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Fig. 5. The analysts selected one run from each of the Dominant Identities present in the two clusters to see how the following attributes differ
in each run: (a) Lobby, (b) Protest, and (c) Attack. Note that there are significant differences between the two clusters for the Lobby and Protest
attributes, but not the Attack attribute.

(a) (b) (c)

Fig. 6. Analysts hypothesized that one important distinction between the two clusters is that runs in the Buddhist/Thai Ethnic clustering exhibit
high levels of legal lobbying and low levels of protest, whereas runs in the Red Shirts/Yellow Shirts clustering exhibit the opposite. To confirm their
hypothesis, our collaborators selected ten runs from each cluster and observed similar patterns for each attribute: (a) Lobby, (b) Protest and (c)
Attack.

(a) (b)

Fig. 8. To understand spikes in Attack occur in a pair of outlier runs, analysts examine the DPH View of the time steps immediately preceding the
increase in attacks. In this view, they observe a pattern: in the two time steps immediately before the attacks, there is a movement in the DPH level
of the Thai Ethnic identity from the Regime Level (a) to the System Level (b). Additionally, there is also a shift in the Isan group, bringing them from
the System Level (a) up to the Incumbent Level (b). From this, the analysts conclude that, for this run, the very high levels of violent attacks are
likely to be the result of the alienation of the Thai Ethnic group whenever the Red Shirts align themselves closely with the minority Isan ethnicity.

6 EXPERT EVALUATION

In this section, we report the feedback from evaluations conducted
with expert analysts in political science. We first introduced the an-
alysts to the design and utilities of each system, and to the various
visualizations supported in each tool. We then invited these analysts
to use these systems in their analytical tasks over the course of a few
days. As indicated by their detailed comments below, our analysts
agreed that these systems were a highly useful tool that provided an
analytical capacity that exceeds all their existing tools, and that they
are robust and efficient enough to support a broader range of analyses
than were previously possible.

6.1 MDSVis

Expert analysis revealed that MDSVis was overwhelmingly useful for
comparing runs according to their similarity across multiple data di-
mensions. One analyst reported that “[t]his is the first time we’ve re-
ally been able to group runs according to multidimensional similarity.
Until this point we didn’t even really have a rudimentary strategy... and
even univariate similarity comparisons relied on comparing [a] large
number of time-series or comparing means.” MDSVis has broadened
the range of possibilities for analysis by providing a straightforward
mechanism for performing multivariate clustering on complex data, as
well as greatly reducing the computation time for performing tradi-
tional comparisons.

The analysts also reported that the barrier to entry to their analytical



Fig. 7. To analyze unlikely, yet high impact outcomes, the analysts fo-
cused their attention on outliers. Comparing two of these outliers to
more characteristic runs, analysts then used the Temporal View to ex-
plore the Attack attribute. In the characteristic runs, note that there is
little difference between the level of the Attack attribute for the runs, but
the outlier runs show several spikes of very high level of Attack

process would be greatly reduced by using MDSViz. They report that
while identifying and grouping similar runs and then drilling down
into the data to determine what makes those runs unique was possible
“based on a high level of familiarity with the model... the process
was often opaque.” By using MDSVis to identify groups of similar
runs and then utilizing the Parallel Coordinates and Time Series views
to examine the details of the simulation runs, “a new user is able to
explore a data set and find interesting relationships or an experienced
user can more quickly understand a new data set.”

During the evaluation, the experts also identified a few shortcom-
ings of the existing system. In particular, they noted that while
MDSVis is a powerful tool for analysis, it is not particularly well-
suited to presentation due to the challenges in comparing across multi-
variate space. They also noted that while they found it useful to be able
to alter their distance function by using the control panel to modify
the variable weights, computation speed can be problematic. One fi-
nal drawback of the multidimensional component of MDSVis that the
analysts identified is that patterns across many dimensions can tend
to cancel each other out. They suggested that in some cases, patterns
among fewer variables might be more intuitive and show stronger rela-
tionships whereas in a data set where relationships are generally weak,
this technique might help illuminate less obvious patterns.

6.2 SocialVis
Analysts agreed that SocialVis provided them with a much more ef-
ficient framework for exploring individual trajectories and different
variables. One expert stated that to accomplish this task without previ-
ously they would “have to open the model in PS-I and watch the partic-
ular trajectory run or use off-the-shelf software (e.g. Excel, STATA).”
The SocialVis system enabled analysts to straightforwardly access and
visualize many of the variables at work in their model.

Another analyst noted that “one of the great advantages of So-
cialVis is its speed, which allows a user to analyze the configuration
of a landscape over an entire run very quickly without having to
flip back and forth between a series of images. Some of the views,
like the sequential DPH visualization were not available to us at all;
[before SocialVis] we only had the ability to generate the visualization

from individual time steps, which is a very time-intensive process.”
The only drawbacks to the SocialVis system that were noted by the
analysts were that not all variables and attributes within the model
were available to be viewed, such as the rules and functions operating
within the model.

Overall, the analysts reported that our systems are invaluable tools
that met all of the design considerations that we had collectively identi-
fied at the onset of our partnership. They indicated that in many cases,
both MDSVis and SociaVis would significantly streamline their ana-
lytical processes and support them in identifying interesting patterns
and exploring how different factors influence political systems.

7 DISCUSSION AND FUTURE WORK

In this section, we discuss the current limitations of our system and
identify areas for future research.

7.1 Identifying Appropriate Distance Functions
In our current implementation, we use Euclidean distance as a proof-
of-concept distance function. However, in this distance measure, the
attributes are not normalized, and thus have uneven weighting depend-
ing on the range of values for each individual attribute. While it is pos-
sible to compensate for this by adjusting the contribution for an over-
or under-represented attribute in the MDSView control panel, it would
be much more intuitive for analysts if equal contribution values in the
control panel equate to equal contribution of attributes in the distance
function. Along with this normalization, we would like to explore the
utility of offering the user several initial predefined options depending
on the data being examined in order to minimize the amount of time
and effort required to properly tune the distance function.

Another issue with using Euclidean distance for comparing time se-
ries is that it tends to perform poorly when similar features are shifted
slightly in time. This weakness is exploited especially by the agent-
based simulation data used in this paper, where attributes can vary
greatly between consecutive time steps. Intuitively, the distance be-
tween two runs that are identical with the exception of a slight shift in
time should be almost nonexistant. However, Euclidean distance has
no mechanism to recognize this.

Because of this, we have considered several other distance mea-
sures. The first alternative is dynamic time warping (DTW) [4], which
can be very effective at handling such temporal shifting, but is unfor-
tunately computationally intensive. Another alternative is symbolic
aggregate approximation (SAX) [7], which can be used to determine a
lower bound of Euclidean distance between two time series in a frac-
tion of the time, and so could be applied to subsequences of the time
series to quickly find similar features that are shifted in time.

In our future work, we would like to continue to explore different
distance measures to afford analysts better performance and increased
control when using these tools. One area of particular interest is the
automatic generation of distance functions. One method currently be-
ing evaluated in our lab is the effectiveness of using a computational
“best guess” approach coupled with an iterative refinement process in
partnership with the user to assist the analyst in externalizing their in-
tuitions about the data and thereby computing an appropriate, custom
distance function.

7.2 Improve MDS Performance
Another area for future improvement is modifying the multidimen-
sional scaling component to allow real-time user interaction with at-
tribute weighting. In particular, we are interested in leveraging the
work of Ingram et al. [6] on utilizing the GPU for MDS computa-
tion. In this work, Ingram et al. reported speed up factors of 10 to
15 times when using the GPU for their MDS algorithm. As noted
in the expert analysis of these systems, the ability to perform multi-
dimensional comparisons between simulations runs provides a previ-
ously unexplored opportunity for examining agent-based simulation
data in close detail. However, due to the lengthy computation time,
analysts are unable to iteratively refine their comparison by modify-
ing the weight distribution across several variables and recomputing



the distances between simulations. By refining and speeding up these
calculations, we would enable analysts to better explore a range of hy-
potheses about the factors influencing sociopolitical interactions ob-
served in their simulations.

7.3 Integrating MDSVis and SocialVis
Although both systems were very well-received, there has been some
discussion about whether the functionality of both MDSVis and So-
cialVis should be combined into a single system. Because of the mem-
ory management issues that arise when working with such large data
sets, having both systems combined into a single tool would require
the system to dynamically load data, potentially resulting in dimin-
ished performance. However, the benefits to a combined system that
does not required context-switching on the part of the analyst warrant
further investigation into its development. This is especially true when
combined with the potential for a dramatic performance increase that
could be gained by leveraging the GPU for MDS computation, which
would offset some of the dynamic loading bottleneck.

8 CONCLUSION

Analyzing and interpreting the results of agent-based models is a crit-
ical component of current research in social and political science.
These simulations can help scientists to better understand the forces at
work in social and political systems, which can in turn enable them to
better inform decision-makers and international policy. Although there
exist robust systems for developing and running these simulations, ap-
propriate tools and support for analysis are not available, and as such it
has become difficult for social scientists to interpret the results of their
increasingly complex simulations. In this paper, we present two sys-
tems specifically designed to support inquiry and inference by social
scientists using agent-based simulations to model political phenom-
ena. We designed these systems in collaboration with domain experts
to provide interactive exploration and domain-specific data analysis
tools. Through analysis by domain experts, we validated that these
systems provide an efficient framework to explore simulation data and
and confirmed its novelty and utility. Based on this encouraging feed-
back, we plan to refine our system and make it available for use by
other social and political scientists.
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