
pattern for describing visualization applications (Figure 1). The 
model decomposes the visualization process into data acquisition 
and representation, visual encoding of data, and display and 
interaction. Each phase of this model provides an entry point for 
collaborative activity. Contributions involving data include 
uploading data sets, cleaning or reformatting data, moderating 
contributed data (e.g., to safeguard copyright or privacy 
concerns), and affixing metadata (e.g., providing keyword tags). 
Additional contributions of varying granularity lie in the 
application of visual encodings. Examples include matching data 
sets with existing visualization components, editing visual 
mappings to form more effective visualizations, and authoring 
visualization software components. Both Many Eyes [33] and 
Swivel [46] enable contribution of data sets and visual mappings. 
The primary focus of this paper, however, is at the level of 
interaction, where we consider how collaborative visual analysis 
and exploration can effectively be conducted. 

2.2 THE SENSEMAKING MODEL 
To better understand analytic contributions, we consult the 
sensemaking model [9, 39], which grounds the use of information 
visualization in a theory of how people search for, organize, and 
create new knowledge from source information. Social issues 
accrue at each phase of the model: how do people communicate, 
how do they judge others’ contributions, how are groups formed, 
and what motivates contributions? Each of these issues is 
addressed in subsequent sections. As indicated by the numerous 
interconnections in Figure 3, the sensemaking process has a much 
higher degree of coupling than the information visualization 
reference model, carrying implications for the granularity and 
integration of contributions. 

Intelligence analysis provides examples of both cooperative and 
competitive models of work [47]. In cooperative scenarios, 
modules may be of fine granularity and pooled such that 
collaborators can immediately benefit from the work of others. 
Examples include identifying relevant information sources, 
connections between sources, and positing hypotheses. Such work 
may involve tightly coupled collaboration, requiring awareness 
and communication among participants. In competitive scenarios, 
modules are larger and work is not integrated until a later stage of 
sensemaking, such as detailed, evidence-backed hypotheses or 
recommended actions. While lacking the benefits of resource 
pooling, this approach encourages individual assessment and can 
reduce groupthink bias. Accordingly, it may benefit collaborative 
visualization systems to support both fine-grained and coarse-
grained work parallelization. 

If adopting a competitive model, the main concern is with 
integrating the end results of the sensemaking process. How can 
analytic conclusions or suggested actions be presented, compared, 
and evaluated? This gives rise to a consensus and decision making 
problem of its own, an issue discussed later. If cooperative models 
are used, either across all collaborators or within teams, we should 
consider social issues affecting each phase of sensemaking. 
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The first such phase is information foraging [36]. Given the 
underlying metaphor of foraging for food, an activity often 
performed by social packs of animals, social information foraging 
[35] seems a natural extension. This argues for collaborators to 
pool findings, such as discovery of relevant information, and to 
support notification updates and information retrieval. Challenges 
include formalizing contributions, such as identifying trends or 
outliers of interest and positing explanatory hypotheses, and 
providing retrieval mechanisms by which others can access them. 
Additional possibilities lie in analyzing and displaying activity 
traces to facilitate social navigation [20], metaphorically similar to 
the scent trails left by ants foraging for food. In this form, general 
usage itself can be treated as an implicit module of work, a 
possibility discussed further in section 3.2. 
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The next phases of sensemaking concern the construction and 
population of information schemata. This could be conducted in a 
general form by enabling discussion amongst collaborators. One 
challenge is to synthesize the results of discussion into more 
accessible forms, such as summaries of arguments and evidence. 
The cost structure of these tasks could be further reduced, and the 
integration of contributions facilitated by, providing additional 
shared artifacts or external representations [53] for structuring 
group work. For example, the analytic sandbox of [51] provides a 
visual environment for spatially organizing hypotheses and 
positive and negative evidence, while [3] describes a system for 
collaborative use of analytic evidence matrices. 
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The final phases of sensemaking involve problem-solving and 
action. This may or may not take place within the collaborative 
analysis environment. Findings gained from analysis may serve as 
input to collaboration in other media, suggesting the need to both 
facilitate external access to the contents of the visual analysis 
environment and extracting content for use in other systems. If 
problem-solving and decision making are conducted within the 
system, aforementioned issues regarding communication, 
discussion, and consensus must be addressed. 

3 COMMON GROUND AND AWARENESS 
Inspired by linguistics, social psychologists have investigated 
fundamental prerequisites for successful communication. Clark 
and Brennan describe the concept of common ground [15], the 
shared understanding between conversational participants 
enabling communication. Through shared experience and 
discussion, people constantly monitor their mutual understanding. 
For example, facial expressions, body language, and backchannel 
utterances such as “uh-huh” and “hmm?” provide grounding cues 
of  a  participant’s  current  level  of  understanding.  Both  positive 
evidence of convergence of understanding and negative evidence 
of misunderstanding are used to establish common ground. 

Interestingly, an imperfect shared understanding is often 
sufficient. The principle of least collaborative effort states that 
conversational participants will exert just enough effort to achieve 

 
Figure 3. The Sensemaking Cycle. "he diagram depicts the 
various phases and loops of the sensemaking process, annotated 
with common tasks. "he image is taken from Card et al :;<. 


