideally, by making work visible group members détsstages of a project can work more
efficiently because they will be able to see wlest happened at earlier stages. Conversely,
members who worked on earlier stages may be allote quickly spot misinterpretations of
the source materials that they produced. Oftentsfire made to parallelize work, but for
dependent parts of a product, parallelization mayhsteful. One reason is that for many tasks,
a high degree of synchronization may limit produitti Minimally, the ability to view

dependent products as they are being generatedsdibo more detailed planning of later-stage

production activities. In some cases, it may evepiactical to allow later-stage activities to be
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initiated with only partial completion of earligiages. A second reason is that parallelization
may isolate group members and eliminate opporesior feedback during production.

Concurrent editing capabilities would give colladtors at different stages of the
artifact's production some degree of visibilityontpstream and downstream progress. With
tighter coupling of activities, awareness becomgeeater consideration, allowing users to easily

discover where current work is being done and wherent work was done.

9.1.3 Interdependent Production

A third style of co-production is interdependenaghuction, in which group members manipulate
the same area of the same product at the sameAsnee noted in our survey of COTS tools,
most commercial efforts directed at collaboratiool$ have focused on technology that supports
distributed meetings and tightly coupled collabieeatnteraction within the same data. In
addition to audio and video communication chanmatsst offerings focus on the use of

application-sharing packages or integrated enviemnts

Usability issues and inherent coordination overlvea#le current approaches to
application-sharing impractical for ongoiray hoccollaborative production activities. True
concurrent editing approaches that allow relaxe@nsynchronization, distributed simultaneous
input, and that do not require explicit coordinataff sessions have the potential to support the
kind of focused, meeting-oriented interactions entlly done with application-sharing while

allowing the evolution of more flexible collabonai practices.

9.2 Open Issues

Our analysis of concurrent editing issues sugghatswve need to develop approaches to four
concerns. First we need to support concurrentregliti a way that is automatic and visible only
when direct collaboration is needed. Eliminating thol-switching and disruption required to
engage in collaboration as a separate processcsloougr the cost of accepting the technology
and provide sufficient flexibility to allow new daborative processes to evolve. Second, we
must support focused interdependent productiorities as a natural extension of day-to-day
work, requiring minimal overhead and disruptionirdhwe need to provide sufficient awareness
and communication features to allow flugt] hoctransitions between loosely- and tightly-

coupled activities. Finally, we should leverageabbshed document management technologies
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for long-term data management and asynchronousbmthtion. We discuss issues related to
these goals both for the the enabling processawafeness, coordination, and communication,

and for collaborative production.

9.2.1 Awareness, Coordination, and Communication

If a group of distributed individuals is editingetsame document at the same time, they may
experience confusion and frustration, because @samgde by remote group members—and the
rationale for these changes—may not be apparemo@mities for collaboration may also be
missed if members are unaware of their remote aglles' presence, actions, and intentions.
Commercial and research systems address varioeis faicthese problems. Tools that support
synchronous interaction often provide integrated, t®udio, and/or video channels, which are
useful for resolving questions about remote chan§earching, filtering, and versioning tools in
recommender systems and document management &ofga@vide awareness information that

extends beyond synchronous interactions.

There are several open questions, however, comggtiné integration of awareness,
coordination, and communication capabilities. Oneggion is whether workspace awareness
techniques such as radar panes and telepointessigable for all kinds of data, particularly new
types yet to be developed. Another question is mdregxisting recommender systems and
document management technologies can take advamitagéural properties and associations of
data to establish relationships or if new technsdfiee relating data need to be developed.
Finally, privacy and security constraints are irgmtrin a group production environment. It is
important to learn, given these constraints, wivadsk of information can be integrated into

social awareness tools to facilitate opportunisiieraction among distributed analysts.

9.2.2 Collaborative Production

The concurrent editing of documents or other dajaats introduces a number of issues. On a
lower level, it is important to enable concurreditiag for both existing data objects and data
objects yet to be developed. Operational transf@rasat least in principle, capable of
providing this service. On a higher level, it isolable to make such collaborative services
invisible, so that they can become a natural gastask. Invisibility, however, introduces new

issues concerning interactions among group members.
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Basic operational transform algorithms represergstablished, proven approach to
concurrent manipulation of data. These techniquesuafficiently general to support parallel
production, real-time monitoring of dependent atigg, and interdependent production tasks
including annotation. While the fundamental chaggstics of operational transform and related
algorithms are data- and application-neutral, @itk of their implementation are data-specific
and user interface requirements are applicatiooHipe

There are several remaining questions in termseoapplicability of operational
transforms. An important concern is the amountasfdwidth that operational transform
algorithms consume and how this bandwidth usagechéinge for yet to be developed
applications. In particular, the algorithms haverbshown to be effective for textual data and
certain types of image data, but are refinementsle@ to support manipulation of more complex
data? Another issue is the concept of undo, wisdentral to operational transforms. It is
important to consider how well existing semantmsundo operations will scale or change to
accommodate future data objects. In addition, ngsv interface techniques need to be
developed to manage the distinction between undimcaf and remote modifications. Finally,
operational transform techniques inherently mamtaformation about which user has made
each change, though this information is not getyepaéserved after conflict resolution. Can
efficient techniques be developed to store attigouinformation without unnecessarily bloating

the underlying data?

One of our goals is to make collaboration invisilsie that it is experienced as an integral
part of production rather than a separate actofitys own. If collaboration is truly integrated
into a group's activities, all work has the potainid be concurrent, thereby reducing the
coordination overhead associated with collaborgingluction (Grudin 1994). Unfortunately
achieving invisibility in collaboration raises yatother set of issues. One of these is data
security and consistency. Invisibility means thatugp members have the ability to edit shared
data. Thus an important issue is whether documantigement systems can be integrated in a
way that provides recovery from mistakes and prevpatential collaborators from accidentally
manipulating divergent copies of shared data. Asdassue is whether different modes of undo
support (e.g., at the level of individual objectsgcuments, projects) can be seamlessly
integrated. It may be that supporting different vy undo and redo behaviors will enable group

members to interact more naturally, in both planaedad hocways.
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9.3 A Collaborative Production Scenario

In this section we present a scenario developeaitir interviews with NIMA employees; the
scenario was developed to illustrate our visioncfumcurrent editing as a collaborative
production task. It scenario shows how a distridgeoup of analysts might interact using
technology to collaboratively produce a piece chg®ary (a brief introduction to the scenario
was used in Table 1). Interspersed between piddég gcenario is commentary that describes

important concepts.

The fall of a totalitarian regime eventually leadsa treaty establishing
boundaries for three nations, largely along histatiand ethnic boundaries. The
team responsible for updating map data to inclddenew boundaries and other
relevant features includes Anna and Bill, the as&ywho provide an annotated
translation of the treaty; Carla and Don, the argtlywho will update the map

data; and Ed, the manager ultimately responsibtetie work.

At the present, workflow in a project such as thaild be fairly linear. Ed would likely
monitor the progress of the translation task atldC&rla and Don to update the map data only
after the translation is complete. Collaborativeduction, however, would allow group

members to overlap effort making the workflow léssar and more efficient.

Anna has considerably more experience with thie tftranslation task and is
largely serving as a mentor for Bill who will berfieming the bulk of the work.
They are located in the same building, but theyetsgnificantly different
schedules and may or may not be working concuyettany given time.

Both translators access the source documents gtteoss of the original
treaty, and the translation from their desktops aiairtual shared disk managed
by the document management system. The documerdpeared in a standard
COTS word processing package, and collaborationgparency services are
automatically attached to support concurrent madifions within the same
document. Awareness features integrated with ticerdent management system
and concurrent editing support maintain informat@imout which users are

currently accessing which sets of documents.
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As she does other work, Anna keeps an eye onditf'g in her user list

and ensures that her on-line status indicators shthat she is available for quick

guestions should Bill run into any problems as &gibs his translation work.

Periodically she opens the document to check ttelsl®f his translation. Bill

notices when she "arrives" and usually takes tloggmortunities to ask for help

on problematic parts of the treaty.

In this case, the two translators are able to $vbetween simple division-of-labor and
more complex opportunistic mentoring interactiofise awareness tools provide both explicit
and implicit information about availability, whitbe transparent support for concurrent editing
removes the overhead of coordinating document aawesansfer. These interactions would be
augmented by currently available communication oe&nincluding text chat, email,
audio/visual conferencing, or telephone calls.

Ed, Carla, and Don have read- and annotate-onlyeaedo the "in progress"

translation document as well as awareness inforomatl hey too look at the

translated document as it is being constructed mwiite that determining the

locations of several of the border segments wgluiee imagery that is more

detailed than what they have on hand. Don poiritsdht to Ed who begins

searching for additional imagery sources.

Here, transparent concurrent editing allows elemehan otherwise linear process with
dependencies to overlap, even though the usersoamllaborating in the sense of mutually
editing an artifact. Additional visibility acroskd workflow allows discovery of the requirement

for new data much eatrlier in the process.

This kind of visibility could introduce numeroushet subtle changes in the way that the
team works. For example, the cartographers wouldetier able to plan because they would
have the ability to make their own assessmentiseoptogress of the translation and the
magnitude of the changes that will be required.ylaeuld also have an opportunity to spot
ambiguities earlier in the process before the tediois have moved on to their next task.

Ed is able to locate more detailed imagery as aslsome newly acquired

commercial maps from a foreign company as the taios is finishing. He

divides the region in half, assigning the halve€#&rla and Don via email. Anna

was copied on the email and adds annotations taréreslated documents
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indicating which parts are relevant to each cartagher and which describe

border segments that span the two halves.

This is a simple illustration of the ability to gidantermediate deliverables as later
workflow stages evolve. Anna knows that by addiogne quick notes to the translation, she can
save confusion later in the process. With transgarencurrent editing capabilities mediated
through the underlying document management systemesgjoes not have to worry that Carla
and Don might have already received divergent copiehe translation or even that they might

be viewing the document as she is updating it.

Once the region assignments are made, the cartbgrapgenerally work
concurrently. They open the map file from the demtrmanagement system, and
as with the word processing documents used bydhslators, collaboration

transparency services are automatically attachestémdard COTS tools.

Don and Carla each occasionally scroll over to diker colleague's
region, but they essentially work independentlyl timy approach the boundary
between their regions. They notice that one segofahe border that crosses the
edge between the two sub-regions runs along a,rmest of which is in Carla's
region. Because she has already studied imagdeeaiver, Don suggests that

she should cross the edge and complete the segment.

Even in situations with well-defined divisions ablbr, increased awareness of other
members’ work allows potential conflicts to be nigfed as they emerge within the context of
the work. Furthermore, transparent concurrentreglidillows the division of work to be flexible,
for example, by allowing one user to work in thaspof data assigned to another user without
the overhead of coordinating file access or merging

As Carla is updating the border segment that sghasoundary between sub-

regions, she inadvertently deletes a road segnmetlon had just added. Don

notices this, reviews the history of modificatiomsde by both users, spots the

feature deletion, and selects the "undo” operatidre road reappears, and

subsequent modifications are not affected.

A primary risk introduced by concurrent editing abpities is the possibility for
destructive operations made either by acciderttraugh misunderstandings. Addressing this
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problem requires development of usable solutionbdbh detection of problematic edits and

recovery from those edits.

Bill notices that Carla is active and has the trited treaty document open. He

opens the map that Don and Carla are updating aesshat border

checkpoints have been added along the roads thmattest the new countries.

He notices, however, that a checkpoint is missimg aewly constructed road.

Returning to the original treaty, he realizes tkiz¢ omission was likely caused

by an ambiguity in his translation, which had caligenna to associate the

relevant text with the wrong sub-region. He updabestranslation, opens a

chat session with Carla to make sure that she lwdmentionally delayed

adding the checkpoint for some other reason, aed #ends a note to the group

describing the change.

Each collaborator is likely to have unique insights the task, so allowing greater
visibility of work in progress can allow missteslte discovered and corrected earlier in the
process. Integration with awareness and commuait#ébols allows problems to be diagnosed

and corrected in the context of the project's atH.

Once the map updates have been completed, atefwve members meet online to

review the results. Don spots an instance wheradgb appears to be on the

wrong side of the border and opens and annotatamage to illustrate the

problem. Anna adds a note to the translated doctnaea the group helps Ed

compose an email with the relevant treaty segmedtaanotated image included

to their State Department contact requesting cieaiion.

Bill then points out a road that appears to be degiked on the map. Ed

scrolls through a history of the document and fitidsversion where the

duplicate road was introduced. He notices thatpip@ars to have been a simple

copy/paste error, and he removes the duplicate.

Online meetings are relatively well supported irrent conferencing technologies. In
this scenario, however, the meeting is simply anm@extension of existing work practices. The
meeting only requires that they all access thevagliedocuments, ideally in the same manner

that they would access the documents to do "normaik together.
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10 Concluding Remarks

Collaboration software continues to extend into raegas and create new challenges. For
example, one area where collaboration is startigetome more important is visualization.
Brewer, MacEachren, Abdo, Gundrum, and Otto (2@0@) MacEachren (2000) evaluate the
usability of tools and discuss current issues &mne-time different place and same-place
collaboration on geographic visualizations. As aodirative technologies continue to extend into
new areas, the systems must be evaluated. Atdaastframework for evaluating systems in a
low-cost manner already exists (Damiaebsl. 1999). More evaluation and methods of
evaluating, however, will be needed as we work toviae goal of invisible collaborative
production.

Research is already moving in directions that showrease the invisibility of
collaborative support. Agarwal, McParland, and €2002) present a web-based tool that
supports continuous and ad-hoc collaboration withcas on day to day collaboration. Users are
able to communicate through a variety of chanrsflare documents, track workflow, and
activate videoconferences. The tool supports coilaiion as an integral part of work and not as
an activity that a user must consciously choosgitate. Bernstein (2000) also describes related
research, which discusses situated verses strdottgek and makes the argument for a hybrid
approach that flexibly supports structured workr @sion for collaborative editing is implicitly
built upon this idea of flexibility. Along this l@ the Command Post of the Future is a system
based on the Multimodal Toolkit (MMI), which allowsers to interact with an application
through speech, handwriting, gestures, and gazei@d4y al.2002). This experimental system
illustrates how increasing the variety of input@gpmight help to make collaboration a more

natural and inclusive activity.
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