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Abstract

Healthcare simulation allows management to make decisions based on a solid framework. Continuous
simulation is the foundation for systems dynamics, an approach to structure problems, understand those
complex interactions within these problems and their changes over time. This paper reviews and resumes
the state-of-the-art of system dynamics applications in healthcare. There are 74 publications related to
system dynamics and healthcare that were identified in academic databases worldwide from 1999 to 2019.
These articles were sorted by their characteristics, revealing that the applications of system dynamics have
been broadly used in the healthcare to gain understanding about policy planning and public health decisions.
The representation of patient behavior and technology advances, and the management of quality, staff and
risk, are areas with potential application for systems dynamics in future research. The tendency to use
continuous simulation in healthcare has been decreasing since 2014; however, the strength of hybrid
simulation could exploit the innate power of the holistic view of system dynamics.
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1. Introduction
Healthcare is a large, complex and adaptive system that does not naturally lend itself to easy analysis, design, or even
understanding (Koelling & Schwandt, 2005), because its dynamic components interact with each other creating a large
complexity and several possible outputs (Atkinson et al., 2015). Effective and sustainable decision-making in
healthcare requires tools that can address this complexity (Chahal & Eldabi, 2008). The critical nature of the system
requires developing good representative models (Koelling & Schwandt, 2005) such as those used in computer
simulations that are useful in healthcare because of its power and flexibility (Sally Brailsford, 2005).
Simulation is an analysis tool that uses the computer model of the system to estimate and evaluate the performance of
models within a certain period in related operating conditions (Deryahanoglu & Kocaoglu, 2019). A simulation study
begins with a real-world problem that needs to be solved, alleviated, or better understood. A conceptual model of the
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problem is then developed and validated with domain experts. This model should be general, flexible, intuitive and
simple (Fletcher & Worthington, 2009), since modelling health systems requires simplification of their complexity
(Gunal, 2012). The conceptual model is then coded in computer software (Brailsford, et al. 2019). The resulting model
is a replica of a real-world system on the computer and can be used to evaluate ‘what-if’ scenarios (Gunal, 2012)
without causing unnecessary risk to patients admitted into the system (Wu, et al. 2019) or placing an unnecessary
burden on the healthcare system (Alvarado, et al. 2017).
Continuous simulation is the basis for the application of system dynamics (SD), whose foundations were undoubtedly
laid in the 1950s at MIT by Jay Forrester in his pioneering work on “industrial dynamics”, where the fundamental
principle is that structure determines behavior (Brailsford, 2008). A healthcare system consists of many individual
sub-parts that interact with each other, SD allows modeling of several sub-parts of these complex healthcare systems
(Katsaliaki & Mustafee, 2011). Everything is connected to something else, and system dynamics models are more
often associated with higher-level types of problems, especially considering the impact of policy and strategy
decisions, (Koelling & Schwandt, 2005) rather than tracking individuals, optimization or point prediction because of
the models' low accuracy (Brailsford & Hilton, 2001). SD concept involves systems thinking, including feedback,
complexity and nonlinearity, and it is captured through causal loop diagrams (Koelling & Schwandt, 2005). A system
dynamics model refers to the process of transforming a qualitative causal loop diagram into a stock-flow mathematical
model (Atkinson et al., 2015), an interlocking a set of differential and algebraic equations developed from a broad
spectrum of relevant measured and experiential data (Homer & Hirsch, 2006). Due to its capacity to define and explain
system structures, feedback loops are the most widely used in both causal diagrams and models. SD is essentially a
deterministic approach since there is usually no variability or stochastic aspect in a continuous simulation model. The
model shows how variables change over time, allowing their behavior to be monitored and analyzed (Brailsford,
2008). Table 1 shows the characteristics of the system dynamics technique. Sometimes, simulation techniques are
combined in a hybrid model, which is the efficient combination of various simulation modeling techniques such as
SD, discrete event simulation (DES) and agent-based simulation (ABS) (Zhang, et al. 2019).
Table 1. Characteristics of continuous simulation
SD characteristics according to Brailsford, (Sc Brailsford & Hilton, 2001) Koelling (Koelling & Schwandt,
2005) and Zhang (Zhang et al., 2019)
Scope:
Strategic
Policy and decision making, planning, gaining
Purpose:
understanding, procurement logistic
Perspective:
Holistic, emphasis on dynamic complexity
Importance of variability:
Low
Importance of tracking individuals:
Low
Number of entities:
Large
Control:
Rates (flow)
Relative timescale:
Long
Homogenized entities, continuous policy pressures and
Resolution of models:
emergent behavior
Data sources:
Broadly drawn
Lowest technical preparation:
Causal diagrams
Highest technical preparation:
Differential equations
Model elements:
Physical, tangible, judgmental and information links
Understanding of structural source of behavior models,
Model outputs:
location of key performance indicators
Tools:
Vensim, AnyLogic, ExtendSim, STELLA/iThink
Simulation approaches have been broadly used in healthcare, especially simulation, chiefly because of the advantages
they have had over other techniques, such as their flexibility and their use of graphical interfaces to facilitate
communication with, and comprehension by, healthcare professionals (Brailsford & Hilton, 2001). There are many
reviews in the literature about simulation in healthcare, but there is no available a review that focuses on system
dynamics applications in healthcare. With the motivation to prepare a systematic review, the focus of this paper are
the applications of continuous simulation in healthcare, both pure and hybrid models that use system dynamics as one
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of the simulation techniques. By limiting the search strategy to research articles published in the last 20 years in
academic databases, the objective of this study is to provide a literature review to find out what are the common
approaches, tools, implementations and provenance of system dynamics applications in healthcare in order to identify
directions for future research.

2. Methods
2.1 Search strategy
The databases IEEE, Scopus, ScienceDirect, Web of Science, Springer, ProQuest, Research Gate, Wolters Kluwer,
Taylor & Francis, Wiley Online Library and PubMed Central were searched to retrieve articles focusing on system
dynamics applications in healthcare between 1999 and 2019. Papers from these databases usually contain the most
important journals and conferences of healthcare and system dynamics. The keywords formulated in the research are
shown in Figure 1.

2.2 Paper inclusion criteria
The inclusion criteria focuses on studies that addressed the application of system dynamics in healthcare, including
theoretical and practical approaches. As the focus was continuous simulation in healthcare, publications regarding
discrete event and agent-based simulation were not included but, hybrid models were included if system dynamics
was one of the techniques used for the study. Articles that do not fulfill the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) 2009 checklist were discarded. The searching and sorting processes and the
number of papers selected were made in three levels, according to Figure 1. The focus area and scope of the review
were decided after the screening process.

Figure 1. Classification process of the identified papers

3. A summary and review of the system dynamics literature on healthcare
Following the retrieval of papers, the total number of essential SD applications in healthcare was 74. The search
identified 60 pure system dynamics applications and 14 hybrid models. The publications of SD in healthcare reached
its prime in the period 2010-2013, with 22 papers published. From the 74 total publications, 19 corresponded to
conferences and 55 to journals (26% and 74% respectively). Considering only SD applications, 45 papers were
published in the period 2004-2015, 8 articles were published in conferences and 52 in journals. For hybrid models, 12
papers were published in the last 8 years, and from the total 14, 11 papers were divulged in conferences and 3 in
journals. The tendency of SD in healthcare growth until 2014, since then the number of papers published has been
decreasing.
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3.1 Implementation, techniques and tools
The representative papers identified in the search strategy were sorted to perform a qualitative analysis. The level of
implementation was classified according to Brailsford et al. (2019) who proposes three types of simulation modeling:
• Type A: Papers that describe models built for specific applications, e.g. case studies (11% of the total papers in
this review).
• Type B: Papers describing some kind of framework that could potentially be utilized by other modelers, illustrated
with a case of study (80% of the identified papers).
• Type C: Papers that are purely theoretical, conceptual or methodological (9.5% of the papers).
More than three-fourths of the healthcare SD papers described a framework that could serve as the basis for other
studies, while only around 10% of the papers were purely theoretical or specific applications. The system dynamics
approach is used within health systems considering the general relationships and complexity in the long view, rather
than operational or theoretical uses.
The system dynamics approach was used as a unique modeling technique in 81% of the papers identified. The
combination of SD and DES represented 79% of the hybrid models. The combination of SD and ABS, as well as the
SD, ABS and DES hybrid models are still unexplored in the healthcare area, and only three papers contained one of
the combinations. Figure 2 shows the relationship between simulation technique and implementation.

Figure 2. Type of paper by simulation technique and implementation
The vast majority of the identified papers did not mention the tool/software utilized for the research (62%). Within
the papers that mentioned the software utilized, Vensim is used in the 61% of the studies, STELLA/iThink 18%,
AnyLogic 11%, ExtendSim 7.2% and Turbo Pascal 3.5%. The software Vensim is preferred for researches to use in
the healthcare context for continuous simulation, while AnyLogic is the most used software for hybrid simulation.

3.2 Healthcare function
The main purpose of the application of simulation in healthcare is to obtain elements to make decisions and fulfill a
requirement of a certain healthcare function. The identified papers were sorted following the classification of
healthcare functions proposed by Brailsford, et al. (2009). Table 2 shows the eight types of healthcare functions, and
Figure 3 shows the percentage distribution of the functions in the papers of the review.
Around 85% of the papers identified focus in finance, policy, governance, regulations, public health, planning and
resource utilization (types 1, 2 and 4) in healthcare. Quality and staff management are the functions less studied in the
publications identified, while continuous simulation for risk management in healthcare is still not explored. On the
other hand, 72% of the papers are either type 1, 2 or 4 and describe a framework, while 74% of the papers only applied
a system dynamics approach, which is mostly used in healthcare for finance, policy, governance, regulations, public
health, planning or resource utilization and is illustrated with a case of study.
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Table 2. Healthcare functions
Number
Type 1
Type 2
Type 3
Type 4
Type 5
Type 6
Type 7
Type 8

Function
Finance, policy, governance, regulation
Public health community, service planning
Patient behavior/characteristics
Planning, resource utilization
Quality management
Risk management
Staff management
Research

Figure 3. Application areas

3.3 Countries and funding
Funding could play a critical role in the development and application of research. The SD in healthcare state-of-theart review showed that only 32% of the papers identified mention that the study was funded. Contrary to what one
might expect, funded research to specific applications represents only 8%, while research to develop frameworks
represents 83%.
The United States is the country with more contribution to the literature, with 36%, followed by the United Kingdom
with 26%, Germany with 7% and Poland with 5%. The rest of the countries contributed less than 5%. Publications
conducted in Poland were all funded, around half of the publications from the U.S. had specific funding, and 40% of
studies conducted in Germany were funded. From the countries with more contributions, hybrid research applications
represent 100% of Poland's research, 60% of Germany's and 37% of UK publication, all papers coming from The
United States were pure SD applications. There is an increasing tendency for hybrid simulation in Europe.
The software AnyLogic is used only in publications from Germany, ExtendSim only in research from Poland and
STELLA/iThink is used in most of the papers published from the United Kingdom. The software Vensim is used
broadly around the world.

4. Needs and research opportunities
System dynamics modeling is not an intervention, it is an analytical tool that can support policymakers to make more
robust decisions in the presence of the significant uncertainty brought by complex problems. The modeling is the first
step in a broader process that includes policy adoption, alignment of stakeholder actions, implementation and
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maintenance, all of which are likely to influence whether the policy response has the expected impact. A proper
evaluation of the effectiveness of SD modeling and its impact in healthcare functions is missing in the literature
(Atkinson et al., 2015), and one of the reasons is that the number of publications has decreased after 2013. In addition
to the obvious lack of evidence related to the efficiency of SD, there are 5 major areas of opportunity for continuous
modeling research in healthcare that are described in the following sub-sections.

4.1 Hybrid models
Any model can capture limited range of factors that contribute to describe a system in real life, and these models
include various simplifying assumptions (Bagust, Place, & Posnett, 1999). The modeler who chooses to use only one
method is therefore faced with a dilemma: to model the whole problem using one single method, accepting that it
makes invalid assumptions or oversimplifies some aspects (Brailsford et al., 2019). For instance, SD undeniably lacks
the total flexibility of discrete event simulation, which can virtually use any probability distribution function, or
empirical data, to model state dwelling times (Brailsford & Hilton, 2001).
Three different approaches have been broadly used for simulation: ABS, SD and DES. Every approach offers different
capabilities and outputs, the proper combination of techniques would create robust models that represent in a better
way the modeled system, resulting in a solid foundation for decision making.

4.2 Patient behavior and technology advances
The level of complexity of healthcare systems depends totally on human behavior. It is necessary to examine the
physiological, psychological, and social aspects of patient care. Providers’ and patients’ behavior is directed by beliefs,
attitudes, and expectations. The beliefs and attitudes are key aspects of the dynamic of healthcare functions (Paul, et
al. 2010). The patient perspective is a relevant characteristic of patient care and the objective of every healthcare
system. Simulation models in healthcare need to represent the patient perspective from a realistic view, human
behavior.
Another missing aspect in healthcare models is the application of technology in health systems. The technology
simplifies the labor to healthcare employees in a feedback loop which allows increasing efficiency as the interaction
time with the technology rises. The inclusion of the combination of technology and patient behavior would affect
directly in a positive way the prospective analysis and improvements of the healthcare functions.

4.3 Quality, staff and risk management
Critical aspects of management in healthcare are risk, quality and staff. The effectiveness of management in healthcare
systems is the ability to respond to fluctuating demand and adjust framing policy, determining appropriate levels of
service provision, and establishing realistic performance monitoring criteria (Bagust et al., 1999). Risks related to
healthcare are always dynamic, and they are affected by situations of patients, human errors in treatment and even the
states of medical devices (Li, et al. 2019).
System dynamics has not been the chosen approach for quality, staff and risk management in healthcare. The objective
of management in service systems like healthcare is patient satisfaction. There are many factors affecting patient
satisfaction like the behavior of healthcare providers, hospital factors, waiting times, level of experience of the
physician, perception of care and cost of treatment (Deryahanoglu & Kocaoglu, 2019). The factors of patient
satisfaction are correlated in a complex interaction, system dynamics approach needs to be implemented in models
dealing with quality management, risks and staff in healthcare systems in order to understand the links that affect the
drivers of the healthcare function, which are to reduce critical errors and increase patients safety.

4.4 Standardization: specific vs general models
One of the toughest tasks to the modeler is to define whether the model should be specific or generic. Beyond a certain
point, the greater the level of detail, the greater the likelihood that a model will cease to be generic (Gunal, 2012). If
an existing "generic" model represents a great level of detail of a function, the healthcare management will probably
not accept the outputs of the model for their system, because, in a simple view, processes are different (Brailsford,
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2005). On the other hand, if a model does not represent a decent level of detail, the outputs will not be accepted for
healthcare management due to the differences with the real system.
A great research opportunity is to define the guidelines for a checklist/framework which will lead to standardizing
healthcare models which will allow defining the minimum aspects that generic models should have and determine the
level of detail that differentiates a generic from a specific model. In addition, healthcare is driven by culture and local
policies, to group generic models seems inevitable for the different areas of the world.

4.5 Avoid barriers to implementation
The ratio of models made to models implemented is low (Brailsford, 2005). The key challenges to apply models in
healthcare are regulations, privacy and security, interdisciplinary collaboration, facility access (Alvarado et al., 2017).
Data is another limitation since a simulation model is only as accurate as the data used to build it, therefore, the
difficulty in capturing reliable data can lead to inaccurate simulation results (Paul et al., 2010). Moreover, a model’s
input is also associated with the level of detail of the model. The more detailed the structure of the model is, the more
inputs the model requires, and, if data are unavailable, some required details may be compromised (Gunal, 2012).
In addition to challenges, there are several barriers to implementation for simulation in healthcare, according to
Brailsford (2005):
•

•
•
•

Culture: The healthcare industry is characterized by constant change, upheaval and stress. Typically, management
in healthcare is being replaced constantly, and many healthcare workers are resistant to yet more change, as they
struggle just to cope with each day's workload. There is a physiological resistance to methods adopted from the
manufacturing industry and a feeling that such models are trying to reduce human beings to widgets in a
production line and thus are doomed to failure.
Cost: Most simulation software is costly, and modeling and statistical expertise is very expensive. Despite the
vast amount of data collected routinely in hospitals, it is rarely in a form suitable for modeling, so further money
must be spent on data cleaning and analysis.
Data: Healthcare data are notorious for poor quality, also it has some issues as the legal status of certain patient
documentation.
Perverse incentives: The high prices of consultancies have led to models made by academics. Academics need to
publish in journals and need to demonstrate theoretical or methodological advances, leading to complex and
sophisticated models, while the end-user needs a simple, easy to use model.

There is no a magic formula to avoid barriers to implementation, but models implemented have some common factors:
complexity reduced to a level at which modeling objectives can be achieved (Gunal, 2012), at least one author worked
at the institution concerned, models were prepared with timeliness, gained funding from the owner of the system, a
detailed description of data collection (Brailsford, 2005), and models created to treat evolving regulations and policies
in healthcare (Alvarado et al., 2017).

5. Conclusions
System dynamics uses continuous simulation to understand the dynamic complexity from a holistic perspective. After
the searching in 11 academic databases and the characterized screening process, the studies examined in this review
indicate a tendency to use system dynamics in healthcare to gain understanding about finance, regulations, public
health decisions, service planning and resources utilization, with a framework usually illustrated with a case of study.
A small proportion of the publications were funded, a factor to consider for understanding the reason why less than
15% of the system dynamics applications are made to specific areas or problems. The United States is the country that
contributes the most to literature, which shows the efforts of the health management of the country to continuously
improve the quality of the healthcare services. Vensim is the most used software for the studies.
The tendency to use systems dynamics in healthcare has been decreasing in the last five years, and some suggestions
can be offered in order to gain credibility in the literature. Thus, models involving systems dynamics in healthcare
need to consider elements as: 1) defeat the physiological barrier that healthcare management put against the
implementation of simulation, showing that simulation is a tool to help people; and 2) models need to be simple and
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easy to interact with the final user, considering a proper combination of practicality and level of detail, leaving out
complex theoretical and conceptual methods from the models.
The system dynamics approach in healthcare has many unexplored ideas for future research, such as the
standardization of generic models in healthcare that commonly address similar problems with the same technique,
which in turn, cause confusion, duplicity of studies and delays in the literature. Healthcare models must consider the
patient's perspective as well as the support that technology provides to health system agents, the advancement of
technology for general processes and transactional operations is an essential element in the health sector today that
simply cannot be ignored. Further, a hybrid approach is necessary to face the complexity and uncertainty of the health
sector with a firm and consolidated decision making system. Given the characteristics of continuous simulation,
combining systems dynamics with another approach in a hybrid model could exploit the innate power of the holistic
view of system dynamics to manage healthcare systems in an innovative way.

References
Alvarado, M., Lawley, M., & Li, Y. (2017). Healthcare simulation tutorial: Methods, challenges, and opportunities.
Proceedings - Winter Simulation Conference, 6(1), 236–247.
Atkinson, J. A. M., Wells, R., Page, A., Dominello, A., Haines, M., & Wilson, A. (2015). Applications of system
dynamics modelling to support health policy. Public Health Research and Practice, 25(3), e2531531.
Bagust, A., Place, M., & Posnett, J. W. (1999). Dynamics of bed use in accommodating emergency admissions:
Stochastic simulation model. British Medical Journal, 318(7203), 155–158.
Brailsford, S. C., Harper, P. R., & Pitt, M. (2009). An analysis of the academic literature on simulation and modelling
in health care. Journal of Simulation, 3(3), 130–140.
Brailsford, Sally. (2005). Overcoming the barriers to implementation of operations research simulation models in
healthcare. Clinical and Investigative Medicine, 28(6), 312–315.
Brailsford, Sally C. (2008). System dynamics: What’s in it for healthcare simulation modelers. Proceedings - Winter
Simulation Conference, 1(1968), 1478–1483.
Brailsford, Sally C., Eldabi, T., Kunc, M., Mustafee, N., & Osorio, A. F. (2019). Hybrid simulation modelling in
operational research: A state-of-the-art review. European Journal of Operational Research, 278(3), 721–737
Brailsford, Sc, & Hilton, N. (2001). A comparison of discrete event simulation and system dynamics for modelling
health care systems. Proceedings from ORAHS 2000, 1(1), 18–39.
Chahal, K., & Eldabi, T. (2008). Applicability of hybrid simulation to different modes of governance in uk healthcare.
Proceedings - Winter Simulation Conference, 2(1), 1469–1477.
Deryahanoglu, O., & Kocaoglu, B. (2019). Applications of RFID Systems in Healthcare Management: A Simulation
for Emergency Department. International Journal of Innovative Technology and Exploring Engineering, 8(10),
786–792.
Fletcher, A., & Worthington, D. (2009). What is a “generic” hospital model?-a comparison of “generic” and “specific”
hospital models of emergency patient flows. Health Care Management Science, 12(4), 374–391.
Gunal, M. M. (2012). A guide for building hospital simulation models. Health Systems, 1(1), 17–25.
Homer, J. B., & Hirsch, G. B. (2006). System dynamics modeling for public health: Background and opportunities.
American Journal of Public Health, 96(3), 452–458.
Katsaliaki, K., & Mustafee, N. (2011). Applications of simulation within the healthcare context. Journal of the
Operational Research Society, 62(8), 1598–1600
Koelling, P., & Schwandt, M. J. (2005). Health systems: A dynamic system - Benefits from system dynamics.
Proceedings - Winter Simulation Conference, 2005(1), 1321–1326. https://doi.org/10.1109/WSC.2005.1574393
Li, M., Liu, Z., Li, X., & Liu, Y. (2019). Dynamic risk assessment in healthcare based on Bayesian approach.
Reliability Engineering and System Safety, 189(April), 327–334.
Paul, S. A., Reddy, M. C., & Deflitch, C. J. (2010). A systematic review of simulation studies investigating emergency
department overcrowding. Simulation, 86(8–9), 559–571.
Wu, X., Li, J., & Chu, C. H. (2019). Modeling multi-stage healthcare systems with service interactions under blocking
for bed allocation. European Journal of Operational Research, 278(3), 927–941.
Zhang, C., Grandits, T., Härenstam, K. P., Hauge, J. B., & Meijer, S. (2019). A systematic literature review of
simulation models for non-technical skill training in healthcare logistics. Advances in Simulation, 4(1), 1–16.

© IEOM Society International

99

Proceedings of the International Conference on Industrial Engineering and Operations Management
Dubai, UAE, March 10-12, 2020

Appendix 1: Articles consulted for the review of literature
Ahmad, S. (2005). Increasing excise taxes on cigarettes in California: A dynamic simulation of health and economic
impacts. Preventive Medicine, 41(1), 276-283.
Ahmad, S., & Billimek, J. (2005). Estimating the health impacts of tobacco harm reduction policies: A simulation
modeling approach. Risk Analysis, 25(4), 801-812.
Ahmad, S., & Franz, G. (2008). Raising taxes to reduce smoking prevalence in the US: A simulation of the anticipated
health and economic impacts. Public Health, 122(1), 3-10.
Arboleda, C., Abraham, D., & Lubitz, R. (2007). Simulation as a tool to assess the vulnerability of the operation of a
health care facility. Journal of Performance of Constructed Facilities, 21(4), 302-312.
Atun, R., Lebcir, R., McKee, M., Habicht, J., & Coker, R. (2007). Impact of joined-up HIV harm reduction and
multidrug resistant tuberculosis control programmes in Estonia: System dynamics simulation model. Health
Policy, 81(2-3), 207-217.
Barber Patricia, & López-Valcárcel Beatriz Gonzealez. (2009). Forecasting the need for medical specialists in Spain:
application of a system dynamics model. Human Resources for Health, 24(8), 1-9.
Brailsford, S., Desai, S., & Viana, J. (2010). Towards the holy grail: Combining system dynamics and discrete-event
simulation in healthcare. Proceedings - Winter Simulation Conference, 1(1), 2293-2303.
Brailsford, S., Lattimer, V., Tarnaras, P., & Turnbull, J. (2004). Emergency and on-demand health care: Modelling a
large complex system. Journal of the Operational Research Society, 55(1), 34-42.
Cavana, R., Davies, P., Robson, R., & Wilson, K. (1999). Drivers of quality in health services: different worldviews
of clinicians and policy managers revealed. System Dynamics Review, 15(3), 331-340.
Central, P. (1999). A patient flow perspective of U.K. health services: exploring the case for new “intermediate care”
initiatives. System Dynamics Review, 15(3), 253-271.
Chaerul, M., Tanaka, M., & Shekdar, A. (2008). A system dynamics approach for hospital waste management. Waste
Management, 28(2), 442-449.
Chahal, K., Eldabi, T., & Young, T. (2013). A conceptual framework for hybrid system dynamics and discrete event
simulation for healthcare. Journal of Enterprise Information Management, 26(1), 50-74.
Ciplak, N., & Barton, J. (2012). A system dynamics approach for healthcare waste management: A case study in
Istanbul Metropolitan City, Turkey. Waste Management and Research, 30(6), 576-586.
Cook, R., & Rasmussen, J. (2005). "Going solid": A model of system dynamics and consequences for patient safety.
Quality and Safety in Health Care, 14(2), 130-134.
Dangerfield, B. (1999). System dynamics applications to european health care issues. Journal of the Operational
Research Society, 50(4), 345-353.
Dangerfield, B., Fang, Y., & Roberts, C. (2001). Model-based scenarios for the epidemiology of HIV/AIDS: The
consequences of highly active antiretroviral therapy. System Dynamics Review, 17(2), 119-150.
Diaz, R., Behr, J., & Tulpule, M. (2012). A system dynamics model for simulating ambulatory health care demands.
Simulation in Healthcare, 7(4), 243-250.
Djanatliev, A., & German, R. (2013). Prospective healthcare decision-making by combined system dynamics,
discrete-event and agent-based simulation. Proceedings of the 2013 Winter Simulation Conference Simulation: Making Decisions in a Complex World, WSC 2013, 1(1), 270-281.
Djanatliev, A., German, R., Kolominsky-Rabas, P., & Hofmann, B. (2012). Hybrid simulation with loosely coupled
system dynamics and agent-based models for Prospective Health Technology Assessments. Proceedings Winter Simulation Conference, 2(1), 1-12.
Mielczarek, B., Zabawa, J. (2017). Model for studying impact of demographic, temporal, geografic factors on hospital
demand. 2017 Winter Simulation Conference, 7(1), 4498-4500.
Faezipour, M., & Ferreira, S. (2013). A system dynamics perspective of patient satisfaction in healthcare. Procedia
Computer Science, 16(1), 148-156.
Fakhimi, M., Stergioulas, L., & Mustafee, N. (2016). An investigation of Hybrid Simulation for modeling
sustainability in healthcare. Proceedings - Winter Simulation Conference, 2016-February(1), 1585-1596.
Fallah-Fini, S., Rahmandad, H., Huang, T., Bures, R., & Glass, T. (2014). Modeling US adult obesity trends: A system
dynamics model for estimating energy imbalance gap. American Journal of Public Health, 104(7), 12301239.
Flessa, S. (1999). Decision support for malaria-control programmes - A system dynamics model. Health Care
Management Science, 2(3), 181-191.

© IEOM Society International

100

Proceedings of the International Conference on Industrial Engineering and Operations Management
Dubai, UAE, March 10-12, 2020
Gaba, D. (2012). Adapting space science methods for describing and planning research in simulation in healthcare:
Science traceability and decadal surveys. Simulation in Healthcare, 7(1), 27-31.
Goldsmith, D., & Siegel, M. (2012). Improving health care management through the use of dynamic simulation
modeling and health information systems. International Journal of Information Technologies and Systems
Approach, 5(1), 19-36.
González‐Busto, B., & García, R. (1999). Waiting lists in Spanish public hospitals: a system dynamics approach.
System Dynamics Review, 15(3), 201-224.
Goyena, R. (2019). Hospital processes within an integrated system view: A hybrid simulation approach. Journal of
Chemical Information and Modeling, 53(9), 1689-1699.
Grösser, S. (2005). Modeling the Health Insurance System of Germany: A System Dynamics Approach. Proceedings
of the 23rd International Conference of the System Dynamics Society, 1(May), 76-77.
Hirsch, G., & Homer, J. (2004). Modeling the Dynamics of Health Care Services for Improved Chronic Illness
Management. 22nd International Conference of the System Dynamics Society , 2004(July 2004), 1-23.
Hirsch, G., & Immediato, C. (1999). Microworlds and generic structures as resources for integrating care and
improving health. System Dynamics Review, 15(3), 315-330.
Hirsch, G., Homer, J., Evans, E., & Zielinski, A. (2010). A system dynamics model for planning cardiovascular disease
interventions. American Journal of Public Health, 100(4), 616-622.
Hirsch, G., Kennedy, M., Winch, G., Langer, R., Rowe, J., & Yanni, J. (2004). Modeling the Consequences of Major
Incidents for Health Care Systems. Proceedings of the 22nd International Conference of the System
Dynamics Society, 1(July 2004), 25-29.
Homer, J., & Milstein, B. (2002). Communities with Multiple Afflictions : A System Dynamics Approach to the Study
and Prevention of Syndemics. The 20th International Conference of The System Dynamics Society(Cdc), 121.
Homer, J., & Milstein, B. (2004). Optimal decision making in a dynamic model of community health. Proceedings of
the Hawaii International Conference on System Sciences, 37(C), 1347-1358.
Homer, J., Hirsch, G., Minniti, M., & Pierson, M. (2004). Models for collaboration: How system dynamics helped a
community organize cost-effective care for chronic illness. System Dynamics Review, 20(3), 199-222.
Homer, J., Jones, A., Seville, D., Essien, J., Milstein, B., & Murphy, D. (2004). The CDC 's Diabetes Systems
Modeling Project: Developing a new tool for chronic disease prevention and control. 22nd International
Conference of the System Dynamics Society, July 25-29, 2004, Oxford, 2004(1), 1-22.
Homer, J., Ritchie-Dunham, J., Rabbino, H., Puente, L., Jorgensen, J., & Hendricks, K. (2000). Toward a dynamic
theory of antibiotic resistance. System Dynamics Review, 16(4), 287-319.
Huang, S., Lin, M., Chen, H., Huang, S., & Wu, M. (2013). Epidemiology of Kawasaki disease: Prevalence from
national database and future trends projection by system dynamics modeling. Journal of Pediatrics, 163(1),
126-131.e1.
Jones, A., Homer, J., Murphy, D., Essien, J., Milstein, B., Seville, D., & Barnes, K. (2006). Understanding diabetes
population dynamics through simulation modeling and experimentation. American Journal of Public Health,
96(3), 488-494.
Kaplan, E., Craft, D., & Wein, L. (2002). Emergency response to a smallpox attack: The case for mass vaccination.
Proceedings of the National Academy of Sciences of the United States of America, 99(16), 10935-10940.
Kasiri, N., Sharda, R., & Asamoah, D. (2012). Evaluating electronic health record systems: A system dynamics
simulation. Simulation, 88(6), 639-648.
Kontogiannis, T., & Malakis, S. (2019). A system dynamics approach to the efficiency thoroughness tradeoff. Safety
Science, 118(June), 709-723.
Lane, D., Monefeldt, C., & Rosenhead, J. (2000). Looking in the wrong place for healthcare improvements: A system
dynamics study of an accident and emergency department. Journal of the Operational Research Society,
51(5), 518-531.
Lattimer, V., Brailsford, S., Turnbull, J., Tarnaras, P., Smith, H., George, S., Maslin-Prothero, S. (2004). Reviewing
emergency care systems I: Insights from system dynamics modelling. Emergency Medicine Journal, 21(6),
685-691.
Luna-Reyes, L., & Gil-Garcia, J. (2011). Using institutional theory and dynamic simulation to understand complex eGovernment phenomena. Government Information Quarterly, 28(3), 329-345.
Masnick, K., & McDonnell, G. (2010). A model linking clinical workforce skill mix planning to health and health
care dynamics. Human Resources for Health, 8(1), 1-10.

© IEOM Society International

101

Proceedings of the International Conference on Industrial Engineering and Operations Management
Dubai, UAE, March 10-12, 2020
Mcdonnell, G., Wales, S., Heffernan, M., & Faulkner, A. (2004). Using System Dynamics to analyse Health System
Performance within the WHO Framework. 22nd International Conference of the System Dynamics Society,
1(1), 25-29.
Mehrjerdi, Y. (2012). A System Dynamics Approach to Healthcare Cost Control. International Journal of Industrial
Engineering and Production Research, 23(3), 175-185.
Merrill, J., Deegan, M., Wilson, R., Kaushal, R., & Fredericks, K. (2013). A system dynamics evaluation model:
Implementation of health information exchange for public health reporting. Journal of the American Medical
Informatics Association, 20(E1), e131-3138.
Mielczarek, B., & Zabawa, J. (2016). Modelling population growth, shrinkage and aging using a hybrid simulation
approach: Application to healthcare. SIMULTECH 2016 - Proceedings of the 6th International Conference
on Simulation and Modeling Methodologies, Technologies and Applications, 1(Mc), 75-83.
Mielczarek, B., & Zabawa, J. (2017). Modeling healthcare demand using a hybrid simulation approach. Proceedings
- Winter Simulation Conference, 1(2009), 1535-1546.
Mielczarek, B., Zabawa, J., & Dobrowolski, W. (2018). Demographic trends on future hospital demand based on a
hybrid simulation model. Winter Simulation Conference, 10(2), 1-15.
Milstein, B., Homer, J., & Hirsch, G. (2010). Analyzing national health reform strategies with a dynamic simulation
model. American Journal of Public Health, 100(5), 811-819.
Milstein, B., Jones, A., Homer, J., Murphy, D., Essien, J., & Seville, D. (2007). Charting plausible futures for diabetes
prevalence in the United States: A role for system dynamics simulation modeling. Preventing Chronic
Disease, 4(3), A52.
Onggo, B. (2015). Elements of a hybrid simulation model: A case study of the blood supply chain in low- and middleincome countries. Proceedings - Winter Simulation Conference, 2015-Janua(1), 1597-1607.
Otto, P., & Nevo, D. (2013). Electronic health records: A simulation model to measure the adoption rate from policy
interventions. Journal of Enterprise Information Management, 26(1), 165-182.
Prasanna Devi, S., Suryaprakasa Rao, K., Krishnaswamy, S., & Wang, S. (2010). System dynamics model for
simulation of the dynamics of corneal transplants. Opsearch, 47(4), 284-292.
Putilova, M. (2008). The Care Planning Process: A Case for system dynamics. International System Dynamics
Conferences, 1(1), 1-12.
Rashwan, W., Abo-Hamad, W., & Arisha, A. (2015). A system dynamics view of the acute bed blockage problem in
the Irish healthcare system. European Journal of Operational Research, 247(1), 276-293.
Rashwan, W., Ragab, M., Abo-Hamad, W., & Arisha, A. (2013). Evaluating policy interventions for delayed
discharge: A system dynamics approach. Proceedings of the 2013 Winter Simulation Conference Simulation: Making Decisions in a Complex World, WSC 2013, 2(1), 2463-2474.
Ritchie-Dunham, J., & Méndez Galván, J. (1999). Evaluating epidemic intervention policies with systems thinking:
A case study of dengue fever in Mexico. System Dynamics Review, 15(2), 119-138.
Rohleder, T., Bischak, D., & Baskin, L. (2007). Modeling patient service centers with simulation and system
dynamics. Health Care Management Science, 10(1), 1-12.
Royston, G., Dost, A., Townshend, J., & Turner, H. (1999). Using system dynamics to help develop and implement
policies and programmes in health care in England. System Dynamics Review, 15(3), 293-313.
Rwashana, A., & Williams, D. (2004). System Dynamics Modeling in Healthcare: The Ugandan Immunisation
System. Systems Dynamic Modelling in Healthcare, 1(1), 160-176.
Taylor, K., Dangerfield, B., & Le Grand, J. (2005). Simulation analysis of the consequences of shifting the balance of
health care: A system dynamics approach. Journal of Health Services Research and Policy, 10(4), 196-202.
Tengs, T., Osgood, N., & Chen, L. (2001). The cost-effectiveness of intensive national school-based anti-tobacco
education: Results from the Tobacco Policy Model. Preventive Medicine, 33(6), 558-570.
Tobias, M., Cavana, R., & Bloomfield, A. (2010). Application of a system dynamics model to inform investment in
smoking cessation services in New Zealand. American Journal of Public Health, 100(7), 1274-1281.
Tomblin Murphy, G., MacKenzie, A., Alder, R., Birch, S., Kephart, G., & O'Brien-Pallas, L. (2009). An applied
simulation model for estimating the supply of and requirements for registered nurses based on population
health needs. Policy, Politics, and Nursing Practice, 10(4), 240-251.
Tozan, Y., & Ompad, D. (2015). Complexity and Dynamism from an Urban Health Perspective: a Rationale for a
System Dynamics Approach. Journal of Urban Health, 92(3), 490-501.
Viana, J., Brailsford, S., Harindra, V., & Harper, P. (2014). Combining discrete-event simulation and system dynamics
in a healthcare setting: A composite model for Chlamydia infection. European Journal of Operational
Research, 237(1), 196-206.

© IEOM Society International

102

Proceedings of the International Conference on Industrial Engineering and Operations Management
Dubai, UAE, March 10-12, 2020
Wolstenholme, E., Mckelvie, D., Smith, G., & Monk, D. (2004). Using System Dynamics in Modelling Health and
Social Care Commissioning in the UK. OLM Consulting, 1(2), 1-20.
Wong, H., Wu, R., Caesar, M., Abrams, H., & Morra, D. (2010). Smoothing inpatient discharges decreases emergency
department congestion: A system dynamics simulation model. Emergency Medicine Journal, 27(8), 593-598.
Zulkepli, J., Eldabi, T., & Mustafee, N. (2012). Hybrid simulation for modelling large systems: An example of
integrated care model. Proceedings - Winter Simulation Conference, 2(October 2016), 1-12.

Biographies
Jesús Isaac Vázquez-Serrano is a Matser student of the School of Engineering and Sciences at Tecnologico de
Monterrey, in Monterrey, Mexico. He received a bachelor’s degree in Industrial and System Engineering from
Tecnologico de Monterrey, in Aguascalientes, Mexico. He has experience in Lean, Six Sigma and automotive
industry, and his research interests include engineering statistics, system dynamics and quality control. His research
mainly examines applications of Industrial Engineering techniques in healthcare.
Rodrigo E. Peimbert-García is the Director of the International Liaison Office of Tecnologico de Monterrey in
Sydney, Australia. He is also an Honorary Research Fellow in the School of Engineering at Macquarie University. He
received his Ph.D. in Systems & Engineering Management from Texas Tech University, and his Eng.Sc.D. with a
major in Industrial Engineering from Tecnologico de Monterrey. He is a Certified Lean Six Sigma Master Black Belt
from BMGI Consulting Group. His research interests include Healthcare Systems Engineering, Lean Thinking, Six
Sigma and Discrete-Event Simulation.

© IEOM Society International

103

