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ABSTRACT 

Operations researchers, industrial engineers, and simula-
tion analysts have applied their knowledge and skills to the 
health care system for a long time.  This complex system 
needs their help today more than ever.  The ever-growing 
need to understand and improve system performance chal-
lenges researchers to apply all the tools at their disposal.  
One of these tools that is getting increased attention is sys-
tem thinking, with its application partner system dynamics.  
This paper presents a glimpse into the system thinking 
world as it is currently applied in the health care arena, and 
provides some thoughts on new directions for application.  
While there are other very useful tools, such as optimiza-
tion and discrete-event simulation, that are effectively used 
for health care application, they should not always be the 
tools of choice, and suggestions are made for when system 
dynamics may be more appropriate for a particular applica-
tion. 

1 INTRODUCTION 

Health care is a subject that seems to continuously bom-
bard our senses and pervade our culture.  The popular me-
dia regularly print, say, and show current issues in health 
care, reiterate the current “crisis” we’re in, argue for or 
against major change, and fill us with a barrage of data to 
support or refute one cause or another.  It seems the more 
we “tinker” with the system, the worse the situation gets. 

The health care system is large and complex, one that 
does not naturally lend itself to easy analysis, design, or 
even understanding.  The complexity and critical nature of 
the system beg for the development and use of good, repre-
sentative models. 

As Hirsch et al. (2005) state, a theory is needed to ex-
plain what created the current set of problems that exist in 
the U.S. health care system and why efforts at reform have 
largely failed.  To this end different philosophical bases for 
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reform and the need for an eclectic approach should be 
considered. 

2 HEALTH SYSTEM MODELING 

System dynamics (SD) is generally used in association 
with a simulation of the system in question.  Given the 
complexity of most systems, development of the SD model 
focuses on a subset of the real world system, with the in-
clusion criteria driven by the particular problem being ad-
dressed by the modeler. 

One often hears people talking about “systems think-
ing.”  However, more often than not they are implying 
simply that one needs to look at the entire system, not just 
one piece of the system.  This is certainly a step in the right 
direction, but goes only so far. 

It is important to truly understand that everything is 
connected to everything else.  This concept of systems 
thinking, complete with feedback, complexity, and nonlin-
earity, is captured through the development of causal loop 
diagrams, which demonstrate how the structure of the sys-
tem is contributing to the results of the system processes.  
With the addition of quantitative data, the stocks and flows 
needed for a system dynamics simulation can be utilized to 
further analyze the system. 

This type of systems thinking is essential to under-
standing the structure of the system being examined, and it 
is the system structure that defines system behavior.  This 
often leads to the “aha!” moments when one finds a coun-
terintuitive result.  Perhaps more than anything else, in-
creased use of systems thinking tools can help to explain 
why systems continue to deliver the same results when 
only some parameters in the system are changed, rather 
than addressing the fundamental structure of the system. 

3 SYSTEM DYNAMICS VS. DISCRETE EVENT 

Not surprisingly, many system problems can be addressed 
with a variety of modeling techniques, including SD mod-
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eling.  This naturally leads to a decision about using SD or 
discrete-event simulation (DES).  The decision to choose 
between DES or SD often seems to be made based on an 
unknown, or at least unstated, user preference function. 

However, DES seems to work well for issues that are 
concerned with transactions, processing, and the flow of 
individual entities through a system.  These are more usu-
ally associated with operational level types of problems.  
Regular attendees at Winter Simulation conferences are 
well aware of this valuable use of simulation.  The world 
of DES is quite broad and diverse, with an essentially 
unlimited pool of applications. 

With respect to health care, such applications have 
been described in papers at many past Winter Simulation 
conferences.  In fact, WSC 2004 had a Biotechnol-
ogy/Health Care track that attracted some thirteen papers, 
with applications ranging from renal transplant waiting 
lists, to emergency department performance, to modeling 
cell division.  Since 2000, at least 38 papers of health care 
applications have been presented at Winter Simulation 
conferences.  While different model types and approaches 
are presented in these papers, all follow the basic founda-
tion of Monte Carlo or DES.  Some examples of these in-
clude patient processing in an emergency department and 
assessment of staff schedules. 

SD, on the other hand, is typically used for models 
that represent relationships between system variables, rates 
of change over time, and explicit feedback.  Rather than 
focusing on individual transactions in the system, the mod-
els focus more on the levels of variable stocks and the 
flows between variable states.  As a result, SD models are 
more often associated with higher level types of problems, 
especially consideration of the impact of policy and strat-
egy decisions.  A review and summary of applications in 
health care is provided in Section 3. 

Morecroft and Robinson (2005) compared the use of 
SD and DES from a variety of perspectives including tech-
nical differences, relative level of detail, capability for 
showing information feedback, and conceptual differences. 
Lane (2000) focused on conceptual differences between 
SD and DES (Table 1).  These conceptual differences can 
offer particular insight when considering the appropriate 
modeling approach for health systems, particularly where 
there is a history of discrete-event modeling activity. 

While Morecroft and Robinson (2005) summarize the 
various comparisons between SD and DES, they recognize 
that each comparison comes from the perspective of either 
a SD or DES specialist. 

In dealing with change we need to get beyond the tac-
tical level to confront the issue of what problem we’re 
really trying to solve.  By understanding the differences at 
the conceptual level we can ask better questions about the 
problem under investigation.  Ultimately we have a better 
understanding of the explanations and insights that these 
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approaches offer, leading to the proper selection of the 
proper technique at the proper time. 
 
Table 1: Conceptual Differences between DES and SD 
(Lane 2000). 
 Discrete Event 

Simulation  
System Dynamics  

Perspective Analytic; emphasis 
on detail complex-
ity  

Holistic; emphasis on 
dynamic complexity  

Resolution 
of models  

Individual entities, 
attributes, decision 
and events  

Homogenised enti-
ties, continuous pol-
icy pressures and 
emergent behaviour  

Data 
sources  

Primarily numeri-
cal with some 
judgemental ele-
ments  

Broadly drawn  

Problems 
studied  

Operational  Strategic  

Model 
elements  

Physical, tangible 
and some informa-
tional  

Physical, tangible, 
judgemental and in-
formation links  

Human 
agents rep-
resented in 
models as  

Decision makers  Boundedly rational 
policy implementers  

Clients 
find the 
model  

Opaque/dark grey 
box, nevertheless 
convincing  

Transparent/fuzzy 
glass box, neverthe-
less compelling  

Model 
outputs  

Point predictions 
and detailed per-
formance measures 
across a range of 
parameters, deci-
sion rules and sce-
narios  

Understanding of 
structural source of 
behaviour modes, lo-
cation of key per-
formance indicators 
and effective policy 
levers  

 

4 A REVIEW AND SUMMARY OF THE SYSTEM 
DYNAMICS LITERATURE ON HEALTH CARE 

System dynamics papers have been published in a variety 
of journals worldwide.  Fortunately for researchers, the 
Systems Dynamic Society (SDS) maintains a bibliography 
of publications that feature system dynamics research and 
applications.  The current bibliography contains 7,754 re-
cords from the mid-1960’s through the end of 2004.  Due 
to the challenge in creating such a database, it is possible 
that trends in the data may be due to increased access to 
more recent records. 

To assess the focus of system dynamics research and 
applications in health systems, the SDS bibliography was 
searched for related records.  To include as many records 
as possible, the general terms “health” and “medicine” 
2



Koelling and Schwandt 

 
formed the basis of the search and generated 266 records 
for consideration. 

The initial search results were refined to remove du-
plicate records and those records that were not actually re-
lated to health systems, but had used one of the search 
terms in the record description.  220 records remained for 
assessment. 

4.1 Assessment Approach 

The publications from the SDS bibliography were grouped 
into five-year periods, starting with 1965-1969 and extend-
ing through 2000-2004 (Figure 1). 
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Figure 1: All Publications per Five Year Period (1965-
2004) 

 
The records were then assessed for alignment with the 

general health systems framework (Table 2).  The frame-
work’s focus on geographic span suggests that the publica-
tions focusing on epidemiology, which crosses such bor-
ders, should be considered separately.  In addition, 
fourteen publications related to dental health care were not 
considered as part of the health systems analysis. 

62 publications focused on epidemiological issues 
were captured from the bibliography (Appendix).  Half of 
those publications occurred between 1985 and 1994, when 
the primary topic was the spread of HIV/AIDS. 

With the data available in the bibliography, an attempt 
was made to determine which country was the focus of 
each of the included publications.  Only 32% (71/220) of 
the publications could be so classified. 

4.2 Results 

With the epidemiology and dental health system records 
removed from the data, the publications display a more 
consistently increasing pattern over time (Figure 2). 

When considered cumulatively, the publications are 
fairly well spread (Figure 3), except for the lack of consid-
eration of prevention factors in the overall health system. 
13
Table 2:  General Health Systems Framework 
Category Description 

Health Systems Strategy  and policy studies at 
the national or international 
level. 

Systems Strategic and policy studies, 
typically within organizations, at 
the regional or metropolitan area 
level. 

Clinical Strategic and policy studies, 
typically within organizations or 
within a single facility. 

Delivery Tactically focused studies, typi-
cally within a single facility or a 
department within a facility. 

Prevention Studies focused on the preven-
tion of illness, disease, or inci-
dents and the impact of preven-
tion strategies and tactics. 

Epidemiology Studies focused on the spread of 
illness or disease or the physio-
logical understanding of an ill-
ness or disease. 
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Figure 2: Publications per Five Year Period 

 
 
As mentioned previously, the country or region bene-

fiting from system dynamics research was identified for 71 
of the 220 included publications.  When the dental and 
epidemiological publications were removed, 50 publica-
tions remained.  Of those, 26 were focused in Europe, with 
half of those in the United Kingdom.  The United States 
was the focus of the work in 13 publications. 

4.3 Literature Summary 

Analysis of the bibliography indicates increasing in-
terest in health systems research, although consideration of 
illness or disease prevention has not been subject to sig-
nificant research.  Even if epidemiological studies are con-
23
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sidered as prevention-focused, these studies have not been 
documented at increasing rates since 1995.  The literature 
indicates a stronger interest in health care systems than the 
overall health system, which would bring a stronger focus 
to individual or population health. 
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Figure 3: Publications by Health Systems Framework 
Category 

 
The data do not support consistent determination of 

whether the studies are focused on qualitative or quantita-
tive modeling.  In many instances, the qualitative models 
(focusing on causal loop diagram development) provide 
significant opportunities by exposing the system structure.  
However, the quantitative analysis can extend the value of 
the modeling process. 

Since the opportunity to assess the structure of qualita-
tive models provides opportunities not readily available 
when discrete event simulation models are developed, fur-
ther assessment of the qualitative versus quantitative dis-
tinction should be pursued. 

5 THE CASE FOR INCREASED SYSTEMS 
DYNAMICS MODELING IN HEALTH 
SYSTEMS 

A critical step in understanding and improving any aspect 
of the health care system is adequately representing the 
structure, or architecture, of the system.  We have pre-
sented (Table 2) a rudimentary framework that is limited in 
its ability to represent the health system and provides little 
insight into the structure of the health system, and therefore 
reveals little about how the structure contributes to the be-
havior. 

Causal loop diagrams, the underlying structure of sys-
tems thinking, provide a powerful way to represent the 
health system architecture.  For example Hirsch et al. 
(2005) explore the health system from the perspective of 
population health dynamics (Figure 4). 

The authors expand the basic model to consider the ef-
fects of things such as high tech medicine, fragmentation 
of services, cost containment, living conditions, and patient 
132
involvement.  Their proposed model integrates all of these 
effects rather than considering them individually, demon-
strating a strength of SD modeling. 

 

 
Figure 4: Population Health Dynamics (Hirsch et al. 2005) 

 
An additional benefit of SD modeling is policy analy-

sis.  In any simulation exercise, one evaluates “policies.”  
In typical DES applications, the policies considered may 
be things such as routing decisions, staff schedules, special 
queue handling, and so on.  These policies can have a large 
effect on system performance. 

The types of policies that SD typically considers are 
higher-level, focusing more on the effect of the structure 
and possible changes to that structure.  SD provides a bet-
ter tool set for assessing these kinds of policy recommen-
dations.  In addition, SD provides a natural learning envi-
ronment, reflecting the dynamic nature of any system.  
Done properly, the model building exercise increases sys-
tem understanding, and learning, of those who participate 
in constructing the model—yet another benefit of SD mod-
eling. 

To adequately understand, and thereby improve a sys-
tem, it may be useful, or even necessary, to combine SD 
with DES to allow a myriad of policy decisions to be more 
effectively evaluated.  Research to support the SD/DES 
combination is being conducted by several researchers.  
Increased computing power has allowed for the develop-
ment of software tools that will allow for more effective 
integration of these modeling techniques. 

 

6 CONCLUSIONS 

With reference to both costs and quality, the U.S. health 
system has performed unsatisfactorily for years and efforts 
to improve the system have fallen woefully short (Porter 
2004).  The traditional tools for increasing understanding 
of system performance have not proven successful at 
achieving breakthrough performance within this environ-
ment.  Therefore, other tools must be investigated and ap-
plied to health system performance improvement. 

While system dynamics applications in health systems 
have been developed for almost 40 years, only in the past 
five years has the research at the regional and national 
health systems level significantly increased, although not 
in the United States.  At these levels, integrated policies 
4
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can be effectively modeled, leading to broad, dramatic im-
provements in health system performance. 

Perhaps not surprisingly given the flow of money 
through the health care system, research from the personal 
perspective, focusing on individual or group healthiness, 
rather than on the performance of the system to maintain 
health when it declines, has been lacking.  Since 1970, 
only five SD-based studies focusing on illness or disease 
prevention have been documented.  However, the systems 
thinking focus on the overall system suggests that this is 
fertile research ground, particularly as the availability of 
health care resources becomes more limited. 

Systems thinking and system dynamic modeling focus 
on understanding the structure of a system and how that 
structure impacts behavior over time.  Focusing on the U.S. 
health system, Hirsch et al. (2005) have demonstrated the 
potential benefits that increased utilization of SD modeling 
can contribute to significant structure-based performance 
improvement.  Even their initial models focus more on the 
health care system than the overall health system. 

The opportunities that exist to apply SD modeling in 
health systems performance improvement start with the 
qualitative models that Hirsch et al. have developed.  They 
correctly state that a key avenue of research is to build 
from their causal loop diagrams, adding the necessary 
stock and flow data to support quantitative analysis. 

In addition, the strengths of discrete event simulation 
must continue to be exploited to generate improvement op-
portunities.  However, research indicates even more bene-
fits can be obtained by efficiently and effectively integrat-
ing SD and DES models to take advantage of the strengths 
of both techniques. 
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APPENDIX: PUBLICATIONS PER FIVE YEAR 
PERIOD BY HEALTH SYSTEMS 
FRAMEWORK CATEGORY 

The data in Figures A-1 through A-7 represent numbers of 
publications, per five-year period, that correspond to the 
different foci of study described in each.  The data come 
from the System Dynamics Society bibliography as previ-
ously cited. 
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Figure A-1: Health Systems 
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Figure A-2: Systems 
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Figure A-3: Clinical 
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Figure A-4: Delivery 
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Figure A-5: Prevention 
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Figure A-6: Epidemiology 
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Figure A-7: Dental 
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