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ABSTRACT 

It has been increasingly recognized that the application 
of simulation methods can be instrumental in addressing 
the multi-faceted challenges health care is facing at 
present and more importantly in the future. But the 
application of these methods seems not to be as 
widespread as in other sectors, where such methods 
when used as part of their core operation, reap significant 
benefits. This paper examines the potential use of 
modeling and simulation in health care, drawing the 
parallels and marking the mismatches from the business 
and manufacturing world. Methods from the latter 
sectors will be reviewed with the intention to assess their 
potential usefulness to healthcare. To focus this 
discussion, we propose and discuss seven axes of 
differentiation: patient fear of death; medical 
practitioners (for example approach to healing, 
investigation by experimentation and finance); healthcare 
support staff; health care managers; political influence 
and control; ‘society’s view’; and utopia. 

1 INTRODUCTION 

The health care sector faces unprecedented levels of 
change, and its scale and complexity are also daunting. 
"Metrics of performance" have been introduced to guide 
or ease the process of change, but progress in one area 
(e.g. waiting times) is often at the expense of another 
(e.g. clinical priorities). The healthcare literature contains 
a large range of numerical and simulation techniques, but 
their application does not appear as widespread as in 
other sectors, which have long adopted such methods as 
part of their core operation, reaping significant benefits 
(Eldabi et al,, 2007). A common criticism of the way 
such methods have been used in health care is that the 
approach often taken is tool-driven, starting from a 
“given” solution and trying to find a health care problem 
that fits to it (“a solution seeking a problem”), instead of 
having a real problem (which can be either well-defined 
or unknown/poorly defined) and seeking a modeling and 
simulation solution for it (“a problem seeking a 
solution”). It might well be that the way in which 
modeling and simulation methods are often used in 
1444-1306-0/07/$25.00 ©2007 IEEE
industry requires adaptation for healthcare, because 
patients are not typical customers, mainly because they 
are more responsive and increasingly keen to exercise 
meaningful and informed choice. It is after all their lives 
that could be at stake! 

This paper examines the potential use of modeling 
and simulation in health care, starting with a review of 
previous non-health care applications to assess their 
potential usefulness to healthcare. The challenges of 
bridging the socio-technical divide will also be 
discussed, focusing on how modeling and simulation 
might be used in such a context, to facilitate socio-
technical solutions, while embracing aspects of 
performance, efficiency and effectiveness. To focus this 
discussion, we propose and discuss seven axes of 
differentiation: patient fear of death; medical 
practitioners (for example approach to healing, 
investigation by experimentation and finance); healthcare 
support staff; health care managers; political influence 
and control; ‘society’s view’; and utopia. 

2 BUSINESS AND MANUFACTURING 

This study is the preliminary stage of an extensive 
literature review. This activity consists of a survey 
process, which includes academic and grey (industry and 
professional) literature, followed by analysis and 
classification through analogy, and aims to identify 
methods from the business and manufacturing sectors 
that may be applied to implement improvements in 
health care (a useful discussion on this potential can be 
found in (Young et al., 2004)). The hypothesis under 
investigation is that, despite the apparent complexity and 
uniqueness of health care and the inherent difficulties of 
making meaningful comparisons, sensible analogies with 
other types of systems can be made. 

As a pilot, a small-scale literature review has been 
conducted, covering publications on industrial 
applications of simulation over the last three years. The 
Scopus citation database (http://www.scopus.com) was 
searched to identify academic and grey literature 
concerned with the use of numerical and simulation 
methods in industry. Scopus is arguably the largest 
citation database and indexes approximately 15,000 peer-
49



Kuljis, Paul and Stergioulas 
reviewed journals from more than 4000 publishers 
(Elsevier, 2007). The search was conducted with the 
Boolean keyword combination “simulation AND 
industry” and was restricted to cover literature published 
from 2005 to 2007.  

 
Table 1: Simulation techniques applied for various 
purposes in different industries 
Technique Industry 

sector 
Purpose of application 

Iron & Steel Improvement in production 
process*, inventory 
management, new product 
development 

Automobile Improvement in production 
process*  

Discrete-
Event 
Simulation 

Construction Logistics and operations, 
construction scheduling.  

Iron & Steel Improvement in production 
process*, new product 
development 

Pharmacology Improvement in production 
process*, new product 
development 

Continuous 
simulations 

Process 
industry 

Improvement in production 
process* 

Construction Training, real-time planning, 
resource allocation 

Energy Asset management 

System 
Dynamics 

Automobile Decision making 
Construction Incentives and disincentive 

based contracting, construction 
scheduling, risk modeling 

Energy Power trading, market place 
simulation, competitive 
strategy, expansion planning 

Monte-
Carlo 
simulation 

Biotechnology Growth projection 
Construction Supply chain simulation Multi-agent 

simulation Energy Emergency planning, energy 
pricing, Power trading, market 
place simulation, competitive 
strategy, 

Iron & Steel Training,  
Automobile New product development 

Virtual 
reality/3-D 
simulation  

Construction  Training, improve 
communication and conveying 
of concepts 

Automobile Improvement in production 
process* 

Construction Construction scheduling, risk 
modeling 

Artificial 
Intelligence  

Energy  Expansion planning, market 
place simulation, power 
trading, financial analysis  

 
* Includes: Production lead-time reduction, dispatch/ 
loading bay scheduling, production process scheduling, 
reduction in machine changeover costs, cost reduction, 
etc. 

The search returned around 600 abstracts. All these 
abstracts were read and 164 abstracts were found suitable 
for inclusion in the literature review.  The abstracts were 
read with the aim to extract three specific information 
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attributes, namely, the simulation technique that was 
used, the industry sector where simulation was applied 
and the purpose of applying simulation. A detailed 
description of the literature review methodology can be 
found in (RIGHT, 2007). Table 1 shows a subset of this 
categorization, covering the simulation and modeling 
techniques, industry sectors and purposes of simulation 
that were identified to be important in this initial phase 
of literature review. The selected abstracts were sourced 
from the following wide variety of journals 
• Automation in Construction  
• Automotive Engineer 
• Chemical Engineer 
• Computer-Aided Civil and Infrastructure 

Engineering 
• Computers and Operations Research 
• Construction Management and Economics  
• Design Engineering 
• Energy 
• Energy and Fuels 
• Energy Policy 
• Engineering, Construction and Architectural 

Management 
• Engineering Optimization 
• European Journal of Operational Research 
• Food and Bioproducts Processing 
• IEEE Transactions on Evolutionary Computation 
• IEEE Transactions on Industrial Electronics 
• IEEE Transactions on Power Systems 
• Information Systems 
• International Journal of Biotechnology 
• International Journal of Computer Integrated 

Manufacturing 
• International Journal of Global Energy Issues 
• International Journal of Management and Decision 

Making 
• International Journal of Production Economics 
• International Journal of Project Management 
• International Journal of Services and Operations 

Management 
• International Journal of Software Engineering and 

Knowledge Engineering  
• Iron and Steel Technology 
• Journal of Computing in Civil Engineering 
• Journal of Materials Processing Technology  
• Journal of Molecular Graphics and Modelling 
• Journal of System Simulation 
• Journal of Power Sources 
• Naval Research Logistics  
• New Electronics 
• Nuclear Engineering International 
• Oil and Gas Science and Technology 
• Power System Technology  
• Process Engineering 
• Production Planning and Control 
• Research Policy 
• Simulation 
• Simulation Modelling Practice and Theory 
0
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• Transportation Research Part B: Methodological 
• Transportation Research Part E: Logistics and 

Transportation Review  
• Transportation Research Record 

3 PRELIMINARY RESULTS  

Based on impact and frequency of application, a 
relatively small number of simulation techniques were 
identified as important, mainly comprising of 
mainstream simulation methods as well as simulation 
algorithms based on Artificial Intelligence: 

Discrete-event simulation has been used mainly for 
testing different strategies for increasing dispatch bay 
productivity, reducing transport costs by minimizing the 
waiting times for vehicles, job shop scheduling, logistics 
and operations in construction, and analysis of the 
construction inspection process. It is obvious that there 
are many potential uses of discrete-event simulation in 
health care areas, such as logistics, patient pathway 
design, reengineering, and management, scheduling and 
queue management, and reduction of waiting times. 

Continuous simulation is used for dynamic 
thickness simulation in iron and steel industry, for 
determining the values of important equipment design 
parameters at the process development stage in 
pharmacology, for simulation-based comparison of 
production batch sizes in the process industries (those 
with continuous manufacturing processes), for the 
prediction of temperature profiles and hygienic design by 
means of continuous fluid dynamics (CFD) simulations 
in the food industry, etc. The applicability of this method 
to health care seems to be limited to physical/biological 
laboratory processes. 

System dynamics (SD) has been used in the 
construction industry, for error and change management, 
for strategic and operational project management, for 
dynamic resource management; in the energy sector, to 
support development of asset management strategies for 
network utility companies; in the automobile industry, to 
make medium or long term decision related to supply 
chains. Potential applications to healthcare include 
resource and asset allocation and management, patient 
pathway design and management, strategic and 
operations management, and change management. 

Monte Carlo simulation techniques have been used 
for knowledge-based scheduling analysis, for validation 
of simulation-based incentive and disincentives model in 
the construction industry, for assessing risks in 
infrastructural projects, for calculation of electricity 
options pricing models, for solving optimization problem 
related to expansion planning for electricity transmission 
systems, and for predicting the contribution of 
biotechnology industry in the future. Applications to 
health care may include risk analysis and management, 
incentivisation, and decision making/support under 
conditions of uncertainty (e.g. in commissioning, 
procurement, policy making, organizational change etc.). 

In this pilot literature survey of modeling and 
simulation methods in industry, it has been found that 
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agent-based simulation is also being used extensively in 
the energy industry (for example, oil and gas, electricity 
supply, etc.). This simulation technique is used for 
modeling optimal solution for power system restoration, 
for determining electricity prices based on customer 
demand, for agent-based computational economics, for 
studying the effects of various deregulated electricity 
market structures, for multi-agent based negotiation in 
electricity contract market, etc. In the construction 
industry, agent-based simulation has been used for 
modeling construction supply networks. Potential 
applications to health care may include management of 
demand and supply, health economics, and risk 
management. 

In the construction industry, 3-D and virtual reality 
simulations are generally used for improving 
communication between people involved in construction 
and their clients. This is usually achieved through 
modeling virtual buildings in 3-D. In the automobile 
industry, virtual simulation tools are used for new 
product development. Potential applications to healthcare 
include the development of new services and pathway 
design reengineering, as well as any visual simulation 
application. 

4 APPLICABILITY OF SIMULATION IN 
HEALTH CARE 

The increasing pressures on the heavily resource-
constrained healthcare sector, accentuated by an ageing 
population and by the raised expectation thresholds of 
patient groups who have been encouraged to perceive 
themselves as the “centre” of the service, will continue to 
put the systems supporting clinical and managerial 
decision-making of care providers and their managers 
under increasing scrutiny (Littlejohns et al., 2003). In our 
context, there is a valid question of how to best address 
the challenges of bridging the socio-technical divide, 
first identified by pioneers such as Mumford (Mumford 
1983; Mumford 2003). The need to incorporate human 
behavior in healthcare simulation models has also been 
highlighted (Brailsford et al., 2006; Brailsford 2002). To 
this end, health care will need to embrace aspects of both 
systemic and systematic modeling.  We propose a 
systemic approach, which takes into account the key 
stakeholders’ as well as the process perspectives 
(Lehaney and Paul, 1996; Connell 2001).  Key 
ingredients of successful adoption of simulation 
techniques in health care include a method selection 
framework and the wide dissemination of good practice 
within the stakeholder communities (Eldabi and Young, 
2007; Young 2005). 

It is well known that the use of modeling and 
simulation is widespread in business and manufacturing, 
and essential the management of any type of 
organization. Recent studies suggest that the heath care is 
either inexperienced in such methods or prone to failure, 
and seemingly, accounts of unsuccessful experiences 
abound in the healthcare literature. In our pilot literature 
survey, we have identified potential uses of modeling 
1
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and simulation to health care. But what is their real 
application potential for health care and what are the 
pluses and minuses of such methods for different 
applications? We would also like to examine why there 
are these differences between health care and other 
sectors.  

5 SEVEN AXES OF DIFFERENTIATION 

To discuss meaningfully the application potential of 
the identified simulation techniques in health care, we 
consider seven axes of differentiation in health care and 
examine how they impact on the applicability of such 
techniques. The axes, which were first introduced by 
Paul and Kuljis (2007), are:  

• patient fear of death;  
• medical practitioners, for example approach to 

healing, investigation by experimentation and 
finance;  

• healthcare support staff;  
• health care managers;  
• political influence and control;  
• ‘society’s view’; and 
• utopia.  
These axes span the whole range of health care 

provision; although no claim is made that this is the 
comprehensive set of such axes this provides an 
inclusive view of the health care distinctiveness. But so 
far, they seem to account for all the different health care 
stakeholders that audiences of Paul and Kuljis (2007) 
have come across.  

Our conjecture is that the complexity of the health 
care domain, as manifested in the multitude of involved 
stakeholders and in these seven axes of differentiation 
from other sectors, is one of the main reasons for its 
relative sluggishness to adopt modeling and simulation 
methods.  

The patients’ fear of death introduces unpredictable 
pressures and often irrationality to the system. Medical 
practitioners are a diverse community, who can be highly 
opinionated, and often disagree on many clinical, 
organizational and other issues (for example: approach to 
healing, investigation by experimentation and finance).  

Healthcare support-staff typically have a different 
view of a health care organization. On the other hand 
health care managers make decisions that influence all 
the levels of the organization and are often faced with 
complex situations where opposing forces need to be 
reconciled.  

The health care sector is overly responsive and 
sensitive to political influence and control. Political 
intervention to health care is usually closely linked to the 
so-called ‘society’s view’ of healthcare.  Finally, 
society’s aspiration for a health care Utopia (“an ever-
healthy society where nobody dies”) shows no sign of 
subsiding.  

We argue that the many different health care 
stakeholders, with their diverse interests and views, 
impose a number of unique pressures that are not 
encountered in other industry sectors.  
145
Because of this, health care is often faced with 
tougher challenges; for instance on how to connect up 
different layers (governmental, organizational, service, 
procedural, physical) in modeling new services or 
changes to existing services, or of how to evaluate 
systemically the long-term impact of complex health care 
policies (e.g. patient choice, waiting times targets, 
private-public partnerships, etc.). 

6 CONCLUSIONS 

The findings of our pilot literature review have clearly 
shown that many methods from business and 
manufacturing are potentially applicable to health care. 
However, their practical application is not 
straightforward, mainly due to the diversity and unique 
attitudes of the human actors involved.  

We argue that the identified seven axes of 
differentiation should inform the process of transferring 
modeling know-how and best practice to healthcare, and 
to be successful, any modeling and simulation 
application should take these seven axes into account and 
incorporate the needs of all health care stakeholders, as 
an integral part of the model.  

7 FUTURE? 

Although modeling and simulation methods have 
successfully been applied for years in business and 
manufacturing, their impact on health care seems to be 
problematic. We argue that the distinctiveness and 
singularities of health care affect quantitative modeling, 
and ignoring them makes the modeling useless, if not 
harmful.  

A systemic approach, which takes into account the 
key stakeholders’ as well as the process perspectives, 
would help to boost the usefulness and adoption of 
modeling and simulation to health care.  Key ingredients 
of successful adoption of simulation techniques in health 
care may include a participatory approach to include the 
many health care stakeholders, a health-care-oriented 
method selection framework, and the wide dissemination 
of good practice within the stakeholder communities.  

To be successful, any modeling and simulation 
application in health care should take the identified seven 
axes of differentiation into account and incorporate the 
needs of all health care stakeholders, as an integral part 
of the model. 
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