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GOALS OF THE RESEARCH

The goal ofour research is to provideomputersupport for distributectcollaborative writing.

Writers can besaid to be distributed whethey have distributed knowledge as&ill, and they
sharethatknowledge and skill in order to develop a draift; evenwhen they have significant
overlap in knowledge and skill, they distribute the work of produttiegdraft itself amonghem.

But in thissenseall collaborative writing idistributed. Inthe sense wewill usethe termhere,
distributed collaborative writingefers to, additionally, situations in whichthe writers are
distributed in time (i.e., they do not work on the artifact at the same time) or place (i.e., they do not
meetface-to-face). The central researafuestions in distributedollaborative writing are "What
doesthe process of producing waritten product looKike when it isdivided among writers who
coordinate to produce it ovéme and space?" and "What is the relationship of tipgeeesses to
success?" When the process includes "active agents," the sabpdirst question shiftslightly

to include not only people, but computers as well. This question is, of ctheseentraquestion

of "distributed cognition” or "coordination sciencegplied to collaborativevriting. In analogy

with the way cognitive scientis{psychologists, Al researchers, etarg interested in identifying
strategies and representations involved in individual cognition, coordination scientists are interested
in identifying the strategies and representations that groups of "agents"--people and computers--use
to coordinate their activities (Malone, 1988).

The centralquestion of computesupport for distributeatollaborative writing is "What are the
requirements for supporting distributedllaborative writingprocesses?" This questionrgdated
to the previous questions: In order to produce knowlettge is useful in designingcomputer
support,the description of strategies and representatm@esis to be sufficientlgdetailed that it
yields answers to a set of related questiohkese questionsiclude (a)Whatproblems do such
writers have and are thenays computers camitigate them?(b) Are thereways that computers
can augment the processes? (cf. Olson & Olson, 1991).

There are properties of th@ocess of writinghat makes it amteresting, though challenging,
application domain for coordination science. Writing is an open-edégidn process. Aesign
process is on#hatinvolvesthe creation of an artifact. Aspen-endediesign process is one in
which any existing specification®r the artifact leave manylesign decisions open, design
decisions that nevertheless mustni&de inorder tocreateit. Moreover,any specificationshat
might exist are ofteropen to interpretation, anthe more heterogeneous thmackground
knowledge and skills of members ¢ifie collaborative writinggroup, the more likely that
differences in interpretation will arise (Gabart®87). As aesult of thesgropertiesthere may
be situations in which members of the collaborative wrignmup do nohave sharettnowledge,
shared goals or criteria, ewen a shared representatiorhofv best tgproceed withthe task (cf.
Hewitt, 1986).



OUR RESEARCH STRATEGY
Our research strategy can be outlined by the following steps (Neuwirth and Kaufer, 1992):

* Identifying writers(e.g., novices, expertsand a writing tasKe.g., co-authoring). In
our research, whave not focused on collaborations in which co-authorsoarmenters
interact face-to-face, though systenthat support researchnto the issues such
collaborations raise are clearly valuable (McLaughklymes & Olson, 1992QIson etal.,
1992).

 Building a theory- and research-based model otahlk, with a focus oruser-centered
design (Gould, 1988). Understanding how writers function and hypothegiieisgurces

of their successes and failures\tal to building tools to supporivriters. The model
draws upon techniques, botiognitive andsocial, for building models of composing
processesbut focuses orproblemsthat writers--even experienced ones--have with the
task. This model informs the design of technology.

 Designing technology to alleviate these problems. This step involves building a theory of
theprima facieways computers can augmewtiters' performance of théask by drawing

upon a theory othe role of external representations and a theoriasK activity. The
technology represents a hypothesis abosoblation, perhaps partial solution, to some
needs or problems identified by the theory- and research-based modélav&v/embodied

our theories of distributed collaborative writing into a "work in preparation” (PREP) editor,
a multi-user environment teupport avariety of collaborativeand, in particular, co-
authoring and commenting relationships for scholarly communication.

» Studyingthe technology iruse, with the aim ofbuilding knowledgethat will help to
refine the model of the task and the design of the technology.

Thesestepsare interconnected and ofteecursive. For example, studyioge of our software
tools, the Comments program, in actual leseus to refineour model of thetask and to design a
new software tool, the PREP Editor (Neuwirth, et 8988;1990). Indeedgiven thatall writing
involves technologye.g., pen andpaper),the laststepcan be thought of as thgecond step
repeated. It is not necessary fioe steps to bearried out by the sangroup of researchers. A
study by a group oémpirical researchers observing a softwaoel in usemay be relevant to
researchers working ather steps, perhaps othe theory ofcomposing or orthe design of
software. For exampldhe work of Haasand Hayes (19861989a,b), which identified the
problems writers have of getting a "sense" of their texts when using word processors, added to our
theoretical understanding of the process of composing by identifying an additidupabcess, the
subprocess of readimgne's own writingand highlighting its importance. This ressiimulated
further research into the role of reading dunmgting, both inprint and hypertext environments,
and has been used by our research group to inform software design.

While it is not necessary, then, for the steps tadreed out by the sangroup of researchers, it
IS necessary, or at least desirable, that researchers understand the interconnectedness of the steps
order to increase the likelihood that results they produce at one step will be relevant to other steps.

THE PROCESS OF COLLABORATIVE WRITING

In thefollowing, we outline our model of collaborativevriting. In its major outlines, wehave
drawn heavily upon the process model of writing developed by Flower & Hayes (1981a; Hayes &
Flower, 1980). Although developedor single authors,the empirically-based model &lso a
useful starting poinfor characterizing the cognitiverocesses involved inollaborative writing
and, supplemented by observations abactiual collaborativevriting groups, inderiving design



requirements for computer support for those processeshe fallowing, we introduce the major
components--planning, drafting, and reviewing-toé model, discuss somienplications of the
model for design requirements, and provide examples of how our protitgpgpts to medhose
goals.

In order tomake generabbservations aboutollaborative writing concrete and to gain further
insight intohow to support groups, we observed groupsvigers working undethe following
conditions: (1) able to meet face-to-face, (2) able to work at the same time but not face-to-face, and
(3) neither able taneet at thesametime or place. The groups,consisting ofthree writers each,

were asked to write press release, respond to two lettensgd write a brief report otheir
activities! In thefollowing, we describePREP Editor's support focollaborative writing by
drawing upon observational data from one of these groups, the group thagithas able toneet

at the same time nor place.

Planning

Planning refers to processesganerating(1) criteriafor the text(e.g., the purpose ofthe text,
features the text needs in order to meet the needs of its audienge(2)ideasfor the content of
thetext, (3) plans for how t@rganize thatontent, and (4) plans fdrow to proceed with the
process of writingtself (e.g., deciding that particular people will write particulparts of the
document or do particular tasks such as review for technical accuracy or style).

When writerswork alone,they may not need tarticulate theconstraintshat they havemposed
and the goals they have set (though studies of experienced writers walddiegndicate that they
do, indeedyecordsomeof their plans). Not surprisingly, co-authoo$ten need tacommunicate
about plans in order to refine thelews ofthe goalsthat co-authors have generated and increase
the likelihood that they will generate compatible products.

From a coordination science perspective, co-authors (or co-authors and reviewerapnags a
producer/consumer relationship--that is, whatever is produced should be usHigeabivity that
receives it (Malone &rowston, 1994).This producer/consumer relationship applies not only to
the usability of the final drafior readersput also tathe usability of intermediatdrafts that co-
authors/reviewers exchange amotigemselves. Communication aboutplans, goals and
constraintamay improve usability bygaving co-authors and commenters from having to infer the
other's plans. Ibther co-authors understatite goal, they may be more likely to be able to
produce revisions tthe draft that are compatibleth the first author's goalsand the draft they
produce is more likely to be seen as useful by the other author. Or if another authdiffeasna
point of view, it may be more likely tosurface and beesolved. Of course, unnecessary
communication camlso be distractingeading to degradation iperformance. Research we are
currently conducting attempts telate such patterns ofommunication to measuresich as the
time to complete a project and the quality of the product.

When collaborativewriters are able to meeface-to-face, they camommunicate abouplans
relatively easily: Face-to-face communication bigth highly interactive (e.g., requests for
clarification can beinsweredmmediately)and expressivée.g., facial cues and gesturean also

be used to communicate). Even face-to-face communication, however, is not without its problems
and, interestingly, may be augmented by computer support (Olson et al., Ba82ritersseem

to experience more difficultie@hen working over distances. In a study of groups of writers

IWe studied thegroup's activities and interaction behavior lmpserving and videotapintheir
meetings asking subjects working alone to think-alolide group members were PhD students
in English.



working face-to-facevs. at adistance, for example, Galegher & Kraut (1994) repuat writers

working at adistance withtraditional computer-mediated communicatiwols (e.g., email and
conferencing tools) and phone needed to spend more time to achieve the same quality of result and
reported less satisfaction with their work and with other memberggroup than thosevorking
face-to-face. Two recent lines of research represent attempts to mitigate these problefirst, The
shared editors supplemented by audio (e.g., phone) and video links, allow wrgdensntanicate

at the same time over distances, supported by the ability to see an evolving draft. The PREP Editor
prototype can approximatgynchronouscommunicationthrough a set of parametetisat allow

writers to control how quickly replicated copies are transmittemthiers (Neuwirth, eal., 1994).

The second line of research focuses on writers working over distasygeshronously. Whave
extensive experience with our prototype for supporting the latter, antbedls on ways wéave

seen it used here.

A collaborative writinggroup canuse PREP Editor'solumn interface taliscussinitial design
decisions. Figure 1 showsdsplay in which one writer haermulated a set ofjuestionsabout
the writing project as ahole inthe leftmost column; theecond and thir@¢olumns, which are
linked to the first, depict responses from the other writévhile collaborativewriters canuse the
PREP Editor interface to discuss sumterall design decisions and we havbservedhemdoing
SO spontaneously, amportant outstanding research question remains whethemtéiface is
effective in facilitating such discussions. Some groups we blaservedcontinue touseemail to
conduct such discussions. Whether thisnsadter of adaptatioremains to beseen. The groups
we observed were nahown this possible use othe tool, though weare conducting an
observational study in which this use will be demonstrated.

Issue Kim Leslie
—: |ssue —: |55U8
Here arve some questions for wou. --John
|
What should the press release be about? It seerns to e that  © | think our job is '
the press needs to simply to report what
know that the mayor's seems already to be a
office iz considering decizion: o hire a
bids but not yet fleet of minibuses. |
forrally chosen ways= suppose that rmeans
to reorganize finezzing the
transportation for the drawbacks with the
handicapped. kind of defense that
Carrnody gawve the
rnayor. Or maybe not.
Look at the rationale |
wiote (| drafted fram
what Eim wrote),
I3 there a document we should wmork on first? | warked an the 1
Should wme pick what docwment w7 Trant 10 rationale but didn't
wriite or should we just pick each other's work on anything else.
brains about the task? The problem iz that |
don't have the info
that you do, nor the

Figure 1: Communication about initial design decisions in the PREP Editor.



Groups ofcollaborativewriters usingthe PREPEditor over distancessethe tool frequently and
spontaneously to communicate abplans, goalsand constraints in a wahat isgrounded in an
evolving draft. As anexample ofsuch communication, Figure d&epicts the draft of a letter,
together withthe author of thelraft's comments on thdraft, intendedfor the otherwriters and
explaining the goal of thparagraph. (Note alsdhe author indicating a judgement about the
completeness of, and confidence in, parts of the document).

Letter Leslie’s comments
—» Letter

opfon o adopT & WolUITeel HalESpoTt ServIce.
Hexxns decided to support the minihns service hecanze that I'm not sure this paragraph is
aption i3 the only customized transportation service that meets even worth keeping, but |
the special needs of the differentiallv abled. Although problems, thought it might just give a little
guch az thoze wou ontlined in sour letter, will hase 10 he more in-depth Fationale for
addressed as this new svatem i3 put into place , wre heliewe that proposing minibuzes. But I'm
many of theze problems can be anticipated and rezolved. not adverse to zapping this if it

just sounds Tike we're rehashing
the =ame info.

I am forwrarding & copw of sour letter o the city planning office
1 1+ 11 .

d =1 TIT ey s F3 1d:-n £ +F,

Figure 2: Communication about plans, goals and constraints in the PREP Editor.

Although there is a tendency to equate abeofwriting with producingthe content of the written
draft, studies show that experienced writgygcally engage in many acts of writirfg.g., jotting
down ideas, drawinghat bear no direct relation to the tgxbduct,but serve as inexpensive,
intermediate externakpresentations to remind writers thieir plans for audiencepurpose, and
procedure, as well as content (Flower & Hayes, 1989; Haas, 1990). When workignvihter
environments that do not suppdtte creation ofirrows, boxes, oother diagramsor displaying
conceptual relationships among ideas andstifgpression of detail, writers report frustration
(Bridwell-Bowles, et al., 1987) and important planning activitgustailed(Haas, 1989b).Thus,
observations of expert writers at work suggest that supporting the jotting, drawing and note-taking
that writers engage in as they wridee especially important in writing artdat cognitiveaspects
must be taken into accowvhen designinggomputersupport for co-authoring ancbmmenting
tools. There have been some attemptutoerstandhe task-specific activities(e.g., jotting,
drawing, writing, gesturingjhat occur in collaborativéasks in order to infornthe design of
specialized tools tsupport those tasks (Stefik,at, 1987; Tang & Leifer1988). But because
there is a tendency to equate thabstantive work of writing with avritten draft, mosttext
annotators support only communication about the working draft or outlines of a TnafPREP
Editor contains a drawing tool and the objects produced in the drawing can be annotated, but it has
not beenusedextensively tosupport planning byroups wehave observed. Anoutstanding
research question is to whattentthis may be do to the fact that tvery rough sketches and
private jottings that writers working alone produce are less "sharable" artifacts and extehait

is a deficiency in the¢ools tofacilitate suchinformal sketching. Aninteresting research approach
might be to providegools for graphically-based idegeneration, roughly corresponding to the
"network mode" in Smittet al!'s Writing Environment (1987), along with pen-based input.



Drafting

Drafting is the process of producing text. Studies of experienced writers indicate that they often set
new goals fothemselves as thayraft, thatis, they discover what it is they want &ay in the
process of saying it (Hayes & Flower, 1980). Agesult of this property ofwriting, a
collaborativewriter's knowledge of other participants and their actionay be uncertain or
changing. This has been confirmed by case studies of collaborative writers at work. For example,
Kaye (1993) observes:

Regardless othe level of detail in &pecification, more often thamot, the author'sideas only
become cleawhenthe extended draft is beingritten. As a result, colleagueserceptions of

what is being written (based on eaarlier draft) may not be amccurate reflection ofvhat any
individual team member is in faawriting. Riley (1984) refers to this ashe 'out-of-step’
phenomenon. Various informal tactics are used to minimize the likelihood of [integration] problems
arising, and this is obviously fairly straightforward whenlleaguesvork in adjacentoffices and

see each other regularly, both formally and informally, in between the meetings.

Any system to suppoxtollaborative writingneeds toaccept thatny plansmade in advance of
drafting do not control completelgrafting, indeedthat plans will not bemade completely in
advance of writing and must support communication about changes in @amgps using PREP
Editor use the interface to discuss evolving plans frequently.

A second property of drafting ithat the partially completedroduct plays an important role in
open-ended design process@he partially completed product becomes part of the task
environment and constrairtee subsequent course dfie design. Writers frequently re-read
portions ofthe text they haveroduced so far to provide constraints &mother segment déxt

that theywant to produce (Flower &layes,1981; Kaufer,Hayes, & Flower, 1986). From a
coordination science perspective, the draft itself Ishared resourcehat allwriters may benefit
from accessing, even if they have agreed to work on a particular part.

These two properties of drafting suggest that there will be situations in wdilaborativewriters

could benefit from havingarts ofthe document thabthers are working on available. This
observation must be tempered, however, by ndtiegneed to take thaide variability of writing

groups into account. Some writing groups want updates to drafts to be availaleldiately to all
members of the group. Other groups want information about changes deil/éak source has

been able to check thefar correctness andcommit” to them. For example, Newman and
Newman (1993) describe aasestudy of alarge group of writers working on aocument to
support budgetallocation decisions within their organizationDifferent departments had
responsibility for different parts dhe document, andhe outcome of the budget allocatimould

affect their respectivbudgets. In this casdepartments concealed eadafts from members of

other departments, so that the text would not be available to writers outside the department until the
political issueshad been thought through by writers inside department. Likewiseindividual

authors vary considerably in their styles of working (Posner & Baecker, 1992), with some authors
anxious to receive immediate feedback on even "half-baked" ideas, whereas other authors, as Kaye
(1993) observes, déheir writing in concentratedursts ofactivity prior to previouslyagreed
deadlines, and, in any case, may not wish to make their developing drafts public.”

These observatiormuggesthat asystem to suppoxtollaborativewriters should provide authors

with the ability to be flexible in makingarts of documents visible. Weave defined a set of
parameters of interaction for the networked version of our prototype, parameters that allow writers
flexibility in sharing partial results along the dimensions of who to share with, and what, when and
how quickly to share (Neuwirth, et al., 1994). Each user can setpghemeeters to defineis or

her own pattern of data exchange. For exangating parameterf®r data toflow automatically

at a grain size of a keystroke with fast transmission speed approxigyaieeronous



communication. On the other end, setting parameters for data to flow onlexymit request at
a grain size of the column models the situationwinich a co-author requests to dbe latest
version of anotheco-author. Bysetting these parameterserscan adjust the characteristics of
the information flow.

A good deal of thework hasbeen directed at mapping flexible socgabtocols ontopractical
communication protocols. Clearly,sbcial protocolsare to beflexible, data exchangprotocols
(within a system) and network protocols (across systems) must bells As far as the
flexibility of data exchangevithin a system is concerneBewan andChoudhary (1991have
arguedthat systems must bdéexible in their assumptions aboulata interaction. They have
proposed a set of system primitives that would allow usecalifarate theimssumptions about the
exchange of information (not simply data, but views, formats, and windows as well) tasénsr
in a flexible fashion. Our work builds on sometléir primitives by allowingor the incremental
vs. complete exchange of data, but extends itédaborative writingapplications. Futurevork
needs to extend this to sharing views and windows as well.

The fact that differentvriting situations require integration @synchronous andynchronous
styles of work has also been noted (Dourish & Belotti, 1992; Posner & Baecker, 199@y). &
Magnusson (1993) present a system to supporintgration ofwriters' asynchronous and
synchronous work strategie3heir model is similar to the one descrildeete, inthat it isbased
on working with copies of document rather than actuaiparing a document. It differs in that,
when a user opens a version ofl@cument that is currently being edited by anotissr, the
system attempts to make users aware of each other's activities by stiwvidifjerences between
two versions ofthe document. Other parameters of interactiggrain size, flow, etc.)are not
defined. The underlying model relies omystem knowledge ofhe hierarchical nature of
documentgsections, subsections, etc). In contrése, model described herequiresminimal
interpretation of the document structure per se (import/export algoritiasupport reading
documents produced in other word processors interpret paragraph breaks as chunks).

Up to this point, wehave onlydiscussed collaboratorgewing sections of documenthat are
beingworked on by others.There isreason to suppose, howevthat it canalso be useful for
collaborators to bable to changsections of documents beimgprked on by others. Because

texts have'texture,"thatis, coherence relationthroughout, achange in one section may require
changes in another. That is, although writers may decompose viniérdpcument intsubtasks,

the decomposition almoslwaysentails interdependencies amauptasks. While it is possible

for an author to suggest a change to an author of ars#hgon, it issometimes more efficient to
simply "do it.” In our model, co-authorgan choose toaccept anon-conflicting change
automatically or to receive notification of the change with final approval residing with the co-author
responsible for the section.

Reviewing

The process of reviewing consists of two subprocesseatuating texand revising text.Often
this evaluation and revieprocesdakes theform of comments orthe text. The problems with
commentsthatis, critical notes on textsarewell-known andlegion: writers don't understand
commentsthey think the comments reflecbnfused readings rath#ran problems in thetexts,
they are frustrated by perceivéatk of consistency in comments and contradictory comments
(Neuwirth, et al., 1988). The problems in author/commenter relationshijgzome even more
pressing if authorssolicit comments frommultiple readers. From aoordination science
perspectivethere is also a consumer/producer relationsghg must be managed ithe review
process. When collaborativevriters can meeface-to-face, this relationshigan be managed by
communication about theomments. For example, in abservational study of a group of
physicists working to produce an article over a periochohths,Blakesleg(1992) observedace-
to-face meetings in which memberstbé group discussed ardarified comments that they had



made ondrafts. This suggesthat computesupport for distributedollaborative writingshould
support discussion, not only about plans and drafts, but also about the comments themselves.

A second formthat evaluatiorand reviewtakes, atieast amongco-authors, isactually making
changes to parts of a documémtsomeone elshas written. Aprincipal difficulty co-authors
face is in coping with thosehangesgspecially understandinghy the othempersonmadethem.
For example, in a study @ightwriters' production of an insuranampany'stwo-page annual
report, Cross (1990) observétat eachwriter "omitted,added,highlight or modified" the text to
agree withhis or her preconception, witlmexplained changes causing "considerable frustration
for other writers and an undetected change causing a major problem (p. 193).

This suggestghat asystem to supportollaborative writingshould supporthe detection of
changes from one version to anotheong with supportingommunication abouhose changes
(e.g., annotating the changes with questions about the decision and explanations of changes).

With paper documents, even reviewers ofteaike"changes” incontent by marking up theraft.
This phenomenommay be due to thé&act that many significanproblems in textge.g., voice,
persuasivenesgnd organization), though easy for erperienced writer to detect, cannot be
easilydescribed. For such problemsyriting is often a more efficient strategy than trying to
describe the problem, and writers often choose this strategy when revising others' texts (Hayes, et
al., 1987). Some earlysystems to supportollaborative writing(Comments,Quilt) restricted
reviewers tothe role of attaching comments to thase document.While this increases the
usability of the commenters' activities from the point of view of the author, it seems to increase the
difficulty of the task for reviewers. In our observations of reviewers working tvehComments
prototype, writers irthe role of commenters often copied a region ofldhse document into a
commentingbox andproceeded to rewrite theopy. Writers who worked in thisfashion,
however,reported difficulties in revising because thewvisions were physically separated from
the larger body of text. More specifically, they reported needlisgrsse otthe whole text"even
when commenting on gart. One exasperated commentarent so far as to copy aentire
document into a comment box and to revise it from there. Whether a commexttier is modify
the base document or nehouldcertainly depend oiis or her rightfulrelationship(co-author,
commenter) to théext. Despite potentiaproblems,role specification is likely to be aseful
strategy formanaging some coordination problerosir design, however, allows new ways of
dealing with this interdependency by giving commenters the ability to rewrite his\oewaf the
text and supporting ways for authorsste the changes psoposed changes tbe original base
document.

Figure 3 depicts amterfacefor detecting changefsom one version of a draft to another in the
PREP Editor. The comparison interface produces its report in a new colummhevitiferences
linked to the original column for easy, side-by-side evaluation. To illustrate, Figure 3 depicts
columns: an originadratft, its revision, the comparison report and an evaluat@miumn. An
author can"push" particular revisions acrosshe link, as in InterNote (Catlin, Bush &
Yankelovich, 1989). The evaluation column in Figure 4 consists of annotatitims ¢comparison
report that a co-author produced in ordeexplain some othe changes or to solicit advice about
them. Animportant feature of the interface is the ability uers toannotate changes with
explanations of the change guestions to co-authorsOur group's experience with thigeature
suggeststhat reviewers will annotate changes selectively ander to drawtheir co-authors'
attention to changes they wantdiscuss or explain. Likewise,c@-author carask a reviewer to
explain achange. Our hypothesis ighat the ability to annotatehanges will greatlyalleviate
writers' frustrations with undetected and unexplained changes that Cross (1990) observed.
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Figure 3. Communicating about Changes in Drafts

We have experimented with heuristicgs automatically generatingomparisorreports,depending
on role relationships among writers. For exampl#hef annotated draft fsom a co-authorthen
display changes upon request; if from a revieween displayall changes automatically Apart
from generating the comparison before returningréwesion (whichwe, as co-authorgurrently

sometimes do), the revision’s author has little control over how the comparison might be done.

this information mightead to a more productivexchange, welan to experiment with adding
“comparison settings” information to revisiottsat would serve as hints frorthe co-author to
anyone who would generate a difference report.

THE PREP EDITOR PROTOTYPE

The PREP edito? prototype, thenembodies part obur theory ofcollaborativewriting. It
approaches requirementsr by supportingcommunication abouplans, constraints, drafts,
comments, etc. and by providing a flexible set of paramé&ieisteraction. Central to thePREP
editor is a focus on providing a usable, visual representation of the inforrtrettomnill allow new

2The prototyperuns on Macs and is available by anonymous ftp atenglish.hss.cmu.edu
/english.server/mac/prep-editor or ftp://english.hss.cmu.edu/english.server/mac/prep-editor/.

As
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kinds of ways ofmanaging interdependencies in open-ended detaghks, in addition to
supporting existing patterns.

The Interface

Much of our work has focused on the interface, specifically on the visual representation of the draft
and an optimized action grammar. For the visual representation, we have pursudta pathd

be called "dynamiaqglossing,” since wesupportannotation in a style similar told, glossed
scholarlytexts. While in some sense thimeans that we are mimicking the static annotation
process, warealso taking advantage tiie dynamic nature of the computeruse visual cues
such as shading and spatial relationship to show the interconnections among clioekgstem.

To create avisual systemthat will lend itself toproviding and accessing commeseiasily, the
visual grammar must be capable of suppontinigers' needs. Whavefound, forexample that
visual alignment of comments is a usdtaturefor allowing collaborators to semmments "at a
glance" (see Figure 1), but in a flexible systéine, general caseequires a constraint-based layout
algorithm that can handle arbitraghapes andcomplex interconnections among dynamically
selected items (Smolensky, et al., 1987). We have also work#te @ctiongrammar,optimizing
actions that aresed frequently. For example, ¢ceate a&comment, a writer need ongfick and
drag the mouse.

The cognitive needs of collaborative writers are too numerous to detail hertocWgg therefore,

on one: accessing comments. Most text annotation systems are based on a hypermedia model an
the primary method for accessing information in hypermedia systems is following link icons from
node tonode. Typically theuser brings a nodée.g., atext node) ontothe screen, reads its
contents and notes ariyks, then chooses to traverse somethé links. Suchlocalized link
following is adequate for browsing tasks but has been problematic for others (Halasz, 1987). For
example, we have found that co-authors and commenters want to visually scan a set of comments
quickly and resent théme required by thé'search analick" interface to call up eactomment,

inspect it and put it away. Some researchers have workadotothe navigational linkingystem

of hypermediasystems tomeet user's writing needs (Catlin, Bush &ankelovich, 1989;
Edwards,Levine & Kurland, 1986;Fish, et al.,1988; Neuwirth, et al1987), but the access
problem remains to baddressed.Our approach callior atailoring the program tonatchuser's
cognitive activities (Norman, 1986).

We have previouslanalyzed thelesign features of twelfth centugyossed bibles in Cavalier, et
al. (1991)and thematch to the cognitivereeds of commenters.The analysis suggests the
following requirements (see Figure 1):

» Theprimary text is easily distinguishableom the annotationtext. ~ This requirement
allows readers, who may not have seéher the original text or thennotations, t@rient

themselves to the textpiickly. In glossed bibles, thidistinction was usuallymade by
varying type size: the primary text is several points larger téynn theannotations. Of
course, other typographic signals such as color could also be used.

* The annotationsare visible "at a glance"” while reading the primarytext.  This
requirement minimizes the problems readers have in accessing annot&@tiossedbibles
were usuallythe result of calligraphic as well as scholarly effort; the annotations were
packed in an aesthetically pleasiiaghion onto a page, dbat all annotations, nanatter

how dense, are visible. As the corpus of annotaiimreased over timeahe bookswere
recopied with more spader annotations, preservinipe easy access by expanding the
leading between the lines in the primary text as needed to th&uxgsual alignment of all
annotations.
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* The relationship betweenthe primarytext and the annotations igasy tosee. This

requiremeninsuresthatreaders will beable tosee which annotations refer particular
portions of text. In glossed biblethe annotationsveretypically aligned horizontally to
the primarytext, so it is possible to scan frotime primary textacross tothe annotation
rapidly. Moreoverthe scope ofthe annotatiowas usuallyindicated by graphisymbols
in the primary text.

 Different contributorsare readily distinguishable.  This requirement aids readers in
interpreting annotations by different commentatoiidie different annotators ajlossed
bibles are easily distinguishable because each has his or her own column.

The result of all these features of glossed bibles wastbassto the annotationsias superior to
mostelectronic annotatiosystems. The reader could quicklgkim the set of annotations "at a
glance." Forthe scholar,the assignment of marginal "real estate” allovied quick and easy
annotation. Acomment could be made as quicklyrasving the pen to thadjacentmargin. In
addition, several scholars oftannotated a document side &ige, leading to an easy tllow
paralleldiscussiorthat was the synthesis of both sets of comments. We embodied these
features in the PREP Editor prototype.

Implementation

The PREP Editor utilizes an underlying node-link architecture. This sectiescribes those
mechanisms andiscusseshe featureghat underlying hypertext engines need to provide to
support annotations as they are implementd@REP. While the PREPEditor prototype restricts
itself to linear texts, the model employed can be applied those portions of aypertext
applications that provide design objects to support a linear layowddsfs andinks, for example,
GUIDE , the Rhetorical Space in SEPIA (Haake & Wilson, 1992).

To describe thd?REP architecture and interface, we wilise terms drawn fromthe Dexter
hypertext reference model (Halasz 8chwartz, 1990). The Dexter modedivides hypertext
functionality into three layersthe storage layerthe node/link network structurtiie runtime layer
-the mechanisms supportitige user'sinteraction withthe hypertext (including presentation); and
the within-componentayer--the content and structuvéithin nodes andinks. The fundamental
entity in the Dextestorage layer model is@mponentgither an atomicomponen{or node), a
link component(or link), or a composite componerr composite node) composed of other
components.

The Column: A Composite Component/Linear Presentation Pair

The PREPEditor defines acolumn to be a composite node consistingatdmic or composite
nodes with "path" links between them, forming the nodes into a connected gféugmodes of a
column are further constrained in that the "path” links, together with a traversal mechanism defined
for them, must allow the hypertext runtime layer to constrdictear ordering forthe nodes(i.e.,

to display thenodes linearly). The structure ofinks amongthe nodes does nabave to be
restricted to a directed-acyclgraph (DAG), butthe traversal mechanismust include a decision

rule for finitely terminating any cycles.

The Annotation Link: A Binary, Directional, Typed Link

"Annotationlinks" arebinary, directional, typed links from a source node to an annotatale.
The PREP Editor allows users tocreate annotatiodinks between columngi.e., composite
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nodes)y For example, in Figure 1, the two columns on the right are linked to the leftolosin.

Such links define a tree of linked columns (although a siRBEEPdocument cainold a forest of

these trees). Links between columns allow users to create annotations rapidsr: oaly has to
locatewhere in the primary text to make an annotation alick next to that location in the linked
column to make both a link and new ndd&his userinterfaceallows us toapproximate the ease

of paper-based annotating by proximal writing in a margin. However, PREP goes one step further
than a paper-based metaphothat PREPannotations remain aligned to theource even as the
source text is edited.

The Layout Algorithm

In most hypertext systems, a link, regardless of its type, is represertitedrimtime layer layout
as a line connectinggvo squares (in a graphew), or isrepresented by an icahat is given a
"follow it" interpretation when the user clicks @n Thelinks in the PREPapplication,however,

carry different implicationdor the runtime/presentatiolayer. Path linksbetweennodes in a
column result in a linear, scrollable displaytbé nodesthatlook like anordinary document in a
word processor. Annotation links between columns result in the linked columndiiecajed (by

default) anarrower display andmaller font; unlinkeadolumns, which usuallgontain a primary
text, are allocatedby default) a wider display and largemts. Annotationlinks betweennodes

result in the nodes being displayed in a side-by-side, horizontal alignment.

An object-oriented constraint-based layout algorithm is at the heart of determining and maintaining
side-by-side layout oAnnotations.Whenever aiser changethe screerthrough some operation

on a column or node--creatingiyoving, deleting, linkingadding to and so on--constraints from

the local objects on thecreerwhose display isffected by the change are placed igugue. A
constraint solver satisfiethe constraints; their satisfaction often leads to the propagation and
satisfaction of more constraints. The process of constraimtenancend propagation continues
cyclically until the display is no longer affected. The PREP editor requiresdynamic
communication between the within-component layer (the content and structure rvittés and

links) and the runtime-layer. In particuléine PREPeditor requirecomponentocation and size
information and size and location changeevents For example, aconstraint such as
AlignToptoToprequires the constraint solver to be able to query an object about its position on the
screen. This, in effect, results in queryintini about the location of the component at the other
end.

The Storage Model
The storage model presented to users is a database. Whereas a file system presents data in a file .

an uninterpreted byte sequence, a database encapsulates substantial information about the types ar
logical relationships ofdata itemsstored withinit. A database modedllows users toexploit

3When ausercreates anew column, if acolumn is selected, thethe new
column will be linked to the selectadlumn. If nocolumn is selected, the
new column will be unlinked. To linkwo existingcolumns, a useselects

the "from" column, chooses "Link" from a "Column" menu, and choose the
"to" column.

4f the useractually makes a selection in the primary texd clicks in the
linked column, then thesystem puts dink anchor aroundhe selection;
otherwise, the system puts a zero-lergtk anchor in the samine as the
primary text.
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knowledge ofthe datastored in it(e.g., chunks,linked columns, etc.) toachieve better
performance.

Information Transport Architecture

The abstractsystemarchitectureconsists ofthree logicalunits: asource, a filter,and the
receiver(s). In this system, a source agent consults the filter to determine what informagod to

to which receivers.The work hassignificant similarities withwork in information filtering (cf.

ACM Special Issue, 1992). The differences reside in the information source having human agency
and thus being able to offer information based on non-formalized models of receivers' interests and
states.

Information transport can be done in a varietyvalys. Wehave chosen temphasize scalability
and independence from details ofiadigenous network in oumplementation. We want the
system to support small user groups of two to four individuals, as it s past. But we also
want it to scale upward gracefully to much largesups acrossvide-areanetworks. A goal, for
example, is to have PREP support users of major national research and infone@tiorks. As

a result, we have chosen stochastic (rathean deterministicalgorithms, ofthe kind represented
in epidemic algorithms (Demeet. al., 1987), akvaving desirable properties of scalability and
independence from many of the details of an indigenous network.

The highly replicated model we are employing has significant implicatiwnsonsistency.lssues
of concurrency controlor advanced applicationsuch ascooperation and coordination are just
beginning to be studied (Barghoutilgaiser, 1991). Most work hasbeen done irthe context of
softwaredevelopment environments and someCAD systems. It is important, however, to
pursuedevelopment of protocolfor collaborative writing asvell, since theconsequences of
inconsistency are quite differeribr different domains(e.g., the object codeproduced by
compilation may benvalid, whereas a writemay be able to regaitonsistency by reversing the
effects of some operations explicitly). Thus, we belignatwriters may be willing to trade “high
availability” for “accuracy,” an issue wiatend to explore through providingsers with aset of
parameters that they control.

This strategy turns "consistency" from an accuracy isdoea performancésue. Anexample of

a systemthat implements a similar policy is tl@odafile system (Kistler & Satyanarayanan,
1991). Exceptfor a small number of filedhat must remainconsistent, Coda'strategy is to
provide the highesavailability at thebest performanceThe most recentcopy that is physically
accessible is always used to satisfy a file requ€stda’sview is thatinconsistency is tolerable if

it is rare, occurs only under conditions of failure, is always detected, and is allowegpagate

as little as possible. Kistler and Satya note that it isdla¢ive infrequency of simultaneous write-
sharing of files by multiple users in most file system environnmtbatsmakeghis aviable policy.
Unfortunately, the assumption of infrequent simultaneous write-sharing of files sometimes fails to
hold for collaborative writinggroups. Severalusersmay want to share parts of a document in
order to beable towork. For example, in a tightdeadline, one persomay beworking 5
paragraphs behind anothére first person draftindechnicaldetails,the second,adding support

from empirical research results. While this situation could be accommodated by implementing the
artifact as a largaumber elementsnplemented as smdiles, it is easy tamagine situations in

which this solution breaks down: for example, a person mibie drafting, discovethat he or

she needs to make a change to a part of the document currentlybekegl on by someonelse.

On the othehand, collaborative writinggroups spendarge parts oftheir time engaged irless
synchronousactivities. A fixed policy that penalizessuch groups toaccommodate the
simultaneous write-sharing case seems inappropriate.
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EMPIRICAL STUDIES

To examine thé’REPEditor prototype's support foroice modality, we undertook study with

two goals: to compare the nature and quantity of voice and written comments,esatlizte how
writers responded toomments produced isach modgNeuwirth, et al., 1994). Writers were
paired with reviewers whmade eithekeyboarded or spoken annotations from whiahwriters

revised. The study provideglirect evidence that the greaexpressivity ofthe voicemodality,

which previous research suggested benedigewers, produceannotationghat writers also find
usable. Interactions of modality witlthe type of annotatiosuggestspecific advantages aach
mode for enhancing the processes of review and revision. This study daddgreviouspicture

of the utility of the voice modalityfor supportingcollaborative writing activities. Theesults can
be summarized as follows:

1. The mode of productiokeyboardedvs. spoken)affected the type of problerthat
reviewerscommunicated: While all theeviewers inthe study producedmore comments on
problems of substance than any other typgroblem, reviewers itvoice mode werdikely to
produce more comments abquirpose andudience thameviewers in keyboard modeyhile
reviewers in keyboard mode were likely to produce more comments about substance.

It may be that the writtetext, whichmore readily permits review of whdias been written,
reflection uponit, andrevision,may facilitatecomments that involve complesxibstantivassues.

If production modalitydoesinfluence thetypes of problems communicated, then writing tools
offering both modesnay need to provide guidelinésr choosingthe most appropriate mode to
work in for encouraging evaluation at the appropriate level.

2. The mode of production affectédw reviewerscharacterizegbroblems. While reviewers
in both modalities produced abahe same number of annotatiomgerall, the number ofwords
per annotationwas far greater irspeech. Thiglifference can be accountéor, in part, by the
greater frequency afeasons and byhe greater number ofrords used tgoroduce mitigated
statements. A higher proportion thfe annotationproduced in voice containegasons why the
reviewers thought something was a problem and polite language that mitigated the problem.

3. The mode of production affectdebw writers perceived theirreviewers. Writers'
evaluations of their reviewers welikely to beless positive when reviewers produceutten
annotations than when they produced spoken.

4. The study failed to find an overall difference in reviewassessments of how responsive
writers were to annotations produced received in thetwo modalities. Future analyses are
planned to examinehether the nature of the annotations angers' perceptions of reviewers
interacted with responsiveness.

5. Despite theprevious research findindgeat spoken annotations woulikely be tedious to
listen to and more difficult tgprocess, writers usinghe PREP Editor interfacefor voice
annotations were generally favoraldisposed omeutral to voice annotatiorfer most types of
comments, except low-level mechanical ones.

In this study, authors chosleeir reviewers and reviewers were constrained to produce comments
in only one modality. More research is needethat varies both conditions of producing
annotations and the social relations between the writer and reviewdoaksd at annotation
interfaces for other sorts of documents (e.g., CAD drawings, blueprints, videos, etc.).
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CONCLUSION

Our approach has been to drawtba social and cognitive research literaturevitting and upon
our experience with prototype tools to identgpcial, cognitive andpracticalissuesthat we are
attempting to address with a formative-evaluation-based prototype.

If we believe that our tool allows writers to create new forms of interaction, we need to understand
the possibilitiedetter. What new kinds ofcoordination structures wikmerge? Ardghese new
structures desirable®hat isnecessary fothem towork well? We are conductingtudiesthat
charthow the prototype isused, aswvork-teamsmake progress throughealistic document co-
authoring and commenting tasks. This should help us come up with better descriptive ttegories
go beyond the normative theory that currently prevails.

McGrath (1990, p. 54) hasotedhow anincrease in the volume of information is related to a
decrease in the ability to contraind structureit. Similarly, collaborative technologiethat
increasingly relax théoundaries ofvho, where, whenand what information wilflow across a
group network is bound to increase uncertainty. We sewvoik assplit between increasing the
technological potential ofgroup interaction and harnessing thispotential to satisfactory
communicationoutcomes. Down this second branch, mpect tofind some technological
solutions, but many social ones as well. Cultures define hundreds of regulatory defacestin
face interaction to monitor socibBehavior. Weare still in the earliesstages of establishing
cultures for group exchange over networks.
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