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Abstract: People implicitly negotiate use of representationsindu learning, even in
distributed online settings, but due to the temibhprand spatially distributed nature of
interaction, special analytic tools are requiredihoover the development of representational
practices in such settings. In this paper we showlbgs of online activity can be analyzed to
recognize patterns in use of representations amv dhow negotiated representational
practices affect how learners collaborate and influence each other.
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Introduction

BULRU ZRUN KDV H[DPLQHG KRZ R/EWDWH%FWH$SU HA/OHPLVS X @ D R/
SDUWLFLSDQWVZ2ERWK L QIO X HSXFihisviis @hGheDcburse @R isely eolabdradiwy Hi@aE \
(Roschelle, 1996, Suthers & Hundhausen, 2003). dé®eptational practices (e.g., how inscriptions are
interpreted as representations, and role specializatith respect to construction and maintenanceéhese
representations) are implicitly negotiated through cycles of innovation, adoption and revisiash (Ran
Eneydy, 2006; Dwyer & Suthers; Shipman & McCall949Stahl, 2006). Although much of this research has
been undertaken in face-to-fafeRQWH[WV RXU G D W Dei}{ &AHTDRgBIan, R \Wesk) Shols 2
that this happens in online settings as well as face-to-face, and can everatakevelr extended periods of
asynchronous interactions. The practices and mbersegotiated have implications for learning, aythan
affect the extent to and ways in which learners coll@b&' H DQ G L Q1O X HigwsHHelhReK itRaM KeH U
difficult to see implicit negotiations and their a@guences when interaction is distributed over tintbacross
workspaces, as is common in media-rich asynchrormiismie learning. We have developed an abstract
transcript format, the contingency graph, and tdotsmanipulating this graph that are a first step towards a
toolkit for finding negotiated patterns of interiact and other relevant phenomena. A contingencgvipusly
WHUPHG 3GHSHQGHQF\" LV D Dbibhslaf@ viskly Edatisgbrit Mgdnmplis BoQons\dffieir
artifacts, for example, through media dependenadiepresentational similarity, and semantic overlap,
discussed in Suthers, Dwyer, Medina & Vatrapu (200A contingency graph provides the basis for wital
interpretation in terms of concepts such as argtaien, co-construction, transactivity, etc. Thip@areports
on how we used the contingency graph in conjunciith video screen capture data to identify meafuihg
episodes of activity that illustrate the negotiatf representational practices, and how thesetipeascled to
specific observed outcomes in a collaborative gnobsolving session.

Computer generated log files of user interactioratiaborative online environments are commonly
used as source data for analysis of collaborativerantion (e.g., Bruckman, 2006; De Wever et alQ620
Larusson & Alterman, in press; Martinez et al., 200’hese machine readable histories of softwaestsvare
amenable to computational methods for aggregategyching, filtering, or visualizing sequential data in
support of a range of analytical approaches (e.g., Aviv, 2003; Barcellini, €085; Hmelo-Silver, 2003,
Landauer, Foltz & Laham 1998; Sanderson & Fish®&94]}. In our developing work on uptake analysis

6 XWKHUV 6XWKHUV HWEB O®X expWrR conipttatigridl En@rurents for analyzing
collaboration from log files. In this paper we refpon analyses undertaken using a prototype visualiz¢ool
constructed by the first author, the Uptake Graph Utility (UGU). UGU is a collection of scripts packaged intc
VPDOO DSSOLFDWLRQ WKDW HRQ@WUYR @D W Q B/MHWUHD ADQLR Q PEHWUEZ B
application for diagramming and graphing. UGU akative analyst to control the visual rendering ofaph of
contingencies between logged events. Using UGUGandigraffle, the analyst can selectively filterraknts of
the graph from view, generate subgraphs, or isgkati&in structural or temporal properties of theadgigure 1
shows an example of a contingency graph and aogmodf the UGU interface. The full contingency graph
constructed from even dyadic sessions is very comiBaategies are needed to select relevant psrionl
make analytic interpretations. We used two pracficeanalytical exploration of a contingency graph.

6 HJ P H Q {erixhvuhkivg) is a way to shape the data into discrete partitions or episodes that provi
reference points for analysis (Jordan & Henderso85)1L%egmentation supports micro and macro analysis, a
the granularity and scale are adjusted accordingly. The present analysis begins with individual acts of m
manipulations and contingency relationships between them as the initial units of analysis, but then chu
subgraphs of contingencies into episodes of recabtezctivity on the part of the participants.
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Figure 1 Portion of initial contingency graph with UGU panel visible.

7U D Fik @@ act of identifying certain elements of ietdras reference points, and then moving
forward or backward along pathways in the graphrrawel the interaction context in which those eletae
were formed. The rationale for following a pathaiglytically motivated. At any given moment in {h®cess,
new elements uncovered may or may not warrant tfieititen of another data chunk, may inspire subsatqu
traces, may induce a closer examination of the data, or require establishment of new cesimmexiously
unidentified. The analytic strategy taken in thipgrafollows that of our previous work (Suthers let 2007a).
In that work, we looked at post-interaction essays composed individually by participants to determine what e
person concluded about the problem posed to theenth&h traced back from these acts of writing tghou
contingency relationships to identify interactionaigsences of expressive and perceptual acts thdd cou
potentially account for their conclusions. In the case study presented below, we trace interactional seque
back from actions of the participants at the enttheir interactive session rather than in their gssa

Case Study

The case study presented here illustrates a patténteraction between two individuals engagea in
joint-problem solving exercise while using a shanetivorked workspace environment. The data is difaem
a experimental study conducted for purposes repanteletail elsewhere (Suthers, Vatrapu, Medinaeph &
Dwyer, 2007b). Using informational materials wepded in the workspace, the two participants (Pd BR)
worked to identify possible causes of a diseasguam, ALS-PD (Amyotrophic Lateral Sclerosis-Parkimism
Dementia complex). The software used by these participants provided both threaded distussgji@phical
evidence mapping tools. The session took place tnvecourse of approximately two hours. Participants were
at different locations, and each pArLFLSD QW V Y LH Z réhimevt Kvbls vpiddded g HhQdftlvare
protocol that enforced asynchronous interaction by distributing ecéépavorkspace changes at intermittent
times during the interaction (participants were adbe to manually request updates by selectingfraste
button). The analysis undertaken here seeks touatdor ways in which participants both convergedi a
diverged in their interpretations of causes of ALS-PD, by tracing out sedquesttierns of representational
practices enacted within the workspace. The analysis highlights an evolving transformation of a colabora
representational practice. These practices and the artifacts left in their wake provide an explanation for
conceptual convergence and divergence in the csioclsi expressed by each participant.

Episode: Concluding Work

The analysis begins with an important referencetpoithe interaction, a sequence of activity in evhi
both participants express conclusions concerniegotissible causes of ALS-PD. This episode takes place in a
time span of approximately 10 minutes towards tit @ the session. The beginning of this episodediséated
E\ 3 V SURPSWLQJ IRU D FRQRQWJIHBR Qf Figure 2: @déXQeprésEnt\évents such as
SDUWLFLSDQWVYT DFWLRQV DHQ™E rbaldds YhidrenBadtHiSing @ tiscERiQn\Wdstshiee F L
the fact that P2 does not read the message (P2dfidhitiate further requests for workspace updatis
LQGLFDWHY 3 fV SODQV WR L QTHH isBeVitlenced QytaJshibaelyev BoGth&t pQposeX &
3ILQDO" FRQFOXVLRQ > @ HIrRRBRWPVWRIQB TRUPRWEIKGLQJ
coincidentally begins and is contblHQWO\ GHYHORSHG E\ 3 >KH @D MHN WLPFHU



(unread) request. The episode ending is negotiatexh w2 asks whether P1 is done [17919]. P1 reads and
UHVSRQGY E\ VWDWLQJ 3*RQH\ PDNH¥ WKH@DO®PHEUDWHQN EH
K\SRWKHVLVY QRGH > @

P1: Whats the conclusion. | think it P1: Final Hypothesis: The disease [P1: Done. |
is from the water on the island and kes a while to show. One can

the usage of the cycad seed for receive it early in life.Caused by

wounds and also the consumption of - early cycad seed treatments and =

bats. Itis similar to alzheimers 17028 usage. Drinking water is also a 1 @
disease. Get back at me. ~ _ [cause.. y

P1 Content

P2 Content

P1&P2
Discussion

: »
17064417073

P2: The disease Guam PD and ALS can be caused by the | | P2: The disease Guam PD and ALS can be caused by the ||P2: YOU
ingestion of cycad seed which contains many toxins and is | |ingestion of cycad seed which contains many toxins and is :ALMQST
used in the daily diet of many guamanians and as well as a | |used in the daily diet of many guamanians and as wellasa |DONE? |
medical topical. medical topical. Guam PD and ALS is a disease brought

upon The disease affects the neurological system, people

with the disease lose control of their muscles and become
rigid and paralyzed, while others lose their memories..

JLIXUMXEVHW RI FRQWLQJHQF\ JUD\S K NSKRALVGHGWE HE R RVGKF ©IX

JLIXUH VKRZV WKH FRQFHSWW H[® UHKMHG SE\VBOHW (BESKI
LQIRUPDWLRQ VKDUHG GXULQU WHVHELHF WU I R Ul ZQROWN GLHWARD RABKIRR
WUDFH WKLV EHFDXVH LQIRUPDWLRQ ZDV R WLLILQY DEOMD VO&/IHVUN U L E
XVDJH LV FLWHG LQ HDFK SHUVRQYV ILQDO FRQFOXVLRQ 7KLV
VSHFLILF K\SRWKHVHV EXW RQO\ FRQYHUJH RQ RQH *LYHQ W
FRQFHUQLQJ K\SRWKHVHV WRRMLBQD PH) ®XQUDLAW WK W UDPMWH @D ¥
LQWHUDFWLRQDO DFFRXQW RIXWEIN FBQVRUJZHQKHL RWREVFVEJIP
ZDWHU’ D VDOLHQW IDFWRU LQ ©HWZKLSRWK HB\RHNYV QRW ©DOW B GBWK
LQIRUPDWLRQ UHIHUHQFLQJ »VA\QWKRUH®WKUL @DV BWHYDRWLR
JHQHUDWHG WR DFFRXQW IR WK BV HVMH QW BIIEQEH WKK N 5 KNDROGDYHH.(
QXPHURXV JUDSK PDQLSXOD W LRRHEsesSItnOMR uséd t Hissist ifr DisnpretitgHheir
DFWLRQV 7KH FRQWLQJHQ F\QW® S\KK ¥ HYULYGHHR DB\WD V@ IDYGRIH HG H G

drinking neurological
water symptoms

daily diet
of
guamanians

bat
consumption

P1 P2
)LIXUHDSSLQJ RI FRQFHSWYV H[SUHVVHG E\ SDUW

7KH IROORZLQJ HSLVRGHYV D U® GHIHAWHMWEH® W R | UHSYULHG\HH DU
E\ WKH SDUWLFLSDQWY GXULQJ WKH VHTXHQWLDO XQIROGLQJ RI
ZDWHU" ILUVW EHFDXVH LW XQFRYHUHG D ODUJHU VFDOH SKHQR
WXUQHG RXW WR EH LPSRUWDQ@WXNQWKKHM ¥HTDXG @ RIQ WRH UH[ID@BIO H
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changes granularities, from tracing out relationsvben individual acts of media manipulations to tietes
between episodes of such manipulations and backn&gfained analysis of appropriation of graphical
resources.

Trace of conceptual divergence uncovers representat  ional practices and roles

2QH RI WKH FRQVLVWHQW FROROSWEXILQRUFENWIPEQW 3 IV W
RQH SRVVLEOH FDXVH IRU WXUdhGccolhkt D\tHis cahCepbtiivogH Ehe teratkotity
began by forming a query (input into UGU) in orderhighlight acts that reference that text strimgl ahe
contingencies between those acts. The graph relesleU HQFHV WR 3GULQNLQJ ZDWHU’
information provided to P1 in relation to aluminle D SRWHQWLDO FDXVH RI WKIBWL
invoked to capture acts that also referenced alumjrextending the trace. The resulting contingegraph is
summarized schematically in Figure 4. In two pattc instances P1 shares information with P2 rdl&tethe
contamination of drinking water by aluminum. E2F W V tiXsSid@mation by performing a series of moves
evidenced by clumps of move events in the graphsdlaets by P2 do not contain linguistic responsely; a
series of moves (drag and drop acts) in the grgplees This pattern is consistent throughout theaneimgy
portions of the session. The trace shown in Figuceuld indicate that P2 is moving nodes around in order to
see them, or to get them out of the way: draggimjdropping of graphical objects for these reasefrequent.
,Q WKLV FDVH KRZHYHU WKHYIYHVUHRBIGHY¥ &L NPHR YSHDRWV@ MAYQ L RUGSIHARH
record for these episodes.

Figure 4 Information sharing by P1 followed by systemagtiaph manipulations by P2 during the first hour of
the session.

The video shows that P2 is not randomly moving satteund, but performing a series of graph space
UHFRQILIXWRWIRIPWL]H LQIRUPDWLRQ KBHHYHRXNVROQ VKIMHUG 3G X
information, P2 moves nodes to create spatially distinct groups that provide cahckgineation. In addition
to this spatial organization, both participants @ditks between nodes within groups that furtharifyt their
inclusion in the group. (Their work will be illustrated in detail in the next section.)

Figure 5 illustrates this same trace at a higher level of abstraction, as a series of uptake relat
between episodic segments. Beginning at the lefshates information containing a reference to alumirin
water as a contaminant in the first two segmenis§BE3]. The third information-sharing event by Bdntains
WZR UHIHUHQFHV WKDW FRUUHODWH FCEOWKPR\) )RR H/@ G3 'Q+HX UWGRUWDHRKIH
sharing acts by P2 is shown as series of graphespamipulations [B2, B4, B5 & B7-10]. Intersubjeeti
XSWDNH LV LQGLFDWHG E\ 3 WKMLYKDOHW UL R LRPADRDIWRLR € BREHHW |
intrasubjective transformative acts on the pa®®fwho continually appropriates the relation-iatiing power
of the graphical nodes. The fact that there is very little related action on the part of P1 during these acts indic
WKDW 3 LV DFFRXQWDEOH IRU $RoEN/dh ThE FuQight W thedayrafR UrRdbsWijeR Q
acts again occur as the concluding work sep@W GLVFXVVHG DERYH LV LQLWLDWHG

Figure 5 High level view of uptake over the entire session

These grouping acts form a representational artiid®dKDW IRUHVKDGRZV HDFK SD
ZRUN 3 YV RUJDQLILQJ ZRU NrofpingsD akhbing otz R} for thE Dhidinsltich comitey



Figure 6 P2's screen, initial comfiiration. )L JXUR's screen, appropriation of
representational grouping practice.

aluminum: as an agent in metal intoxication andvager contaminant. One explanation for the divergence on
this concept is that the resulting visual organization provides a selection context from which each particig
performs his or her concluding work. The emergent representational artifact, the graph, faailithield
meanings for each participant to appropriate in conceptually convergent andediverys. P1 apparently
appropriates this representational scheme initetigcted by P2 with a slightly divergent interptieta

Episode: Appropriation of Representational Practice

‘H WXUQ QRZ WR D FORVHU ORNRKNHDW BSKY BQGDR I W WERQRS
Their practices converged partially in the handliglata about cycads as a potential disease ggeniding a
representational practices account of this concéptuavergence. The patterns represented in thengmmcy
graph provided frames of reference and direct posntvia timestamps, to relevant locations in tlieeirecord.
More significantly, this framing made the intertada between the two separate video streams sdiaznt
determining the emergence of a shared representational practice.

At the beginning of the session, P2 creates andnizgs data nodes into conceptual groups. These
groupings are specified through spatial proximitg ¢he use of links between nodes. Figure 6 iseesshot of
P2's screen after having constructed such an irgtiaph configuration. An important dimension of thes
grouping configurations is that topic-based nodespositioned as hubs to conceptually related médion
nodes. At the bottom left of the graph workspaeefaur nodes that were rendered on P2's screemnessila of
a recent update from P1. At this point we see two distinct representational practices that are expressed
inception of the interaction. P2 has made concémixganization a dominant method for representatititis
groupings show a less defined representational practice. Later, having receivéss afsapdates of P2's
RUJDQL]IDWLRQDO ZRUN 3 GRPRQWWSODMHNVLPBPIS S YIRKXWIHD W FREQ AQ
after she has created additional nodes and grainged into a visual configuration that resembles B2heme.

,Q DGGLWLRQ WR YLVXDO R W\BUREKY Bdptelr,@s P drients R&QredeS Wwivédaeal
conceptually labeled node. This node also represenexplicit expression of a hypothesis, /Diseassediby
aluminum/ which reveals P1's practice of articulatiypotheses through language (not adopted by P2).

$ FRQFXUUHQW DFWLYLW\ GXULIXIUWKHRABXKVURGHQGHSLPWARIK
the introduction of cycad information into the ghagpace. Following his own representational coneant?2
positions the label, /cycad info/, and three relatata nodes into an identical configuration asothers. Figure
9 shows a subsequent act on P1's machine wherensbduices a data node containing information about
/cycad/. (Time has elapsed, so P1's screen refleetengoing work of the two participants.) In thisitxt, a
/cycad/ related node is created and positioned in a somewhat arbitrary location with regard to the ongoing v
grouping. On receiving an update from P1 containing the cycad data, P2 readstdnts of the node, then
drags the node to a "member" position of the cycad conceptual grouping (circled in Figi2 th@gn follows
this repositioning with the creation of a link betmethe node and the /CYCAD INFO/ hub, further ezpireg
its group membership.

2-63



2-64

»Cycad seed noted with
large amounts of
cyanide gas, potentially
deadly chemical®

»CYQAD
INFOO
A —
7
Figure 8 P2 creates cycad representation. Figure 9 P1 creates a cycad data node.

-

Figure 10 P2 receives cycad data node from P1 (Fig. 9) and
repositions and links into cycad group (Fig. 8)

Subsequently, each participant brings "cycad usage" forward in distinct ways. P1 articulates cy
salience through a statement placed in a Hypothesis node, /Disease caused by cycad seed usage/ (Figure
side), while P2 posts a short "themed" node exprigs8lSES OF CYCAD/ (Figure 11, right side). Each
participant without knowledge of the other perforthese respective acts. They coincidentally indieatcad
usage at approximately the same time. In additiopdsting her hypothesis node, P1 integrates d the
/CYCAD INFO/ group configuration by creating founks to supporting data. P2 also groups and lirkks d
QRGHV WR WKHLU H[SUHVVLRQmuia#a @ppdpritiorkd 'd groyphglpvacice. P1 Bad
both begin wrapping up their work within five miestafter this episode and thus initiate the conotyeiork
episode presented above.



»USES OF
CYCADO

B

»Disease aused by
cycad seed usageO

Figure 11 P1 and P2 articulate new cycad groupings indegrathd

Conclusions

The above analysis provides an explanation of onecagp how the two participants converged and
did not converge on conclusions in a joint problewhving task. The goal was to explore an applicatbthe
uptake analysis framework, its representation andigray way of taking a detailed look at how inteiacs
through shared representations might account for particular instances of taahoegnvergence and
divergence. We uncovered a case of interactional negotiation of representational practices, implicitly propos
by one participant (P2) through demonstration, daken up by the other participant. This shared
representational practice was particularly apparetiteir handling of the question of cycad seesla potential
cause of the disease in question, a finding thabisistent with the fact that this was the one eamswhich
both participants agreed. In contrast, informatibow the role of drinking water in relation to alimemm was
distributed in the graph in a manner that seemsistamt with the lack of agreement on the importasfais
element and the fact that P2 received the bulk of evidence against the associated aluminum hypothesis.

The primary significance of this analysis is that negetl representational practices can be found in
asynchronous interactional settings, and can influence outcomes of a collaborative sessipheSurtiena
merit further study to understand how learningdscenplished (Koschmann et al., 2005). However, tdube
fact that interaction is not immediately salientaisiynchronous online settings, representations and tools that
make interaction patterns visible are needed. We beototyped one such tool, and propose to develdper
tools based on the contingency graph as an abstaadcript, transcending differences in log fibenhats and
the distribution of interaction across media. Toeatingency graph is an abstraction of what is tiukly
thought of as a transcript. Enabling its representation and its relational structure in a computatioesdiple
format promises to support sophisticated and sclaleminlytical practices. Segmentation and traciegt&o
such practices that are fundamental in working wetationally represented sequential data. It isugh cycles
of segmentation and tracing that one is able totis@apects of interaction under investigation. Gaeger in
LVRODWLQJ GDWD HOHPHQWYV IRQ WKER QW H LW XD R H] B W QR PUAHLIDER W |
contingencies at play in a given context. To ceulttis tendency, the video record was examinedadguln
practice, the visual distinction between selectad aon-selected acts can be leveraged within cyaofes
selective transformation. The Uptake Graph Utility was developed around these two ideas and provides
prototype for planned further development of relatls based on the contingency graph representati
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