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What is System Dynamics?

System dynamics (SD) is a methodology for mapping and then modeling the forces of change in any
dynamically complex system so that their influences on one another can be better understood and the
overall direction of the system can be better governed (Homer and Hirsch, 2006; Homer and Oliva,
2001; Sastry and Sterman, 1992; Sterman, 2000, 2001, 2006; Szulanski, 1997). It recognizes that our
attempts to solve tough problems often fail or make matters worse due to the tendency of dynamic
systems to “delay, defeat, or dilute the effects of planned interventions” (Meadows, Richardson,
Bruckmann, 1982). The desire to learn how to overcome this phenomenon of policy resistance, which
pervades most aspects of public health work, along with other areas of social endeavor, is perhaps the
main motivation of those who rely on SD techniques for policy guidance.

What Questions Does it Address? Figure 1 Dynamic Models Address Navigational Questions
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*  How else can the system behave, if different vear
decisions are made?

*  Who has the power to move the system in a
more desirable direction?

What Steps are Involved?

SD methodology is iterative, evolving in response Figure 2 Iterative Steps in System Dynamics Modeling
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What Priorities Guide this Approach?

The primary emphasis in SD modeling is not on
forecasting the future, but rather on /earning how
actions in the present can trigger plausible reactions both far away and over time (Morecroft and Sterman,
2000; Senge, 1990; Sterman, 1994; Sterman, 2006). With its ingenious use of simulation games as virtual
worlds for interacting with an SD model, the learning that occurs is often visceral and emotional rather than
purely cognitive or conceptual (Foresight and Governance Project, 2002; Maier and Grossler, 2000). As
such, experiences with SD projects can both improve our intuitions about how the modern world works,
and also motivate us to act more effectively and ethically in response to pressing problems (Forrester, 1971;
Meadows, 2004; Meadows, Richardson, Bruckmann, 1982; Meadows and Robinson, 1985; Sterman, 2002).
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Why the Emphasis on Simulation?

“The complexity of our mental models vastly exceeds our capacity to understand their implications without
simulation. Even the best conceptual models can only be tested and improved by relying on learning
feedback through the real world. This feedback is very slow and often rendered ineffective by dynamic
complexity, time delays, inadequate and ambiguous feedback, poor reasoning skills, defensive reactions,
and the costs of experimentation. In these circumstances simulation becomes the only reliable way to test
a hypothesis and evaluate the likely effects of policies” (Sterman, 2000).

How Do Dynamic Models Relate to Other Forms of Policy Analysis?

The pragmatic emphasis on learning through action—especially simulated action—shapes how SD models
are conceptualized, calibrated, and evaluated (Forrester and Senge, 1980; Graham, 1980; Meadows, 1980;
Randers, 1980). SD modelers, for instance, do not automatically exclude variables from consideration if
prior measurements are unavailable or imprecise (as is the case with curve-fitting techniques like regression
or structural equation modeling). Most things in the world are not well measured, including many that
experience tells us are important. To omit a critical parameter for lack of precise measurement is
equivalent to assigning it a value of zero: the one number that is most likely to be incorrect (Forrester,
1980). Instead SD modelers opt to include all conceptually significant factors, quantifying them based on
whatever evidence is available, and then conducting sensitivity analyses to assess the policy consequences
of those estimates (Tessem and Davidsen, 1994).

Unlike time series models, which describe trends in Figure 3 Dynamic Models Focus on Structure
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How Broad is the Scope and

Figure 4 Dynamic Models Offer an Overview

How Detailed are the Representations?
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(Richmond, 1993, 2000; Rosnay, 1997; White, 1998). SD
modelers have found that a broad scope is generally
needed for finding effective solutions to dynamically complex problems (Homer and Hirsch, 2006;
Sterman, 1998). This wide-angle perspective also avoids blaming or scapegoating individuals for seemingly
unproductive actions, recognizing that if other people were put in the same position and exposed to the
same pressures, they too might behave in similar ways. Thus, one may say that SD analysts concentrate
on “designing organizations in which ordinary people can achieve extraordinary results” (Sterman, 2000).

All models are simplifications of reality, and dynamic models in particular need to be kept simple enough
to allow them to be easily tested, understood, and maintained—all qualities that enhance the utility of models
as tools for learning. SD modelers find that the best way to achieve such parsimony, while maintaining a
broad enough scope, is to limit the detail with which factors and populations are represented. A useful
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guideline is that a variable should be disaggregated into subcomponents only if such disaggregation
contributes to an understanding of dynamics, and not simply because data may exist to support such
disaggregation. Also, stakeholders and experts on the issue under study should become collaborators in the
modeling process to ensure that such simplification is done in a meaningful and credible way (Sterman,
2000).

How Do Dynamic Models Connect Structure and Behavior?

The insight that system behavior is governed by causal structure—including processes like
accumulation, delay, and nonlinear response—explains why the notion of causal feedback is central to
SD modeling (Richardson, 1991). While the word system has been applied to all sorts of situations, the
emphasis on analyzing dynamic feedback is both precise and relatively unique. In SD modeling,
feedback refers to the situation of X affecting ¥ and Y in turn affecting X, perhaps through a chain of
causes and effects. “One cannot study the link between X and Y and, independently, the link between Y
and X and predict how the system will behave. Only the study of the whole system as a feedback
system will lead to correct results” (System Dynamics Society, 2002). Accordingly, SD modelers
carefully observe problem situations, study behavior-over-time graphs, and press on to reveal the
feedback structures that give rise to the observed behavior.

Figure 5 System Behavior is Determined by Feedback Structure
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Although change takes many forms and the variety of dynamics we observe is astonishing, in fact, most
examples are instances of a fairly small number of fundamentally distinct patterns of behavior, such as
exponential growth or oscillation. Each of these primary behavioral patterns can, in turn, be traced to
particular combinations of reinforcing or balancing feedback structures (Sterman, 2000).

What Kinds of Problems Can System Dynamics Address?

With a nearly 50-year history since its development by Jay W. Forrester at the Massachusetts Institute
of Technology (Forrester, 1961, 1969, 1989; Forrester, 1991), SD modeling today is used productively
in many fields of human endeavor (Roberts, 1999; Sterman, 2000). The span of applications has grown
extensively and now encompasses work in corporate management (Forrester, 1961; Repenning and
Sterman, 2001); climate change (Sterman and Sweeney, 2002); urban development (Forrester, 1969);
energy and global ecology (Ford, 1999; Meadows, Randers, Meadows, 2004); human service delivery
(Levin and Roberts, 1976); K-12 education (Saposnick, 2004); and dozens more.
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How Has it Been Used in Public Health Work?

Since the 1970s, and increasingly today, innovative investigators have used SD modeling to better
understand some of the toughest problems that health leaders face, ones that would otherwise be
intractable to comprehend using conventional epidemiological methods (Dangerfield and Roberts,
1999; Hargrove, 1998; Health Policy Special Interest Group, 2006; Homer and Hirsch, 2006; Sterman,
2006; Taylor and Lane, 1998). Some significant examples include studies of health problems such as

» cardiovascular disease (Hirsch and Wils, 1984; Homer, Hirsch, Minniti, et.al., 2004; Luginbuhl and
Hirsch, 1981);

» cervical cancer (Royston, Dost, Townshend, et.al., 1999);

* chlamydia (Royston, Dost, Townshend, et.al., 1999; Townshend and Turner, 2000);
e cocaine (Homer, 1993);

* dengue fever (Ritchie-Dunham and Mendez Galvan, 1999);

» diabetes (Homer, Hirsch, Minniti, et.al., 2004; Homer, Jones, Seville, et.al., 2004; Jones, Homer,
Murphy, et.al., 2006);

* dental care (Hirsch and Killingsworth, 1975; Levin and Roberts, 1976);

* drug-resistant pneumococcal infections (Homer, Ritchie-Dunham, Rabbino, et.al., 2000);
* health care reform (Hirsch, Homer, McDonnell, et.al., 2005);

* heroin (Levin, Roberts, Hirsch, 1975);

e HIV/AIDS (Dangerfield, Fang, Roberts, 2001; Homer and St. Clair, 1991; Roberts and
Dangerfield, 1990);

*  HMO planning (Hirsch and Miller, 1974);

* mammography (Fett, 2001);

* mental health (Levin and Roberts, 1976; Smith, Wolstenholme, McKelvie, et.al., 2004);
e obesity (Abdel-Hamid, 2002, 2003; Homer, Milstein, Dietz, et.al., 2006);

* patient flows (Lane, Monefeldt, Rosenhead, 2000; Wolstenholme, 1996, 1999);

» performance assessment (McDonnell, Heffernan, Faulkner, 2004);

*  public health emergencies (Hirsch, 2004; Hoard, Homer, Manley, et.al., 2005);

* public health planning (Hirsch and Immediato, 1999; Hirsch and Immediato, 1998; Homer and
Milstein, 2004; Innovation Associates and New England Health Care Assembly, 1997);

* tobacco (National Cancer Institute, 2005; Roberts, Homer, Kasabian, et.al., 1982; Tengs, Ahmad,
Savage, et.al., 2005; Tengs, Osgood, Chen, 2001; Tengs, Osgood, Lin, 2001); and

» syndemics (Homer and Milstein, 2002, 2003b, 2004)

Potential Roles for Dynamic Modeling in Public Health

Despite its past contributions, SD methodology is not routinely taught in schools of public health nor
commonly used for policy analysis. Yet there are compelling reasons for doing so (Homer and
Milstein, 2003a; Milstein, 2003). For instance, SD can be used productively to study

*  Individual diseases and risk factors (e.g., by examining momentum and setting justifiable goals);

*  Mutually reinforcing afflictions (syndemics) (e.g., by exploring interactions among related
afflictions, adverse living conditions, and the public's capacity to address them both);

e Program dynamics (e.g., by analyzing the system-wide impacts of comprehensive programs with
interacting components);

*  Regional dynamics (e.g., by incorporating the mediating effects of local conditions, histories,
capabilities, and constraints);

»  Life course dynamics (e.g., by following health trajectories across life stages)



Background on System Dynamics for Public Health — Page 6

*  Capacities and cost-effectiveness (e.g., by understanding how ambitious health ventures may be
configured without overwhelming/depleting capacity—perhaps even strengthening it);

*  Value trade-offs (e.g., by developing a deeper analysis of phenomena like the imbalance of
upstream-downstream effort, growth of the uninsured, rising costs, declining quality, and
entrenched inequalities);

»  Organizational management (e.g., by linking balanced scorecards to a dynamic understanding of
processes and goals);

*  Public deliberation and scenario planning (e.g., by bringing more structure, evidence, and insight to
public dialogue and judgment).

For Additional Information
SD Society: http://www.systemdynamics.org

SD Listserve: http://www.vensim.com/sdmail/sdmail.html

SD Bibliography: http://www.vensim.com/sdmail/sdbib.html

SD Self-study Course: http://sysdyn.clexchange.org/road-maps/home.html

SD Educational Resources: http://www.clexchange.org: http://sysdyn.clexchange.org

SD Software: http://www.vensim.com; http://www.iseesystems.com

References

Abdel-Hamid TK. Modeling the dynamics of human energy regulation and its implications for obesity
treatment. System Dynamics Review 2002;18(4):431-47.

Abdel-Hamid TK. Exercise and diet in obesity treatment: an integrative system dynamics perspective.
Medicine and Science in Sports and Exercise 2003;35(3):400-13.

Andersen DF, Richardson GP, Vennix JAM. Group model building: adding more science to the craft.
System Dynamics Review 1997;13(2):187-201.

Dangerfield B, Roberts C. Foreword to the special issue on health and health care dynamics. System
Dynamics Review 1999;15(3):197-9.

Dangerfield BC, Fang Y, Roberts C. Model-based scenarios for the epidemiology of HIV/AIDS: the
consequences of highly active antiretroviral therapy. System Dynamics Review 2001;17(2):119-50.

Fett MJ. Computer modelling of the Swedish two county trial of mammographic screening and trade offs
between participation and screening interval. Journal of Medical Screening 2001;8(1):39-45.

Ford A. Modeling the environment: an introduction to system dynamics models of environmental systems.
Washington, DC: Island Press, 1999.

Foresight and Governance Project. Serious games: improving public policy through game-based learning
and simulation. Washington, DC: Woodrow Wilson International Center for Scholars 2002.
<http://wwics.si.edu/subsites/game/index.htm>.

Forrester JW. Industrial dynamics. Cambridge, MA: MIT Press, 1961.
Forrester JW. Urban dynamics. Cambridge, MA.: MIT Press, 1969.
Forrester JW. Counterintuitive behavior of social systems. Technology Review 1971;73(3):53-68.

Forrester JW. Information sources for modeling the national economy. Journal of the American Statistical
Association 1980;75:555-574.

C:\CDC\Syndemics\SD Models\Handouts\SD background for public health (5.5.05).wpd Printed: June 29, 2004



Background on System Dynamics for Public Health — Page 7

Forrester JW. The beginning of system dynamics. International Conference of the System Dynamics
Society; Stuttgart, Germany; July 13, 1989. Available at
<http://sysdyn.clexchange.org/sdep/papers/D-4165-1.pdf>.

Forrester JW. System dynamics and the lessons of 35 years: MIT System Dynamics in Education Project;
D-4224-4; April 29, 1991. <http://sysdyn.clexchange.org/sdep/papers/D-4224-4.pdf>.

Forrester JW, Senge PM. Tests for building confidence in system dynamics models. In: Legasto A,
Forrester JW, Lyneis JM, editors. System Dynamics. New York, NY: North-Holland; 1980. p. 209-
228.

Graham AK. Parameter estimation in system dynamics modeling. In: Randers J, editor. Elements of the
System Dynamics Method. Cambridge, MA: MIT Press; 1980. p. 143-161.

Hargrove JL. Dynamic modeling in the health sciences. New York, NY: Springer, 1998.

Health Policy Special Interest Group. Health system dynamics wikipedia. 2006. Available at
<http://www.hpsig.com>.

Hirsch G. Modeling the consequences of major incidents for health care systems. 22nd International
Conference of the System Dynamics Society; Oxford, England; July 25-29, 2004. Available at
<http://cgi.albany.edu/~sdsweb/sdsweb.cgi?P121>.

Hirsch G, Homer J, McDonnell G, Milstein B. Achieving health care reform in the United States: toward
a whole-system understanding. 23rd International Conference of the System Dynamics Society;
Boston, MA; July 17-21, 2005. Available at
<http://www.systemdynamics.org/conf2005/proceed/papers/HIRSC406.pdf>.

Hirsch G, Immediato CS. Microworlds and generic structures as resources for integrating care and
improving health. System Dynamics Review 1999;15(3):16.

Hirsch G, Killingsworth W. A new framework for projecting dental manpower requirements. /nquiry
1975(June).

Hirsch G, Miller S. Evaluating HMO policies with a computer simulation model. Medical Care
1974;12(8):668-81.

Hirsch G, Wils W. Cardiovascular disease in the Dutch population: a model-based approach to
scenarios. Ministry of Health: Conference on Health Care Scenarios; The Hague, Netherlands:
Ministry of Health; August, 1984. Available at

Hirsch GB, Immediato CS. Design of simulators to enhance learning: examples from a health care
microworld. International System Dynamics Conference; Quebec City; July, 1998.

Hoard M, Homer J, Manley W, Furbee P, Haque A, Helmkamp J. Systems modeling in support of
evidence-based disaster planning for rural areas. International Journal of Hygiene and Environmental
Health 2005;208:117-125.

Homer J, Hirsch G, Minniti M, Pierson M. Models for collaboration: how system dynamics helped a
community organize cost-effective care for chronic illness. System Dynamics Review 2004;20(3):199-
222.

Homer J, Jones A, Seville D, Essien J, Milstein B, Murphy D. The CDC diabetes system modeling
project: developing a new tool for chronic disease prevention and control. 22nd International
Conference of the System Dynamics Society; Oxford, England; July 25-29, 2004. Available at
<http://cgi.albany.edu/~sdsweb/sdsweb.cgi?P254>.

Homer J, Milstein B. Communities with multiple afflictions: a system dynamics approach to the study and
prevention of syndemics. 20th International Conference of the System Dynamics Society; Palermo,
Italy; July, 2002. Available at <http://www.systemdynamics.org/publications.htm>.



Background on System Dynamics for Public Health — Page 8

Homer J, Milstein B. Planning comprehensive public health programs: an opportunity for system
dynamics. System Dynamics Winter Camp; Austin, TX; January 9-10, 2003a. Available at
<http://www2.cdc.gov/syndemics/Presentations.htm>.

Homer J, Milstein B. Optimal decision making in a dynamic model of poor community health. 37th
Hawaii International Conference on System Science; Big Island, HI; January 5-8, 2004. Available at
<http://csdl.computer.org/comp/proceedings/hicss/2004/2056/03/205630085a.pdf>.

Homer J, Milstein B, Dietz W, Buchner D, Majestic D. Obesity population dynamics: exploring historical
growth and plausible futures in the U.S. 24th International System Dynamics Conference; Nijmegen,
The Netherlands; July 26, 2006.

Homer J, Ritchie-Dunham J, Rabbino H, Puente LM, Jorgensen J, Hendricks K. Toward a dynamic
theory of antibiotic resistance. System Dynamics Review 2000;16(4):287-319.

Homer J, St. Clair C. A model of HIV transmission through needle sharing. Interfaces 1991;21:26-49.

Homer JB. A system dynamics model for cocaine prevalence estimation and trend projection. Journal of
Drug Issues 1993;23(2):251-279.

Homer JB. Why we iterate: scientific modeling in theory and practice. System Dynamics Review
1996;12(1):1-19.

Homer JB, Hirsch GB. System dynamics modeling for public health: background and opportunities.
American Journal of Public Health 2006;96(3):452-458.

Homer JB, Oliva R. Maps and models in system dynamics: a response to Coyle. System Dynamics Review
2001;17(4):347-355.

Innovation Associates, New England Health Care Assembly. Creating integrated care and healthier
communities: microworld learning experience. Cambridge, MA: American Hospital Association
Center for Health Care Leadership 1997.

Jones AP, Homer JB, Murphy DL, Essien JDK, Milstein B, Seville DA. Understanding diabetes
population dynamics through simulation modeling and experimentation. American Journal of Public
Health 2006;96(3):488-494.

Lane D, Monefeldt C, Rosenhead JV. Looking in the wrong place for healthcare improvements: a system
dynamics study of an accident and emergency department. Journal of the Operational Research
Society 2000;51:518-531.

Levin G, Roberts EB. The dynamics of human service delivery. Cambridge, MA: Ballinger Pub., 1976.

Levin G, Roberts EB, Hirsch GB. The persistent poppy: a computer-aided search for heroin policy.
Cambridge, MA: Ballinger Pub. Co., 1975.

Luginbuhl W, Hirsch G. Prevention and rehabilitation as a means of cost containment: the example of
myocardial infarction. Journal of Public Health Policy 1981;2(2):103-115.

Maier FH, Grossler A. What are we talking about? -- a taxonomy of computer simulations to support
learning. System Dynamics Review 2000;16(2):14.

McDonnell G, Heffernan M, Faulkner A. Using system dynamics to analyse health system performance
within the WHO framework. 22nd International Conference of the System Dynamics Society; Oxford,
England; July 25-29, 2004. Available at <http://cgi.albany.edu/~sdsweb/sdsweb.cgi?P337>.

Meadows DH. The unavoidable a priori. In: Randers J, editor. Elements of the System Dynamics Method.
Cambridge, MA: MIT Press; 1980. p. 23-57.

Meadows DH. Leverage points: places to intervene in a system. Sustainability Institute, 1999. Accessed
February 12, 2002, at <http://www.sustainabilityinstitute.org/pubs/Leverage Points.pdf>.

Meadows DH. The Donnella Meadows archive: voice of a global citizen. Sustainability Institute, 2004.
Accessed May 31, 2004 at <http://www.sustainer.org/dhm_archive/search.php>.



Background on System Dynamics for Public Health — Page 9

Meadows DH, Randers J, Meadows DL. The limits to growth: the 30-year update. White River Junction,
VT: Chelsea Green Pub., 2004.

Meadows DH, Richardson J, Bruckmann G. Groping in the dark: the first decade of global modelling.
New York, NY: Wiley, 1982.

Meadows DH, Robinson JM. The electronic oracle: computer models and social decisions. New York,
NY: Wiley, 1985.

Milstein B. Possibilities for better integrating system dynamics into public health. Roundtable Meeting of
the Health Policy Special Interest Group, 21st International Conference of the System Dynamics
Society; New York, NY; 2003. Available at <http://www2.cdc.gov/syndemics/Presentations.htm>.

Morecroft JDW, Sterman J. Modeling for learning organizations. Portland, OR: Productivity Press, 2000.

National Cancer Institute. Integrating science and practice: systems thinking in tobacco control.
Bethesda, MD: National Cancer Institute (Initiative on the Study and Implementation of Systems);
January, 2005.

Randers J. Guidelines for model conceptualization. In: Randers J, editor. Elements of the System
Dynamics Method. Cambridge, MA: MIT Press; 1980. p. 117-42.

Repenning NP, Sterman JD. Nobody ever gets credit for fixing problems that never happened: creating
and sustaining process improvement. California Management Review 2001;43(4):64-88.

Richardson GP. Feedback thought in social science and systems theory. Philadelphia, PA: University of
Pennsylvania Press, 1991.

Richmond B. Systems thinking: critical thinking skills for the 1990s and beyond. System Dynamics
Review 1993;9(2):113-134.

Richmond B. The "thinking" in systems thinking: seven essential skills. Waltham, MA: Pegasus
Communications, 2000.

Ritchie-Dunham JL, Mendez Galvan JF. Evaluating epidemic intervention policies with systems thinking:
a case study of dengue fever in Mexico. System Dynamics Review 1999;15(2):20.

Roberts C, Dangerfield B. Modelling the epidemiological consequences of HIV infection and AIDS: a
contribution from operational research. Journal of the Operational Research Society 1990;41(4):273-
89.

Roberts EB. Managerial applications of system dynamics. 2nd ed Waltham, MA: Pegasus
Communications, 1999.

Roberts EB, Homer J, Kasabian A, Varrel M. A systems view of the smoking problem. International
Journal of Biomedical Computing 1982;13:69-86.

Rosnay Jd. The macroscope: a book on the systems approach. Principia Cybernetica, 1997. Accessed
May 23, 2003 at <http://pespmc].vub.ac.be/MACRBOOK html>.

Royston G, Dost A, Townshend J, Turner H. Using system dynamics to help develop and implement
policies and programmes in health care in England. System Dynamics Review 1999;15(3):293-313.

Saposnick K. The systems thinker in every student: an interview with Mary Sheetz. Leverage Points
2004(46).

Sastry M, Sterman JD. Desert island dynamics: an annotated survey of the essential system dynamics
literature. MIT, 1992. Accessed June 8, 2004 at <http://web.mit.edu/jsterman/www/DID.html>.

Senge PM. The fifth discipline: the art and practice of the learning organization. New York, NY:
Doubleday/Currency, 1990.



Background on System Dynamics for Public Health — Page 10

Smith G, Wolstenholme EF, McKelvie D, Monk D. Using system dynamics in modeling mental health
issues in the UK. 22nd International Conference of the System Dynamics Society; Oxford, England;
July 25-29, 2004. Available at <http://cgi.albany.edu/~sdsweb/sdsweb.cgi?P120>.

Sterman JD. Learning in and about complex systems. System Dynamics Review 1994;10(2-3):291-330.

Sterman JD. Misperceptions of feedback in dynamic decision making. Organizational Behavior and
Human Decision Processes 1998;43(3):301-335.

Sterman JD. Business dynamics: systems thinking and modeling for a complex world. Boston, MA: Irwin
McGraw-Hill, 2000.

Sterman JD. System dynamics modeling: tools for learning in a complex world. California Management
Review 2001;43(4):8-25.

Sterman JD. All models are wrong: reflections on becoming a systems scientist. System Dynamics Review
2002;18(4):501-531.

Sterman JD. Learning from evidence in a complex world. American Journal of Public Health
2006;96(3):505-514.

Sterman JD, Sweeney LB. Cloudy skies: assessing public understanding of global warming. System
Dynamics Review 2002;18(2):34.

System Dynamics Society. What is system dynamics? System Dynamics Society, 2002. Accessed
December 19, 2002 at <http://www.systemdynamics.org/>.

Szulanski F. System dynamics in the elevator. Stewardship Modeling, 1997. Accessed March 11, 2004 at
<http://www.stewardshipmodeling.com/System%20Dynamics%20in%20the%20Elevator.htm>.

Taylor K, Lane D. Simulation applied to health services: opportunities for applying the system dynamics
approach. Journal of Health Services Research and Policy 1998;3(4):226-32.

Tengs TO, Ahmad S, Savage JM, Moore R, Gage E. The AMA proposal to mandate nicotine reduction in
cigarettes: a simulation of the population health impacts. Preventive Medicine 2005;40(2):170-80.

Tengs TO, Osgood ND, Chen LL. The cost-effectiveness of intensive national school-based anti-tobacco
education: results from the tobacco policy model. Preventive Medicine 2001;33(6):558-70.

Tengs TO, Osgood ND, Lin TH. Public health impact of changes in smoking behavior: results from the
Tobacco Policy Model. Medical Care 2001;39(10):1131-41.

Tessem B, Davidsen PI. Fuzzy system dynamics: an approach to vague and qualitative variables in
simulation. System Dynamics Review 1994;10(1):49.

Townshend JRP, Turner HS. Analysing the effectiveness of Chlamydia screening. Journal of the
Operational Research Society 2000;51(7):812-824.

White F. The overview effect: space exploration and human evolution. 2nd ed Reston, VA: American
Institute of Aeronautics and Astronautics, 1998.

Wolstenholme EF. A management flight simulator for community care. In: S C, editor. Enhancing
Decision Making in the NHS. Milton Keynes, UK: Open University Press; 1996.

Wolstenholme EF. A patient flow perspective of UK health services: exploring the case for new
"intermediate care" initiatives. System Dynamics Review 1999;15(3):253-271.



