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Abstract

This paper is a review of the field of computer-supported cooperative work (CSCW) with respect to digital libraries.
The literature surveyed covers both library & information science and computer science. An overviefietd die
CSCW isprovidedincluding requirements capturethnography, interfacesoolkits, organisational memory etc.
Collaboration is interpreted inide senseandsystems supportingser-staff(e.g. remotaeference) and user-user

(e.g. collaborative filtering) interactions are described.

AIMS

The purpose of this review is to consideow the research in collaborative technologies can inform the
development obystems to supporhformation search and retrieval. Although Weeus onliterature from
outside conventional library and information science, we wish to acknowledge at thetlaitgsgerfaces and
collaboration are natewideas to thdield. What afterall is awell laid out library with carefully designed
sighage and access points to cataloguing and indexing s¢evessif embodied in the medium of paper and
index cards rather than more glamorous technologies) bnteaface to an information systerii?hat is a
reference desk but an interfacestgpportcollaborativeworking andlearning? Before we get tawept up in

the potential of some excitingew technologies (a dangémnat as computescientists we arenly too aware)

we need toground this study in an awarendkst librarians have already bedning somethingdirectly
analogous for many years, that with careful analysis and evolution of the design of these physical artefacts
conventional face to face collaboratii@eractions, muclprogress hadeen madeand that much can be
learned from existing practice to inform the design of computer systems not foerdbyary design but also

for other contexts where the task is complex and people must navigate an immense information space and
need to work with specialists to understaneir task. Librariansshould be wary othe brashcolonialism of
some computer scientistgho may be in danger of seeing '@rimitive’ low-tech structure and instantly
planning how it can be replaced by a nghtzy technologiesvhose use is unprovesut which have been in
search of an application. Nevertheledgse technologies do offer intriguing possibilities supporting
differentkinds of information retrieval andupportingthe usability, usefulness anacceptability of digital
libraries.

The Case for Interfaces and Collaboration

It is a truism within user interface design that for the user the interface ysteen.The design of interfaces
to computersystems has grown importance along withthe remarkablgrogress inthe manufacture of
increasingly powerful but cheaper computer hardware. The falling cost of hardware leads to the fwtantial
wider degree of access to computer systems and consequently a more divergent user base.

For the purpose of this reviewnowever, we wish to focus aechniques and set of technologtbat are
complementary to (if not completely interleaved with) the techniques of designing easier to use interfaces. T
is theissue ofhelp andsupport and co-workingetweenpeople. Work in thisarea is ofterdone under the
name of Computer Supported Cooperative Work (CSCW). This looks atdmaputing technologies can be
used anddeveloped to enablgroups ofpeople to get theiwork done. It is based otne ratherobvious
principle thatmost people do nawork in asolitary vacuum.They interactwith other people (a principle
nonetheless that much existing software seems to ignore). People are usually part of an organisadidn and
with others inthatand other organisations in orderdompletetasks. Howeveuntil the advent ofwvork in
CSCW, most computesystemscould be viewed as embodying timeplicit assumptiornthat peopleworked
alone and needed systems that would tiedm do thabetter. Indeed in some cases where they hadbté

with other people (e.g., to ask for help or to share the workload), this was regarded as sometfargref a
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and if only we could design a systéhat allowed them to accomplish thgmals ontheir own, thatthis was
progress.

Within the context oflibraries, we shall sethat forms of collaboration take manfjorms, including most
obviously the help or referencdesk. Inthis review we will consider a range &rms of collaborative
working and technologiethat might be employed to improve tbfectiveness of thederms. Note that we
see this as strongly related to the aims of the designers of interfaces, who are in effect pursuing a similar gc

We survey research undertaken in CSCW and related areas that we belisgs/eaas a useful starting point

for someone considering the implementation of collaborative technologies in a information retriavshgend
context(such as a library) or someone considering researtheiarea.Although a number of vergood
survey articles on CSCW were publishedha early1990s, weare not aware of any recemes and so in

part this review also attempts to fulfil that role. As there is a substantial body of work in the field, our selectic
of papers has to be somewhat restrictive (defipige it is still substantial). Thereforeur surveynecessarily
provides only a cursory overview of some topics. Ndge chosen papetisat themselves contailmorough
reviews of a subtopic of CSCW, and thalsat we believe are illustrative of approach and are particularly
accessible to a reader from outside the discipline.

Clarifying Collaboration

In this paper we use the tefoollaborative' extensively. It iSmportant to be cleaabout its meaningwithin
library science the term is oftarsed tomean collaboration betwe@mganisations in order to share resources
or information, tounite collections, cataloguetc. Wemight call this kind of collaboratioristrategic: By
contrast, we are focusing on collaborations that are interactions betwigduals. Suctcollaborations may
be within or across organisatioriBhey aread-hoc,may lastonly short periods ofime and may be best
described adactical'. Suchcollaborations aralways occurring spontaneousiihey can be hindered or
helped bytechnology.They mayalso be a part of a strategic inter-organisational collaboraregect.
Collaborative working may not be easy or unproblematic. It may involve conflict agBastierbrookl993).

A systemthat assumesuncomplicatecharmonious synoptic working inlikely to beused for verylong.
Within computer science, the term 'collaborative' is sometimes also used in wagers - smalbrograms
that interact to achieve a larger goal. We are not reviewing agent technology and inter-agent collaboration, €
though some work has been done on their use in Digital Libraries.

VISIONARY ARTICLES IN LIBRARY AND INFORMATION SCIENCE

Most of this review will consider papers published in compsitéence journals and illustrating concebist

have potential to be used in library and information science (LIS). However it is important to ackndiadedge
there have been visionapapers within LIS considerinthe potential of the collaborative viewpoint well
before the technologies caught up. It is intriguing to note that many of the ideas being reviewed in this papet
state of the art, (or even somewhat futuristic) are previewed in the paper by (Swanson 1964).

Among the issues relating to collaboration and digital libraries which Swanson covers are:

* Full-text retrieval (envisaged as via microfilm)

* Requests based on previous use

* Recovery of materials used previously by the user, or those than another specified person has used bef
» Matchmaking by usage

* Permissions, privacy

* Discovery of groups of people with similar interests

* Discovery of "groups of books which share a higtidence of similause and which groupiniperefore
ought to be reflected in the catalog"”

* Analysis of the variation of such groups over time

* Reuse of prior searches as enabling the creation of a private "demand library" as a way of reducing the r
for users to hoard books

» User annotations (e.g., of similarity of two works)
* Retrieval of similar works by common users, or recorded judgements by users
« Different interfaces to the system for different contexts of use

* Incremental feedback of intermediate results (how many results wouwlotdiaable fronthe userssearch
so far, as well as for various combinations of the search elements described thus far)

e Custom-built journals



4
These ideas will be elaborated in subsequent sections. Swanson's approach to the issue of raising agend
the design of computerised catalogues has much to recommend it. He chose to theuseds of users as
informed by his research and understandinthetopic, fully expecting that the capabilities of information
systems (aneéspecially computer hardwar@puld eventually catch up iterms of functionality and cost to
enable his envisagedunctionalities to bedeveloped.They certainlyhave. Hisspeculations of costs of
approximately $20 million (irl964 dollars)canperhaps now beealised in high en&@Cs costinglittle more

than $3000 (in 1998 dollars). What is puzzling is why so many of his more intriguing ideas seemkeemave
ignored, or at best rarely implemented. A citation search (ISI Social Sciences Citation Index) revealed that o
3 articles had cited this visionary paper, none of which involved describing the design of new systems.

It seemsthat muchsubsequent systentevelopmenthas been technology-led rather than rooted in careful
analysis of useneeds.The focus of muchsystemsdevelopment in the librarworld appears tdave been
focused on the practical implementation of full-scale working systems. There is of course notrnggvith

that. However there does not appear to have been as much speculative developgstemsf andhterfaces

in a research context groof by construction and discovery—by—building as leesnused togreat effect in
other areas of computer science, not least in the field of CSCW. The process of scenario-based design (Cz
1995; Carroll1995) is a powerfumechanismfor envisioningpotential technologies artibw they can be
efficiently and effectively developed and integrated into the work practice.

(Taylor 1968) classic analysis of the traditional reference intervasimplicationsfor the design of systems
to enhance both human-human and human-computer interaction as part of the problem-solving process.

An inquiry is merely a micro-event inshifting non-linear adaptivenechanism. Consequently []
an inquiry is looked upon not as a command, asomventional searcbtrategy, butather as a
description of an area of doubt in which the question is open-ended, negotiable and dynamic"

p188 "We view the inquiry not as a command but rather as an adaptive self-orgsysramy in
which the question is open-ended and dynamicfdat [] the inquirer's original question may
change during the search, as he adapts to the feedback of the search process."

(Taylor 1968)

We concur with this viewpoint and use it to dramplicationsfor the design of systemghat should better
support this evolvingnformation need over bottime and space jnvolving both solitary computense and
interaction with people around and using the available systems. Taylor notes the difficulties that enquirers h
in articulating theimeed,including "that inquirers seldomsk at first for whathey want". This requires the
skills of a reference librarian in obtaining a rigicture of theenquirer,including theirbackground and the
context of thequery. Theissue of supportinghe timelyand efficient acquisition of context is one we shall
return to later.

Taylor also notes some tife additional expertise that the librariarngs tothe negotiatiorprocess with the

inquirer. This includes "who knows what", previous requests, as well as checking who the inquiadielas
to and referring people to othpeople.These arall techniques that potentially can bepported by CSCW

systems (although probably should not be automated).

Perhaps most intriguing of allaylor mentions irpassing: "(t)he work bypoug Englebart andthers at the
Stanford Research Institute ¢ime augmentation of humantellect by computers may generate interesting
systems somdéme in thefuture, but appears to havédtle pertinance at thisime to theproblems under
consideration hereEnglebart's work(Engelbart 1962; Engelbart and Engli$B68) is one ofthe key
foundations of CSCW systems developm@ifitus, thirty yearsafter Taylor's paper we are making the case
that the successors to Englebart's work have reached the stage where they are indeed pertinent.

OVERVIEW OF CSCW

The term Computer Supported Cooperative Work (CS@4Hcoined by Cashman & Grelibr a workshop

in 1984 (Greif 1988). However, as noted, Englebart's worthe1960sinvolved the development of many

of the features studied ithis areaand research had continued in a number of fields including computer
science, sociology, psychology and linguistics. As wather areas of computescience,publication in
refereed conferences is a major part of academic activity and many of the key publications in the discipline
in conference proceedings. The first conference on CSCW was in 1986 in Austin, TX (ACM Press 1986).
Other conferences where CSCW papeanre publishedinclude: ECSCW (The European Conference on
Computer Supported Cooperative Work), HICCS (The Hawaii International Conference on System Science
UIST (The ACM Symposium on Usemnterface Software and technology) ar@HI (The Conference on
Human Factors in Computin§ystems).This list re-emphasiselsow collaborative working and interface
design are so strongly interwoven.



personal help Co-located notice boards
reference interview A post-it notes
issue of book on loan memos
face-to-face interactions documents for study
Synchronous < > Asynchronous
use of OPAC social information filtering
database search email, voicemail
video conferencing Y distance learning
telephone postal services
Remote

The major journal in the field is "Comput&upported Cooperative WorKhe Journal of Collaborative
Computing" which began i©1992. Many CSCW papersrealso published in Communications thie ACM,
ACM Transactions orOffice Information Systems and@ihe Internationalournal ofMan-Machinestudies,
now renamed The International Journal of Human-Computer Studies.

A number of useful survewgrticles of thewhole field were published irthe early1990s. These include
(Rodden 1991) and (Elliszibbs et al. 1991)There arealso various books of readingsat provide a good
overview (Greif 1988; Galegher, Kraut et al. 1990; Greenberg 1B&dcker1993). (Schmidt and Bannon
1992) inthefirst issue ofthe CSCW Journabttempted to clarify the nature &ISCW as a research field.
(Grudin 1994) hagvritten a slightly more recent historicalerview which also examindhe variation in
focus between researchers originating in different disciplines as well as variations between researchers
North America and those from Europe and Japan.

One useful way of classifying the various kinds of CSCW systems is by determiniplgdbandtime of the
collaborative interactions that are being supported. This categorisation was origin@letidnsen 1988) and
has been much copied ev@nce.Collaboration may be between people in the same place or different places
(Co-located or Remote). Collaboration may also occur at the tia@r separated itime (Synchronous or
Asynchronous). Examples from the various quadrants are:

Same time, Same place: meeting support tools.
Same time, Different place: video conferencing.
Different time, Different place: email systems.
Different time, Same place: corporate workflow systems run over an intranet.
Figure 1 illustrates the quadrant, using actual and potential collaborative activities in a library context.

Figure 1. The CSCW spatial and temporal quadrant

As a way of understanding the space of actual and possitemsthe categorisation igseful, but (Grudin
1994) remarks: "Most real work activity does not fall into one or another of these categories."

KINDS OF CSCW SYSTEM

There are a number &inds of systemshat have been developeddopportdifferentkinds of collaborative
interactions. It would benore correct tsaythat there have been magystemsdeveloped to investigate the
support ofdifferent kinds of collaborativeinteractions. An outsider tthe computing literatureeeds to
proceed with cautionSystemsare developed to investigate a problempace. They may work very
successfully in the laboratory, but still be a long way from commercial development. In order to succeed in t
marketplace ofdeas, some systenasd classes of systeragjoy considerabléype,only to be deflated by
studies that show that they just don't work veslfl in practiceandthat newer technologies hawiperseded
them. Bothextremes of optimism and pessimism need to be alldaedt is one of the ironies of research
that as a technology becomesuccess, it figures less the research literature gbatits success is less
trumpeted and discussion and investigation returns to the difficult #uealsavenot yet been developed to a
level of general acceptance in use. There are some remarkable successes in collsotradiegies, such as
the web and email and increasing corporate use of videoconferencing.
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In this section we outline some thfe maintypes of system to figure itme literature. Theirise andfall in
prominence in that literaturever time perhapsindicate thatsystemsdevelopment within computer science
research seems to be driven as much by fashion esabgr perceivedieeds of functionality. It is a messy
businessattempting to categorisgystemsMany provide functionalitieghat overlapour arbitrary groupings
particularly as researchers attempt to develop systems that can mesh with different organisational contexts
a variety of ways of working.

Collaborative Writing

There are inevitable biases of interest that drs® one's own workexperience. Thus it shouttbme as no
surprisethat agroup ofacademicsvho frequently work together to co-author papeshould investigate
technologies tsupportcollaborativewriting. Indeed giverthat so manyystemsdevelopment projects have
inadequate evaluations oée inreal contexts,collaborative writingdoes atleastafford the possibilities of
testing authentic use, if only by the authors of the system. The temptation to write a 'how we wpatpdhis
paper can be very great.

The co-authoring of documents is clearly a majcivity amongst researchers, laast in thesciences, but
there are many occurrencestbis phenomenon inommerce asvell. The paper may be collectively written
from scratch, or pass through a series of revisants editing as imoves throughthe hierarchy of an
organisation. Support may be for synchronooaborative writing at a@istance, where two authors discuss
and revise a document as they would sitting together at the same desk, even though they are nagartmiles
The style of drafting and redraftinghere different peoplevork onthe document at different times requires
asynchronousollaborativesupport. The issuesthat arise irsupportingcollaborative writing includeversion
control (ensuringhat if several people asorking onthe document, it isclear who is working an which
version,and if desired ensurinthat there isalways a singledefinitive draft) andawareness of changes
(knowing who changed what and when amdy and whatthe previous versiorwas. Note the problem gets
greater if there are more than two authors. One can then no longer know that if you did not made the chanc
must have beemade by the otheperson). Useful reviews dhe state of the art are (Sharples 1993;
Sharples and Geest 1996) and (Rada 1996).

As a recent study by (Tammaro, Mosieakt1997) showsalthough collaborative writingvas anearly area

of investigation iINCSCW, the task is complex and existirgpftwarestill problematic. They not¢éhat even

with modernsoftware,collaborative writing is hard tsupport.Their findings indicate that currentools are
effective for well defined tasks performed by experienced users, but otherwise the tools still need improvem
to be more generally usable.

Shared Drawing

Related to collaborativeriting is collaborativedesign, where two amore people gathepund atable or a
drawing boardpencils in hand angarticipate in thedesign processThe bulk of work on CSCW irthis

contexthasbeen tosupport synchronougmoteshared drawing as part of desi¢shii, Kobayashi et al.
1994, Scrivener, Clark et al. 1994). Itimsportant that thesystems suppothe kind of fluid interactionghat

occur in this extremely creative activity and help people overcome the constraints of remoteness.

Meeting Support

The huge number of meetings and amount of time spent in them #@assonomy creates a great interest in
improving their effectiveness and efficiencihe costs oftime and money in enabling the participants to
assemble in the same place at the saimmeleads to the desire support distributed anedvenasynchronous
meetings. (MarkHaake etal. 1997)describe a moderaystem, DOLPHIN, asvell as reviewingrelated
work. The technologies may focus on supporting participants who are all co-present in the same meeting. 1
can be by providing each of them with a keyboard and a monitor recess#te sk sathat they caralso
maintain eye contaatith the other meetingarticipants.The meeting facilitation functionalities may include
support for anonymous brainstorming (everyone typegléas and they araccumulatedfor collective
discussion and refinement) and various different methods of votingn®mber of the meeting may take the
floor and highlight oredit the collectivadisplay, usinghe information displayed to back up h#scussion.
This would besimilar to standing ahe front and using a whiteboartip chart or overheadransparencies,
but allowsgreater speed artexibility in manipulating computational representatiswch as diagrams or
concept maps).

In addition to those technologies, to support distributed meetings, systems include live video links and suita
displays. The issues of turn taking, floor control, sketching at a distance and telepointing (pointing to or with
a document) become more complicated when supporting a distributed meeting. As studies of thieseetools
been made it has become clear that important but sabtles irhuman communication need to be accounted
for if peopleare to be comfortableith their use. Forexample a small monitor thabntains the picture of a
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remote participant may mean that it is easier to ignore that participant thanbkoles actuallyco-present.
Ideally the virtual representations of the remote participants should be life size to hefprémsion ofequal
access. Frequently iremote video arrangements (includitigpse onpeople's desks for person-to-person
meetings) the&eamera isnounted on top of the computeronitor. Although this allowsthe capture of the
user's face, it fails to account for the crucial effect of gaze in communication. The user will be looking into tf
eyes of the remote user as represented on her monitor, but the camera is not imnmediatehabeltihde of

the face. Thusthe imagesent tothat user (fromthe cameramounted on top of the monitor) wihow
downcast eyes. IdVestern cultures avoiding eye contéas thiswill appear to be) conveysnpressions of
failure to engage, or evatishonesty. Thuthe users of such a systemay have a vague feeling of disquiet
about the quality of their remote interaction without necessarily being able to say why.

A substantial amount of research@$CW hasnvestigatedsynchronougemote collaboration. In particular,
researchers have tried to understand the importance of video links. Providing a video link is expensive anc
it is useful to knowthe degree tavhich it supportdhe interaction irorder to know whetheits advantages
outweigh itscosts.Some studies hav&hownthat video is relativelyessimportant than audio (Gal&990)

The study by(Tang and Isaact993) by contrasshowed howideo was considered by users to bery
important and that it can be particularly effectivesiqpportingthe process of collaboratiohey explain the
difference in the findings of other research partly because of their concentrationgodbss of interaction,
and partly by the greater authenticity of thexperiment, involvinghe longer-termstudy of pre-existing
groups going about their regular work. This raisesrgortantissue in CSCWevaluation (seéater section);

the problematic nature of certain controlcperiments. Although theswe thegold standard fomuch of
science, their results in this field can be somewhat misleading. This is because CSCW is partly an enginee
discipline wherghe artefact{CSCW systemsare created out of an immendesign spaceThey are not
phenomena of natutbat areconstant and so justifgetailedexpensive antime consuming scientifistudy.
They can be (and are) endlessly redesigned. A rigorous experiment may show that a certain featdem)say
makes no difference, but it may be that that fact is an artefdvothe videowas implemented, oused, or
how easy people found to use it,tbe experimentalaskthat peoplevere given, othat the real effectsnly
emerge indays, weeksaand months ofwuthenticuse, not in a one-hour experiment. CSCW systems are
intended to help people in their everyday lives, and yet as systems deBepmaesatlydiscover, surprisingly
little is known about how everyday work is done (Ttes be the great contribution efhnographyputlined
later). Hencesystemsthat perform well in a lab can oftefail catastrophically in realife. This issue is
considered further in the section analytical CSCW. Tang & Isaacs'experiment alsshowedthat audio
guality was acrucialissue in usabilityThey advocate degrading video performancé&awour of preserving
audio quality.

(Brinck and Gomez992) built on thework on the Cruiser system (Kraut, Fish et al. 1993)yvideo
communications system. Observations of the use of Cruiser found that a major disadvanthge itMasked

a way of easily sharinthe artefacts that people oftase inface to face meetingauch as drawings, graphs
andphotographsThese are termed conversatiopabps -elementswhich add ‘communicativeealism' to
conversations and which need to be re-insertedrartwte conversations. Amexamplewould be sharing a
high quality x-ray image in a remoteonversation betweedoctors. In order to understaride desired
functionality, they studied the use of office whiteboards in conventfanalto facaneetings. This approach
of studying existingpractice inorder to inform design of novelystemdunctionality in thenew context of
remoteworking is onethat will recurthroughout thissurvey, especially of the morsuccessful workhat is
reported. As Brinck andsomez note "Our goalvas not to build an electronic duplicate of a physical
whiteboard, but instead to discover the communication intent and thatseformation tanform thedesign

of an electronic mediurwhich supportghe use ofconversationaprops" Thisquotation typifies a common
and successfulevelopment methodology; determination of existvayk practice inorder to understand its
underlying structure and use this knowledge to infanmovative design. It doesiot mean theslavish
imitation of the structures of existing practice and their porting to a new context such aswerkotg. Their
study revealed that whiteboards are more than drawing spaces - considerable amounts of text are producec
rich semantics arased.Physical whiteboards do not supptresekinds of featuregarticularly well. An
electronicwhiteboard might even be an improvementpportingthe selectiorfrom a palette ofobjects and
easier revision and rearrangemenstolicture. Inparticular it becomepossible to provide persistence of the
objects which was of great importance to users. This and other work on whiteboards and other conversatic
propsemphasises that they are used as a way@blementing a conversation betwgeaople. Weshall see
that issue reappearing when we consider aspects of collaboration around technology in libraries.

(Karsenty 1997) studied help-giving interactions between an expert and novice word processor user. This k
of interaction has many manifestations including technical software support over the telephone and the kind
help given to users of catalogues and bibliographic databases in libraries (see the section orfezerate).
Often the expert who can give the help is not in the qalaee as the learnand so thejuestion arises of the
functionalities thashould be provided tapproximate to thépresumablyideal but unrealisable or infeasibly
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expensive) side-by side interaction. The experimental comparison of side-by-sidamanel dialogues led to
three recommendations: greater integration ofsyjstem to be supported withe available communication
facilities, as itwas foundthat novices'current goals were often too poorly speciffed experts to supply
appropriate help; therghould bemore structure to thasers' messagegspecially with respect to goal and
request description; and finaltizat it is futile toaspire to single-padselp dialogues and consequenttat
interaction-based approaches should be developed (note the similarity to Taylor's point).

(Watson and Sasse 1996) examined the usability and effectiveness of a remote languagesysaamiridis
involved multicast conferencing, using video, audio and a shared whiteboartheoveternet . lwas found

that audio is clearlkey in this application anthe video is more psychological thamctional. As a result,
reinforcing Tang & Isaccfinding, a downgradedideo connection iscceptable - thbandwidth does not
have to be sufficient t@ynchronise properly. Fulluplex audiowas however found to be important.
Interestingly the subjective and objective evaluations especially of audio quality did not correlate. In terms
student activity, it was found that they used the whiteboard more than in a normal classroom, possibly bece
they werelessintimidated byhaving a remotdutor. The system allowed simultaneousading, writing,
speaking & listening which is not easily achieved in nodesgons.Consequently a new form afteraction
which has desirable pedagogy arrives by an accident of the technology and its context of use.

Awareness

In an organisation an important prerequisite of smoothly operating cooperation is an awarenes®0é'what
colleagues are doing. This can help in knowing for example when it is appropriate to disturb someone and
for help, whether a colleaguearrenttasksare something owhich you happen thave expertise and can
offer help and gaining aaverall sense othe state oprogress of darge number of activities including the
strategic changes in the nature of the organisation. All of these awareness Weaitkiresst inclose physical
proximity and may involve considerable ‘face work' including substantial social interaction in cagharete

the desired quality of interaction (Dourish and Bellotti 1992; Mark, Fuchs et al. 1997).

Even being on a different floor ithe same office can reduce the degreavedireness and consequently the
effectiveness of collaborative working (Kraut and Galed®80). Clearly remotdeams, thoseplit between
offices in different locations and teleworkers will lack some of these traditional awaoptiess. Awareness
work in CSCWattempts taaddress thiproblem by theuse ofadvanced technologies including thse of
sound, video and active badges (GutwRoseman et al. 1996; HarpEd96). Itwill come as nasurprise to
discover that as well as raising great potential for including peripheral memberggiopathese awareness
technologies raise many importassues of privacye.g., (Hudsonand Smith1996), an issuexplored in a
later section.

(Kraut, Fish et al. 1993) consider the use of remote video for supporting informal communicationsot€hey
the difficulties with supportingeye contactand people moving out ofamerarange. Even thoughtheir
technology provided life-sizémages,the psychological distance between remotely connegseds was
greater than between co-presenes.Their study emphasisethe importance of human factors sgstems
design. The Cruiser system was developed to support for remote groups the serendipitous intbeaataims
occur while walkingdown a corridorClearly it is importanfor such a system to address issueprofacy
and access, This is done by having a policy of reciprocal views: if you are seeing someonefficiaetiney
can also see you in yours. There are also mechanisms for warning a user that someone is abaut &mdbok
to indicate that you do not wish to be disturbEtfectively awhole newsocial protocohas to beleveloped
that can be influencebut need noteplicate) theprotocols we use foface-to-face interactions ipeople's
offices (Bly, Harrison et al. 1993; Fish, Kraut et al. 1993).

(Dourish, Adler etal. 1996)describe their experiences using mediaspaces over a period gkars. They
contrast their work with that of the other studies they review by the length okthdy. Admittedly they are
describing their own experiences and sofihéings may not berepresentative, but equallgpntrolled small
scale experiments may fail to uncover the adaptations that people make to techaakby@@s they fit them

into their lives as they grow accustomed to their use. As an example they found that over time, users learn |
to cope withthe lack of direct eye contaahd develop othewvays ofmaintaining arawareness ahe other
participant's attention.

Note that physical proximity is not just a factor maintainingcollaborations, but innitiating them. It can
afford the kind of casual social interactions that can lead to the discovery of mutual interests and the beginr
of formal collaborativeworking, as (Krautand Galegher 1990) discovered the case of scientific
collaboration. Physical proximitgan greatly helghis, but otherways of intellectual matchmaking are
possible, as we note in a later section.

Workflow
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Workflow systemsare computerisedystemsthat supportthe way that manyoffices processes work by
passing it through a number of people who deal with different aspects of it. An example would bedrdw a
processes #an application. In a paper-based environment, this involves a numidernts andtheir
duplicates beingpassed from desk to desk different peoplework on different aspects of theask. In a
computerised environment sor{er perhapseven all) of theprocessmay be handled by thpassing of
electronic messages, the use of forms on computerised screens and the electronic tracking of the whole pr
(Suchman 1983; Abbott and Sarin 1994; Bowers, Button et al. 1995; Prinz and Kolvé@B&¢h Anumber
of these studies haveevealedserious problems with workfloveystems,often caused by their overly
constraining nature. They may embody the rules of how the work is done but as is elabdnatesgdtion on
ethnographybelow, people often have to dewlith exceptions anavork roundthe rules. With paper and
written or just understood sets of rules this is possible. ilieerules are embodied in the computgystem,
the inflexibility can paralyse thevorking of an office,leading to thesystem beingsubverted,lied to or
abandoned. Note this need not be anything to do with fear of the system or Luddism, but just a sincere wisl
the workers to get their job done effectively.

Many workflow systemsare influenced by speedct theory (Winograd and Flores 1986)cluding the
COORDINATOR system (Winograd 988). This theory hadeen the subject of considerable criticism and
debate(Suchman 1994; Bannon 199%he overly constraining nature of the eawgrsions of workflow
systems has led them to be abused as 'naziware' (Dourish, Holmes et al. 1996).

HARPER, in his study of knowledge work the International Monetarffund (Harperand Sellen 1995;
Harper 1998) claims a trade-off between the suitability of asynchronous groupware for supporting knowled
work and the amount of professional judgement used. If so, then in a lboraext wewould predict greater
suitability for say interlibrary loan and acquisitions processing than for reference and collection development

Organisational Memory

An outgrowth of the various management theories that attempt to gain an understanding of an organisatior
attemptingvarious anthopomorphising analogmsch aghe learning organisatiofsenge 1990)the idea of
organisational memory has become a major centre of attention rdoentygearchers frormany disciplines
(Walsh and Ungson 1991). The effect of many radical business restructuring activities of ti®@@slysuch

as business process reengineering was that many layers of middle managementjtdss. tfi@is resulted in
decision-making responsibility moving down to lower levelghaf organisation, but alsmeant that aghose
middle managers left the organisation, the knowledge and expertise that they possessedosasTalsaim

of organisational memory is both to record soméhefexpertise of the members of an organisation in case
they should leave or be unavailable to share it and also to allow an organisatiaketonore effectiveise of

the data itnecessarily collects in computer files as partdofng business.The attempts talassify and
cataloguethis disparate informatiowlearly has many parallels with some dhe traditional activities of
librarians.

One interesting example of organisational memory isAtiver Garder{Ackerman1994). This attempts to
grow expertise by itsisage Within computersystems uséhere is often a filecalled theFrequently Asked
Questions (FAQ). It is a useful starting point for novices to read to see if it solves their problem in dealing wi
the new system. If notthey may still need to havecourse to an expert, btite FAQserves as a useful
mechanism for saving the time of both novices and experts should it be able to addressteernfreqiently
occurring problems. Note that for any ameer, the ideal FAQshould addresall and onlythe questionghat

she has and explain in detail how to cope with these problems. It is one of the ironi€\QF Hratits utility

can decrease as the information contained in it grows - the more questions it contains the harder it is for a
to find whether her question is there. This idifficult task because a novice will probably ratow the
correct terminology or classification schemsgd to organisaformation about the subject area awstele.

The Answer Garden extends the FAQ idea by making it easier for a novice to search within an FAQ and, if
does not find an answer to her problem, can use the Answer Garden to send off a requestfTioe helgce
thereforedoes nothave toknow who isthe person withthe rightlevel of expertiseand who is available to
answer her question most quickly.dddition to determiningvho shouldreceive theequest and forwarding

the responséack to thenovice, both question and answae added back into thenswer Garden in the
hopesthat this piece of information may helpsubsequent user. Wean regard thénswer Garden as an
attempt toembody in a system @mall part of the expertise of andividual, say areference librarian who
having determined the answer to a request for one patron is ablettatiseowledge to very rapidlgnswer

a closely related (ideally identical) request from another patron.

A later version of Answer Garden (Ackerman avidDonald 1996) built on thestudies ofthe system inuse.
These emphasised the importance of conteyhtterstand amarlier answer.The new system provides an
escalation agent to support the search for the person likely to hakeatlikedge to answehe requestNote
that escalation is a terfrom software suppottelplines. A caller'ssequest may be escalated if therson
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taking thecall is unable to dealwith it. It is escalated(hopefully) to someone with morexpertise.
Neverthelessthere remain majoproblems to be resolved in addressing issuessability usefulness and
acceptability to enable such systems to be widely used in practice (Hughes, Kristoffersen et al. 1996).

Computer Mediated Communication

This is a research field in itsvn right, withits own conferences anpburnals.The focus of this work is to

supportthe process otommunications by detaileahalyses of how those occur, both tjcro-analyses of

conversations and discovery@mmunication patterns of individuals witithers over long periods of time.
Useful introductionscan befound in (Daft and Lengell1986; Fulk andSteinfield 1990; McGrath and
Hollingshead 1994; Jones 1995; Kiesler 1997; Haythornthwaite, Wellman et al. in press).

Substantial work has been done in CMC to understandpeopleusetechnologies that aneow widespread
such as email, mailing lists and bulletin boards. Usage is studied for different groups amdeoserthat the
effects of learning, the gaining of expertise and acculturation into theneelum can bebserved asvell as
the overall global learning as&ew norms such as 'netiquetéee developed anelvolve. By contrast, CSCW
researchers tend to concentrate on the development of the more exjggasieeous'high-tech applications
such as shared video.

Computer Supported Cooperative Learning

This is a field of research that considers how computer syst@mieused to supportollaborativelearning.
Although some papers dbSCL arepublished in CSCW journals and conferences, C&taly be usefully
considered a separate disciplio@ing asmuch to education research as to compatéence.There are
dedicatecconferences, CSCL95 (Schnase and Cunnius 1995) and C{B&aB,7/Miyake etal. 1997), and
various edited books: (Hiltz 1994; O'Malley 1995; Koschmann 1996).

MUDs and MOOs

Originating as a computer game at taversity of Essex ir1979, the Multi-User Dungeon (MUD) concept
has grownand developed. It is a form oémotesynchronouscommunication, mostly involving text-based
interactions. Participants navigate a textually constructed vapaade nteracting with other peoplkbat they
meet in thevarious locations. Annfluential extension is thé /OO (MUD, Object-Oriented)from Xerox
PARC. A MOOallows users t@xtend the virtual environment by creatiolgjects,locations and behaviours
that are then available to othesers.(Dourish 1998) outlineshe history of MUDs andMOQOs and their
relationship toCSCW researchMUDs are gaining increasing interest \anues for learning, as a form of
CSCL (Bruckman 1998; O'Day, Bobrow et al. 1998).

CSCW and the World Wide Web

The extremely rapigrowth ofthe World Wide Web means thatpitovides an infrastructure for supporting
collaborative interactions at a relativdlyw cost. This enables researchers to move from technoldfegs
necessarily camnly initially be studied in the laboratory tthosethat assoon asthey are developed are
availablefor use worldwide. In order texploit andstudy this potential, a number of reseagtbups are
developing toolkits and functionalities to exploit {m®tocols ofthe web for collaborativeworking. As(Dix

1997) noteghere are distinct advantages thatwheb providesncluding thestandards and protocols which
enable the use of the web to be free to join, work across different hardware platforms and ireléeaddise

by the introduction of newer updated functionalities atahdardsThe overwhelming advantagehich both
causes and is caused by the other factors is that so many people already use it, ensuring that it is worthwhi
continue using and adapting it. This is the critical mass ig&teas(Grudin 1989) hagentified is crucial in

the success otollaborativesystems. Thus ideveloping a web-basexbllaborativesystem oneknows that
already there are a largmol of potentialusers whowill be able to take advantage gbur system with
relatively little difficulty of installation, andhat thesegroups spamrganisationaboundaries. Just using the
web may not be sufficient, howevé@rhere aregroblems withthe basic client-server architecture of teb.

In particular the protoco(HTTP) is statelessThat is, no information is stored betweerequests. The
consequence is that while theb cansupport asynchronous collaboratidme synchronous formare more
problematic. There are a range @dlutions includingthe use of cookies and Javascript &sll as the
development ofveb applications specifically taddress this nee@.g., (Bentley, Horstmann et all997).
(Trevor, Koch et al. 1997) review these options as well as proposing their own system as a potential solutic

Toolkits

In order to providehe different technologies that are needed in diffeneark environments, researchers are
developing CSCW construction toolkits that will allow #esy composition of functionalities fib the needs
of a particular context ofvorking. Suchtoolkits can beused forthe more rapidorototyping and testing of
concepts for supportingooperativenvorking (research anthe earlystages of development) as well as the
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generation of bespoke applications to fit the particular needs of an organisation and the contexbdf the
be supported. There is also the potential of involving end-users in the tailoring of a more general applicatior
their particular needs, although that in itself may uncover as many problems as itthel\@xjuserscan not
be assumed to be experts in design so that they may have difficulties in developing an easgrdinsgon
of options. Furthermore, a vetgam-orientedvorkgroupmay have difficulty insupporting awareness and
informal learning and help-giving if everyormastailored their personalorkstation in a unique manner.
Examples of toolkits include those by (Kaplan, Tolone et al. 1992; Smith and Rodden 1993; Hill, Brinck et &
1994; Prakash and Shim 1994; Roseman and Greenberg 1996).

ANALYTICAL CSCW

Papers inthe CSCW conferences and journatsght be crudely split intdhose on synthesis (building
systems) bycomputer scientists and those on analysis (understarsjisigms andheir usage in the
workplace) by sociologists. This edearly awild exaggeration, but wbelievedoescontain a germ of truth
(even though the authors have published analytical papers including some on evaluatitatenoiddle still
strongly denying anyvish to be considered as sociologisRecentCSCW conferencebave had pairs of
parallel sessions which could be identified as vaguely fitting within the two labels of analysgndnesis. It
would be possible to go to such a conference and only attend the synthesis sesbiomgtalk to computer
scientists or onlyattend theanalysis sessionand onlytalk to sociologists. We regard this asrticularly
unfortunate for the reasons outlined below.

There are clear differences in the backgrounds of researche®&d/. Aswith all interdisciplinary research
this has substantial advantages but also a few disadvantages. The advantages are the different ghetpective
the different participants bring, their focus on different aspects of the overall problem arsdidhesynergies
that arise from such interactions.

Human computemteraction research and tidesign and development of more usable interféeesdeen
substantially enriched by the participationpsfychologistsespecially cognitiveosychologists irthe process.
Clearly if you are attempting to design a systbat apersonwill find easy tolearn, understand andgse, the
insights from psychological theory and the methodologies developedftinaraining a deeper understanding
of precisely those issues in differing circumstances can play an impatanSimilarly, in CSCW where all
those issueapply but tothem are added thieirther complication ofdesigning systemthat can fit within
people's worlpractices andhow they interactwith other people within andcrossorganisationaktructures,
the insights from sociology; theories and methodologies are equally important. The alternative is to continug
develop elegansystems withamazing functionalities that eith@o-one wants or no-onean bear to use
because they juston't fit with how people actuallyvork. The disadvantages resditom the difficulties of
learning towork together.These can be caused by differences in terminology (diffevends that mean
basically the same concept and tise ofthe samewvord to mean completely differentoncepts) as well as
differences inworldview, ways ofundertaking research and of whatdesemed to be important amgbrth
studying. The disadvantages result from the difficulties of learningptk togetherThese can be caused by
differences in terminology (different words that mean basically the same concept and the use of Wherdame
to mean completely different concepts) as well as differences in worldview, wapsla@rtaking research and
of what is deemed to be important and worth studying. Neverthéhess, is agrowing understanding of the
importance and power of this interdisciplinarprking aswell as an evolving understanding lodw to do it
(Bowker, Star et al. 1997).

Ethnography

In a similarway that an aspect gbsychology,cognitive psychology, hagplayed a major role within HCI
research, so in CSCW, aspect ofsociology, (also drawing from anthropology) ethnography Ieen
especiallyprominent. The theory andpractice of ethnography is complex and subtle abeyond the
competence of theseviewers to detail. Useful overvievesin befound in (Garfinkel 1967; Benson and
Hughes 1983)Ethnographic techniques have also been coupled imsights and methods frorognitive
psychology (Hutchins 1995).

To grosslysimplify ethnography, it involvethe study of howpeople do theiwork in the actualsetting in
which it occurs, attempting to understand that work in its own context and to describe what people actually ¢
rather than what theypught' orare'meant’ to doThe description attempts to explain the activifresn the
perspective of the participantshew they describe and understatietir work rather thanhow it might be
perceived by someone with a different perspective (such as a systems developer). We will not explore here
distinctions between ethnography and ethnomethodology (see the papers cited in this section for more deta

Suchman's book 'Plans and Situated actions' (Suchman 1987) has been widely cited in the CSCW literatul
advocating the ethnographic approach to studying work practice and reveainueople engage in complex
problem-solving that can otherwise be overlooked. If these complexities are not taken into acepsteims
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design, then one has effectively designed a system that supports an ideaged ofthe work practice and
consequently one that fails to mesh with how people actually work.

Examples of the use of this technique include:

Exception HandlingtSuchman 1983) notes how supposedly routine activities involve consideddeenent

and problem-solving, includingegotiation withco-workers. (Schmidt and Bannon 1992) emphasise the
importance of articulatiomork; the coordination, scheduling and error-recovagjivities that people dthat
enables them to get theb done. Most importantly thisallows a meangor people to handle thendless
contingencies and exceptions of everyday life. It is all too easy for a computer systetoeper taattempt to
automate théstandard'way of doingwork, but for the resultansystem to be unusable becausdaes not
allow for the inevitable exceptions that constantly arise. Schmidt and Bannon consider the key issue in CS(
to be: "the problem ohow to supporithe ongoing dynamic articulation of distributed activities and the
cooperative management of the mechanisms of interaction themselves". That is, that the system should suj
the user in understandintipe structure of the model and so to apply and adapt it to their ctast
Furthermore it means allowingsers toadjust the model as circumstances dictate, allovianggraceful
adaptation to exceptions and the inevitable evolution in the work thanis. All this is substantially different

to the rigid controlling information structutbat forces itsusers to work irthe 'right' way andleads to the
frequently observedtritating inflexibilities of workers being unable to servineir customers becausthe
computer won't let me do that'. As they point out, there is substantial evidence fah#&fisrm of industrial
action known as working to rule, where workearcs precisely according to the officigkrocedures but do no
more and in particulashow noinitiative in dealingwith exceptions to these definpdocedurescan quickly

lead to the office grinding to a halt.

(Button and Harper 1996) studies of two vdifferent systems,one forpolice crimereporting and one for
manufacturing sales and invoicing reveal pneblemsthat were caused bthe significant difference between
the assumptions of how the work was (or oughbep done as embodied tine documentation anzbdes of
practice and the much more reactive and complex (and responsive and eféettiakejletail ofactivity. Their
work shows how amore detailedprior analysis ofthe work practice could have informed more effective
systems design.

Cooperation and Competitio{Orlikowski 1992) studiedhe use of Lotus Notes, by &rge firm of
consultants. Although the tool provided many potentially useful features, there were significant problems w
its expecteduse caused bthe competitive nature of therganisation. Consultanto®mpeted witreach other

and thereward structure withithe organisation reinforcetthis. Consequently a tool tsupportcooperation

did not deliver some of the benefits that might be expected.

Paperwork A number of ethnographic studifsuff, Heath etal. 1992; Harperand Sellen 1995Hughes,
King et al. 1996) have uncovered the complex ways in which papsedts Consider how @aper form can

be annotated, duplicated, have other bits of paper stapled or clipgetidee sticky notes attached, have the
boxes for form entry used for entering exceptional information that although it does not belong there, does
belong anywhere else in the form either. This flexibility of use in addition tpitbper' use allowspeople to
adapt to changing circumstances and exceptions. This is important to understand batausggvéinsights

both intowhy the oftenpromised paperless office never seemaypear, and to be a warning to systems
developers of thé&inds of functionalities thatshould be supported itmeir applications, includingnaking
allowance for occasions when people will opt to use a paper based approach as more efficient.

Systems Desigihis is perhapshe most problematic bypotentially most rewarding contribution - direct
collaboration between ethnographers and computer scientists to itifersystemsdevelopmentprocess
(Sommerville, Rodden et al. 199Bughes,Randall etal. 1993). The difficulty of undertakingsuch an
interdisciplinary collaboration is due to tipeoblems of terminology and worldviementionedabove. For
example, much ofraditional ethnography is descriptive and tries hard not to be judgemerpatsuriptive.
But in order to inform systendesign, acomputer scientist may expect prescriptive informatiolorofer to
help her decidewhat to build. Thismethodological tension pervaddéise working relationship. As a
consequence, it has been propothed a variant ofpure’ ethnography be developed gapportthe needs of
interdisciplinary working and the time constraints that collaboration with a design team ifHpo$es, King
et al. 1994; Shapiro 1994). Sometimes these difficultiedfaaork required to overcomthem can become
SO great that there is @anger of two subdisciplinedevelopingwhich, although they attend the same
conferences, go to differemqgarallel sessionsand do notinteract with people 'from the other side'.
Neverthelessthere arevarious fruitful and ongoing collaborations between sociologists amdputer
scientists (Hughes, Randall et al. 1992; Sommerville, Rodden et al. B9®@y 1993; Pycock anBowers
1996; CrabtreeTwidale etal. 1997).What emerge$rom the descriptions of these collaborations is the
importance of takingime tounderstandhe differentoutlooks and use of language, \asll as an evolving
understanding of the potential uses of ethnography.
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The analytical work in CSCW can help in several other ways, as the next two sections illustrate.

Requirements Capture

This involves determining in detail what people actually do imrganisation and consequentigw systems
can bedesigned to helthat process. Such studiean be contrastedith idealisations ohow peoplework
that might be obtainettom work practice manuals or by interviewing managets either haveonly an
overview of howtheir subordinateschieve theiwork, oreven if they once undertodke tasksthemselves
aresomewhat out oflate as the technologies availabfel the nature of thevork constantlychange.Even
asking a person who does the work may not be sufficient. People are inclined to give overview in terms of
idealisation of what they are meant to do rather than what they actuafigprdeeasons a$implicity they may
describe an ideal case in which there are no exceptions. However when olasenahgork practice, one is
able tosee these exceptions anow they areresolved.Indeed it may bé¢hat every activityincludes ateast
one exception and the idealisation is but a useful fiction to desmiivéty in general. It should belear why
designing system to support such fictions is a bad idea.

What emerges from this work in a range of differentk contexts isghatwork is situated andomplex. We
don't really understand howpeople do theijobs andneed toknow more if we are to develofpols to help
them. A whole style of design, participatory design, has been developed to dldelsesgroblemgBjerknes,
Ehn et al. 1987; Greenbaum and Kyng 1991). Originating in Scandinavia, PD was pagoase tdabour
laws that required that workers or their representatives (usually trade unions) should be involved in the proc
of introducing new technology. PBttempts to involve intendedsers inthe design processparticularly
requirements capture. However, in addition to fulfilling desirable social purposes (afejaloequirements)
as impliedabove, itcan actually lead to a mosedfective, efficient and usable emuloduct. Researchers and
developers outside Scandinavespecially theJSA have been investigating the extentwbich PD can be
applied in different social and organisational cultuidsller and Kuhn 1993; Blomberg, Kensing et al.
1996).

Evaluation of CSCW systems

Several studies afollaborativesystemsevealed disappointingesults, eg. (Kirkwood, Furner et @993).

The studies were extremely useful in deepening understanding of the importanceariktlbentext. (Grudin
1989; Grudin 1994) has produced a number of highflyential papers onthe problems of introducing
CSCW system#to organisations. He hasdentified a set of factorthat can contribute to theuccess or
failure of theprocess.One of theminvolves identifyingwho benefits fromthe introduction of the new
technology. If the new system imposes extra workniany people in order tbenefitothers,there will be a
natural reluctance to use it. Sometimes this can be overcome if management determine that it is a requireme
usethe system,but evenso, it issometimes possibléor workers tosabotage such a disliked system by
blaming itfor all the inevitableproblemsthatarise. Ifthe systemcan bedesigned sdhat everyone using it
benefits somewhat (by its improving their work problems) then acceptance and adoption will be far more like
to be successful.

The work of Grudin has many parallels with the ongalebate about the productivity paradox of computing
(Landauer 1995), that organisations have spent billions on computers to support office staff and yet attempit
measure productivity have yielded feeble numbers and sometimes no improvement at all. (Plowman, Roger
al. 1995)review a large number of workplastudies and considehe differentways in whichthey can
contribute to thesystems design procedsot all thenews is bad. Foexample, (Bikson ané&veland1996)

study ofmeetingsupporttechnology at the Worldank reveals manguccesses anapplies sociotechnical
systems theory taccountfor thesesuccesses angenerate predictorfor subsequentmplementations of
technology into organisations.

(Twidale, Randall etal. 1994)explore several of thessuesand complications of£SCW evaluation and
advocate ethnographic techniques for addressing some of these problems. For example, the nature of a C.
system is to support work that is situated in a complex environment and (obviously) involves interactions wi
other people. It may be that a laboratory experiment would fail to uncover aspects of atchadlaemdd have

a serious effect on overall effectiveness.

COLLABORATIVE WORKING AND LIBRARY AND INFORMATION SCIENCE

From ageneral review ofCSCW we nowmove to an examination ofork that relates particularly to
collaborativework involving library and information science. Broadmt, this includeswork with, in and
using libraries and the activities of information retrieval and their potential impact when viewed as examples
or parts ofcollaborativework practice. We shall move between exist8ygtems experimentalsystems and
considerations of potentiglystemstheir requirements and implicatiofgr issues ofprivacy and changing
work roles.(Marchionini 1992) identifies support forcollaboration as a research directimm Information
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Retrieval. (Shaw 1994) describés rather general termsjarious computer technologi¢kat will have
implications for libraries, including CSCW and Collaboratories. As well as our focus on the use to be made
libraries of CSCW, shenotesthat libraries will collect thework of collaborativeresearch. She notdhat
implications for the notion of authorship will stretch as the infrastructure for C8&ops.Librarians may
become involved in thactivity of the collaboratorieg.g., insupportingthe management of the virtual
blackboards and messaggstems.Considerations of privacy anownershiparise especially with evolving
documents. Which is the definitive version? Is this even a sensible qud$tien@oesthe library as archive
play a role? These arissuesthat havestrong parallels with version control in softwareengineering
(Sommerville 1995).

Libraries and Organisational CSCW

We can consider some of the activities of a library as analogous to those of any organisation and conseque
examinehow CSCWotechnologies might bapplied.Meetingsoccur, someetingsupporttechnologies may
help. Libraries may be part of larger distributedganisations (such asnaetropolitan central library and a
number of satellite branch libraries) so the technologies to support remote collaboo#ticeynchronous and
asynchronousnay be ofuse. Libraries collaborate with other institutions (including othieraries, schools,
universities, corporations, various levels of government) arabam the technologies that expliciigdress
this kind of work may have a role. Work passes through a number of hands (such as acqinsstidinsary
loan requests, purchasing decisia®d outreach activities) smorkflow systemamay beuseful. However,
libraries also undertake activitigghich are more specialised evémugh theymay have parallelsith work
activities in other organisations. It is thassivities and the potential @SCW to supporthem that we will
consider here. Continuing our view of collaboration at the micro level, we can see this occurring in a library
three ways:

* Collaboration between library staff

* Collaboration between a patron and a member of staff

* Collaboration between library users
For the first, we have the conventional activities and technologies as briefly skimmed above. There are also
specialist activitiesvhich havereceived some&onsideration, but desenraore. (Shapircand Long 1994)
examine libraryservices irthe light ofbusiness procesgengineering and among othesuespoint to the
growing importance of team-based work groups.

In terms of referenceupport,reference librarians within analcross institutionsnay collaboratevith each

other in sharing particularly tricksequests or in sharindpeir process +telling colleaguesow they solved a
particularly obscur@equest. Notéhat in computer science tisbaring of'war stories'about debugging and
indeed the sharing of suggestions for tackling a difficult proliiasbeen recognised as an important part of
software productivityeven if at firstglance it appears to be merely unproductive satiataround acoffee
machine (Weinberg 1971; Root 1988). (Erickson and Salomon 1991) found that expert on-line searchers sy
considerable time sharing information between themselves at their weekly status meetings.

Asynchronouscollaboration on referendesuesmay occur by conventional means (facefaoe, telephone,
letter or even publication such as 'The Exchange' in RQ) or can be computer medraedirect colleague-
to-colleague email or via groups, such as the Stumpers-L mailing list.

Collaborative learning whether compuserpported or not is of growingterest inschools and universities
and includes aspects of other popular educational theories such as constructivism, problem based learning
situated learning (Lave and Wend&91). This carries implicationfor use oflibraries and library resources
and consequently for aspects lmbliographic instruction andupport. They are likely to lead téar more
diverse use ofibrary resources by individuals ammgoups working ortheir own projectsrather than the
traditional model of alass working through a prescribed seteddings, asvell as greater involvement of
library personnel in the development and operation of curricula.

The following sections consider user-user collaboration in the search for information in more detail.

Searcher Behaviour

(Bates 1989) notes the interactive way that people search. She proposes berrypickiogelsoésearching.

We can go on from there and propose interactions with other people as part of the berrypicking process. Tr
people might be librarians giving help dénends and colleagues offeringuggestions or sharing past
experiences. This is extenditige idea ofwhat an information seards, sothat it can extendver time
consisting of a chain of more intensive visible searching activities. This raises thiemesgesentationthat

are persistent over time, similar to Brinck 8aadmez'sanalysis and development of conversatigralps in

the section on meeting support.
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In a subsequent paper, (Bates 1990) considers the relationship between a user and a search interface in or
set an agenda for systems development. Bates' exploration of the range and degree of fundirahaldidd
be provided irthe interface to an informaticystem reveals a gap in research and development activity, as
much work is focused otie glamorous goal ofhe perfect automatisearch.The aim, much like theaim of
research in Artificial Intelligence is to automate a complexcess -ere the identification and location of the
information that the user is lookirfigr. We wouldconcur with her analysis and atldht the delineated more
intermediate levels asupport shouldnclude easy access and recourse to hub@med heldor occasions
whenthe user getsnto difficulty. Furthermorethe levels ofsystem supporthat she advocates activity on
(including explicit representation gdlans and goalsare preciselythose that would be ofadvantage in
supporting amore efficient collaborative interaction. Theish to automation which she describes is
unfortunate for several reasons:

« As she identifies, there can be occasions when the user wants to be in control of the process
* The task may be currently impossible by analogy with some of the wilder claims of Al in the 1980s

* The intermediate research results, while being of great scholarly interegtahno theprogress to the
ultimate goal, may not be usable

* Thesimpler,semi-automated mechanisms mast bebetter - yield interesting research avenudgen
studied, be more tractable, more usaflehetter with existing practice, including help-giving, lbeore
empowering, but less glamorous in attracting research funding, be overshadothedylgnderclaims
of the more prestigious research projects.

Remote Reference

There are many possible forms of collaboration in the information sparcess and only small proportion

of them occur in synchronous and co-located situations. The ‘gold standaehefson-to-persoreference
interview has to be reconciled with the distributed networked users of information servicesa(dadtbDay

1996) performed an ethnographic study of reference librarians as a way of understanding which aspects of
work realistically could and could not [sipported bythe use ofintelligent agents.Remote Reference is a
topic that deserves an ARIST chapter in its own right. There are however a number of (egrgwson and
Bunge 1997; Sloan 1997).

(Martin 1986) gives arearly example of distance collaboration: the telephone referste®iew. With the
advent of collaborative technologies, variants on ttiesne becomeossible. (SwiggerThomas eal. 1992)
explicitly address the area of CSCW as a focus of interest, indeedhssirgmote information searching task
almost as an arbitrary task to be used to investigate issues of generic rele\@8ENoAlthough theirlater
work focusesmuch more on what collaborative technologes contribute tosupporting information
searching, this work serves asidence that the exchange of ideas canvieway: that studying the
technologicalsupport aninformation searching context can ramily be informed by CSCW butan give
valuable insights into general CSCW research.

A later paper by(Swigger and Hartness 199@yestigated the remo®ynchronous support of searchers. A
range of tools were provided consisting of text input/output screens designed to diffgvertt aspects of a
search dialogue. The end user and the search intermediary used these screens to intaelstotitband to
present theesults ofthe intermediary's searches on a rangedafabases. Surprisinglyheir experiments
showed that the remote collaborative interface was actually supefametto facanteraction.One factor that

may account for this is that the end users were novices in information searching and ithgosingcture of

the interface may help people to understand the nature of the interaction and how they are to participate in it

Perhapsthe simplestway of introducingremote reference is by email. (Abel996; Bushallow-Wilber,
DeVinney etal. 1996; HahrlL997). This can be easily integrated intewly developedveb based searching
environments. The advantages of simplicity and low cost of setup must be offset thgalask ofstructured
support for the work activity. The same is true of many CSCW contexts. Isdesgtimes it can be sensible
to begin using a familiar and easy to use limgic technologguch asmail tosupportthe work practice and
studythe interaction irorder todeterminewhat is missing and what needs to be provided in termmaové
sophisticated functionality.

In addition totext, live videoconferencingffers intriguing possibilitiesfor supportingremotereference. It
may be that th@atron and librarian beingble toseeeach othemand undertake a variant of the traditional
reference intervievoffers a smoothetransition fromthe status quo irterms of familiarityand ease ofise,
even though it may require more sophisticated hardware and softwadefamidly much greateoandwidth.
This area has been explored by (Sugimoto, Gotou et al. 1995; Morgan 1996) and (Lessick, Kja&0&).al.
Thefindings fromthe CSCW work on use ofideo notedabove,especially the crucial importance of audio
guality, need to be considered in designing a suitable practical configuration.
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It is becoming clear thaimply using acommunication mediunguch asemail isinadequate tsupport the
detailed context-dependent interactions that occur between ltaffyandusers (Twidale,Chaplin et al.
1997). Indeed, study anteractions between librarians ansersreveal theproblems inherent in many help-
giving interactions - the act of seeking help (e.g., by walking to an enquiry cheséi¢stroythe context and
short-term memory of thbelp-seeker's problenDbservations of librarian-user interactiossow that a
common activity is the re-construction of the sequence of adtiahded to thempasse (Twidale, Chaplin et
al. 1997). This re-construction is subject to the limitations of the user's memory and vocabulary.

Different communication media can be used to support users in different ways: provision of an FAQ repositc
is very different from a video-conferencirsgrvice. (Proctor, Goldenberg et al. 19@Baracterise these
differences in terms of effectiveness, availability and responsiveness: for example, an FAQ list may rate hig
for responsiveness and availability but its effectiveness is unpredictable. These ddfensnfinteractions

are termedgenres'and their prototypenetwork reference consultatiosupport systenmintegrates several
genres including emaitext conferencing, audio and vidé€Broctor,Mckinlay etal. 1997). Their prototype

also enhancethe underlying communicaticiacilities by allowing librarystaff to 'take control' of aser's
remotesession tanteractively demonstrate features of the databizeetheuser is accessing. Thagproach
introduces notions of control and turn-taking i@ dialoguewhich have to beexplicitly included in the
software - in a conventional library these aspects flow naturally fineraffordances othe common physical
space.

The notion of taking control of another user's session is also pregbet @ TORIsystem (Hoppe andhao
1994), which allows synchronousollaborative searching, including cooperative query formulation,
cooperativebrowsing of result&nd sharing of search historigS:-TORI alsouses aWYSIWIS-like mode
(What You See Is What | See) to allow one user to couple one user's environment to aribétéveausers
cansharethe same interactioor re-using previous work-TORI has a shared histommechanism where
elements of a user's query history can be copied and merged amongst the members of a group.

Collaborative Information Visualisation

Synchronous query formulation can also be realised by interacting in a wadligi environmentvhere both
information and users can be visualised (Benford Madani 1994; Chalmerd995). (Benford, Snowdon et
al. 1995)describe asystem,VR-VIBE that providesexplicit support forcooperative information retrieval.
This is research strongly rootedtlre computer science traditions 66CW andVirtual Reality (VR). As
noted in an earliesection,collaboration relies oawareness ahe activities ofothers.When VR isused to
support CSCW, awarenessin besupported byembodiment;providing appropriate virtuabodies. The
constraints of memory, bandwidth and processing poead to theuse of 'blockies' - very simple
representationghat convey position and spatial orientatiarsing only a few polygons and so are
computationallyinexpensive.Communication is providedgynchronously over dive audio channel and
asynchronously through annotations attached to documents.

This is notpracticalsystem in its currenform, but an exploration of possibilities of radically different
interfaces. As such it is a powerful example of the computer science research approach of bwitdergtin
learn, discover ancefine the problenarea. It is also aexample ofhow aconsideration of théssues and
needs of LIS applications can feed back into general computer science ressagsh irthis casethe design

of VR environments. Irthe study of VR-VIBE it was noted that relevancdecisions andhe marking of
objects as significant or boring by differamsersare highly likely to be subjective - naiurprising to a
librarian, butleading to areassessment die functionalities that may need to @vided in VR systems to
supportmany differentkinds of activity. The prior implicit assumption washat a VR environmenshould
provide an objective view of the world. The VR-VIBE study revedhad there may sometimes be a need for
subjectivity in VR applications.

Collaboration and Digital Libraries

Overview There are now a significant number of digital library projects world{kde, Akseyn etal. 1995;
Kessler 1996; Lesk 1997; Wolf, Ensor et al. 1998) tifsreview of Social Informatics byBishop and Star
1996) reveals, there is a growing awareness that initiatives in this area should not solely be technology-driv
Just as a recognition of the practical, commercial importance of taking accouninettsof usered to the
growth of HCI and the growing analysis of wagskactice as part dESCW, sodigital libraries research and
development needs to take greater account ofigb&iness andsability of digital librariegFox, Hix et al.
1993) and the organisational context of that use (KlingEimt 1994; Elliott and Kling 1997). Development
techniquessuch as usecentred iterativedesign (VanHouseButler etal. 1996)can helpthis process.
Techniques such as ethnography and social theory (Schiff, House et al. 1997) have provided newmtosights
the needs and practices of users. Furthermore, developers must makéehesexpertise that lang tradition

of analysis in library and information science can bring to bear on new manifestations of traditional problem:
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Studies of user activity both with existing digital libraries and with conventional paper-based information as
means of informing future design can examine a range of actifvitiesthe conventional search angtrieval
of information (Barry1996) toannotation (Marshall997) andnote-making(O'Hara, Smith etal. 1998).
(O'Day and Jeffries 1993) did athnographicstudy ofthe uses ofinformation search results by regular
clients of professional information intermediaries in a commercial context. They tfatrall theclientsacted
as intermediaries in their turn, but also often creating new information artifacts by transforming and enhanci
the search results before passing them on. This stulllysisative of thepower of ethnography teeveal the
broader context of work, in this case emphasising that information retrieval is not an end in itself but is part
a wider set of activities. Consequently systems such as digital libraries may need to aaxagesmess of this
wider context inorder to maximise theireffectiveness.The O'Day and Jeffries study emphasised the
importance of technologider supportingthe communication of theesults,particularly after they had been
further processed bihe searchers(Levy and Marshalll995) examinesome ofthe assumptions underlying
the development of certain digital librapyojects. Inparticular they identify thevidespread assumptiahat
digital libraries are to be used by individuals working alone.

(Marshall, Shipman et al. 1994)lustrate the concepts of community memofsee the section on
organisationamemory), how it is acquired, understoaad used.They considethe implicationgfor digital
libraries design. Notethat community memory is much more ephememat rapidly evolvingthat the
information usually stored in taditional library. A lot of it consists ofhow-to' knowledgethat enables
people to get thework done.Much of it isinformal, pragmatic, heuristigpproximate or involving coping
behaviour, rather than definitive statements of well-researched study. Indeed some of it may well be wrong.
at least out of date. Nevertheless it can be of greatinhelping people in thework. Wecan see itsise in

two levels. Firstly as a kind of information and work practiwa a digital libraryought tosupport.Secondly

as a supporting technology that allows the digital library to work - the community memory of how to use it.

(Ehrlich andCash 1994) also consider work on supporiogoorate memory as part of digital libraries
research. They raise interesting parallels with reference interviews. This ithptidélsesupport ofthe remote
reference interview can be informed $&ydies ofthe moresuccessful customer support organisatieng,,
(Pentland1992). They identify three myths about information acctest mayinform the development of
digital libraries:

1) Customers understand their own problems, they just don't know how to fix them
2) Customers would use on-line information if it was available

The latter myth can almost bepeemise of the justificatioior the development of a digitdibrary. If it is
indeed a myth then the digital library is unlikely to saecessful. This wouldot be because customers were
lazy, butbecause locating the places irvast quantity of documentaticdhat contain theanswers taheir
questions is so difficult.

3) Customer support analysts could work from home.

Rather they show how the analysts wodtlaboratively to help theicustomersCorporate history databases
are collectively createdrtefacts. Thus it ismportant toknow something abouivho postednformation (and

have information about thagierson) in order tgudge reliabilityand recency, awell as theopportunity to
gather (directly from the author) information that was not recorded. Hence having contact (and Ehrlich & Ca
advocate face-to-face contact) with #ehors isclaimed to be important iarder to moreeffectively use the
stored information.

A later work by the sameauthors (Ehrlich andCash 1998 in presspakes the castor why the role of
intermediaries is important and why it is likely to last despite predictions of disintermediation. They advoca
technologiesuch as agents not teplace human intermediaries, buttasls for greatereffectivenessThey
also note the invisibility of collaboration to management, again leading to the danger tlaasiursedhat the
work could equally be done away frotine office. By contrasthe analysts inthe organisatiorstudies were
very sensitive to each others whereabouts. Indeed some used ‘gopher-net’ - "peekinbicdeeralls, even
standing on chairs to see who was fréeate to faceessions, in offices, cubiclesallways and over lunch
were used was to address problgogether and tedtypothesesAnalysts found it useful tget asecond
opinion. In summary they claim "what these professionals were aware of, and what many rese&ssh&s
that while an individual can query the system, making use of that information is a collaborative aCtieity".
study emphasisable importance of peaupport andelying on localacknowledgedxperts. It also raises a
number of concerns with usirthe various technologies outlined abof@ supportingremote working.
Ehrlich and Cash's study reveals the high quality of face to face working and thus what can potemisily be
Considerablecare needs to be given tattempting tosupport some othese subtleéssues indeveloping
technologies to support remote working.
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(Paepcke 1996) studiedformationworkerswithin a company. Hedentified theways that information is
shared between people, including different stylesaiking. Much of this work hagparallels withthe work
of reference librarians in helpingthers to find information, or asacting as contacbrokers, effecting
introductions between a person needing help and the appropriate expert (see the section on matchmaking).
clear that theknowledge that is possessedand traded in the technological environment studied is
heterogeneous, constantly changing Ea#ting much classification. Asuch it isunlike saythe books in a
library that have been carefully catalogued, but much more like the know-how of the various librarians of hc
to choose between and use and integrate different databases and information systems.

(Robertson, Jitan et al. 199&%amine thgoossibilities for web-basecbllaborative libraryuse in acorporate
setting. They support dialogues between researchers and librddamsb pagesThis work aimed to move

from their older system of remote reference that relied on telephone and Stomdyi.of this workrevealed its
highly collaborative nature and the open ended incremental nature of a stream of results (dialogues througt
a research interaction rather thaoree-shot request for information, followed bylefinitive singleanswer).

The system developedimed tosupportthese identifiecheeds. This includesthe incremental delivery of
'results’ and the recording usage information for accounting purposes. They make retsaotions visible

to take advantage ofiork already done antbr generalawarenesge.g., forming interestgroups). They
consider the importance of creatingsanse of placevhere researchers antients go to check thstatus of
requests.

Aids to Context (Re)Establishment)

Remote asynchronouscollaborativework, of the kind we can expect to dominate in digitéibraries,
necessarily requires that information abut the work be recorded and communicated. In the case of informa
searching this implies that some record of the search process and search product be stored. Often this may
simple free texdescription by theiser; but in computerised environmetiisre is the potentidbr detailed
recording of a user's actions. Automatic recordingdhiear advantages in thatuser's owrmemory may be
partial,inaccurate and is not easilg-usedihe disadvantages may less obvious andre dealwith in the
section on privacyMany systems provide a record ofuger'sactions (usually irthe form of 'thesequeries
produced these hits') but:

« they are usually only partial records

* they are not digital objects that can be edited, communicated, annotated etc. without losing their structure

Once a system supports the creation of such an interaction history, it can used in many ways (Hépae and
1994). Single-user useasclude: reuse ofearlier searches, error recovery, navigatioaminding anduser
modelling (Lee 1992). Providing a record of a seadivity frees users frorhaving to remember low-level
goalstack details and enablbem to concentrate on more strategic elements ofdhechprocess. Such a
search object can Istored, highlighted, edited, annotateelplayed and re-executed: typically tkieds of
activities that occur in tutorigdnd help-giving interactionfLemaire and Moore1994). Thus wesee the
communication ofcontext, ratherthan just a communicationhannel, as a keyequirement of a more
supportive environment.

Recording-based support for asynchronmisractionshasbeen referred to as a WYSNIWIST (What You
SeeNow is What | Saw Then) paradigm (Manohar arfdrakash 1995). In anultimedia collaborative
environment this could extend to audio and video annotations in addition to replaying intenaatitimes
computer interface. A variant of this approach is to record the same information but present it back to users
slightly different format, for example, in\asualisation which allows easier recognitionceftainaspects of

the interaction. The ARIADNE system (Twidale, Nichols et al. 1995; Twidale and Nichols T@&#&le and
Nichols 1998) replays a useristeraction with a database as2&D visualisationwhich can beedited,
annotated and communicated.

One potential use of recorded searches would be for library staff to collect a set of examplesn(ciadss,

good strategies etc.) which could be sent to users who exhibit typical problems. These examples, as execu
entities, could be much moneowerful than paper-basedescriptions. In this sense this approach has
similarities to users-oriented transaction log analySandore 1993) and moves closer to user-modelling
approaches where the system automatically detects familiar patterns in users' behaviour.

USER-USER COLLABORATION

Although it is now widely recognised that the World Wide Web/Internet has enahked Bbbw-costmodel of
publishing documents it has dotiee samdor documentfragments, evaluations, annotations anetadata.
Whereas previously kbrary's database of informatiowould bestatic (the items remain the sariwe each
successive access) thasmv technologies allow dynamioontents. (Kantor 1994) describes thisa as the
‘feedback of exogenous information' and mentions examples of annotations and links (between documents
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seminal article by(Koenig 1990) describes wariety of 'user-supplied datahcluding query terms and
evaluations. (King, Kung et al. 1994) outline a proposal for a 'self-enriching liljadthyough there appears
not to have been argubsequenimplementation) andonsiderlinks, evaluative commentary and datasets as
mechanisms for users to contributethe library. They summaris¢hat their idea iased orthe proposition
that, unlike traditional librariegjigital libraries caracceptinformationfrom, aswell asdispenseanformation
to, users, and that such libraries can be improved and enriched through use.

Implementation of systentkat areimprovedby, orrely on, userfeedback have been largely reported in the
computer science literature. Them of the userfeedbackhasbeen predominantly numerical ratings as they
are easier to process computationally than free-text annotations. Although the ideas of annotation and rating
not new, the novel aspect of thesgstems ighat one user'sfeedback can be computationaflyocessed to
enhance the system for others - even though the different users may not know of each other's existence.

Annotations and Ratings

In the Tapestrysystem,developed aiXerox PARC, usergan attachannotations to the items theyew,
including ratings, free text commentsand other indicator{Goldberg, Nichols et al. 1992)Because
annotations can bsupplied at anyime - perhaps even yeaifter receipt of the document itselfeach
annotation is stored as a separate document containing a link b#wk doiginaldocument. Userset up
standing queries which can refer to annotation fields; thus, they can ask to receive documents which have [
endorsed by other named users.

In Tapestry, annotationare attached to avhole document. By contrast, ithe ComMentorsystem
(Roscheisen, Morgensen et al. 1995) annotatiag be attached @bintswithin electronicdocuments. The
annotations are accessedbattons positioned withithe text of thedocument. Moreover, annotations are
associated with groups of users, so that a given reader only sees those anmekayimmsto heown group.
An alternative approach is found in theN system (Brewer and Johnson 1994). Here usmtssert, delete
and rate the keywords associated with documents.

A rating is an indication of the usefulness, interest or quality of a document as viewessdry a.g.,(Allen
1990). Ratings may be supplied deliberately by a @eseliit feedback or may be computed by tisgstem
on the basis of the ‘interest’ which users show in a docummslicft feedback

Explicit ratings are usually supplied on a several-point scale - for instance (Maltz 1994) uses desciale,of
ok, good andgreat In such a systerthere is a priming problenfvariously described athe ‘day one’
problem, the ‘cold start’ problem etc.), imat earlyusers daot see the benefits stipplying ratings and so
stop contributing. As fewer ratingse added the benefit of tkgstem to a user falls, fewer usars active
and the number of ratings can quicksll to near-zero. Thessystemsare prime examples of the need to
considerthe costs and benefits @boperativesystems (Grudin 19890ne potentialkolution is tocreate a
population of ‘virtualusers’ whorate one specific topig(e.g., books oncyberspace) highly and ignore
everything else (Maes 1994).

Inferred ratings, from implicit feedback, have the advantage that they do not rely on a special acsiers by
but the clues they use are indirect and therefore rather ambivEherst,.the systemmay count the number of
times a document is opened for readirgdgtive to thenumber of times its summary displayed, orlse the
average time spent reading a document may be recorded (Nichols, Twidale et al. 1997). The PHOAKS sys
(Terveen,Hill et al. 1997)identifies significant mentions dJRLs from Usenet messagesd rates the
recommended resources according to the number of mentions.

One way tousedocument ratings is to aggregate the ratiogseach document into an overall quakigore.
The rating could be displayetiiring online inspection of documeti¢tails, or it could beised to adjust the
likelihood of the item being retrieved duringsearch. Thisapproach may baseful within a group opeople
who all share aimilar interest, butwill be virtually useless for users at largance many documents are of
great interest to a few people and of zero interest toeteAnotheruse of ratings is toreatefilters such as
'show methe articles thafaneDoe liked' (Maltz 1994); this allows a user to expdineir expertise to other
users.

A more effective option is tase ratings values tilentify pairs of searchers witsimilar interests: this is
variously known as collaborative filtering, social filtering or recommesgistemgOard1997). It seems the
first appearance of this idea (in computational tewe3 (Kocherand Wong 1962); thegroposed a system
for automatically passing details of interesting retrievals on to other appramé@teRelevance judgements
(i.e., binary ratings) were used tidentify those pairs ofisers whotended toshow interest in the same
documents, the links being stored as a binary matrix.
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One current example is th&roupLens system (KonstaMiller et al. 1997), which allowscollaborative
filtering of Usenet Netnewsrticles by allowingusers to assign ratings on a 5-point scalepréfile is
constructed which contairal of the document ratings contributed by user. Userswith highly similar
profiles areidentified, and aritem canthen be recommended touaer if other similarusershave already
approved of it. (Shardanand and Maes 1995) describes the Ringo system (which has subsequently change
name to HOMRand then to firefly) whichuses asimilar approach tanake personalised recommendations
about music albums and artists arsmksthe termsocial information filtering (Hill, Stead etl. 1995)prefer
the term community of usean describing a similarexplicit rating schemefor recommendingvideos.
Calculations of the ‘similarity’ ofuserscanalso be used foother purposes - such asmatchmaking (see
below).

Inferred ratings can be regarded as documeatr, physical objects naturallshow signs of weataused by
usage,but manydigital objects daot reflectwhether (and by whomthey have beemsed. Thus we can
recreate the impliciinformation of the wellthumbed,often usedtext on a libraryshelf that conveys its
popularity compared to its peers on the same shelf by the degree of wear, aruckéeap, falls open at a
particularly popular page. This is just one of the kinds of information that caecbeded, butllustrates how
the implicit power of paper can be overlooked in early implementation of a digital equivalent, and g&tvean
as a starting poinfor firstly recovering usefulfunctionality and subsequently introducinguite new
functionalities that are infeasiblgithout digitisation. A variety ohistory-enriched digital objectiave been
described includingdit wear andread wear(Hill and Hollan 1994). That is, adocument can record and
display information on its history of edits and reading patterns; metadata on the document’s history (B6hm ¢
Rakow 1994). A library database that records and theesearches of itsiserscan be regarded ashestory-
enriched digital object. Concepts suclbesvse weaandborrow wearcould be added to existing history-of-
use information to facilitate user searching rather than just collection managemenpemhguestion is posed
by (Kantor 1993): does such addition to a systerfadd more value than itosts tobuild and maintain?'
Systems such as those described above are proliferating rapidly and we will not nivemticrl here: recent
reviews can be found in (Oard 1997) and (Twidale, Nichols et al. 1997).

The personalisation of content is an isthet goes beyondhe world of library and information science. The
marketing community have realised that individualisedertising may well be more effective tharass
marketing techniques. Thus, the tesne-to-one marketingas been coinePeppers and Rogei®993). The
centralmessage for vendors is totegrate their informatiorsystems toenable alltheir customer-related
knowledge to be deployed in hightargeted marketing aimed aicreasing customer loyaltyVith the
appropriate information at their fingertips they can also perform recommending activities basednoplicihy
ratings they hold, such as those derived from purchase records, suggesting pinatihetge beepurchased
by customers with similar buying patterns to the individual under consideration.

Although it may be stretching the tewullaboration, thesystems andechniques described in this section are
potentially very important as thegnable virtual communities to help their members witrgame of the
restrictions ofspacetime oreven identity. Theyermit a digitallibrary, if its users so wish, to respond to
requests such as "show me some articlesateatew to me andhat peoplewith similar interests to meave
found interesting".

Matchmaking

One of the problems inherent in user-user collaboratidmaisof how the usersbecome aware of eadiher.
In a physical library presence in the same areaintigate similarinterests and aaccidental meetingvith

another user could be the start of a collaborative relatiofisigpols andTwidale 1997). The major limiting
factor on this scenario the requirementor co-location and synchronicitffChang andRice 1993) — in the
digital library computerisation adiccess to materials will force remasynchronous interactionsThere are
severalreasons whyhe introduction of peoplwith similar interests, matchmakingnpay be auseful service
for a DL:

» the network of awareness of the activities of others is known to be a powerfully efficient mechanism, f
example in academia leading to the formation of 'invisible colleges' (Crane 1972).

+ traditional forms of matchmakin@uch asattending international conferendes academicsyerve as a
useful proof ofthe concept. However, for newntrants to a research field,aan be difficult (and
expensive) to use these methods.

» peopleworking on similar projects may be unaware efhch other(Foner andCrabtree 1996) -
particularly if they have a background in different subject areas.

» other users may be useful filters and sources of recommendations (Nichols, Twidale et #halt @8in)
help to prevent the continuous 're-invention of the wheel'.
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* some users, especially those new to a fild,not'plugged-in’' tothe word-of-mouth in a subjedrea
(Foner and Crabtree 1996).

Locating people with similar interestan be considered as equivalent to matching queries and documents
personal profiles can just as easily be compared with each other as thveghcarstream of documenésg.,
(Streeter and Lochbaum 1988huvia andAdelman1992; Foner an€rabtreel996). Howeverthe idea of
similar users, as used icollaborative filteringsystems, provides aadditional mechanisnfor introducing
users to potential collaborators. This formnaitchmaking isased orthe similarity ofusers’evaluations or
usage patterns; and so is not subject to self-reporting bias.

Potential Consequences for Professional Librarianship

(Swanson 1964) article, already cited as visionary about many aspects of advanced functionality also touc
on the implications of thesgystems fothe profession of librarianship. He notdse fear thatliscussions of
automation can engender but claithat: "Librarians who acceptsystems analysis anshechanization as
legitimate subjects to be studied and mastered will fall heir to the responsibility of planning future libraries ar
to planning taskshat machines wilperform. There will be no threab, nor questionof, their professional
status."Although technological developments described in this papemusually describeftom the user's

point of view it is important to consider the implications for the library staff. (Fowell and 1@9%) describe
these changes as contributitiyvards a newmodel of professionalpracticefor librarians - one theyerm
'networked learner support'.

Privacy

With the introduction ohew technologies it is important to consider their socigbacts.With collaborative
technologies, those impacts are likely to be all the greater, given that they can gaveisucbdiate effect of

how we work and interact with one another. (Kling 1996) provides a good introduction to the broader issue
social implications. Here we will consider juste, the issue of privacy(Bellotti and Sellerl993) consider

the privacy implications of a range GSCW technologies. Ithe context of information access amdrieval

and digital libraries, a major implication of the move to remote and asynchronous interactions is that comput
will be storing increasing amounts of personal information on libwaers. Inprinciple, a DL could record
everything from borrowing physichlooks, through searches, purchasesl the reading of individuglages
(Nichols 1998).

We can take a general principle oftrade-off in such systemssacrificing privacy permits increased
collaborative functionalitylt remains to be seen where people wish to locate themselves along this continuur
More accurately, people wilvish to have control and position themselves at different pléaeslifferent

kinds of work, in a manner analogous to the different levels of privacy afforded by shared file systems.

In the case of digital librarieenonymous recording of usagan allow recommending activities. hamed
recording is permitted, additional functionalyich asmatchmaking becomgsossible.The principle also
applies in the case ofon technologicakystems.Telling colleagues abowvhat youare working on in the
hopes ofgetting recommendinfgedback, oeven just asking a libraridior help clearlyinvolves a loss of
privacy that may be regarded as undesirable and unacceptable in certain contexts and circumstances.

Librarians have a long tradition of protectitftge privacy of theipatrons. Itmay be that the collaborative
functionalities and the benefitsat theyoffer are considered insufficient toutweighthe actual orassumed
potential loss of privacy. There are several valid concerns that are distinct but all significant:

* The loss of privacy from using a given functionality
» The fear of signing a blank cheque - that although the purpogsdfprivacy is acceptablébecause it

affords for using a certain form of collaborative benefit), the user does nothatishe information will
not be used for some undeclared reason and so refuses to use the service

* The fear of setting a precedent — permitting the thin end oWédge. Although the privacy / benefit
tradeoff is acceptable, and the organisation is trustedaie appropriateise ofthe information, it is
feared that by countenancitigis minor,seemingly benign and voluntary erosionpoivacy, itwill be
harder to oppose subsequent slight variants with more malign consequences

We can see the evolution of privacy policies occurringagious commercialwebsites which require the
submission of demographic information and subsequentlgtdeeto trackand makeuse ofdatabased on all
subsequent usage of the site.

One common approach to dealing with privacy problenesyigtography.e.g., (Bookstein 1996)and many
Web systemsemploy such techniquesfor concealing credit cardetails. Asmore CSCW applications are
deployed on the Internet it can be expethed more of them will include simildeatures fordealing with
other types of personal information - including details of information searching activities.
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CONCLUSION

There is much discussion of an emerging Information Society, or Information Economy. Although it is hard
comprehend major transitions while one is in the midst of one, therandisesl seem to be a combination of
innovations and implementations of technologies that have the pofentslpporting new ways of working

and living. Research in CSCW hesncentrated on technologiessiopportpeopleworking together to solve
problems. Aparticular are of intereshas been supporting people separated bgistance, helping the
establishment of distributed teams that can draw on a wider pool of expertise. Various stodiebahtive
working and the use of technologies have revealed that difficulties that can arise if technologies are introdu:
without an understanding tfie work context and thevay that peoplevork. Webelieve that many of these
technologies can be used to support the information search and retrieval process, thratvchedful account

of that work process is made in the development of approgyatems.The support ofcooperativevorking

is an approach that in some ways runs counter to much of the wiofiorimation retrievaresearch. We may
regard thewvork ondevelopingsystemshat areboth morepowerful and easier tose as @&lassicattempt at
automation - trying to provide functionaliti¢sat anend userwill be able touse withoutthe bother and
expense of goingia a (human) intermediary. Bgontrast, wemay regard a lot of thevork in professional
librarianship as an example of cooperative working with a rich history of practice, analysieeand These
insights and perspectives should be used in desigmilteporative technologies to further enhanceréeeh

and kinds of support that can be offered. However, this should not be just a one way traffic insitgate
theory and technologies of CSCW to improve support and functionalities in libraries is one aspect, but equa
the theory and practicatsights from existingollaborativework in librariesshould inform CSCW research.
This can be done by providing an important contexisa forcollaborativesystemghat is distinctlyunder-
represented in the CSCW literature. Furthermore the substantial body of knowledge on organising informat
structures for usability by others and supporting searchers of informatiatiaborative interactionsuch as

the reference literature have great potential to inform CSCW research and development.
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