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Lessons
Learned From
the Application
of Systems
Science to
Tobacco
Control at the
National Cancer
Institute

Nearly 10 years ago, the To-
bacco Control Research Branch
of the National Cancer Institute
(NCI) at the National Institutes of
Health (NIH) developed a transdis-
ciplinary initiative to explore the
application of systems thinking
approaches and methods to re-
search, practice, and policy in to-
bacco prevention and control. The
Initiative on the Study and Imple-
mentation of Systems (ISIS)1,2

was relatively new for NIH and
resulted in much discourse among
some scientists because of its sheer
breadth and the scope of what it
hoped to achieve: answers to the
questions ‘‘Is it possible to under-
stand the interplay of factors that
both sustain and potentially dis-
rupt tobacco use?’’ and ‘‘What
structures and functions are es-
sential for both understanding
that complexity and improving
our efforts in tobacco control?’’
We chose tobacco as an exem-
plar proof of concept for applying
complexity theory and systems
science to a wide range of beha-
vioral and public health challenges.

The ISIS team led or supported
pilot tobacco control projects
in three main areas: systems
modeling; professional and orga-
nizational network development,
implementation, and analysis;
and knowledge management and
informatics. To date, ISIS has de-
veloped numerous products,
including an NCI monograph;
multiple peer-reviewed articles,
presentations, and workshops; 3
networks of researchers and pol-
icy analysts; and a prototype
Web 2.0 collaborative online
workspace. These products are
important steps for addressing
the complex problem of tobacco
prevention and control, and they
reflect priority areas identified
in the 2007 NCI Tobacco Con-
trol Monograph ‘‘Greater Than
the Sum: Systems Thinking in
Tobacco Control,’’ the first gov-
ernment document to lay out
a systems approach to the field
of tobacco control and preven-
tion.1

However, far more work is
needed to optimize knowledge, and

serious attention to understanding
the tobacco system itself is essential
as well. ISIS made initial efforts to
analyze the stocks and flows of the
complex and dynamic system of
tobacco initiation, use, and control
but never completed a thorough
network analysis that could serve
as a starting point for much more
in-depth analyses. Although fund-
ing opportunities for such research
are improving across the NIH,
more reviewers are needed who
have the familiarity with and ex-
perience in network analysis and
systems science in general.

WHAT DID WE LEARN?

Essentially, ISIS opened the
door for looking at public health
science in a way that seldom oc-
curs. ISIS allowed us to investigate
simultaneously how knowledge
flow can be improved to advance
science; in what way fostering
a network-centric approach to sci-
ence might improve and speed
knowledge flow; and whether
it is possible to understand the
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interplay of factors of the tobacco
system that might allow us to in-
tervene in more effective ways.
ISIS emphasized that systems
thinking is an ecological process
rather than a cluster of methodol-
ogies. The vision presented in the
ISIS monograph1 is that by inte-
grating conceptual frameworks and
multilevel dynamic causal models
with the approaches and methods
of systems science, tobacco con-
trol organizations will be able to
work more collaboratively and
use evidence-based best practices
more effectively in the field.

Beyond the contribution indi-
vidual pilot projects made to our
understanding of the role of sys-
tems science in population and
public health, ISIS demonstrated
how current systems research can
be leveraged to create a bold new
approach to integrating science and
practice to achieve desired health
outcomes. ISIS was a product of
increasing recognition of systems
as a priority at the NIH, and in
several critical areas it helped
characterize the complexity of
public health issues and chal-
lenges and delineate the research
infrastructure and practice needs
of public health. It helped dem-
onstrate how systems science can
be used to identify the most
effective policy levers at the in-
dividual and population levels.

WHERE DO WE GO FROM
HERE?

Although we have not yet wit-
nessed a serious focus on analyz-
ing and understanding tobacco
control as a system, we believe
the day for that is nearing, as
evidenced in part by the publica-
tion of this theme issue of the
Journal. Moreover, there are other
positive signs of change.

For example, NIH’s Office of
Behavioral and Social Sciences

Research (OBSSR) has identified
the analysis of systems science
relevant to health as one of their
strategic priorities and has been
working to expand awareness,
skills, and funding opportunities in
this area. The OBSSR has issued
a program announcement for
systems science approaches to
policy-resistant health problems
and incorporated systems ap-
proaches into several other NIH
funding opportunity announce-
ments. Moreover, there is a grow-
ing awareness within the research
and policy communities of the
potential opportunity for systems
science approaches and methods
to advance public health, as evi-
denced by the number of recent
conferences and workshops de-
voted to the subject.3 For exam-
ple, the OBSSR is hosting a second
training institute on systems sci-
ence and health in the summer of
2010.

In addition, the recent release
of a new NIH program an-
nouncement to support funding
for social network analysis to
better understand health prob-
lems is a tacit acknowledgment of
the ISIS conclusion that we cannot
effectively address many public
health problems without under-
standing and affecting the social
networks that cause or can po-
tentially improve a public health
threat. If this increased attention
to understanding and optimizing
systems for tobacco prevention
and control can expand further
to additional thought leaders,
perhaps a tipping point will be
reached. The hope is that this
will lead to a far greater under-
standing of the complexity of the
tobacco system and, more impor-
tant, to ways to intervene in the
system to rapidly advance im-
provements in preventing and
treating tobacco use and thus
improve public health.

Moreover, the NCI continues
to expand on an informatics in-
frastructure first designed and
implemented under ISIS that has
a very real chance to benefit
tobacco control. The PopSci-
Grid4,5 is a web-based proof of
concept developed on the NCI’s
cancer Biomedical Informatics
Grid6 to facilitate the sharing,
analysis, and dissemination of
public health and population sci-
ences data. Tobacco control was
selected as a starting point for the
PopSciGrid. This web portal uses
state-of-the-science information
technology to link nationally
representative tobacco-related
data from the Health Information
National Trends Survey and the
National Health Interview Sur-
vey with accompanying analytic
and visualization applications.
Through these linkages and syn-
ergies, online collaborations of
data collectors and users can be
created, maximizing opportuni-
ties for data to inform public
health practice and policy and
accelerate the reduction of to-
bacco-attributable morbidity and
mortality. Finally, and of partic-
ular significance, the Associa-
tion of Schools of Public Health
now considers systems thinking
to be an interdisciplinary and
crosscutting public health com-
petency.7,8

These activities and develop-
ments, although important, repre-
sent only the beginning applica-
tion of systems science to complex
public health problems. What else
is needed? First, there remain
major needs to build multilevel
and multiscale theories and con-
ceptual models and to analyze,
using a variety of innovative ana-
lytical approaches, the many
interacting, complex, and dynamic
phenomena that make it so diffi-
cult to make rapid advances in
tobacco control and other major

public health problems such as
obesity, drug abuse, and commu-
nicable disease. More opportuni-
ties are needed to study these
complexities. Second, greater em-
phasis on understanding and fos-
tering collaborative networks that
have the potential to make more
rapid science advances is needed.
There are many examples of in-
terdisciplinary and collaborative
research being supported across
the NIH, including several NIH
Roadmap initiatives and the
Transdisciplinary Tobacco Use
Research Centers program.9

However, greater funding of col-
laborative research networks
would strengthen the science in-
frastructure in the United States.
Third, incentives to maximize the
use of existing or secondary data
are needed—along with more ro-
bust ways of data sharing—so that
the science community and the
public can benefit more rapidly
and efficiently from society’s large
investments in science.

Improvements in data shar-
ing, network development, and
systems analysis are essential to
improving the translation of sci-
ence-to-practice and practice-to-
science. With the added impetus
of this theme issue of the Journal,
we are confident that the move-
ment toward a systems approach
to addressing complex public
health problems will continue to
build momentum.
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