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Abstract

Software environments for intelligence analysis
need to leverage scenario-based analytical proc-
esses to help analysts achieve a more compre-
hensive view of competing hypotheses in their
risk assessments. While current solutions offer
some of the tools and functionality required for
such advancement, there still is no integrated set
of capabilities that addresses the extraction and
manipulation of scenario content from unstruc-
tured intelligence data sources. We propose to
fill this gap through the development of a visual
interactive environment for event analytics that
integrates text mining, discourse analysis and
visualization capabilities to support scenario
manipulation and generation processes.

1. Introduction

The ability to support scenario® manipulation and genera-
tion processes is perhaps the greatest single challenge for
today’s intelligence analysis systems. Since the end of
the Cold War, the concerns of the intelligence commu-
nity have shifted focus from a single known enemy to an
evolving set of networked, hard-to-track hostile groups.
This transformation is directing the theory and practice of
intelligence analysis toward more complex analytic mod-
els, where backtracking loops that help identify gaps,
reframe problems, and gather additional evidence are
necessary steps to generate actionable intelligence. Be-
cause of this shift, there has been increased emphasis on
intelligence analysis techniques such as the Analysis of
Competing Hypotheses (ACH) (Heuer, 1999). ACH re-
quires identification, investigation, and simultaneous
evaluation of multiple, alternative hypotheses and is
highly instrumental in avoiding premature commitment

! Following Heuer (1999. p. 156), we regard a scenario as a
series of events linked together in a narrative description lead-
ing to an anticipated outcome.

to a single expected outcome with consequent neglect of
relevant evidence relative to other plausible outcomes.

Analysis techniques such as ACH are difficult to per-
form without computational aid. Because of memory
limitations on human cognition (Miller, 1956), most peo-
ple are simply unable to retain several hypotheses and
relevant supporting facts in working memory. Moreover,
supporting information for ACH needs to be distilled
from potentially huge repositories of classified and un-
classified documents, and properly vetted to ensure the
privacy of individuals is respected. Such a task would
require extravagant expenditure of human resources
without the help of machine-aided information manage-
ment and extraction processes.

Current intelligence analysis tools provide some of the
pieces needed to support scenario-based processes such
as ACH. For example, link analysis tools (e.g., Ana-
lysts’s Notebook?) allow users to build scenarios manu-
ally (or automatically from structured data) and display
graphical views of the timeline and network information
encoded. Chappell et al. (2004) describe a system that
allows users to extract facts from document sets auto-
matically, provide timeline and network visualization of
the information extracted and makes available an envi-
ronment that supports hypothesis construction. Fikes et
al. (2005) discuss how this system can be extended to
handle alternative hypotheses through (1) the use of
“contexts” in which each hypothesis is developed inde-
pendently and (2) the determination of relationships
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across contexts to detect incompatibilities and common
features among alternative hypotheses. However, no ana-
lytic tool is available yet that enables the automatic re-
trieval of facts supporting, contradicting, or originating a
given event (Marcu & Echihabi, 2002) to sustain analysis
techniques such as ACH. In addition, large event network
displays tend to be unmanageable unless effective ways
of condensing and compacting nodes that encode com-
patible information are available. Graph summarization
techniques that are semantically driven are therefore nec-
essary to distill the most significant patterns from large
event networks. Such functionality is not yet available in
link analysis tools or similar toolKkits.

The goal of this paper is to describe a system designed
to address these gaps via a visual interactive environment
for event analytics that integrates text mining, ontologi-
cal annotation, discourse analysis, and visualization ca-
pabilities to support scenario generation, exploration, and
manipulation processes.

2. Characterizing Scenario Content

In developing an environment that supports scenario gen-
eration, exploration, and manipulation, our first objective
is to construct an ontology that enables the specification
of a scenario typology with associated parameterizations
of content and activity, in terms of event structure, tem-
poral relations and rhetorical structure. More specifically,
we are developing a Scenario Content Ontology (SCO)
that provides the building blocks and basic templates that
analysts can use to build their own scenarios interac-
tively. An example of scenario content characterization
with SCO is shown in Figure 1, where ovals indicate on-
tology classes and boxes class instantiations; straight
lines denote inheritance; dotted lines point to scenario
content components; and dotted arrows designate proper-
ties of or relations between scenario subcomponents.
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Iran signed the Chemical Weapons Convention in 1937, yet Iran has continued to pursue chemical weapons.

Figure 1: Sample scenario content characterization with
SCO.

SCO is being developed as an OWL ontology? using Pro-
tégé as the ontology editor environments* and Jena® as
the semantic web framework in which to implement the
ontology, handle reification, issue queries, and perform
logical inference. Event structures are verbal frames,
such as signed and pursue in Figure 1, which include
verbs plus their arguments (the event participants). In our
system, we use the verb concepts in WordNet® to define
events and make use of argument structure frames, such
as expressed in VerbNet (Kipper et al., 2000) and Fra-
meNet (Ruppenhofer et al., 2002) to define event struc-
tures.

One of the innovations of our system is the use of an
event ontology to reduce a set of specific event structures
(e.g., gesticulate, grimace, talk, write, telecommunicate)
to a single and more general event structure (e.g., com-
municate). The event ontology was constructed by defin-
ing a selection of verb synonym sets in the WordNet da-
tabase as event classes in SCO. Verb synonym sets that
were less specific in meaning (e.g., communicate and
intercommunicate vs. gesticulate and gesture) were cho-
sen as event classes. In doing so, we chose the more fre-
quent member of the synonym set (e.g., communicate for
the intercommunicate synonym set) to name the class.
The verbs in the synonym sets chosen as event classes
(e.g., communicate, intercommunicate) as well as their
troponyms (e.g., gesticulate, gesture, motion; grimace,
make a face, pull a face) were declared as instances. An
example of the SCO event ontology is shown in Figure 2,
where verb senses associated with the folder icon indi-
cate event classes while those associated with a bullet
point are instances.
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Figure 2: SCO event ontology fragment.
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To assess the specificity level of synonym sets, we
used the notion of information content, as described in
Resnik (1995). Synonym sets whose information content
was below a given threshold were chosen as event classes
because they designated more general event concepts.
Following this method, we created 690 event classes out
of a total of 24,632 verb synonym sets. These event
classes are used by the system we have been developing
to give users the option of contracting event structures
into a more manageable space, as shown in Figure 6.

A second innovation in our system is the use of dis-
course connectives as an additional organizational layer
for events. Discourse connectives, such as and, if, but,
etc., are identified in the documents. Each connective
represents a rhetorical relation between two events. For
example, in the following utterance, two events (under-
lined) are connected by however.

Iraq used its ballistic missiles as weapons of terror
against Saudi Arabia and Israel. However, Iraq did not
use its SCUDS with chemical or biological ware fare.

The use of however indicates that the two events are in
contrast to one another. Discourse connectives and the
associated events were identified according the conven-
tions of the Penn Discourse Treebank guidelines (Miltsa-
kaki et al., 2004). As for events, discourse connectives
can be arranged into an inheritance hierarchy in which
more general rhetorical relations (e.g., contrast) subsume
sets of semantically similar rhetorical relations (e.g., but,
however, yet) to offer users the option of summarizing
relationships between event structures via generalization.
To implement this capability, we created an ontology of
rhetorical relations, based on the scheme proposed by
Marcu & Echihabi (2002). The classes for this ontology
include rhetorical relation concepts such as contrast,
concession, and elaboration; each class (e.g., contrast) is
linked to a set of connectives (e.g., but, however, yet).
Using the SCO ontology of rhetorical relations, we can,
for example, find all events that are in contrast with a
particular event of interest in a document set.

We also plan to include Temporal Relations in SCO,
using TimeML' as modeling guidelines.

3. Conceptual Design

The underlying design criteria for the environment we are
developing is based on the analytical processes used by
individuals in the intelligence community. We utilized
previous work, funded under ARDA’s NIMD program, to
refine our development approach (Chappell et al., 2004).
This prior effort used a three-phase approach to investi-
gate how best to introduce novel analytical tools into the
intelligence analysts’ workflow. First, in order to refine
our understanding of the intelligence analysis domain, we
looked to the literature. Access to working intelligence

" www.cs.brandeis.edu/~jamesp/arda/time.

analysts early in a development lifecycle is challenging,
so it is essential to have an understanding of the domain
instead of wasting valuable time having them define it.
Based on our review, we were able to identify a number
of essential core references (Heuer, 1997; Dearth &
Goodden, 1995; Krizan, 1999). The literature provided a
foundation for understanding the domain and the chal-
lenges faced, in addition to giving us some indication of
where a scenario-based solution might best fit.

Second, we performed an investigation into the formal
task-based processes performed by various intelligence
agencies in preparing their intelligence products (Thur-
man et al.,, 2003). Our collapsed hierarchical “task-
onomy,” built from reducing replication across the re-
viewed models, contained over a hundred steps, detailing
to a low level the individual tasks performed. This pro-
vided a means for us to determine at what stages of the
analytical workflow our suite of technologies may pro-
vide the most value.

Finally, we were able to use the Advanced Research
and Development Activity (ARDA) Novel Intelligence
from Massive Data (NIMD)® funded Glass Box Analyti-
cal Environment (GBAE)® to see exactly how the ana-
lytical tradecraft is performed by working Battelle ana-
lysts. The GBAE recorded and time stamped all activities
that were performed for a number of stereotypical task-
ings, including web browser and query events, active
applications and window locations onscreen, files saved,
text copied/pasted into documents, detailed keyboard/
mouse data, and screens captured at a one-second rate.
Based on observing the analytical process first hand
through the Glass Box, we were able to identify elements
of the analytical workflow that was receptive to the sce-
nario discourse process and that could provide utility to
the analyst.

From this work, we designed an analytical environ-
ment that attempts to mimic certain aspects of the ana-
lytic workflow. Our first screen, the “Document Space”
gives the analyst the opportunity to interact with a docu-
ment corpus of interest. This may be a collection of docu-
ments saved locally or potentially an interface to remote
databases or even the internet. This screen is meant to
replicate the collection process in the analytical work-
flow. The purpose of our second (middle) screen, the
“Evidence Marshalling Space,” is to allow analysts to
perform their tradecraft in a highly flexible environment,
where they can look at the entities, relationships, and
events expressed within a selected set of documents and
are able to manipulate them, move them around, and
view them from alternative angles to really understand
what is happening. It is the sandbox within which the
analyst performs the analytical tradecraft. The final
screen gives the analysts a natural interface to structure
their analytical product. In the “Hypothesis Screen,” ana-
lysts build up their arguments, supported by the docu-

8 http://www.ic-arda.org/Novel_Intelligence.
® http://www.ic-arda.org/Novel_Intelligence/glass_box.htm.




ments and analysis performed in the previous two
screens. It is important to note that this workflow is not
necessarily linear: movement back and forth across each
of the screens is expected during a tasking. Users can in-
vestigate an information path, retreat and follow a new
path, while constantly updating and reorganizing their
hypothesis graph to create a final appreciation of the ana-
lytical results.

3.1 Support tools
Analysts can interface directly with the information con-
tained in a large number of documents without having to
read the individual documents or rely on summaries (al-
though access to such information is always available)
because our system is driven by the notion that informa-
tion has underlying structure, independent of the docu-
ments in which they are found. As such, events and enti-
ties can be extracted from documents and organized in a
way that adheres to the analyst’s cognitive expectations.
We extracted event structures (verbs and their argu-
ments), discourse information on how the events were
related, named entities, and other key concepts from a set
of documents collected for the ARDA Metrics Work-
shop.™ These structures serve as the basis of the organi-
zation of information in our system, which enables ana-
lysts to visualize the relationships between event struc-
tures in multiple documents, independent of their origin.

4. Implementation

The conceptual design is realized through three
“spaces”—each corresponding to a step in the analytical
cycle—represented on individual monitors, as shown in
Figure 3.

Figure 3: The Analytical Environment

4.1 The Document Space

The first screen in Figure 3 represents the “Document
Space,” which corresponds to the collection phase of the
analytic cycle. This is where analysts can investigate
their own personal document collection and decide which
documents they wish to use. In IN-Spire™,™ documents

10 hitp://www.ic-arda.org/index.html.
1 http://in-spire.pnl.gov.

are clustered based on their content and word frequency,
as shown in Figure 4. A two-dimensional Galaxy view of
all the documents is created, with points representing
each document and clusters showing how those docu-
ments are related. The analyst may interact with the
document collection at this level, zooming in and out to
get a better appreciation of what documents are included
and their main themes. Additional mechanisms can be
used to select documents, including full-text search and
“query by example.” When ready, the analyst may select
a subset of the documents for further analysis in the “Evi-
dence Marshalling Space.”

Document Space
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Figure 4: The Document Space

4.2 The Evidence Marshalling Space

As a set of documents is selected, the analyst uses the
Evidence Marshalling Space, represented on the second
(middle) screen, to interact directly with the information
contained in the documents. This space is a sandbox
where the analyst can look at the events, connectives, and
entities to understand causal patterns, opposing views,
and occurrences of named entities such as people and
places. Using this window, users define the level of
granularity desired for investigating the information.

Using the toolbar, the user can select documents and
display salient entities and events contained in them. En-
tities and events are represented in the form of a link-
node graph, as shown in Figure 5. At this stage, the user
can abstract away from individual events by generalizing
over subsets of events using the inheritance relationships
and class-instance links encoded in the event ontology, as
shown in Figure 6. Each event class (e.g., communicate,
react, interact in Figure 6) subsumes a number of events
that occur as instances or subclasses of the event class in
the ontology. Users can choose to cluster events by class
or to display only event classes to have a bird’s-eye view
of the entire Evidence Marshalling Space, and then nar-
row their investigation by focusing on the entities.
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Figure 6: The verb ontology used to cluster event types
into more general classes.

Relationships between individual events can be eluci-
dated through the use of rhetorical relations. As for
events, we used rhetorical relation classes (e.g., contrast)
to generalize over sets of relationships between events
(e.g., but, however, yet) exploiting the inheritance rela-
tionships and class-instance links encoded in the rhetori-
cal relation ontology. Figure 7 provides an abstract repre-
sentation of how the entity, event, and rhetorical relation
layers are interleaved in terms of class inheritance and
class-to-instance relationships in the SCO ontology.
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4.3 The Hypothesis Space

As analysts perform their analytical tradecraft, investigat-
ing the myriad of entities, relationships, and events in the
level of granularity appropriate for their task, they can
begin to formulate their intelligence product using the
“Hypothesis Space.” As schematically shown in Figure 8,
the Hypothesis Space offers an environment in which
analysts can build a graph of their findings and attach
material (documents, paragraphs, or individual sentences)
that support or refute the assertions under investigation.
These actions underline the dynamic nature of the envi-
ronment. ltems from the other screens can be dragged
and dropped from other screens to make these linkages.
The Hypothesis Space serves as the basis from which
analysts construct their intelligence product.
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Figure 8: The Hypothesis Space

5. Discussion

We have created an interactive environment that supports
scenario-based analysis of competing hypotheses by dis-
tilling coherent discourse structures with selectable levels
of specificity from the glut of information contained in
the hundreds of document resulting from a single query.
The application presented here is not intended to supplant
the tools that analysts (and other users) use to gather,
synthesize, and present information. What we have pro-
vided is a tool that allows analysts to interact directly
with the information found in multiple documents by



choosing the topics and events that are of particular in-
terest, query in detail, store information, and begin a new
query path. The system presented here incorporates some
standard tools, such as document clustering and named-
entity recognition, as well as new tools. The innovations
we present here are in both the technical arena and the
user interface. The innovative technical aspects include
the creation of an event ontology based on classes de-
fined from WordNet. Additionally, we have created an
ontology of rhetorical relations that can help define rela-
tionships between events or classes of events.

Informed by the cognitive process that analysts use to
gather and disseminate intelligence information, our sys-
tem design is innovative in that it mirrors the process that
analysts use to digest and construct intelligence informa-
tion. In order to validate our design concepts, we will
soon start performing usability evaluations with Battelle
intelligence analysts. A two-stage process shall be used.
Before exposing the analysts to our environment, we
shall perform a heuristic evaluation of the interface to
ensure consistency, flexibility, and efficiency of use.
Next, analysts shall interact with the environment in or-
der complete predefined tasks. Observation, protocol
analysis, and questionnaires shall be used to investigate
their perceptions of the system. Any inadequacies found
in the system shall be redressed through a process of re-
design and reimplementation, as part of our iterative de-
sign cycle.
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