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The resulting contingency graph was very complex, but it allowed us to examine
the patterns that produced convergence in the participant’s conclusions. We
discovered an interesting interactional pattern that goes beyond simple information
sharing. Figure 6 shows the portion of the contingency graph that evidenced this
pattern of uptake. The information that “aluminium is the third most abundant
element” and that this contradicts aluminium as a causal agent has been
successfully shared via the evidence map (media coordinations 27, 27a, 20, 19 and
20a). However, participants interacted again over 20 minutes later in the session
(7-7a-8-8a) to confirm their interpretation. By exposing this dual round trip
structure, the uptake analysis enabled us to hypothesize an interactional pattern—
which we call the “W”—in which information is first shared in one exchange, and
then agreement on a joint interpretation of this information is accomplished in a
second exchange. The analysis also helped us discover that participants
accomplished the confirmation by moving to a different interactional medium, the
threaded discussion—a result that is consistent with observations from other data
that participants use the linguistic medium when second-order discussion is
required (Suthers, 2006a).

DISCUSSION

The initial motivation for developing the contingency graph formalism was to
support our analysis of collaborative knowledge construction through computer
media. As this work progressed, we removed implicit assumptions about
synchronicity and availability of contributions from the notation. We also realized
that we could use the contingency graph as a boundary object between our different
analysis methods. For example, we used the contingency graph to create aggregate
statistics of interactions and their relationship to the media (Suthers, Vatrapu,
Medina, Joseph et al., 2007; Suthers et al., 2008), and to examine the sequential
structure of interaction (Suthers, Dwyer, Medina, & Vatrapu, 2007). The graph
allowed us to trace asynchronous interaction between pairs of participants back
from aspects of their essays that we wanted to explain. Our most recent analysis of
the data (Suthers, Vatrapu, Medina, & Dwyer, 2007) bridged statistical and
sequential approaches by algorithmically identifying instances of an interaction
pattern we refer to as a “round trip” and then applying statistical tests on their
frequency across experimental conditions.

We are often asked how long an analysis takes, and what tools we used. Time
estimates that are predictive of future work are not yet possible, because the
analyses reported in this chapter took place concurrently with extensive discussions
in which we developed the theoretical and practical basis for the framework. These
discussions took place over many months with multiple revisions of the analyses,
although subsequent analyses have been done in several days. Visualizations of
contingency graphs were constructed using general-purpose tools such as a
MySQL database, Excel™, Visio™, and Omnigraffle™. Software tools tailored to
this task will support more efficient analysis. A key factor in the type of analysis
tool we envision is the format of the source data. To date we have used software
logs containing important identifiers for users, time, media objects, and content in
constructing and working with contingency graphs. Constructing graphs from other
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forms of recorded interaction such as video of face to face interaction is possible to
the extent that aspects of the data can be tagged with respect to time, actors, media
objects, and content.

There are multiple benefits to the contingency graph as a transcript notation.
First, the notation is independent of the interaction medium and can be applied to
face-to-face and online interactions as well as interactions that take place in
multiple media. The use of generic media coordinations allows the inclusion of a
whole range of communicative actions, including perceptions and interactionally
constructed representational elements. The concept of contingency extends the
concepts of utterance and adjacency pair to online and asynchronous media and
accounts for cases where media coordination is the result of multiple, previous
media coordinations. Second, the notation can be used to document and interpret
the sequential structure of the interaction and can also be coded or searched to
provide data for statistical analyses. Third, the contingency graph adapts to the
density of the source data. High-fidelity data can be used to produce a dense graph
that can be subject to detailed analysis. On the other hand, sparse data will produce
a sparse graph but will still support limited analysis. Fourth, the graph data
structure is open-ended—additional data can always be added, although this does
imply that scepticism about the completeness of the graph should be maintained.
Fifth, grounding in explicit media coordinations allows analysis of correlations
between interaction patterns and the media affordances that shape them. Finally,
the formalism of the graph structure supports building tools to manage its
complexity and is amenable to algorithmic analysis and data mining techniques.
Further development of automated analysis and visualization tools will help realize
the value of the notation to practitioners as well as researchers in providing a
window on distributed interaction: the “pulse” of the online “classroom.”

A limitation of the framework is that, in focusing on observed interaction, it
does not explicitly acknowledge the cultural or historical situatedness of the
participants, or address identity and community, except where these constructs
might be recorded in terms of prior interaction. Many theoretical and practical
issues remain to be worked out. A pressing task is to extend the contingency graph
formalism to better incorporate composite media coordinations and the possible
ambiguity of contingencies. A complete explication of these two items is necessary
to extend the potential algorithmic support provided by the contingency graph
structure. The greatest practical need is to develop software tools to help construct
and use the contingency graph. The need for improved analysis tools is a recurring
theme (Sanderson & Fisher, 1994), and the size and density of the potential data
sets exacerbates this need. Alternative visual representations should be explored.
Although we display the contingency graphs as visual node-link graphs, one should
not conflate the abstract representation with its potential visualizations. For
example, contingency graphs can be used to generate both node-link displays of
uptake and CORDTRA-style representations of episodes of activity (chronological
representations of discourse and tool-related activity; Hmelo-Silver, 2003; see also
Hmelo-Silver, Chernobilsky, & Nagarajan, this volume). An important aspect of
evaluating this framework will be to determine how well it scales to the types of
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interactions and media that are of most interest, including larger groups across
longer time scales. Manual identification of media coordinations and contingencies
is time-consuming at present, but with improved automation it might be possible to
generate contingency graphs for larger online communities over the course of
months or even years. Finally, the value of this framework in supporting multiple
analytic traditions and producing “boundary objects” for research can only be
realized in collaboration with other laboratories undertaking analysis of
collaborative interaction.
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