
A ttacks on the World Trade Center and the
Pentagon on September 11, 2001 gave the US a

stunning wake-up call.  In August 2005, Hurricane
Katrina provided another reminder that unprecedent-
ed disasters can and do occur. When they do, people
must be able to analyze large amounts of disparate data
to make sense of complex situations and save lives. 

This need to support penetrating analysis of massive
data collections isn’t limited to security, however. It
exists in many fieldsfrom systems biology to human
health; from evaluations of product effectiveness to
strategizing for competitive positioning to assessing
marketing campaign results. Simply put, the ability to
collect data far outstrips the ability to analyze the col-
lected data. 

Following the September 11 attacks, the US govern-
ment initiated efforts to evaluate existing technologies
and ongoing near-term research. Two National Academy
of Sciences reports identified serious gaps in the tech-
nologies. Making the Nation Safer1 describes how
advances in science and technology can help protect the
nation against terrorism. Information Technology for
Counterterrorism2 expands on this work, focusing specif-
ically on information technology’s opportunities to help
counter and respond to terrorist attacks.

Researchers have made significant progress in disci-
plines such as scientific and information visualization,
statistically based exploratory and confirmatory analy-
sis, data and knowledge representations, and percep-
tual and cognitive sciences. However, the research
community hasn’t adequately addressed the integration
of these subspecialties to advance analysts’ ability to
apply their expert human judgment to complex data in
pressure-filled situations. Although some research is
being done in this area, the pace at which new tech-
nologies and technical talents are becoming available
is far too slow to meet the urgent need.

National Visualization and Analytics
Center

The Department of Homeland Security (DHS) estab-
lished the National Visualization and Analytics Center
(NVAC) with the mission of stimulating next-generation
technologies and talents to reduce the risk of terrorism.
These core technologies will also have much broader
applicability, with the potential to bring value to almost

any situation in which information overload and com-
plexity hamper effective rapid analysis and communi-
cation of results. 

NVAC’s goal is to advance the state of the science to
enable analysts to detect the expected and discover the
unexpected from massive and dynamic information
streams and databases consisting of data of multiple
types and from multiple sources, even though the data
are often conflicting and incomplete. In addition, all
research and development (R&D) must fully support
the protection of personal privacy and maintenance of
data security.

NVAC assembled a crosscutting panel of about 40
research leaders in related fields from academia, indus-
try, government agencies, and government laboratories
to establish an R&D agenda to meet these needs. (The
panel members, along with additional contributors to
the agenda, are listed in the Acknowledgments.) The
panel developed an understanding of the core analysis
challenges. Panel members received training on analy-
sis, heard from command center operators about lessons
learned from the stress and confusion of past emergency
situations, and learned about the challenges of moni-
toring US borders to detect wrongful entry of goods and
people into the country.

Nobody on the panel questioned the need for new
technology to meet these challenges. Building on pre-
vious National Academy of Sciences reports,1,2 the panel
defined the most urgently needed R&D. The report,
Illuminating the Path: The Research and Development
Agenda for Visual Analytics,3 presents the panel’s results.

The science of visual analytics
The panel defined visual analytics as the science of

analytical reasoning facilitated by interactive visual inter-
faces. People use visual analytics tools and techniques to
synthesize information and derive insight from massive,
dynamic, ambiguous, and often conflicting data; detect
the expected and discover the unexpected; provide time-
ly, defensible, and understandable assessments; and
communicate assessment effectively for action.

Visual analytics is a multidisciplinary field that
includes the following focus areas: 

■ analytical reasoning techniques that let users obtain
deep insights that directly support assessment, plan-
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ning, and decision making; 
■ visual representations and interaction techniques that

exploit the human eye’s broad bandwidth pathway
into the mind to let users see, explore, and understand
large amounts of information simultaneously;

■ data representations and transformations that con-
vert all types of conflicting and dynamic data in ways
that support visualization and analysis; and

■ techniques to support production, presentation, and
dissemination of analytical results to communicate
information in the appropriate context to a variety of
audiences.3

The R&D agenda for visual
analytics addresses technical
needs for each of these focus
areas, as well as recommenda-
tions for speeding the movement
of promising technologies into
practice. This article provides
only a concise summary of the
R&D agenda. We encourage reading, discussion, and
debate as well as active innovation toward the agenda
for visual analytics. 

The science of analytical reasoning
The science of analytical reasoning provides the rea-

soning framework upon which visual analytics tech-
nologies are built. The analytical reasoning process is
central to the analyst’s task of applying human judgment
to reach conclusions from a combination of evidence
and assumptions. Through the analytical reasoning
process, users obtain insights that directly support situ-
ation assessment, planning, and decision making. The
more complex the analysis, the more likely it will also
require collaborative effort. 

The analytical process involves diverse tasks such as 

■ understanding historical and current situations, as
well as the trends and events leading to current con-
ditions;

■ identifying possible alternative future scenarios and
the signs that one or another of these scenarios is
coming to pass;

■ monitoring current events to identify both expected
and unexpected events;

■ determining indicators of the intent of an action or
an individual; and

■ supporting the decision maker in times of crisis.

Especially in emergencies, analysts often conduct these
tasks under extreme time pressure. 

Visual analytics strives to facilitate analytical reason-
ing by creating software that maximizes human capac-
ity to perceive, understand, and reason about complex
and dynamic data and situations. It must build upon an
understanding of the reasoning process, as well as an
understanding of underlying cognitive and perceptual
principles, to provide task-appropriate interactions that
let users have a true discourse with their information.
The goal is to facilitate high-quality human judgment
with a limited investment of the analysts’ time.

Visual analytics must enable analytical techniques
that permit the creation of hypotheses and scenarios,
and it must support the user in examining these
hypotheses and scenarios in light of available evidence.
Visual analytics must help the analyst discover unex-
pected and missing relationships that might lead to
important insights. Visual analytics must also let users
capture their progression through the analytical process
and make this information available to others as a basis
for future understanding.

To advance the science of analytical reasoning for visu-
al analytics, the R&D community
must build on theoretical foun-
dations of reasoning, sensemak-
ing, cognition, and perception,
and combine these theoretical
foundations with practical under-
standing of user tasks and
processes to support collaborative
analytic reasoning. The commu-
nity must also address the chal-

lenges and seize the opportunities posed by the analytic
problem’s scale. Scale issues are manifested in the ana-
lytical task’s complexity and urgency, the massive volume
of diverse and dynamic data involved in the analysis, and
the collaboration challenges. 

Visual representations 
and interaction technologies

Visual representations and interaction technologies
give users a gateway into their data, letting them see
and understand large volumes of information at once.
To facilitate analytical reasoning, visual analytics builds
on the human mind’s ability to understand complex
information visually.

The R&D community needs to develop scientific prin-
ciples for depicting information, identifying new inter-
action techniques, and mapping interaction approaches
to analytical tasks. Visual representation and interac-
tion techniques must be adaptable to tasks of varying
complexity and urgency. These techniques must fully
consider the impact of analysis at massive data scales.
These scientific foundations provide the basis for new
visual paradigms that can scale to support analytical rea-
soning in many situations.

Creating effective visual representations is a labor-
intensive process requiring a solid understanding of the
visualization pipeline, the characteristics of the data to
be displayed, and the analytical tasks at hand. Most visu-
alization software is developed with incomplete infor-
mation about the data and tasks. New methods are
needed for constructing visually based systems that sim-
plify the development process and result in better-tar-
geted applications.

To advance the science of visual representations and
interactions for visual analytics, the R&D community
must build on cognitive and perceptual design tech-
niques and its wealth of visualization expertise to devel-
op a new suite of visual paradigms that facilitate
analytical reasoning. These visualizations must

■ facilitate understanding of massive and continually
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growing collections of data of multiple types;
■ provide frameworks for analyzing spatial and tem-

poral data;
■ support the understanding of uncertain, incomplete,

and often misleading information;
■ provide user- and task-adaptable guided representa-

tions that enable full situation awareness while sup-
porting development of detailed actions; and

■ support multiple levels of data and information
abstraction, including integration of different types
of information into a single representation.

The R&D community must also develop a science of
interactions to support analytical reasoning. This inter-
action science must provide a taxonomy of interaction
techniques ranging from low-level to complex, and must
address the challenge of scaling across different types
of display environments and tasks. Interaction theory
is less mature than visual design theory, so development
of interaction theory is a priority. 

In addition, the community must
build upon the expanded sciences of
visual representations and interac-
tion techniques to create new meth-
ods for rapidly assembling and
deploying visual analytics systems
in various environments. 

Data representations and
transformations

Visualization is an essential aid to
the analytical reasoning process. A
visualization’s quality is directly affected by the quality
of the data representation underlying the visualization.

Visual analytics tools must transform data into rep-
resentations that are suited to the analytical task and
appropriately capture the important content of a large,
complex, and dynamic collection. This R&D agenda
defines a data transformation as a computational pro-
cedure that converts between data representations.
Data transformations can augment data by deriving
additional data. Some data transformations convert
data into new, semantically meaningful forms. For
example, we can use linguistic analysis to assign mean-
ing to the words in a text document. Other data trans-
formations can determine how to optimally display data,
such as by creating a 2D or 3D representation of data
with hundreds or thousands of dimensions.

Transforming and representing data are complex for
many reasons. One issue is the sheer number of data
types requiring analysis: short or long textual docu-
ments in many languages; numeric sensor data; struc-
tured data from relational databases; and audio, video,
and image data. Each data type may require different
transformations to facilitate visual analysis.

The data’s massive scale and dynamic nature dictate
that transformations must be fast, flexible, and capable
of operating at many levels of abstraction. Data are of
varying levels of certainty and reliability, and transfor-
mations must adequately reflect these assessments. An
analysis often requires data of different types, so it is
urgent to develop a data synthesis capability—a capa-

bility to bring different data types together in a single
environment so analysts can concentrate on the data’s
meaning rather than on the form in which it was origi-
nally packaged.

To advance the science of data representations and
transformations for visual analytics, the R&D commu-
nity must 

■ develop both theory and practice for transforming
data into new scalable representations that faithful-
ly represent the underlying data’s relevant content;

■ create methods to synthesize different types of infor-
mation from different sources into a unified data rep-
resentation so users can focus on the data’s meaning
in the context of other relevant data, regardless of
data type; and

■ develop methods and principles for representing data
quality, reliability, and certainty measures through-
out the data transformation and analysis process.

Production, presentation,
and dissemination

Production is the creation of mate-
rials that summarize the results of
an analytical effort. Presentation is
the packaging of those materials in
a way that helps the audience
understand the analytical results in
context using terms that are mean-
ingful to them. Dissemination is the
process of sharing that information
with the intended audience.

Production, presentation, and dissemination are
often the most time-consuming parts of analysis and the
only portions of the analytical process that are visible to
decision makers. Because attention to this phase of
analysis has been limited to date, visual analytics
research has the potential to make great contributions.
We need to substantially reduce the time required to
prepare analysis results and share them with their audi-
ences while dramatically improving the communica-
tion’s effectiveness.

The immediacy of the demand for analytic results will
spur scientific advancements that incorporate expertise
from the visualization, graphic design, and rhetoric
fields. To advance the capabilities for production, pre-
sentation, and dissemination of analytic results, the R&D
community must develop a methodology and tools that
let users capture the analytic assessment, decision rec-
ommendations, and resulting actions into information
packages that are tailored for each intended receiver and
situation and permit expansion to show supporting infor-
mation as needed. The community must also develop
technologies that enable users to communicate what
they know through the use of appropriate visual
metaphor and accepted principles of reasoning and
graphic representation. In addition, the community must
create techniques that enable effective use of limited,
mobile forms of technologies and support the seamless
integration of tools so that data requests and acquisition,
visual analysis, note taking, presentation composition,
and dissemination all take place in a cohesive environ-
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ment that supports around-the-clock operation and pro-
vides robust privacy and security control.

Moving research into practice
To have a lasting benefit to the analytical community,

successful research results must be moved into practi-
cal use. The issues associated with moving research into
practice are often omitted from R&D agendas, but the
NVAC panel felt compelled to provide a framework for
addressing four fundamental issues for accelerating the
adoption of new technologies. Each of these issues has
the potential to make or break the successful deploy-
ment of visual analytics technologies.

■ New tools, algorithms, and techniques must be eval-
uated to ensure that they represent a significant
advance over current practice and that they operate
correctly. 

■ The technical community must address security and
privacy issues from the start and throughout the
research, development, and deployment process. 

■ The technical community must attend to software
interoperability, architecture, and data handling to
facilitate collaborative research, software evaluation,
and software deployment into a wide variety of soft-
ware environments. 

■ A concerted and sustained effort to insert the result-
ing technology into operational environments will be
essential if the research results are to be of benefit.

To accelerate the transition of research into analytical
practice, the R&D community must:

■ develop an infrastructure to facilitate evaluation of
new visual analytics technologies;

■ create and use a common security and privacy infra-
structure, incorporating privacy-supporting tech-
nologies such as data minimization and data
anonymization;

■ use a component-based software development
approach for visual analytics software to facilitate
evaluation of research results in integrated prototypes
and deployment of promising components in diverse
operational environments; and

■ identify and publicize best practices for inserting visu-
al analytics technologies into operational environments.

Positioning for enduring success
Achieving the agenda outlined here will require the

sustained efforts of a multidisciplinary community of
researchers. Establishing and sustaining an enduring
visual analytics R&D community capable of meeting
these challenges require the following educational
efforts and partnerships:

■ programs to support the research community’s edu-
cation about the drivers for visual analytics research;

■ university-led centers of excellence and partnerships
with government, industry, national laboratories, and
selected international research entities to bring
together the best talents to accomplish the visual ana-
lytics R&D agenda;

■ special partnerships with users, and the IT profes-
sionals who support them, to facilitate adoption of
new technologies into operational environments; and

■ ongoing support for collaborations, internships, staff
exchanges, and educational efforts to help build an
understanding of user needs.

Call to action
NVAC’s R&D agenda is a call to action on many fronts,

and many are responding. For example, this R&D agen-
da is becoming a basis for DHS and other government
agencies to establish programs addressing the need for
new technologies, and many in academia and industry
are directing their interests and resources toward the
agenda. The international research community is also
joining in the advancement of these technologies.

We must respond now with creative ideas and teams
of interdisciplinary talents to move the visual analytics
field forward rapidly. The breakthroughs will not only
improve safety and security, but will support advance-
ments in the sciences as well. ■
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