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Abstract

This thesis discusses the study of best practices tfor computer simulation in healthcare
system with the aim of developing a customised simulation environment tfor healthcare

" resource planning.

Initially a review of the use of computer simulation technology in healthcare industry is
conducted using case study analysis method. Number of healthcare oriented simulation
applications selected from various sources are analysed using multitude of parameters
such as t\;,'pe of models developed. nature of the problem being investigated and type of
software used for model development and validation. Based on this analysis benefits and
problems encountered in the modelling and simulation of healthcare industry are

identified.

Simulation model building process is also discussed briefly and highlighted the issues
involved in healthcare oriented simulation modelling. Useful suggestions are made to
improve the model building process in healthcare sector. A Number of simulation models

related to popular healthcare problems are demonstrated in detail.

Healthcare planning process is modelled using IDEFO methodology in order to assess the
“current applications of computer simulation tools within the planning process. This
investigation also identified further areas of applications of simulation in healthcare

planning.

Based on the findings of the study. specifications and prototype templates for five areas
of healthcare industry are created to enable development of a customised simulation
- environment for healthcare resource planning. Finally some general conclusions and

made and work that need to be done in future highlighted.
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Chapter 1

INTRODUCTION

1.1 Background to the rese arch.

Healthcare systems are very complex, and consist of a variety of resources such as people,
equipment and buildings. Typically, patients go through a series of processes to obtain the
required treatments. Decisions made at each process can be regarded as the commitment
of these resources (Mannual, et al., 1999 and Frank, 1994). For example, a heart by-pass
operation reqﬁircs the service of surgeons and nurses and the use of medical equipment.

Typically, most of these resources used in other process as well.

In recent years, healthcare systems have been re-organised to improve the quality and the
efficiency of services. Although certain improvements have been noticed, it is
increasingly becoming difficult to strike a right balance between the cost of providing
services against service quality/efficiency. Healthcare managers need to identify the best
combination of resources required to meet the expectations of patients at the minimum

cost (Hans, et al., 1996, Mark, et al., 1993 and M artin, 1997).

Allocation of resources to healthcare processes is a complex task. Managers need to
manipulate a wide a variety of data available in their business systems. Traditionally,
mathematically based models are built to process this data and to carry out ‘what-if’
analysis (Steve. 1997, James, et al., 1994 and Arup, 1991). Charles, (1999) and James, et
al., (1994) argue that these models fail to provide accurate information due to over-

simplified mathematical relationships.

These mathematical models do not take dynamics of the processes and the inter-
relationships between the processes into consideration, hence less accurate information. As
an alternative analytical approach, computer simulation based models can provide more

" accurate information, therefore better decision making.



Computer simulation has become a major decision support tool in many industries. For
example, manufacturing industry has immensely benefited from the use of simulation
models (Perera , et al., 2000, Timothy, et al., 1992 and Moreno, et al., 1999). Both

automotive and aerospace industries consider simulation as a key technology in their

businesses.

1.2 Justification for the research

Like in manufacturing industry, healthcare systems typically compose of a sequence
activities with varying times randomly (stochastic). For example, the rate of patient
arrivals, treatment duration and length of stay and the patient mix are random variables.
Hence, decision-makin g tools should be able to capture that essential randomness found in
healthcare systems. Computer simulation is one of such tools (Timothy, et al., 1992,

Moreno, et al., 1999 and Perera, et al., 2000).

Although computer simulation has been used for more than two-decades in healthcare
sector, recent studies have shown that it has not yet become a key technology in healthcare
planning and management (Charles, et al.,, 1999 and Julie, 1996). Through, an extensive
survey of the literature and the discussions with both simulation practitioners and

healthcare managers, it has been identified following major shortcomings:

» Lack of understanding of the role of simulation technique use in healthc are systems.
e Lack of healthcare specific simulation environment.

e Difficulties of capturing data from healthcare systems.

1.3. Focus of the Research

During the last two decades, much of the research and applications have been focused on
simulation oriented healthcare modelling but it has not been widely used in healthcare
system. Also no one except MedMode has made an attempt to develop healthcare specific

simulation environment.



MedModel is a healthcare specific simulator package developed by ProModel Corporation.
It was designed to be tailor to the needs of healthcare managers, engineers and clinicians
(Steve, 1997). According to some modellers, use of this package is not particularly popular
due to several drawbacks in the modelling and simulation of healthcare systems such as
model limitations, inflexibility and poor integrative capacity with other software
applications. In the MedModel simulator package, still modeller has to do some
programming and follow the logical steps same as ProModel software. It does not provide
user-friendly environment for non-modelling client like healthcare managers,

administrators, etc.

e The aim of ~his research is : to develop a customised simulation environment f or

healthcare resource planning.

To accomplish this aim, it is necessary to:

Identify best practices and problems encounter ed in the modelling of healthcare system.

Develop simulation models for a selected range of healthcare problems to identify the

issues involved in model building process.

Analyse the healthcare planning process and identify the areas where the simulation
technology is used. Also identify other opportunities for computer simulation

technology in healthcare sector.

Create specifications for healthcare oriented simulation environment, to accelerate the

model building process for healthcare resource management.



1.4. Outline of the Thesis

The chapter]l discusses the introduction part of the thesis. It gives detailed information on
background, objectives, justification and out line of the thesis. The literature review and

proposed res earch methodology are discussed in c hapter2.

Chapter3 is based on the case study of computer simulation applications in healthcare
system planing and management. ItAhighlighted the results of case study analysis using 30
healthcare oriented simulation applications which were published during the period of 1990
to 2000 and provides information on where the healthcare simulation applications were
performed, types of models developed, nature of the problems being investigated and trend
of applications. Further, it describes advantages, disadvantages and problems encountered

during the modellin g and simulation of healthcare application.

Simulation model building process and experimental issues related to healthcare oriented
simulation modelling are discussed in ch apter4. Further, it demonstrat es the development o f

selected healthcare oriented simulation models in details.

The analysis of healthcare planning process using IDEFQ tool is presented in chapter5 and
it summarised stages of National health service planning process with current practice and

highlighted the other possible areas where computer simulation tool can be applied.

The development of specifications and prototypes for healthcare oriented simulation
templates environment is discussed in chapter6. First, it discusses the five areas where
simulation tools has been mostly used in healthcare industry and analyses each area
according to the structure and job process. Then it identifies the possible processes for
healthcare specific simulation templates and developed specifications and prototypes for

them. Finally, it discusses the advanta ges of using templates for he althcare modelling.

Chapter7 of this thesis make the con clusions and sugg est areas that deserve further work.


























































































































































































































































































































































































































































































