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Abstract

This work is based on the premisethat the
interactionalconstructionof meaningis as important
in online settingsas it is face-to-faceespeciallyin
collaborative learning. Yet most studies of online
learning usequantitativemethodghat assignmeaning
to contributionsin isolation and aggregateover many
sessionspbscuringthe situatedproceduresby which
participants accomplish learning through the
affordanceof online media.Methodsfor studyingthe
interactional constructionof meaningare available,
but havelargely beendevelopedor brief episodesof
face-to-facedata, and needto be adaptedto online
learning where media resources,time scale, and
synchronicitydiffer. In order to resolvethis tradeoff,
we haveprototypedan abstracttranscript notation to
support sequentialand interactional analysis of
distributedand asynchronousnteractions.The paper
describes applications to data derived from
asynchronouénteractionof dyadsand small groups.

1. Introduction

Online learningis becomingincreasinglyprevalent
and importantin both formal and informal science
education[1], beingimplementedundera variety of
“blended” learning modelf20] and K-12 settings[21]
as well as strictly online models in university
education[19]. Online collaborativelearning brings
together social processes of learning and
representationaids for this learning, providing a
fertile areafor researchand developmentwvhile serving
an important application. An understandingpf how
participantsappropriateand are influenced by the
affordancesof the mediumis neededto adequately
inform the designof the learning experienceand the
resourceghat supportit. Becausdearningis largely
social[9, 36, 37], it is alsocritical to understandthe

entwinemenbf individual trajectoriesof participation
[33].
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Figure 1. Reply structure of a threaded
discussion

Most studiesof online learning assignmeaningto
contributionsin isolation,obscuringthe interactionally
constructedmeaning.Thesemethodsalso aggregate
over many sessions|osing the actual proceduresby
which participantsaccomplishlearning through the
affordances of online media [18]. Methods &udying
the interactionalconstructionof meaningare available
[12, 16], but have largely beendevelopedfor brief
episode®f face-to-facadata,andrequireadaptatiorto
online environmentswhere media resources time
scale,andsynchronicityall differ. Analysesthat are
too closelytied to mediarepresentationmay fail to
identify interactional sources of coherence.a®smple
example considerthe reply structurefrom a threaded
discussiorshownin figure 1. Thereappeardo be two
divergentlines of discussionbut an analysisto be
presentedn this papershowsthat this is not the case.
Additionally, sincemostresearchon online learningis
currently conductedin text-basedtools, we lack
methodsto study how richer representationsnight
mediateonline learning.The analytictradeoffbetween
scalability and fidelity must be resolvedin order to
inform the design of improved online learning
environmentsand activities that engageparticipants
moredeeplyin intersubjectivemeaning-makingluring
collaborativeinquiry. The immediateobjective of the



work reportedin this paperis to resolvethis tradeoff
by scalingup sequentialand interactionalanalysisto
distributed and asynchronousinteractions while
remaining groundeth participantsuseof media. The
long term objectiveis to obtaina deepunderstanding
of how learning is accomplishedin technology-
mediatedsettingsby analyzing computer-mediated
interactionsthat spanlong durationsof time and take
placein differentmediaamonggroupsof varioussizes.
As afirst step,we havedevelopedinabstracttranscript
notation, the “dependencygraph,” that provides a
media-independentoundation for analyzing how
participantsbuild on eachothers’ contributions.This
notation was initially prototyped for synchronous
computer-mediatedommunicatiofCMC) asreported
in [32]. The presentpaper reportson improvements
motivatedby applicationsto analysisof asynchronous
interactionof dyadsandsmallgroups.

The remainder othis paperbriefly introducessome
theoreticalassumptionsehind the work; motivates
and describeghe dependencygraphas the basis for
analysisof meaning-makingn online settings; and
providesexamplesof this analysisto two sourcesof
data(a laboratorystudyof asynchronouslynteracting
dyads,andanonline coursediscussion).

2. Learning and Meaning-Making

This work makesan importantassumptionconcerning
how learningtakesplacein social settings.Learningis
conceived of not merely the transfarinformation but
rather as an interactional processof change. This
conceptions compatiblewith theoriesof learningthat
identify socially embeddedndividuals[9, 36], social
systems[10] or communities[37] as the locus of
change.Although we focus on learning in social
settings, an interactionalview of learning is also
consistent with researan “individual” learning,such
asreading[4] andsolving physicsproblems[6]. The
changewe call “learning” need not be deliberately
sought:it is a resultof participants’attemptsto make
senseof a situation[8]. Meaning-makingas we will
call it in this paper,takes place at multiple levels:
solving a problem, maintaining interpersonal
relationships, and/or affirming identity in a
community[5]. We maintainthat to study learningin
socialsettingswe must necessarilystudy the practices
of intersubjective meaning-makinghow people in
groupsmakesenseof situationsandof eachother [33].
Meaningis interactionallyconstructedndsituated:the
meaningof a given contributionis bestunderstoodas
afunctionof its relationshipsto prior interactionsand
indexically with respectto the physical and social
context. (We use the term “contribution” in its
colloquial senseof actionsofferedto advancea joint
endeavor,specifically including actions in shared
mediathatexpressattitudesand attentionalorientation

as well as information. A discussionof how

asynchronousnteraction problematizescontribution
theory’s distinction between “utterance” and

“contribution” [7] is outsidethe scopeof this paper.)
Meaning-makingis mediatedby the physical and

socialenvironmentin diverseways [10, 15, 37]. As

designersof mediafor online learning,this mediation
gives us an avenuefor influencing meaning-making
and possibly learning through the socio-technical
affordances of the tools that we design [23].

3. Analysis of Online Learning

The properties obnline mediaposespecialchallenges
for analysis.This sectionconsidershow the major
analysisparadigmshandle the analysisof meaning-
makingthattakesplacevia online media,and offers an
alternative.

3.1 Quantitative Methodologies

Many empirical studiesof online learningfollow a
guantitativeparadigmin which contributions(such as
discussiompostings)are annotatedundersome coding
system(e.g., [25]) and then statistical methodsare
used to compare counts across groups to draw
conclusionsconcerningaggregate(average)group
behavior. Such methods are suitable for testing
hypothesesoncerningcertain types of differences
between groups, and indeed we have used thethifor
purposein our own work [34]. Yet, “coding and
counting” cannot capturethe in situ practicesof
intersubjectivemeaningmaking, and hencethe most
essentiapartof collaborativelearningis missed.There
aretwo basicproblems First, the meaningof an actis
assignedto it as an isolated unit, missing the
sequentiatonstructiorof this meaning.Second when
datais aggregatedpnelosesthe situatedmethodsby
which knowledgeconstructionis accomplishedn a
given situationand medium. Without observinghow
media affordancesare used in particular learning
accomplishmentgor how opportunitiesare lost), it
may be more difficult to generate design
recommendations.

3.2 Qualitative/Sequential Methodologies

Methodologies that find the meaning and
significance of each act in the context of prior
interaction are available,and include Conversation
Analysis [26], Interaction Analysis [16], Narrative
Analysis [13], and the family of analysis methods
loosely classifiedas“sequentialanalysis”[27]. Many
of these approaches (especially the first tited) draw
upon the ethnomethodologicahssertionthat order
emergesfrom the participants'interaction [11].
Typically, video or transcriptsof naturally occurring



interactionsare studiedto uncoverthe methodsby
which participantsmake themselvesaccountableo
each other and accomplishtheir objectives. For
examplesappliedto the analysisof learning,see[2,
17, 18, 24]. This paradigmis becomingincreasingly
importantin computersupportedcollaborativelearning
becausean approachthat focuseson accomplishment
throughactionis necessaryo truly understandhe role
of technology affordances [30].

Yet, thesemethodsalso have limitations, mostly
dueto assumptionsaboutthe interactionalproperties
of the mediathey study. Both ConversationAnalysis
and Interaction Analysis are concerneith face-to-face
interaction.Productionblocking and the ephemerality
of spokeninteractionsconstraincommunicationin
sucha mannerthatturns[26] and adjacencypairs [28]
areappropriateunits of analysisfor face-to-facedata.
Theseunits of analysisarenot as appropriatefor CMC
since most online media support simultaneous
production and persistenceof contributions.
Contributions may become available to other
participantsin unpredictableorders, may not be
immediatelyavailable,and becauseof the medium’s
persistence participants mayaaty time addressearlier
contributions[14]. Conceptuaktoherences decoupled
from temporaladjacency.lt follows that we cannot
simply focus analysison the relationshipsbetween
adjacent events. Nor can we tr&i#IC as a degenerate
form of face-to-faceinteraction(e.g., by seekingan
analogto adjacencypairs)sincepeopleadaptto these
mediaattributesand usethemto createnew forms of
interaction[3, 14].

Somemethodgie their analyticnotationsclosely to
datarepresentationthatmirror the mediawithin which
interaction takes plac&or example,analysismethods
basedon annotation of units (e.g., categorizing
utterancesor tagging video time points) will not
supportrelationalanalysis;and methodsthat rely on
fully linearized representatioref datawill not capture
theasynchonicityof CMC. The spatialdistribution of
contributionsacrossmediaor workspacesshould also
be considered. Weeekan alternativerepresentatiorof
the datathat abstractsfrom the particular media of
interactionwhile retaininglinks to the original data
format, supportinganalysisof and comparisonscross
heterogeneous media.

3.3 An Alternative Methodology

Basedon considerationgliscussedn the last two
sections, we sought an analytic structure that
maintainsthe sequentialand situational contextof
activity so that an accountof the interactional
constructionof meaningis possible,doesnot assume
that the medium of interaction has any particular
interactional properties (e.g., synchronicity,

availability of contributions, or persistence)but
recordsthesepropertieswheretheyexist

The properties of asynchronous onlimediarequire
a unit for analysisof interactionthat accommodates
relevancebetweennoncontiguouscontributions and
allows for tracking of availability as a prerequisiteto
awarenessand access.Additionally, this unit of
analysismust be applicableto the wide variety of
temporal,spatial,andsocialscalesof online activities.
Since collaborativelearningis only possible when
something is shared and transformed between
participantswe chosethe conceptof uptakefor this
unit of analysis.Uptakeis the eventof a participant
doing something with previously expressed
information, attitudesand attentional orientation or
otherreifications of prior participation[32]. Uptake
affirms andtransformsthe taken-upby interpretingit
ashavingcertainrelevancdor further participation.A
participantcantake up one’sown prior reifications as
well asthoseof others:by identifying both, analysts
can characterizethe mixture of intrasubjectiveand
intersubjectiveknowledge construction. Uptake is
similar to the “thematicconnections’df Resnick,et al.
[22], but allows for media as well as linguistic
relationshipsUptake must sometimesbe inferred. We
found it useful to separatethe relatively objective
evidence of participants’ media actions from the
analysts’identification of uptake. This led to the
development of the “dependency graph.”

3.3.1DependencyGraph

An actof uptakeis simultaneouslyhe expressiorof
a conception and the interpretation of prior
expressionsthe act of taking up and the conception
resulting from that act are mutually constitutive.
However,to help simplify the task of analysis,the
methodologyand its associateddata structure—the
dependencygraph—make a distinction between
evidence for the existenad a conception—represented
asa vertexin the graph—andthe dependencyf this
evidenceon the evidencefor the existenceof other
conceptions—represented arcs in the graph. We
speak of dependenciesbetween evidence for
conceptions rather than dependenciesbetween
conceptionsso that the first phaseof the analysiscan
proceedwithout having to identify the conceptions.
We leave identification of the dependencieof
conceptionson otherconceptiongo the next phaseof
interpretation(section3.3.2), and believethat at this
level the unity of conceptionsanduptakecanno longer
be avoided.

The dependency graph a directedacyclic graphin
which each vertexepresentgvidencefor the existence
of a conceptionand edges representdependencies
betweenthis evidenceand other vertices. It is a
hypergraph:a vertex can dependon multiple other



vertices. See [32] for further developmerfitthe graph-
theoretic definition that provides the basis for
computational support of the construction and
examination of dependency graphs.
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Figure 2. Schema for a dependency

A schema for a basic dependernisyshownin figure
2. The existencef conceptionge.g.,¢; and ¢; in
figure 2) are evidencedby media coordinations(e.g.,
mc, andmc; in figure 2). This definition is motivated
by an implication of the theory of distributed
cognition[15]. Accordingto Hutchins, a systemthat
consistsof one or more personsand artifactsrelieson
coordinations of conceptual and perceptual
representationddereinafterwe will userepresentation
to refer to perceptualrepresentationsin intentional
mediacoordinationimplies a conception.We include
any media manipulation for which a conceptual
counterparfs possiblejncluding not just creationand
editing of utterances,messagespor objectsin a
workspacebput also(for example)deliberateaccesgo
mediaobjects,groupingobjectsin space gesturesand
expressionsf attitudeandselectiveattention.

We call the verticesof the graphfixed points (e.g.,
fp1 andfp. in figure 2) becausehey are instancesof
analyticalstability in the continuousstreamof human
activity that provide “points of departure”for the
analysis.Fixed points are analytic entities that index
to the data, and are not to be understoodas
substitutingfor the dataitself. Fixed points (e.g., fp:
and fp) constituteclaimsthatconceptionge.g.,c¢; and
¢) existasevidencedby the indexeddata(e.g., ma
andmc,). They are not points in the data:they may
indexto arangeor regionof thedata.

The arcsof the dependencgraph(e.g., from fp, to
fp1) indicate dependencie®f fixed points on prior
fixed points that provide evidencefor potentialuptake
events.The fact that evidencefor one conceptionc,
depends on evidence for anotltenceptionc; suggests
that ¢, itself may dependon c,, i.e., that there is
uptake.Dependencesangefrom media dependencies
(e.g.,direct manipulationof or referenceto the media
representationmdexedby prior fixed points)to lexical
and conceptualdependenciege.g., re-expressiorof
ideas in language).

3.3.2Interpreting the DependencyGraph

A dependency graph isot a completeanalysis,but
ratheris anintermediatestructurethat can be thought

of as an abstracttranscriptthat indexesto the original
data. The analysis itself identifies sequencesof
dependenciedbetweenfixed points as (inverted)
sequences of uptakes, ainterpretsthe significanceof
the sequence and the natofethe uptakebasedon the
theoretical phenomena of interest, such as
argumentation, knowledge construction, or
intersubjective meaning-making. Because the
construction of evidenceand the analytic interpretation
are separated, the dependency graph can serveasssa
for comparisorandintegrationof multiple theoretical
interpretationsi.e., serveasaboundaryobject[31] for
the studyof collaboration.

4. Examples

In this sectionwe provide two examplesfrom
exploratory analyses conducteder the pastyear. The
first exampleis basedon datafrom dyadsinteracting
in a laboratory setting. This example illustrates
analysis of intersubjectivemeaning-makingin an
asynchronousontextwheredetaileddatais available.
The secondexampleis basedon serverlogs of
asynchronouthreadediscussionsn an online course.
This exampleillustrates how our method can be
adoptedto conventionalonline learning settings,and
theadvantage®f ananalysisthatis nottied too closely
to mediastructure.

4.1 Dyads in a Laboratory Setting

We developedour analytic methodologyusing
existingdatafrom a study that was designedto test
hypothesesiot directly relevantto the presentpaper
[35]. Participantsinteractedvia computersusing a
shared “evidencenapping” workspaceto identify the
causeof a diseaseon Guam (ALS-PD). Information
was distributed across participants such that
information sharingwas necessaryto refute weak
hypothesesnd constructa more complex hypothesis.
The protocol for propagating updates between
workspaceswas asynchronous[35]. Rich data
including serverlogs andvideo captureof the screens
are availableto us, so we are able to examinethe
interaction in great detail. Other data includes
individual essayghat participantswrote at the end of
the session.

Our analysis treatethe essaywriting as continuing
participation rather than as a single point of
measurement. Wsoughtto identify whetherand how
the constructionof the essayswas accountablgo the
prior session,and especially whether interaction
betweenparticipantsinfluencedthe essays.For each
sessionanalyzed,we beganwith the particiapnts’
essays and traced dependencies back intsegbgionto
identify uptaketrajectoriesthat may have influenced
the essays.Somesessionswere chosenfor analysis



becauseherewas convergencen the contentof the

essayandwe wantedto identify how this convergence
was achievedinteractionally. Other sessionswere

chosento examinea failure to convergeor to share
vital information. In both caseswe want to relate

significant instances of intersubjective uptakefailure

thereofto practicesof mediaappropriation.The first

examplepresentedelow is of the former type: both

participants(referredto as P1 and P2) mentioned
“duration of exposure”asa factorin their essaysand

the analysissoughtto identify how this convergence
was accomplished.

4.1.1 Relationship of the dependencygraph to the
data. In this sectionwe describetherelationshipof the
elements of a dependency graph to datayingon an
analysis we conducted fane session.We constructed
the dependencygraphin Microsoft Visio™ basedon
inspection of software log files and of video of
participants’ screens.The dependencygraph we
constructeds large (over 180 fixed points and 220
dependenciesind cannotbe presentedn print media.
A relevantsubgraphis shownin figure 3: many fixed
points and dependencieare omitted for simplicity.
P1’'s media actions and fixed points for P1's
conceptionsare on the top and P2’s actionsandfixed
pointsareon the bottom.In generaltime flows left to
right, but this being an asynchronoussetting we
cannot assumthat a contributionis availableas soon
asit is created nor canwe assumethat the clockson
eachclient were synchronized(they were not). The
verticallinesin eachparticipant’'shalf demarcatavhen
thelocal client updatedthat participant’'sworkspaceto
displaynewwork by the partner.

In figure 3, the roundedboxeswith text in them
summarizedataon which the presentegortion of the
graphis based,including media manipulationduring
the sessionand text written in the essay.The small
squareboxesrepresentfixed points, eachof which
claims the existenceof a conceptionevidencedby
media manipulations(such as editing the evidence
map) or accesgo the partner’scontribution (evidence
map objectsmust be openedto be read). The links
between media events afided points may be readas
evidentiallinks, showinghow observedcoordinations
of representations provide eviderice the existenceof
conceptionsfollowing [15].

Eachfixed point is assigneda numericalidentifier.
Sincethe fixed point representgoordinationbetween

the representation and a conceptibris most accurate
to discriminate betweenthe fixed point, the media
eventthat providesevidencefor the fixed point, and

the conceptionmplied by the coordinationrepresented
by the fixed point We will usethesespecificterms
whre they arevarranted but generallywe will usethe

numericidentifier as shorthandto referto the media
eventandthe conceptioraswell asthefixed point that

bindsthemtogether.

Arrows between the fixed points represent
dependenciegpotential uptake relations). Dotted
arrows representintrasubjectiveand solid arrows
represent intersubjective dependencies. An
intersubjectivedependencyis always evidencedby
perceptionof some media entity. The conception
evidencedy the perceptionis dependenbn but not
necessarily identical to the conception evidencethby
creation of the media entity. For example, the
conception claimed by fixed-poi0ais evidencedoy
accesgo the samemediaobjectthe creationof which
evidencedhe existenceof the conceptionclaimed by
fixed point 20. P1's conception(20a) upon reading
this note at 1:50:23 is dependenton but not
necessarilyidentical to P2's conception(20) when
creatingthis noteat 1:41:40.

Dependenciesan also be evidencedby editing
media objectsor by lexical similarity, and can be
further evidencedby temporaland spatial proximity.
For example, at 1:52:06, P1 added a comment
(expressingonceptiorl0) to the samenote objectthat
shehadjustreadat 1:50:23.(A noteobjectcan contain
a sequence of comments frdroth participants.)Since
the expressionof the conception10 could not have
takenplaceunlessthis mediaobjectexisted,we have
evidencethatconceptionl0 depend®n (andtherefore
takesup) conceptior0a. Thesameexampleillustrates
lexical andtemporalevidencefor a dependencyThe
mediacoordinationthat evidenceslO usesthe phrase
“environmentalffactors,”which is presentin the note
that was accessedat 1:50:23, providing further
evidencethat 10 is dependenbn 20a. Finally, the
media coordination eveniat evidencesonception10
takesplace 103 secondsafter the media coordination
event that evidencesconception 20a, providing
circumstantial evidencby temporalproximity that 10
depend®n 20a.
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Figure 3: Fragment of a dependency graph for asynchronous

4.1.2.Interpretation of the dependencygraph. In
this sectionwe walk throughthe graphof figure 3 to
trace out a simple example of the interactional
constructionof meaningwhile highlighting further
featuresof the graph.At 1:41:40,P2 createsa note
summarizingenvironmentafactorsas diseasecauses
(fixed-point 20). This note is not yet visible to P1.
Shortly after that in clock time but asynchronously
from the participants’perspectivesP1 createsa data
object(13) concerningthe minimum exposureto the
Guam environmentneededto acquire the disease.
Subsequently, a workspace refr¢&tb0:03) makesthe
note expressingconception20 availableto P1. Fixed-
point 20a representshe conceptionthat results from
P1's accessto this note at 1:50:23, and the
correspondingarrow to 20 representsevidence for
intersubjectiveuptake.Later at 1:52:06, P1 addsa
commentto the note object (10). We interpretthis as
an uptake of the conceptionsof 20a and 13, as
evidenced by the media-level facts Badiscussedn
the previous section and the incorporation of the
concept of “duration of exposure” froa8. Clearly, 10
is anintegrativecontribution.

Awarenessof representationaklementsis not
symmetricalin asynchronousnedia. At one point in
the interactionjust describedpoth 13 and 20 existed
but neither was availableto the other participant.

dyads

Analysis must account for the contentsof both
workspacesto addressthesekinds of issues.The
vertical line notation indicates when the media
manipulations of other participants become availéble
a given participant,but analysiscannotsimply rely on
the appearancef a mediaobjectin a workspaceThe
analysismustfind evidencethat a contribution was
actually accessed,which is why we need the
“perceptual” fixed points such as 20a. Notations
developed for face-to-face and synchronous
communicationoften assumea single context and
immediate availability of contributions. These are
reasonableassumptionsfor those media but
significantly limit those notations’ applicability to
asynchronous media.

Let us now examinehow information originally
availableonly to P1 (13) and P1's integrationof it
(10) becomeavailableto P2. Sometimeafter 13 was
expressed, a refregt:45:33) makesthe corresponding
dataobject availableto P2, who accesseét as 13a.
Subsequentlyfafter P2 doesother work not shown),
anotherrefresh(1:54:29)makes10 availableto P2,
soon accessedat 1:54:55 (10a). Since P2 has
considered botli 3a (“duration of exposure”)andP1’s
endorsementf the relevanceof duration of exposure
for environmentalfactors (10a), we view P2’s
inclusion of these conceptsas “the duration of



exposureo toxins” in heressay(e3)to be an uptakeof

both of theseconceptions.P1’'s essayportion (€48)
also evidences uptake of the environmefdators(20a
via 10). The“round trip” from 20 through20a, 10 and
backto 10a and e3 representsntersubjectivemeaning-
makingon a smallscale We cannotrule out that e3is

uptakeof only 13-13aand hencea one-waytransferof

information, but nor can we rule out that P1’'s
endorsement of the importance of ideain 10, taken
up in 10a,alsoinfluencedP2’s inclusion of this idea
in theessay!lt is plausiblethatbothwereafactor.

4.2 An Asynchronous Online Discussion

The laboratory setting provided far richer
instrumentationthan is typical in online learning
applications.In orderto explorehow our method can
be adoptedo conventionabnlinelearningsettings,we
analyzed server logs of asynchronousthreaded
discussionsin an online graduate course on
collaborativetechnologiesThe collaborativelearning
software(discourse.ics.hawaii.eddgevelopedin our
laboratory)recordsmessage-openingventsas well as
messagepostings,but there is no other record of
participants’ manipulations of the screen.

Figure 4 providesa fragmentof the dependency
graphwe constructedn one analysis.After readinga
paper on socio-constructivist,socio-cultural, and
sharedcognition theoriesof collaborativelearning, a
studentfacilitator suggestedhat studentswrite “grant
proposals’to evaluatdearningin the courseitself, and
discusshow their choiceof theory would affect how
they approachthe evaluation.The episodetook place
over5 days,indicatedin figure 4 by vertical lines for
midnight of eachday. The actual reply structureis
shown as thick grey arrows betweenthe postings
(rounded boxes). This reply structure is also
summarizedn figure 1, replicatedin the lower left of
figure 4. The episodeof figure 4 was chosenbecauset
illustrates conceptual integration across two
subthreadsandhencethe independencef conceptual
dependencieffom mediastructure.The small graph
lower left is sufficient for analysisof the threading
structure,but the main graph situatesthe threading
structure in a richer network of conceptual
dependencies and temporal relationships.

Steppingthroughthe graph, at 8 the instructor(P2)
hasposteda commentconcerninga prior contribution
that used the phrase“socio-cultural” but seemedto
expressa socio-cognitiveapproachlUnfortunately,the
assignmentmentioned“socio-constructivist” rather
than “socio-cognitive” and the student(P1) reading
this messagd8a) is confusedby the different name.
She raises questionsabout the distinction in two
separateeplies,7 and6. (Not shownin this simplified
graph is a sequence of messaggdsbetween7 and 6:
P1appearedo be searchingfor more information on

the topic.) The next day, P2 returns,sees7 (7a),
replieswith an explanationof “socio-cultural”in 5,
andthenstartsdownthe othersubthreadSeeing6 (6a)
the sourceof the confusionbecomesapparentand P2
replieswith a terminologicalclarification (4). Later
that day, P1 readshoth threads(5a, 4a) but replies
only to thesecondwith a“thank you” (3). On the third
day, P3readsthis entire exchangdan both threads(7b,
5b, 6b, 4b, 3a) and repliesto the last “thank you”
messagavith a meta-commenaboutthe confusion.

Participants'readingand posting strategiesas well
asthe defaultdisplay state and no-edit policy of the
medium affect whetherconversationsre split up or
reintegratedBy posting two separatereplies (rather
than editing her first reply—not allowed—or
respondingo that reply), P1 opensup the possibility
of a divergentdiscussionBy following a strategyof
reading and replying to each message ondiate, P2
continueghe split that P1 hasstarted.The discussion
tool alsoallowsoneto scroll througha single display
of all messageghat one has openedin a single
discussion.By following a strategy of reading all
messagedefore replying, P3 brings these separate
subthreads together. However, the reply structuthef
discussiortool doesnot allow this convergenceo be
expressedn the medium:P3 must reply to one of the
messagesso repliesto the last one sheread. Her
messagseemsddasareplyto the “thank you,” asit
is referringto “severalof our grantproposals.”In a
sequence of read®t shown, P3 had readthroughthe
grantproposalsaboutanhourbeforeposting?2.

The dependencygraph capturesaspectsof the
coherenceof the mediatedinteractionthat are not
apparent irthe interfaceitself (e.g., the threadedeply
structurein this example).Although some of this
coherence can be recovered throaghlysisof quoting
practiceq3], our analysisgoesfurther to include (for
example)lexical andtemporalevidencefor coherence,
evidencethat can also be partially automated.This
ability to identify trajectoriesthat are independenbf
yet influenced by media structuresis an important
strengthof the method.



