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n human-computer interaction, much of the

literature on designing and evaluating colo-

cated collaboration revolves around dedicated
technology in the form of touch-sensitive displays,
input devices, or software. Each of these has ad-
vantages for certain collaboration environments
and situations. Adapting an application to colo-
cated collaboration might appear to require using
specialized hardware and reimplementing the ap-
plication, for example, to

CoCoNutTrix extends the
NodeTrix social-network-
analysis tool to enable
multiuser interaction in
collaborative environments. A
user study veri es the low-cost
retro ttings effectiveness and
highlights implications for

practitioners.
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scale to specific presentation
spaces such as large high-
resolution wall or tabletop
displays,

employ head-mounted displays
or CAVEs (Cave Automatic Vir-
tual Environments), or

react to other forms of input
such as direct touch, gloves,
or pens.

Combining these approaches taking large infor-
mation visualization and analysis systems and re-
implementing them to fully incorporate our current
understanding of computer-supported cooperative
work (CSCW) is exhausting, time-consuming,
and expensive.

We are exploring how to create collaborative in-
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formation analysis environments cost-effectively
in terms of the required hardware and time. We
are motivated by the potential bene ts of colo-
cated collaboration around data. Sharing a single
information display might enable new types of
interaction between analysts and enrich existing
collaborations. Colleagues can discuss and ne-
gotiate data interpretations during collaboration
rather than after, they can share expertise and
data analysis skills, and peer learning and peer
teaching are encouraged.

To create a low-cost collaborative environment,
you could use multiple off-the-shelf projectors
simply pointed at a blank wall to create a large dis-
play, coupled with technical solutions that replace
single mouse or keyboard input streams with mul-
tiple input devices (for example, Jinput; https://
jinput.dev.java.net), as Figure 1 shows. However, it
is not clear to what extent such a simple approach
supports collaborative information analysis, what
the requirements and challenges are in practice, or
whether a low-cost collaborative environment will
support the representations and tasks typically in-
volved in information analysis.

As a rst step to answering these questions, we
retro tted a version of NodeTrix,! a single-user
graph visualization environment based on the
InfoVis toolkit, to support multiple independent
mice. We call the resulting low-cost environment
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Figure 1. A
low-cost setup
for colocated
collaborative
data analysis

Visualization using four
projection mice, two
projectors,
and a wall for
projection.

Our goal was
to determine
whether

such a setup
could support
effective
collaboration.

CoCoNutTrix (Colocated Collaborative NodeTrix).
Then, we assessed how analysts viewed CoCoNut-
Trix and whether it effectively supported collab-
orative data analysis among domain experts using
real data sets for social-network analysis. Our goal
is to re ne and expand our knowledge about retro-

tting and hence designing colocated collaborative-
visualization systems.

From NodeTrix to CoCoNutTrix

NodeTrix combines a node-link representation
and an adjacency matrix-based representation of
a social network in a single view.! Analysts can
view all data entities as nodes and all internode
relationships as links. Or, they can view all data
entities as labels in matrix rows and columns and
their relationships as the matrix cells. Most impor-
tant, they can combine the two representations,
with part of the data presented in either node-link
or matrix form. Analysts can interactively control
whether a particular entity in the data appears in
either of these representations. For instance, they
can group node-link data entities to form a ma-
trix or can select a data entity and drag it into
or out of any given matrix. This hybrid visualiza-
tion offers the bene ts of both representations and
is conducive to visual data exploration. Figure 2
shows a visualization that displays each research
lab in a computer science department as a matrix
and connects the matrices by links representing co-
authorship relations.

Why We Chose NodeTrix
To explore retro tting for collaborative informa-

tion visualization, we wanted to begin with a tool
that seemed a promising candidate in its existing
state. So, we rst looked at the published consid-
erations for information visualization design for
colocated collaboration.?

Using these design considerations from the lit-
erature, we found a promising candidate in Node-
Trix, which supports

Free categorization of items. Analysts can group
nodes into a matrix using a lasso gesture and
can dissolve a matrix with a single click. They
can add or remove matrix nodes with drag-and-
drop. So, work on a given item can be done in-
dependently from work on others. This could
support concurrent work.

Free workspace organization. Analysts can freely
reposition data items. This lets them work on
the task in different areas of the display.
Individual viewing preferences. By making lo-
cal changes in the representation, analysts can
adapt parts of it to their own preferences.

Fluid interaction. The number of changes of input
modality, the manipulation of interface widgets,
and dialogs are minimized, which can improve
coordination of activities in a group.

Focus on mouse interaction. Analysts use the
mouse to perform almost all actions, which
makes NodeTrix open to retro tting for multiple
inputs. Only three tasks require a keyboard: typ-
ing labels, triggering redo or undo, and activat-
ing a graph re-layout.

Minimal global changes. NodeTrix includes only
two main choices for global changes (undo/redo
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Figure 2. A NodeTrix visualization integrating node-link and matrix visualizations. This image shows the coauthorship network of

a university computer science department, in which research labs have been grouped into matrices.
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and graph re-layout). This reduces the likelihood
of accidental changes that affect all users, thus
potentially leading to less interruption of the
group work.

In addition, several practical aspects made Node-
Trix a good candidate for our work. Experts have
used it successfully for social-network analysis,
and it has proven useful in single-user work.! We
also had access to the underlying source code and
could make necessary adjustments to introduce
concurrent inputs.

However, NodeTrix does not speci cally support
some of the design considerations from the lit-
erature. It does not support communicating nd-
ings or discoveries, solving interaction con icts,
preserving a graphical history, or maintaining
individuals awareness of each other s efforts. So,
although NodeTrix presents a promising starting
point, it is not clear whether it will help group
members collaborate effectively.
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So, for our observational study, we were inter-
ested in ve questions. Does our software enable
communication between analysts? Do interaction
con icts occur that hinder collaboration? Can
group members stay aware of each others work?
Are group insights achieved? What is the quali-
tative collaborative-analysis experience, and what
does it reveal about the system?

Implementation Details

When developing CoCoNutTrix, we kept our re-
implementation choices to a minimum. Whenever
possible, we left things as they were, because we
aimed to study whether a minimal retro t would
accrue collaboration bene ts.

General collaboration support. One challenge in re-
designing software for collaboration is to minimize
global changes to avoid interrupting group work.
Yet many information visualization systems, in-
cluding NodeTrix, offer numerous parameters for
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