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Abstract

Simulation and Modelling (S&M) have been proven as very valuable tools in the 
health care sector. In recent years, the sector has experienced a rapid increase 
in applications. However, it appears that health care organisations have failed to 
sustain the use of these powerful techniques.

In this research, an extensive literature review is carried out to identify the main 
challenges of the use of health care simulation and the underlying barriers of 
implementing S&M in the sector. In order to address these issues, it identifies 
the need to fully embed S&M into the sector through a systematic approach. 
However, the literature in this subject area has not provided such a holistic 
approach to the use of simulation.

With the view to embed these techniques in health care decision making 
processes, this research develops a new framework, known as SIMulation 
Thinking (SIMT), to overcome the identified challenges and barriers. SIMT 
includes five key components: infrastructure, management, culture change, 
methodology and modelling.

Whilst the SIMT framework presents the important elements that need to be 
considered to make S&M mainstream tools, this research also presents an 
implementation framework which transforms SIMT into a practical and 
applicable approach to embed S&M in health care organisations. The 
implementation framework includes two main stages: planning stage and action 
stage.

Questionnaire and case study approach are conducted to validate the 
usefulness and importance of the SIMT components and the proposed 
implementation framework. The questionnaire is used to understand how the 
selected group of experts consider the SIMT components and the planning 
stage of the implementation framework as a valuable guideline.

To validate the action stage of the implementation framework, this research 
uses the case study approach which introduces the proposed methodologies 
and modelling best practices into a local hospital. The feedback received from 
the hospital is used to evaluate the usefulness and practicable of the proposed 
approach.
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Chapter 1 Introduction

1 CHAPTER ONE: INTRODUCTION

1.1 Introduction to health care system

Providing high quality and efficient health care services is always the first 

priority for today’s health care organisations. In the United Kingdom (UK), 

increasing government funding has been allocated to public health care 

services (the National Health Service (NHS) spent over £80 billion in 2009 to 

2010 (DoH, 2009)). The NHS has been providing health care services to 

millions of potential patients for over 50 years. The aim has never changed - 

provide excellent and efficient health services under a safe environment. 

However, today’s changing demographics and increasing people expectations 

are putting much pressure on the NHS along with other such organisations 

around the world.

Because today’s health care system has becoming bigger and more complex, 

health care organisations are facing many more challenges when trying to meet 

the increasing standards and demands. In the UK, Department of Health (DH) is 

responsible for the NHS and to review the performance of its organisations. 

Official national targets are set in order to develop strategies and directions for 

guiding these organisations in improving their service performance. The recent 

targets include a maximum of 26 weeks for inpatient admission, a maximum of 

13 weeks for first outpatient appointment following GP referral, a maximum of 4 

hours waiting time for patients coming in Accident and Emergency (A&E) 

department and a maximum of 18 weeks waiting time from general practitioner 

referral to hospital treatment (DoH, 2008).
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Chapter 1 Introduction

Health care organisations are currently meeting all these national targets by 

frequently reviewing the patient pathways and redesigning the care delivery. In 

the operational areas, the main responsibilities for them include continuously 

review and improve the performance of the patient throughput, waiting times 

and length of stay. These improvements are necessary to achieve improved 

performance of the patient flow, the effectiveness of the resource allocation and 

the efficiency of the patient scheduling and admissions.

Health care strategic decision-makers on the other hand need to consider 

vague, complex and non-routine decisions, such as where to invest capital, 

where to expand service lines, or whether to start a new surgery centre 

(Parayitam and Phelps, 2007). The challenges for these health care managers 

are not only considering the financial viability, quality of care and safety of 

patient, they have to consider many uncertainty factors such as human 

behaviour, social factors and political issues during the decision processes.

1.2 Simulation and modelling in health sector

Much of the challenge that health care decision makers face today is how to 

improve the efficiency of the overall operational systems and to effectively 

allocate and schedule the available resources. Among most of the operations 

research techniques, simulation and modelling (S&M) is one of the most 

suitable analytical tools to evaluate, improve, and optimise these complex 

systems.
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Simulation models can be classified into three main dimensions:

• Static vs. Dynamic simulation models

• Deterministic vs. Stochastic simulation models

• Continuous vs. Discrete simulation models

The full description of their characteristics can be found in Law (2007). In this 

research, we mainly focus on two types of simulation models: discrete event 

simulation (DES) models and system dynamics (SD) models.

Although there are many differences between these two simulation models 

(Morecroft and Robinson 2005), one of the common characteristics of these two 

simulation models is their abilities to model uncertainty and complexity of a 

system. As well as providing a risk-free environment in which to investigate how 

alternative policies or changes could improve the performance of a system.

According to a recent review of the literature, the interests of applying DES 

approach for addressing different health care issues are growing rapidly within 

the last 5 years (Gunal and Pidd, 2010). Figure 1.1 shows the number of papers 

published in this area from year 2000 to 2008.
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Figure 1-1 Number of papers in health care simulation (adapted from Gunal and Pidd, 
2010)

Despite the fact that SD approach is comparatively new to the sector, literature 

review shows the use of SD is also expanding rapidly within the last few years 

(Brailsford, 2008). Figure 1.2 shows the number of publications in relation to 

system dynamics and health care from year 1980 to 2007.

20D 

153 

1D3 

53 

0
1933 1985 1930 1995 20*30 2D05

Figure 1-2 Number of papers in the area of system dynamics and health (adapted from 
Brailsford, 2008)

Eldabi et al. (2007) also conducted an extensive review of the literature. The 

review shows that despite the use of DES and SD models only recently started 

to gain acceptance in the health sector, these simulation-based approaches
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have already been used for studying vary decisions in medical, administrative or 

operational areas.

A similar review has been conducted by Brailsford (2007) which provides 

excellent case studies which proved S&M has a great potential to address many 

complicated health care issues. Brailsford classifies them into three main types 

of models -  human models, operational models and strategic models.

1.3 Challenges for health care simulation

Despite the proliferation of publications and studies of health care simulation, it 

appears that health care industries have failed to sustain the use of these 

powerful techniques. Many researchers have argued the current approach of 

using simulation in the sector is not practical.

Pidd (2008) comments that the majority of the simulation based solutions have 

been produced by academics and/or consultants with a relatively low 

engagement of clinicians and/or operational managers. This leads to the 

situation in which the “given” solutions failed to solve the real problems (kulijis et 

al, 2007).

In addition, Brailsford (2007) identifies the problem of academic simulation 

studies, which unlikely these models can be implemented or reused by other 

health care providers. One possible reason is that these models are often 

developed for a specific hospital.
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The problem of getting health care models implemented seems to be becoming 

a focus for many researchers (Lowery, 1994; Eldabi e ta i, 2007; Brailsford, 

2007). Many authors comment it is difficult to identify the actual value of 

modelling in health sector because the evidence of implementation was so 

limited (Fone et a/., 2003; Sobolev et al, 2009).

Therefore, to facilitate more effective and efficient use of S&M in the sector, 

many of these authors argue that there is a need for a more holistic approach to 

the use of simulation (Gaba, 2004; Eldabi et al., 2007). On the other hand, 

some others argue that there is a need to develop “generic” health care models 

(Gunal and Pidd, 2007; Augusto et al., 2007). However, none of these can be 

achieved unless underlying barriers are identified and addressed.

1.4 Research objectives

A review of relevant literature did not reveal any published work contributed a 

holistic approach for guiding the implementation of S&M in the sector.

The main aim of this research is to develop a holistic implementation framework 

for embedding simulation into the health care systems.

The main objectives of this research are:

- examine the current practices of health care simulation

- identify underlying barriers that impede the use of S&M within the sector

- examine the key issues of applying discrete-event simulation and system 

dynamics approaches within health care environment

- identify key elements required to address the underlying barriers

15
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- investigate the best practices from the other quality and process 

improvement approaches which has already been embedded within the 

sector

- validate the proposed framework by questionnaire and case studies

1.5 Thesis structure

A summary of each chapter is listed below:

1. Introduction; introduces the characteristics of today’s health care 

system, and the requirement of today’s health care management. 

Introduces the use of health care simulation and identifies its main 

challenges. Identifies the key objectives of this research.

2. Literature review; reviews and summarises the current practices and 

challenges of health care simulation development. Reviews and 

discusses the main barriers of embedding S&M into the health care 

systems, and the best practices that have been applied for 

implementing other world-class management approaches in the 

health care. Finally, identifies the research gap to be filled.

3. Discrete event simulation and System dynamics approaches;

introduces the methodology and discusses the modelling 

characteristics of discrete event simulation and system dynamics. 

Provides literature review of the uses of these two simulation models 

within the health sector. Highlights the limitations of these simulation 

techniques. Finally introduces and illustrates the most commonly 

used simulation packages for developing these health care models.
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4. Framework methodology and critical components; presents the 

development approach and describes the methodology used for 

validating the proposed framework. Provides an overview of the 

research approach and the key objectives of each research activity. 

Presents the initial framework which includes the critical components 

that are then used as a basis for developing the implementation 

framework. Finally, maps the proposed critical components with the 

identified success factors to ensure the initial framework are 

sustained by sound theory.

5. SIMT framework; introduces the principle and basic structure of the 

proposed implementation framework. Presents and discusses the 

proposed approaches for guiding health care practitioners to 

implement the critical components in order to successfully embed 

S&M for supporting varies decision making in local or national 

management level.

6. Validation of SiMT implementation framework; validates the 

proposed framework components and the implementation framework 

by questionnaire and case studies. Analyses and discusses the 

validation results in order to demonstrate the strengths and limitations 

of the proposed framework.

17
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7. Conclusions and recommendations; summarises the objectives 

met from this research. Identifies the author’s major contributions to 

the knowledge of health care simulation and modelling. Finally, 

identifies and presents future recommendations for this research area.

1.6 Summary

This chapter introduced the background of the research, and presented the 

current challenges for the health care simulation. The research objectives were 

identified. The thesis structure was included with a brief summary of each 

chapter.

18
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2 CHAPTER TWO: LITERATURE REVIEW 

2.1 Introduction

This chapter reviews the previous research and literature relevant to the current 

practices and examines the existing problems of using S&M within the health 

care sector. The chapter goes into detail about the existing barriers of 

embedding simulation into the health care sector, with regard to the research 

objective of the thesis (mentioned in Chapter one), which highlights the critical 

issues needed to be overcome by a systematic framework. In addition, a review 

of three world-class quality and process improvement approaches that have 

been successfully embedded within most of the health organisations has been 

conducted. Finally, it examines and discusses the main success factors which 

have been applied in overcoming the barriers of embedding new management 

approaches within health care organisations.

2.2 The overview of health care simulation development

Simulation and modelling is one of the most widely used operations research 

tools which have been used to evaluate, improve, and optimise many types of 

processes. In general, simulation models have been developed mainly for 

understanding the behaviour of a system and to practice its control, estimating 

some variables of interest from the behaviour of the simulation, and in 

comparing two or more different policies by trying them out in a simulation (Law, 

2007).
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The review of literature shows that the development of health care simulation 

applications has been dominated by research organisations and external 

consultancies (Pidd, 2008). One of the main reasons is this group of 

researchers are enthusiastic to promulgate simulation in this area. Their 

applications are commonly used to target problems of a more generic aspect. 

Therefore, the development time and cost involved in this type of application is 

usually long and expensive. Managers from the health care organisations on 

the other hand are typically willing to have simulation models which can 

effectively support the improvement of care and patient safety, improvement of 

efficiency, reduction of cost and errors and competition with other organisations 

(Gaba, 2004). Therefore, these simulation models developed in-house by health 

care organisations are usually targeted at a more specific area of concern. 

Additionally, the time scale of the development process is often shorter and is 

more cost effective.

As computing technology is becoming more advanced and user-friendly, there 

are many simulation software packages which are available for the non

programmer. This benefits for example health care managers who typically 

cannot spend too much time on operating complex programming tools.

However, it is important to understand that model programming is just part of 

the overall effort to analyse a complex system by simulation (Law, 2007). In fact, 

there are other critical processes which are always involved in most of the 

simulation development. Figure 2-1 shows the steps that are included in a 

typical simulation study which is originally produced from Law and Kelton (1991).
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implement results

construct a computer program and 
define model________

Figure 2-1 Steps in simulation study (Law, 2007)

Although the simulation process shown in Figure 2-1 can be applied to most of 

the simulation studies, there are particular concerns when applying to health 

care modelling. The environment within a health sector is very different from 

most of the other industries, there are many uncertainties, complex scenarios 

and human issues which are difficult to adjudge before a simulation study. One 

of the main challenges within the development of health care simulation models 

is the data collection process (Lowery, 1998). For example there can be 

thousands of different reports of length of stay within one hospital. Health care 

modellers can eventually spend months collecting this process data. In addition, 

a review of the literature shows that health care data is often not reliable
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enough for a health care model (Baldwin et al., 2004). The main reasons are 

the changes that may occur in medical technology, policies, and socio

economic values can cause the collected data to become invalid. Secondly, 

health care professionals may sometimes provide less than accurate data for 

varying reasons (Eldabi, 2002).

Health care modellers often ignore the importance of the validation process; this 

issue has been reported in the literature as a major problem (Lowery, 1998). 

Within Law’s simulation process model (Figure 2-1), validation process (i.e. step 

6 in Law’s model) is a major process which can affect the success of the whole 

development. For example, if the developing model is found to have failed to 

represent the real system or situation, it is necessary to return back to the early 

steps, find out either there is the problem of the collected data or the model 

structure etc. Without this process, the final model can become useless for 

problem owners. However, health care modellers often pay less attention to this 

step, perhaps this is because the uncertainty and different human issues which 

causes these modellers to be unable to spend too much time and effort on this 

process.

Similar issues have also been raised within a review of the use and value of 

simulation in health care (Fone et al., 2003). These authors comment there is 

lack of evidence of implementation found within the reviewed papers. Without 

the outcomes of model implementation, this is difficult to judge the actual value 

of a model. According to a recent review of the health care publications 

conducted by Sobolev et al. (2009), there are still limited studies reporting
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simulation models that are implemented to address the needs of the health care

managers or the problem owners.

2.3 Current status of health care simulation

Over the last two decades, the research and development of health care 

simulation has in fact become a popular topic within health care literature. A 

majority of these interests has focused on how simulation modelling can be 

used for addressing the complex health care issues. Health care simulation 

models have been employed extensively for assisting a wide range of clinical 

decision making, such as capacity planning, resource allocation and 

organisation redesign.

As the development of health care models has grown substantially over recent 

years, there is increasing concern about the ‘true’ value of these health care 

models for the health care communities and managers. Pidd (2008) comments 

that the health care community and managers are still not ready to operate a 

simulation software tool. The great majority of these health care models are still 

developed by commercial consultants and/or research organisations. In fact, 

reviews of the literature show that the involvement of health care managers and 

policy makers in these simulation studies are very limited (Sobolev et al., 2009). 

The current practices of using simulation in the health sector is tool-driven, 

health care managers are only applying a ‘ready-made’ solution (Kulijis et al., 

2007). In most cases, these simulation solutions could not really address the 

needs of these health care managers or policy-makers.
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Increasingly, studies in literature are addressing the future of health care 

modelling. Most of this concern focuses on the need to implement S&M within 

health care systems, so that it can be used on a regular basis by health care 

managers or policy-makers (Kuljis etal., 2007; Eldabi etal., 2007; Pidd, 2008). 

Back in the 1990s, Lowery (1994) has already discussed some barriers of 

implementing simulation in health care. His studies show that in order to reap 

the full benefit of simulation, implementing this technique within health care 

system is a necessity. There is still no evidence to show that simulation has 

been successfully implemented within the health care system.

There is no doubt that implementing simulation techniques into an organisation 

system is always a big challenge. It is necessary to have some guidelines or 

toolkits which can provide best practices or procedures for guiding these 

professionals. For instance, Hughes and Perera (2009) develop a five stage 

framework which provides manufacturing professionals a systematic guideline 

to embed simulation into business processes from foundation, introduction, 

infrastructure, deployment to embedding. However, health care sector has its 

unique characteristics and different human issues. Therefore, the guidelines 

which can provide health care professionals to embed simulation into their 

systems have to be considered all the unique issues and to be able to apply 

hierarchically.

The following section provides an overview of these unique characteristics and 

human issues which hinder S&M to be embedded within a typical health care 

system.
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2.4 Barriers of Embedding Simulation into a Health Care 

System

As stated in the previous section, there is still no evidence to show that S&M 

has been embedded into health care systems as a routine tool. In fact, 

embedding simulation techniques into a health care system is not an easy task. 

Compared to other business sectors, health care systems are characterised by 

different human issues and unique characteristics. Some of these issues in fact 

bring a number of problems to modellers when employing simulation to the 

health care systems. The following sub-sections discuss these barriers in detail.

2.4.1 Health Care Complexity

One of the main barriers for employing simulation extensively within health care 

systems is their complex nature. In most cases, health care processes involve 

patients, healthcare professionals and health resources, in which their 

interactions are too complex to be understood analytically. One of the critical 

processes within a simulation study is to formulate problem during the 

beginning stage (Law and Kelton, 1991). Pidd (1998) suggests that this stage is 

the attempt to take an overlook to the system and to extract from it some 

agreement about the particular problems which might be amenable to analysts. 

However, unlike most of the routine manufacturing processes, health care 

systems involve random events, multiple characteristics of patients and 

resources. Most of these uncertainties and variables are simply too complicated 

to be well defined as an assumption.
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Many of the simulation studies reported failed because modellers attempt to 

examine everything at once (Lowery, 1994). In most cases, these studies either 

failed to focus on the defined problem or were terminated as a result of 

spending too much effort and time on details. However, these practices in 

health care modelling are sometimes unavoidable because of its complex 

nature. For example each patient can go through various patient pathways 

through the process of care. There is much uncertainty and variability involved 

such as patient demand, length of stay, treatment times, delays or resources 

availability. These processes are simply too complicated to be reduced, health 

care modellers have no choice but to include all these details in a model.

2.4.2 Multiple Stakeholders

Health care systems are mainly composed of patients and health care 

professionals. These health care professionals can include clinicians, managers 

and health economists. Eldabi et al. (2002) defines this group of professionals 

as “Stakeholder”. These stakeholders are the main decision makers within a 

health care system, and often they are the problem owners of a simulation 

study. Since these stakeholders always have their own different objectives and 

interests, in most cases they can have different views to address the same 

problem. Therefore, without good communication (Eldabi etal., 2007), 

modellers always find it frustrating when trying to understand a real problem 

from each of them.
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2.4.3 Cultural resistance

One of the other barriers for the slow acceptance of the use of simulation in the 

health care sector is cultural resistance. Traditionally, health care managers 

relied primarily on simpler, deterministic decision making (Lowery, 1994). 

Simulation might be seen as a complicated tool which requires high level 

technical skills and complicated procedures. Pidd (2008) comments that health 

care managers nowadays are just not feeling as ready to operate simulation 

software tool as they are in currently opening a spreadsheet.

In fact, health care managers always view simulation-based solutions as “black- 

box” answers to complex problems (Lowery, 1994). They often feel 

uncomfortable to the validity of the distributions employed in the analyses or the 

unpredictability of the outcomes. In general, health care clinicians and care 

providers are the main resources within a health system. They simply do not 

like being analysed, viewed or treated in the same way as machines within a 

simulation model. In addition, this group of staff often has less chance to get 

involved in the model building until a problem is identified. Therefore, simulation 

might be seen as a management tool which is not welcome by clinicians and 

other care providers (Eldabi et ai, 2007)

2.4.4 Lack of simulation knowledge

Although the time and skill level required for model building is surely decreasing 

as the power and flexibility of the available simulation software increases. 

Nevertheless, a level of education and training is still necessary for non

programmers such as health care managers for simulating a relatively simple
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system. However, this kind of simulation training is apparently absent within the 

health care culture. There are two reasons. First, there is lack of incentives for 

health care managers and decision makers to employ simulation within their 

routine decision making. As today’s health care environment is in a state of 

such rapid change, these decision makers cannot afford to spend too much 

time developing models of systems which may become outdated as soon as 

they are completed. Additionally, the actual value of simulation for the health 

care managers is still not yet been clearly proven. (Sobolev et ai, 2009).

Secondly, the health care sector is traditionally responsive and sensitive to 

political influence and control (Kuljis et a/., 2007). However, organisations do 

not warrant an investment in simulation software and the associated training, 

instead the allocated funds are usually spent on patient accounting and medical 

information systems.

2.4.5 Time and Cost

Literature shows that the development of health care simulation is still 

dominated by external consultancies and/or research organisations (Pidd, 2008). 

As discussed previously, one of the main reasons for this current practice is due 

to the lack of simulation knowledge among health care managers and decision 

makers. However, in most cases, these external modellers simply spend too 

much time and effort in search of a level of complexity that was totally 

unwarranted or they were trapped by the temptation to simulate everything in 

the model.
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Because of these reasons, these models were often terminated due to the 

costing issue, or the finished models were invalid due to the changes in the 

current situation. This current practice of developing health care models is 

basically too time-consuming and not cost-effective enough for the health care 

sector.

2.4.6 Modelling accuracy

The problem of accuracy in health care simulation models is mainly the 

consequence of most of the issues that have been discussed above. These 

issues include the complexity and variable nature of health care processes, 

different views from multiple-stakeholders, no involvement of managers or 

clinical staff during model building processes, and the domination of external 

consultancies in simulation development.

Problems of the accuracy in health care modelling mainly focus on model 

accuracy and data accuracy. Eldabi et al. (2002) reports model accuracy highly 

depends on defining a right ‘problem’ at the initial stage of the development. 

However within health care systems, problems are often not well defined. 

Additionally, it is unlikely that external modellers can really understand health 

care ‘from the inside’ because of the lack of communication between 

stakeholders and modellers (Eldabi etal., 2007). Data accuracy on the other 

hand is another important barrier for health care modelling. Because of the 

rapidly changing and unpredictable nature of health care systems, available 

data can often become invalid after a short period of time. As a result, health 

care managers and decision makers generally do not believe modellers can
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measure and predict for example patient arrive times, patient waiting times or 

treatment times accurately.

All of these barriers prevent simulation from being used as widely as possible in 

the health care sector. Some of these barriers can be addressed with changes 

to simulation products and its delivery to this important sector. Other barriers 

must be dealt with through changes within the health care organisations.

2.5 World-class quality and process improvement approaches

embedded in health care

In order to fully understand the unique characteristics of the health care sector, 

it is important to investigate how other quality and process improvement 

approaches were embedded in health care systems and their best practices. 

The following sub-sections examine and discuss three world-class quality and 

process improvement approaches which have been extensively studied and 

applied in the health care sector.

2.5.1 Total Quality Management

Total quality management (TQM) is a management philosophy which aims to 

improve quality, operations, and productivity on a continuing basis. Within the 

health sector, TQM is an essential management approach implemented to 

improve the overall quality of hospital systems, processes and services. 

Successful implementation of TQM requires a fundamental paradigm shift in 

health management (Isouard, 1999). Most importantly, quality improvements
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should not be managed piecemeal, but in concert (Kimberly and Minvielle, 

2000). Isouard (1999) suggests a strategy which guides the development of the 

TQM environment within hospitals. The key elements include a change in the 

management culture, teamwork development, customer focus and continuous 

feedback to staff (Table 2-1).

Table 2-1 Organisational framework for the development of TQM environment (Isouard, 
1999)
Stage 1: Management cultural change

Commitment towards TQM from senior management 
Quality management plan introduced 
Quality issues on management agendas 
Quality adviser appointed 
TQM training provided for staff 

Stage 2: Teamwork developed
TQM team project introduced 
Quality adviser focused on team building 
Responsibilities identified problems 
Staff empowered to identify problems 
Staff involved in process change 
Trust among team members developed 
Reinforce successes 

Stage 3: Focus on customers
Promoting an attitude that customers come first 
Customers identified and represented on TQM team 
Determine specific customer requirements
Process improvement strategies developed to meet customer needs 
System to evaluate how customer needs are being met 
Organization responds quickly to changing customer needs 

Stage 4: Continuous feedback to staff
Emphasis placed on continually keeping staff informed of the 
improvement process
Feedback in form of progress reports and minutes from TQM  
meetings
Recognizing staff value 
Communication successes

Isouard’s strategy focuses the importance of ongoing organisational 

improvement, not a one-time event. Quality has to be integrated into day-to-day 

management, and it is essential to involve all staff to contribute to the 

improvement process. In which, the involvement of senior management is 

especially critical. For example, senior managers should spend time “walking 

the job” for explicit quality improvement purposes, which can motivate those
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below through leadership, support and action (Joss, 1994). This action can 

include adequate employee education and training for quality improvements.

In addition, good communication is also vital to the development of a TQM 

environment. Isouard (1999) emphases continuous feedback to staff about the 

changing processes can ensure continued cooperation and minimise resistance 

to the proposed changes. On the other hand, closer communication between 

customers (patients) and providers (hospitals) is another success factor to the 

development of a TQM environment. This is important to determine clear 

customer needs and requirements, and continuously evaluate how these 

customer needs were being met through meetings or surveys.

2.5.2 Lean management

Lean management pioneered by Toyota in the 1940s, is to redesign services by 

removing practices or stages in a process that do not add value to the customer 

(Ward, 2006). If successfully implemented, Lean in health care organisations 

can help to improve productivity, reduce waste and lower costs. Lean is an 

approach that seeks to improve flow in the patient journey and eliminate all 

forms of waste. It is the process of identifying the least wasteful way to provide 

value to customers (Westwood and Silvester, 2006). Table 2-2 shows the basic 

Lean principle when applying to health care.
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Table 2-2 Five-step process for guiding the implementation of lean in health care 
(Westwood and Silvester, 2006)
Theory; Improve flow and eliminate waste 
Lean principle:
1. Specify value -  What is important in the eyes of the patients and staff?
2. Understand demand -  What is the type and frequency of the demand?
3. Flow -  How will the patient and information flow through the patient 
journey?
4. Pull -  How can we create pull in the patient journey rather than pushing 
patients and information round the system?
5. Perfection -  How can we optimise the patient journey?

The Lean principle basically includes five main stages -  specify value, 

understand demand, create flow, establish pull and seek perfection. This is not 

the main purpose of the study to investigate the details of Lean principle. 

However, it is important that senior leaders fully understand this basic Lean 

principle and to build the Lean thinking into their management strategies.

Similar to the TQM approach, successfully implementing Lean thinking into a 

health care organisation requires the development of a continuous improvement 

culture (Atkinson, 2004). This long-term improvement culture should focus on 

improving flow and eliminates waste from the whole system rather than a short

term reactive culture (Westwood and Silvester, 2006).

However, the challenge of implementing Lean in health care is that it requires 

people to identify “waste” from their daily tasks. It is particularly difficult for 

health care professionals to accept their work is wasteful and does not add 

value. Therefore, senior leaders play an important role to create a set of values 

and beliefs that guide people to make the right choices, behave differently, and 

allow them to experience a better set of results. All these changes cannot be 

done individually, but must be implemented throughout an entire organisation 

(Miller, 2005).
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One of the United States (US) medical centres has been using Lean 

management since 2002. One of their major precepts is to introduce a “No- 

Layoff Policy” (Miller, 2005). Therefore, people can fully commit and engage in 

improvement work without worrying themselves out of a job. Neil Westwood, 

associate in service transformation at the NHS Institute for innovation and 

improvement, states “Lean is a long-term strategy which requires expertise to 

get it started...Lean is not about sacking people...a true Lean organisation 

would redeploy these staff elsewhere in the organisation to improve that area” 

(Ward, 2006). Senior leaders are required to be educated initially and then as a 

leader to guide people to experience the process of improvements. When this 

process is repeated, a new culture will evolve.

2.5.3 Six-sigma Quality

Six-sigma has been used since the 1980s and was originally developed by 

Motorola and championed by multinational company General Electric (Chassin, 

1998). When implemented in health care, six-sigma uses a powerful project 

management framework and statistical tools to uncover root causes of a 

problem. The main principle of six-sigma is about doing things right at the first 

time, defect-free.

The phases of the six-sigma methodology are represented by DMAIC, or Define, 

Measure, Analyse, Improve and Control (Antony et a/., 2007a). Table 2-3 shows 

the basic principle of DMAIC methodology for managing a six-sigma project.
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Table 2-3 DMAIC methodology for applying a six-sigma project (Westwood and Silvester, 
2006)
Theory; Eliminate defects and reduce variation 
Six-sigma DMAIC methodology:

1. Define -  What is important?
2. Measure -  How are we doing?
3. Analyse -  What is wrong?
4. Improve -  What needs to be done?
5. Control -  How do we sustain the improvements?

In which, there are many different analytical tools and techniques that can be 

used during each DMAIC stages. For example process mapping, brainstorming, 

root cause analysis, run charts and Pareto analysis (Antony et a!., 2007b). 

Literature shows that six-sigma quality has already been widely accepted and 

implemented in many health care organisations (Natarajan, 2006; Antony et al., 

2007b; Hilton etal., 2008).

Similar to TQM and Lean management approaches, the key success factors for 

implementing Six-sigma quality within health care organisations is to create the 

continuous improvement culture. Chassin (1998) explains that priority is to 

educate public and leading representative organisations about the importance 

of health care quality improvement. Without customers demanding better 

performance from their health care systems, health care organisations will not 

have the motivation to make the kind of investment needed to improve or create 

new systems of care.

In addition, a key factor of successful implementation of six-sigma is to create 

the right mindset and attitude of people working within the organisations at all 

levels towards six-sigma quality improvement (Antony and Banuelas, 2002). 

This should begin from the top management team. Without senior management 

support and commitment, six-sigma is impossible to implement within an
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organisation. Appropriate training about the six-sigma methodology should be 

provided to all staff, this can make sure everyone in the organisation has the 

same standard on errors and quality (Antony and Banuelas, 2002).

Finally, competition between health care organisations can become an 

important motivation in applying quality improvement (Chassin, 1998). For 

instance, the Baldrige award (Bodinson, 2005) catches the attention of 33 

health care organisations on systems thinking, benchmarking, and comparative 

results. There are many other quality award programs which successfully 

motivate health providers and managers to implement quality improvement 

within their organisations (Natarajan, 2006).

2.6 Research Gap

The review of the existing literature and research shows that there are many 

known challenges and problems when applying simulation modelling within the 

health care sector. Recent literature focuses mainly on the need to fully embed 

simulation within the health care sector (Kuljis et a i, 2007; Eldabi et a/., 2007; 

Pidd, 2008). However, embedding simulation into this complex environment is 

always a challenge.

The following issues are absent in relation to the research area:

- There is no clear guideline to show how the underlying barriers of 

implementing S&M can be addressed
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- There is no implementation framework available to guide how health care 

managers or/and practitioners can embed S&M in the sector for 

supporting decision making

- There is no specific toolkit to show health care managers or/and 

practitioners the appropriate skills and techniques for developing in- 

house simulation models for routine use.

This work will develop a practical and systematic implementation framework, to 

fill the research gap, which can guide health care managers and practitioners to 

effectively address the underlying barriers and to successfully embed S&M in 

the sector.

2.7 Summary

This chapter starts by examining the overall development practices of health 

care simulation modelling in Section 2.2. A general simulation development 

process, based on the literature, was presented. Discussion goes on to the 

common challenges of applying this process flow into health care environment. 

For example, the difficulties of collecting data and lack of attention to the model 

validation processes.

Based on the discussions conducted in Section 2.2, the current situations and 

problems of using health care simulation modelling were examined in more 

detail in Section 2.3. The discussion was then focused on the future of health 

care simulation. Attention here was drawn to the fact that health care simulation
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modelling should be fully embedded within health care organisations, so that 

simulation can be effectively used on a regular basis.

Section 2.4 reviewed and discussed the main barriers of embedding simulation 

technology within health care systems. These include: health care complexity, 

multiple stakeholders, cultural resistance, lack of simulation knowledge, time 

and cost, and modelling accuracy. Section 2.5 presented the three well-known 

quality and process improvement approaches within the health care sector. 

Those are: total quality management, lean management, and six-sigma quality. 

The methodology of each approach is briefly discussed. The discussion was 

then focused on the best practices for overcoming the natural barriers of 

embedding these approaches within health care organisations. Section 2.6 

identified the research gap in the research area and presented the main goal of 

this study.
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3 CHAPTER THREE: DISCRETE EVENT SIMULATION 
AND SYSTEM DYNAMICS APPROACHES

3.1 Introduction

Among a variety of computer simulation modelling approaches, discrete event 

simulation (DES) and system dynamics (SD) are the two most widely used 

simulation approaches for modelling health care systems. The main reasons 

being that these two approaches have the abilities to model health care 

systems, with regard to its uncertainty, variability and complexity. In which, DES 

modelling is known for simulating processes which involve random events and 

stochastic data or elements. Conversely, SD modelling is known for studying 

complex systems which include multiple stages and feedback relationships.

The aim of this chapter is to examine the methodology of these two simulation 

approaches, and to review the use of these two approaches for health care 

management. Although simulation is known for supporting various health care 

decisions in many application areas, each of these approaches has its own 

limitations. This chapter will discuss these potential limitations in detail. As 

computing technology is becoming more advanced, increasing simulation 

software packages are available in today’s software market. Arena® is one of 

the popular simulation packages for building DES models. Stella/iThink are 

specialised for building SD models. The characteristics and functions of these 

simulation packages will be briefly introduced in this chapter.
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3.2 Discrete event simulation in health care

Discrete event simulation is an analytical simulation tool which can be used to 

model systems that involve a network of queues and activities. Systems to be 

simulated in DES models are considered to consist of discrete entities, in which 

the state variables change instantaneously in discrete time. Since DES has the 

ability to model uncertainty and variability, increasing interest and studies are 

using DES to model health care systems in many application areas (Brailsford 

and Hilton, 2000).

3.2.1 Theory and methods

Discrete event simulation models have traditionally been applied to address 

decision making at a tactical and operational level since the early 1950’s. Since 

then, DES approach has been widely used in manufacturing, health care and 

public service sectors (Pidd, 2003). Systems operated in these industries are 

usually stochastic in nature, which require a modelling approach capable of 

dealing with distinct entities, scheduled activities, queues and decision rules 

(Brailsford and Hilton, 2000). In comparison to other computing simulation tools, 

DES is generally the most suitable tool when the system details need to be 

modelled and individual items need to be tracked (Morecroft and Robinson, 

2005).

In general, the aim of DES models is for performing ‘what-if experimentation. 

Decision makers can use the models to investigate the effects of various 

scenarios and to predict the performances of different proposed policies. The 

basic function of a DES model is shown in Figure 3-1.
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Inputs
(Scenarios/
Policies! DES
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Outputs
(Responses)

Interaction and experimentation 

Figure 3-1 Basic function of a discrete event simulation model (adapted from Pidd, 2003)

3.2.2 Objects in a DES model

Within a DES model, there are several system components which need to be 

identified and defined in the first place. First of all, objects of the system. In a 

DES model, these objects are usually known as entities. An entity can be a 

dynamic object that moves around, changes status, interacts with other entities 

and affects the output performance measures (Kelton et ai., 2010). In a hospital, 

this type of entity could be patients. One of the characteristics of a DES model 

is each entity can have its individual characteristic. For instance, each patient 

can be modelled with different individual characteristics (for example age, 

gender, diagnosis, disease status and blood group etc.) which may be used for 

deciding their pathways throughout a diagnostic process. These individual 

characteristics are usually called attributes.

An entity can also be a tangible resource within a DES model. In a hospital, 

these types of resources might be doctors, nurses or beds. Logically, an entity 

(patient) seizes resource (doctor) when it is available and releases this resource 

when an activity is finished. However, in some cases when resource (doctor) is 

not available, the entity (patient) needs to join a queue before the resource
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becomes available. In DES, this type of queue may be served in a FIFO (first-in, 

first-out) manner, LIFO (last-in, first-out) manner, or ranked on some attribute in 

increasing or decreasing order (Law, 2007).

3.2.3 Logics in a DES model

In definition, one of the important mechanisms of a DES model is it consists of 

discrete entities, in which the state variables change instantaneously in discrete 

time. Thus, within a DES model each entity can have different states in different 

time. For instance, a patient may include states like “waiting in triage”, “being 

examined” or “waiting for doctor”. Similarly, a nurse may include states like 

“examining a patient”, “operating a treatment” or “documenting a case”.

Basically, each entity must be in one state or another at any point throughout 

their time in a simulation. The current state of an entity will only change when 

an event occurs that is associated with it. In DES, an event is something that 

happens at an instant of time that might cause states to change. An activity 

begins with an event and ends with an event. In Figure 3-2, “U” to “f6” marks the 

time of an event occurring. Therefore, the state of entity 1 has changed from 

“State 1” to “State 2” at event time “f3”, and this state has changed from “State 

2” to “State 3” at event time “f4”. Logically, each entity has its own life cycle in 

the simulation, and each of them is called a process. A process is basically a 

collection of events or activities.

42



Chapter 3 Discrete event simulation and system dynamics approaches
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Figure 3-2 Relationship between states, events, activities and processes (Pidd, 2003)

3.2.4 Operations in a DES model

Another key part of a DES system is the time-advance mechanism. In DES, 

simulation clock is a variable that represents the current value of simulated time 

in a simulation. Time-advance is a mechanism that advances the simulated 

time from current value to another. There are two basic approaches for 

controlling the time advance, one is next-event time advance and another one is 

fixed-increment time advance (Law, 2007).

With next-event approach, simulation clock is advanced from the time of one 

event to the time of the most imminent event. The time between these events is 

ignored. On the other hand, fixed-increment approach advances the simulated 

time at fixed intervals (e.g. every 5 seconds) even if there is nothing going to 

happen at that time. As mentioned previously, state changes will only occur at 

events. Therefore, next-event approach is comparatively more efficient and 

allows models to be executed more quickly when compared to fixed-increment 

approach. In fact, next-event time advance is the most commonly used 

approach by most of the major DES simulation software companies.
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Figure 3-3 illustrates the operation flow in a DES model (Law, 2007). In which, 

next-event time advance approach is used. Technically, simulation begins at 

time 0 when the main program invokes the initialisation routine to reset 

simulation clock, system state, event list and statistical counters to their initial 

status. Event list is one of the main components in DES, which holds a record of 

information for the most imminent event. Once simulation finishes the 

initialisation routine, main program invokes the timing routine which checks with 

the event list to determine the next event type. At the same time, simulation 

clock is advanced to the time of the next event. Main program then invokes the 

event routine, in which system state, statistical counters and event list will be 

updated. These two routines will keep repeating until the stopping condition of 

the simulation is satisfied. Finally, main program invokes the report generator to 

produce a simulation report.

Initialisation routine Main program Timing routine

1. Set simulation clock =  0

2. Initialise system state

0. Invoke the initialisation routine 1. Determine the

♦  next event type.

and statistical counters *  

3. Initialise event list

1. Invoke the timing routi
2. Invoke event routine /

timing routine repeatedly * —  saY '
2. Advance the 

simulation clock
Event routine /  v

1. Update system state

2. Update statistical counters

Library routine

Generate

3. Generate future events and add to «- 

event list

*  random variates

Is simulation 
over?

Report generator]

1. Compute estimates of interest
2. Write report

Figure 3-3 Operation flow in discrete event simulation model (Law, 2007)
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One of the main advantages of DES is that it can model random events. This is 

achieved by a method of generating or obtaining numbers that are random. Law 

(2007) describes this as a process of “generating random variates", which to 

generate random observations from probability distributions. Pidd (2003), Law 

(2007) and Kelton etal. (2010) provide detailed explanation regarding the 

mechanism of random number and probability distributions that are used in 

DES.

3.2.5 Use of discrete event simulation for decision making

Literature reports a wide range of areas where DES has been successfully used 

in the health care sector (Fone et al., 2003; Brailsford, 2007; Gunal and Pidd, 

2010). These applications can be classified into two main areas: medical and 

operational areas.

For instance, to support analysis in medical issues, DES has been used to 

model human health behaviours (Brailsford, 2007) and the spread of infection 

and communicable disease such as Chlamydia or HIV/AIDS (Fone etal., 2003). 

These models improve the understanding of the complex issues and help to test 

different policies in medical practice. The key benefits of these applications are 

that experiments can be performed without putting patients in inconvenient 

situations or placing them at risk.

In recent years, increased DES models have been reported for supporting 

health care decision making and planning in the operational areas (Gunal and 

Pidd, 2010). These models have been widely used for understanding the patient
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flow and resource allocation within Accident and Emergency (A&E) department, 

outpatient clinics or/and inpatient areas.

In 2008 the NHS institute launched Scenario generator (NHS, 2008) -  a generic 

simulation tool that allows health care clinicians or/and operational managers to 

develop scenarios to examine the impact of changes on patient flow, capacity, 

end-to-end transaction times (including delays and waits) and operating cost 

across the whole system. Similarly, Gunal and Pidd (2008) develops DGHPSim 

that allows hospitals to utilise their existing local data or national data set in the 

DES models. The aim of DGHPSim is to allow operational managers to 

examine the changes of the whole hospital performance under different 

circumstances. However, literature shows this type of generic DES models is 

still not commonly used in the sector (Gunal and Pidd, 2010). One possible 

reason is the difficulty to represent the complexity of a whole hospital’s activities 

within a simulation model.

Therefore, the majority of simulation models are commonly used to model only 

a specific aspect, such as A&E department, inpatient areas, outpatient clinics, 

operating theatres or intensive cares units (Gunal and Pidd, 2010). In which, 

A&E department is one of the most popular units for health care simulation. The 

main reason is this unit is relatively self-contained and patient pathways are 

usually more well-defined.

Kolb et al (2008) report a case study to use DES models to examine the 

potential benefits to an A&E unit if a new proposed buffer concept is 

implemented. This new buffer concept aims to relieve overcrowding pressure in
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the Emergency Room (ER) by introducing five buffer areas. The simulation 

results show that the new buffer concept can successfully reduce the 

overcrowding pressure in the ER room, also all buffers are managed to run with 

less resources then in the ER room. Other examples include Ruohonen and 

Teittinen (2006) and Meng and Spedding (2008) which both present detailed 

case studies of building A&E simulation models for specific hospitals.

Apart from A&E units, a large number of DES models have been used to model 

outpatient units. Literature shows these models commonly used on two main 

areas: scheduling and capacity planning (Guo et al., 2004; Giachetti et al, 2005; 

Takakuwa and Wijewickrama, 2008).

Guo et al., (2004) and Giachetti et al., (2005) both use DES models to address 

problems in patient appointment scheduling. Guo et al., (2004) presents a 

detailed simulation model (“Patient Scheduling Simulation Model -PSSM”) for 

examining the relationship between the current triage rules and resource 

utilization rates. The study showed that PSSM can provide a good 

understanding of the current situation and can be used to examine different 

scheduling strategies. Giachetti et al. (2005) presents a new patient 

appointment scheduling system (“Open Access”) for addressing the problem of 

backlog appointments and high no-show rate. The open access policy is tested 

in a DES model, and the study showed that patient throughput time could be 

reduced significantly through better management of the schedule. Other 

examples include Takakuwa and Wijewickrama (2008) who present a case 

study that introduced an improved Doctor Scheduling Mix (DSM) policy. A 

detailed DES model was developed for this specific outpatient unit, by
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integrating with the optimization technique, the study showed the best 

scheduling options for reducing the long waiting time and increasing the 

utilization rates of the current staff.

The literature has many other examples of DES models for addressing various 

operational issues in other hospital units. For example operating rooms, critical- 

care units, screening units, surgical units, pharmacies and laboratories. Gunal 

and Pidd (2010) report a detailed review of these applications.

3.2.6 Limitations

Although discrete event simulation has great potential to support better decision 

making and planning in the health care sector, some authors have identified 

several limitations regarding the use of DES in the sector.

First of all, the majority of DES models require large amounts of quantitative, 

numerical data input to the simulation. Health care modellers often invest a 

great deal of effort to collect and analyse historical data that may or may not be 

available within the system (Brailsford and Hilton, 2000). However, without this 

accurate data, simulation models can only produce “garbage”.

Brailsford and Hilton (2000) also argue DES models often produce a vast range 

of output results, including the whole distribution of possible outcomes and 

results. This situation often happens when simulation is used within a highly 

variable environment such as the health care sector. However, special care and 

necessary statistical skills are often required for analysing these simulation 

results.
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As discussed earlier, in most cases, the development of health care DES 

models are limited to model specific units, and to address specific problems 

(Gunal and Pidd, 2010). One possible reason for this limitation is the complexity 

of modelling a whole hospital in one single DES model. However, this type of 

unit-specific model usually cannot see a holistic view of the whole system and 

ignores the importance of what is happening over the other side of the system. 

In addition, given the specific nature of this type of model, reuse of the model is 

often restricted.

3.2.7 Discrete event simulation software package: ARENA

Arena is a general-purpose simulation package that supports discrete event 

simulation model development. Arena has been widely used for modelling 

manufacturing processes, supply chain systems, health care systems and call 

centers. Since Arena runs on a Windows Platform, it inherits the advantages of 

embedding other Windows-based applications [such as Crystal Reports, 

Microsoft Visual Basic for Applications (VBA) and Microsoft Excel] within a 

model.

Arena provides users with a number of “templates” for constructing a model. 

Each template contains different modules (a module contains logic, user 

interface and options for animation) or SIMAN blocks (a building block contains 

SIMAN simulation language). The basic templates include for example basic 

process, advanced process, advanced transfer, flow process, support, blocks 

and elements. Apart from these given templates, users can create customised 

modules for representing specific process and store them in a new template 

(Law, 2007).
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An example of General Practitioner (GP) clinic system

A very simple DES model of a general practitioner clinic system is modelled in 

Figure 3.4, which consists of a registered nurse and a doctor. Figure 3.4 shows 

the five required SIMAN blocks and the necessary connections to define the 

entity flow. The “Create” block is used to generate arrivals of patients. The 

Create block is connected to the “Seize”, “Delay” then “Release” blocks, which 

are the required blocks to represent the processing of a patient with a registered 

nurse. Once again, this set of blocks is connected to another set of processing 

blocks to represent the processing of a patient with a doctor. Once a doctor has 

finished seeing a patient, this patient will exit the model which is represented by 

the “Dispose” block.
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Figure 3-4 Arena model for a GP clinic system

Arena also has the feature to include two-dimensional animation and dynamic 

graphics. Figure 3.5 shows the animation snapshot of the GP clinic system 

example.
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Example of a GP clinic system

Reception Area

Examination Room

£

Number of patient waiting for doctor

Figure 3-5 Arena animation for the GP clinic system example

3.3 System Dynamics in health care

System Dynamics is an approach to model the dynamic behaviours of a system, 

such as population, ecological, social and economic systems. It can support the 

understanding and analysing of the interactions, feedback relationships and the 

underlying structure between system elements. In health care, applications of 

SD models are still not widely applied when compared to the DES approach.

One of the main reason is SD cannot model the effects of stochastic variation 

and individual patients within a system (Lane et al, 2000). Nevertheless, 

increasing studies and research have used SD approach to model health care 

systems in a more strategic perspective (Lane et al., 2000; Dangerfield, 1999; 

Lane and husemann, 2008).
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3.3.1 Theory and methods

System dynamics was first called “Industrial Dynamics” (Forrester, 1961). The 

underlying concept of the approach is to combine the power of the human mind 

with the strengths of today’s computing technology (Keough and Doman, 1992). 

SD combines two distinct approaches: qualitative and quantitative. Qualitative 

approach concerns with defining problems, identifying the factors bearing on the 

problem, and recognising the feedback loops with relate materials, information 

and decisions. Quantitative approach involves building simulation models which 

can be used to understand the actual system performance, and to experiment 

the consequences of different courses of action on system behaviour.

3.3.2 System structure in system dynamics

In order to understand the dynamic behaviours in system dynamics, there are 

three major system components that need to be identified i.e. levels, rates and 

delays (Pidd, 2003).

Levels and Rates

Levels (or stocks), are the accumulations of resources within a system. In SD, it 

is used to represent the current value of a variable, for example the number of 

patients waiting in triage area or the number of doctors on duty. On the other 

hand, rates (or flows), are the control variables which determines the levels. It 

includes inflow rate and outflow rate. In an example of a clinic system, inflow 

rate may be the patient arrival rate and outflow rate can be the doctor seeing 

patient rate. Figure 3.6 is an example of a tank which shows the basic 

relationship between levels and rates.
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Inflow'

Level

Outflow

Figure 3-6 Relationships between levels and rates (adapted from Pidd, 2003)

Delays

In system dynamics, there is another important system feature which is 

necessary to identify - Delays. In most of the human systems, delays occur 

because of different reasons. Resources and information within a system are 

rarely transferred instantaneously. For example, after a patient takes medicines, 

it usually takes a few hours or days before the patient can totally recover. Figure

3.7 shows the patient recovery status over time. Since these delays can directly 

affect the overall system’s behaviour, it becomes one of the key parts when 

analysing a feedback system.

Sickness

Totally 
o * "  recovered

Time

Figure 3-7 Patient recovery status over certain times
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3.3.3 Type of diagrams in system dynamics

SD approach provides two main types of diagrams for supporting the qualitative 

and quantitative analysis of the feedback systems. They are causal loop 

diagrams and stock and flow diagrams.

Causal loop diagrams

Causal loop diagrams or as they are sometimes referred to, influence diagrams 

(Coyle, 1977) or cause and effect diagrams (Wolstenholme, 1990) are 

concerned with analysing the qualitative aspect of feedback systems. Pidd 

(1998) defines this as an important process to define the “structure” of how 

each element interact within a system.

To construct a causal loop diagram, the initial step is to identify any system 

elements which cause effects to the system. Then, the identified system 

elements are connected by arrows that indicate causality. In addition, the “+” 

and signs are used to indicate the effect of the causality. Figure 3.8 shows a 

simple example of a causal loop diagram. That is, as patient admission rate 

increases the number of patients in ward increase, therefore a “+” sign is used. 

Similarly, as patient discharge rate increases the number of patients in ward 

decrease, therefore a sign is used.

+
Admission rate -------► Patients in Ward <— Discharge rate

Figure 3-8 an example of a causa! loop diagram
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Obviously, a real-world system contains more system elements which their 

interactions are identified as different “loops” (Brailsford, 2000). There are two 

types of loops: balanced loops and reinforcing loops (Brailsford, 2000) often 

referred to as negative feedback loops and positive feedback loops (Pidd, 2003). 

By understanding the nature of these loops within a complex system, the 

modeller can achieve a better understanding of the system behaviour and it can 

be a very useful initial diagram for guiding the development of a quantitative 

system dynamics model.

Stock and flow diagrams

Stock and flow diagrams or as they are sometimes referred to, quantitative 

diagrams (Wolstenholme, 1990) or flow diagrams (Riachardson and Pugh, 1981) 

are used to construct system dynamics model that can represent the 

interactions among levels, rates and delays. The model can be used to gain a 

better understanding on how these system elements cause changes to the 

system behaviour. In addition, alternative strategies and system structures can 

be tested and examined.

There are four well-known software packages which can support the building of 

system dynamics models. They are Dynamo, iThink/Stella, PowerSim and 

Vensim. In which, iThink/Stella are the most popular choices for the non

programmer. It is mainly because of their user-friendly interface and good 

quality graphics developed by the Macintosh computer. A more detailed 

discussion on iThink/Stella will be described in Section 3.3.4.
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Figure 3.9 shows an example of a stock and flow diagram that has been 

constructed from the causal loop diagram shown in Figure 3.8. The diagram 

shown in Figure 3.9 consists of four main symbols.

(1) Two “clouds" represent a source and a sink, which are the materials (in this 

case, patient) that flow through the system.

(2) The rectangular “Patient in Warcf' represents a level (or a stock); in this case 

the number of patients within the ward.

(3) The circles with the tube lines “Patient admits to ward' and “Patient 

discharged from ward' represent the actions that patients flow into and out from 

the ward.

(4) The number of patient flow into and out of the ward is controlled by the rates, 

which are represented by “Patient admission rate" and Patient discharge rate".

Figure 3-9 Example of a stock and flow diagram

In order to simulate how the system behaviour and variables change over time, 

modellers can enter relevant numerical data to the model. This data can include 

integer, equation or graphical format. Nevertheless, compared to DES model, 

SD models do not required accurate historical data in order to produce valid 

results. In SD approach, identifying system structure is the priority, in most 

cases model data is simply anecdotal or estimated data (Sweetser, 1999).

Patients in Ward

Patient discharged from, wardPatient admits toward

Patient admission rate Patient discharge rate
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3.3.4 Use of system dynamics for decision making

System dynamic models have the capability to study how different system 

elements interact to produce influence to the overall system behaviour. These 

models are often used to support strategic policy analysis, such as strategy 

development, analysis of policy structures, and analysis of dynamic systems 

where interactions of flows and information are the key considerations.

In the health care sector, SD has been applied to address complex health care 

issues which involve large population and resources since the 1980s. In the 

early years, SD modellers mainly focused on the use of qualitative SD diagram 

to gain a better insight into the health care systems. In which, examining the 

underlying issues related to the waiting list problems is one of the main 

application areas.

Wolstenholme (1993) demonstrates the use of qualitative diagrams to evaluate 

the potential consequences from a new national policy (Figure 3.10). The main 

target of the new policy is to save public funds by transferring the responsibility 

of elderly from the community care to the Personal Social Services Directorates 

in which the department has cash limited budget imposed upon them. 

Wolstenholme’s model shows the new policy could cause a serious problem to 

the community as limited funding will restrict social services to accept more 

discharge. Therefore, fewer beds become available for new admission.

Because of this feedback effect, more sick and elderly will be waiting for 

admission and thus community care costs will eventually arise.
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Community Cure 
Budget

Funds - 
AvailableHospital Discharge 

Rate

Hospital Wailing 
ListIn Community 

Care ^

Hospital
Admissions

Rote

Figure 3-10 Main feedback loops of the community care model (adapted from 
Wolstenholme, 1993)

A similar study has been conducted by van Ackerre and Smith (1997). The 

study demonstrates a case study of using causal loop diagrams to study the 

negative effects from introducing extra public sector health care to target the 

waiting list problem for the NHS. The diagram demonstrates extra support from 

private care could only temporary reduce the excessive patient demand. Since 

by the time the NHS waiting lists are cleared, more people will come back to the 

NHS thus the problem can reappear.

Since the late 1990’s, increased interest and studies have combined the use of 

causal loop diagram and stock and flow model in order to gain a holistic view to 

analyse the dynamic behaviour of health care systems (Lane et al., 2000; 

Brailsford etal., 2004; Lane and Husemann, 2008 and Desai etal., 2008). The 

general approach used in these studies is to apply causal loop diagram to 

understand the feedback structure of a system, then develop stock and flow 

models to simulate how various system elements interact as a whole can cause 

influences to the system behaviour.
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In which, A&E department is one of the main focuses for the approach. 

Brailsford et al. (2004) developed SD models to investigate the whole 

emergency and unscheduled care system in the city of Nottingham, England. 

Brailsford et al. identify the use of SD approach is ideal for the study as the 

system can involve up to 600 000 patients. Using other analytical tools such as 

DES, it is difficult to model this volume of people and alternative patient 

pathways as a whole. Another well-known example is conducted by Lane et al. 

(2000), which the study aims to explore the underlying problems which cause 

delays in the A&E. Figure 3.11 shows the causal loop diagram (left hand side) 

and the high-level stock and flow diagram (right hand side) which were 

developed in the study. It has been argued by policy makers that the underlying 

problems were mainly caused by bed shortages in hospital wards, and 

inadequate doctor capability. The key outcome of the study counters the above 

hypothesises and proves even with increased beds and doctors, there is no 

significant improvement to the overall performance. Instead, the critical factor to 

the delays is the cancellation of elective admission which led to more patients 

present in the A&E department.

G—

Hospital Wards

 .
A&E

Discharge

Occupancy Average length of 
Stay m Hospital

Ready for Discharge

Total Bed Capacity 
of Hospital

Figure 3-11 Causal loop diagram and stock and flow model from the A&E study (adapted 
from Lane et al., 2000)
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In health care literature, SD approaches have been used to address many other 

specific health care issues, such as to explore the sensitivity between demand 

of adult services and ageing population (Desai et al., 2008), to investigate how 

hospital waste management system can affect the public health (Chaerul et al., 

2008), to understand how different human behaviour (e.g. word of mouth) can 

directly affect the number of users for a new health service centre (Rohleder et 

al., 2007) and to analyse the spread of HIV/AIDS (Dangerfield,1999) or 

Chlamydia infection dynamics within a population (Evenden et al., 2005).

3.3.5 Limitations

Given the flexibility of the SD approach, increasing interest and studies have 

used SD to analysis dynamic processes within the health care sector. However, 

these studies are often used only in strategic policy analysis. One of the main 

reasons is SD focus mainly on modelling overall system performance rather 

than detailed representation of a system. Therefore, when compared to DES 

approach, SD cannot model how individual patient changes states, where 

queues or backlogs form, and how a process operates within a system.

On the other hand, the accuracy of SD models is also one of its pitfalls. Since 

real systems that SD models represent are inherently dynamic, in which 

intangible variables (such as human behaviour) often play an important role for 

this dynamic behaviour. However, intangible variables are often difficult to 

quantify thus modellers have to rely on anecdotal data or experiences from 

relative health care experts.
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3.3.6 System dynamics software package: Stella/iThink

The key principle of system dynamics software is to provide a user-friendly 

interface for modellers, which enable users to clearly visualise how each system 

components and processes works in relation to the other. As mentioned in 

Section 3.3.1, Stella/iThink is perhaps the most widely known SD software for 

building stock and flow model within the recent years.

Stella/iThink was originally developed for the Apple Macintosh environment, but 

it is also able to run on Microsoft Windows-based systems. When the use of 

Stella is usually targeted on education and research, iThink is usually targeted 

on the commercial users. This research will focus on the use of Stella software.

Figure 3.12 shows a snapshot of the interface of Stella, together with the 

example discussed in Figure 3.9. Each icon from the top toolbar represents 

individual functions, for example level, inflows/outflows and rates. In addition, 

there are some graphical functions which enable modellers to show how 

variables change over time by using flow charts or tables.
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Figure 3-12 Snapshot of Stella interface
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In order to execute a model, data must be inputted into the model after a 

diagram map is finished. This data can be integer, equation or in graphical 

formats (Figure 3.13 and Figure 3.14 show the appearances of the data input

interfaces)

Required Inputs Builtins

©  Patient_admission_rate ABS
AND
ARCCOS
ARCSIN
ARCTAN
ARRAY! DX
ARRAYMAX
ARRAYMAX1DX
ARRAYMEAN

UHts...

Become Graphical Function Document Message... Caned OK

Figure 3-13 STELLA data input interface (integer/equation format)
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Figure 3-14 STELLA data input interface (graphical function format)

The Stella system is able to read the diagram and can generate some of the 

equations automatically. Figure 3.15 shows the interface of the equation module.
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Once modellers confirm the diagram and the input data, the model is ready to 

“Run”. The Stella system bases on the specifications (e.g. the run time unit, run 

time period etc.) and starts the simulation. Figure 3.16 shows the simulation 

result of the example.
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Figure 3-16 STELLA interface - after simulation run
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3.4 Summary

This chapter introduced the main principles of DES and SD, and detailed how 

these two approaches have been used for supporting decision making in the 

health sector. Section 3.2 presented the methodology related to DES modelling 

including theory, objects, logics and operations. This section reviewed the 

literature and discussed examples of using DES for supporting various health 

care decision making. Limitations of using DES models in the health sector 

were also discussed. A general-purpose simulation package that supports DES 

model development was introduced and demonstrated with an example.

Section 3.3 presented the methodology related to SD modelling which included 

theory, system structure and two types of SD diagrams. This section reviewed 

the literature and discussed examples of using SD approach for addressing 

various health care decision making. Limitations of using SD approach within 

the health sector were discussed. One of the widely used SD software was 

introduced and demonstrated with an example.

The understanding of the principles and applications of these two simulation 

approaches forms the basis for the development of the proposed framework.
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4 CHAPTER FOUR: FRAMEWORK METHODOLOGY 
AND CRITICAL COMPONENTS

4.1 Introduction

Chapter two presented a number of underlying barriers for embedding S&M in 

the health sector. The chapter concluded by proposing a holistic implementation 

framework to guide health care managers and practitioners to address the 

underlying barriers in order to fully embed S&M within their organisations. This 

chapter presents the development approach of the proposed implementation 

framework and describes the methodology used for validating the proposed 

framework. The overall structure of the research approach is presented in 

Section 4.4 which summarises the main research activities and the key 

objectives of each research activity.

Additionally, this chapter presents an initial framework which includes the five 

critical components that are then used as a basis for developing the 

implementation framework. This chapter also presents the findings from the 

literature review, the author’s experience and interviews that relate to the 

success factors for embedding S&M in the health sector. These identified 

success factors are then mapped with the five proposed components to ensure 

the proposed framework components are sustained by sound theory.
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4.2 Framework development

As the review of literature shows, there was no evidence found that simulation 

and modelling (S&M) has been embedded in the health sector. Some of the 

literature identifies elements that should be present to successfully develop a 

health care model; however no holistic framework exists to help health care 

managers and practitioners embed S&M as a routine tool for decision making.

This research proposes the development of an implementation framework that 

can be used by health care managers and practitioners to guide them in 

successfully embedding S&M. The author developed an initial framework called 

SIMT (SIMulation Thinking) based on the literature review, author’s knowledge 

and experience in embedding simulation techniques in the manufacturing sector, 

and interviews with appropriate experts from the health care sector (See Figure 

4.1). The SIMT framework is used as a guideline that presents the important 

elements required to be considered to make S&M as a mainstream tool. Further 

work developed the SIMT framework into a structural implementation framework 

(called “SIMT implementation framework”).
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Figure 4-1 Framework development and validation methodology diagram

The SIMT implementation framework is used to prescribe how S&M can be 

embedded for supporting various clinical decision making at national or local 

management level. The proposed implementation framework includes the SIMT 

components, with a detailed roadmap for guiding the initial planning (planning 

stage) and the methodologies and activities (action stage) required to 

successfully embed S&M within the sector.
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4.3 Framework validation methodology

In order to validate the proposed framework in a holistic approach, this research 

adopted a mixed-methods approach (Johnson and Turner, 2003), through the 

use of questionnaire to collect quantitative data, and case study techniques to 

collect qualitative data.

The validation includes two parts. The first part validates the initial framework 

components together with the planning stage of the implementation framework 

by a questionnaire. The second part validates the action stage of the 

implementation framework by applying it to a local hospital. A combination of 

semi-structured interviews and questionnaires was followed to collect relevant 

feedback (See Figure 4.1).

4.3.1 Part one validation

The main aim of the SIMT implementation framework is to help health care 

managers or/and practitioners to successfully embed S&M. A successful 

implementation framework should be concise and user-friendly. On the first part 

of the validation, a questionnaire is used to validate the usefulness and 

importance towards the basic structure and the essential components of the 

proposed implementation framework. The questionnaire was sent to health care 

managers, practitioners and simulation modellers. This demonstrated how the 

proposed framework can be understood and accepted by this group of experts. 

Appendix A includes a sample of the questionnaire together with a brief 

description of the content of the SIMT implementation framework.
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According to Yin (2003), the layout of a good questionnaire should be clear, and 

easy to follow. This questionnaire organises along five sections:

(A) Background

(B) Basic Structure of the SIMT framework

(C) Infrastructure element

(D) Management element

(E) Cultural change element

In order to avoid inconsistent answers and to obtain significant analysis, all the 

questions are designed to collect opinions from respondents utilising a five point 

rating scale, where 5 = Very useful and 1 = No use or 5 = Very important or 1 = 

Not important at all.

Data analysis

The author used one of the most widely used software packages for analysing 

the data collected from the questionnaire, which is called Statistical Products 

and Service Solution (SPSS). There are two important steps for processing data 

in SPSS. The first is to transform the collected data into the SPSS database, 

and the second is to identify statistical relationships between the answers.

In this research, author obtained the “descriptive statistics” (Leech et al, 2005) 

to summarise the collected data by using SPSS. Validation of the usefulness 

and importance for the proposed framework was achieved by the percentage of 

each rating. As all the questions in the questionnaire are using five point rating 

scale, the average percentage gain for each rate will indicate the levels of 

significance of that question.
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4.3.2 Part two validation

The second part of the validation validates the action stage of the proposed 

implementation framework by case study approach. This part of the framework 

aims to provide methodologies and activities required to successfully embed 

S&M. The author applied the proposed framework to a local hospital as pilot 

project. This demonstrated how the proposed S&M approach can be used to 

model and analyse the existing problems in a local hospital.

Two individual pilot projects were conducted during the validation. The first one 

worked with the A&E team by using the DES approach to investigate the high- 

level operational processes within the A&E department. And the second one 

worked with the administration team by using the SD approach to analyse 

alternative strategies for targeting one of the latest national target (the 18-week 

waiting time target).

Data collection and analysis

Following the pilot projects, the author collected feedback from each of the team 

leaders. A simple evaluation form is used to collect their opinions towards the 

usefulness and importance of the proposed methodologies and activities. A 

sample of the evaluation form is attached in Appendix B. Two interviews were 

conducted with each of the team leaders (one with the DES project’s leader, 

and the other one with the SD project’s leader). These interviews aim to collect 

additional feedback regarding the pilot projects.
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4.4 Research approach summary

Figure 4.2 provides a summary of the research approach. It identifies the 

research activities that are performed within the research, and the aims and 

objectives for each activity.

AIMS AND 
OBJECTIVES

RESEARCH
APPROACH

Understand critical 
success factors

Identify underlying 
barriers

Transform the SIMT framework 
into a structured 
implementation framework

Validate the proposed
implementation
framework

Identify key framework 
components (SIMulation 
Thinking -  SIMT)

Develop SIMT
implementation
framework

By conducting literature review 
to examine the current practices 
of the use of simulation, and the 
underlying barriers of 
implementing S&M

Review best practices applied 
in other quality and process 
improvement approaches 
Review methodology and 
applications of discrete event 
simulation and system dynamics

Identify critical success factors 
from the above activity 
Identify best practices used for 
embedding S&M in other sector 
By conducting interviews to 
examine the key issues required 
for embedding S&M

Perform quantitative analysis by 
questionnaire survey 
Perform qualitative analysis by 
case study approach - apply 
the proposed framework into a 
local hospital and collect 
feedback

Figure 4-2 Research methodology
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4.5 Initial framework components

The main purpose of this section is to present the five critical components that 

create the infrastructure of the SIMT implementation framework (Figure 4.3). 

The author identifies the critical components based on three sources: the 

success factors for embedding other quality and process improvement 

approaches in health sector, the best practices for embedding S&M in other 

sectors, the critical issues for embedding new systems in the NFIS. All the 

identified success factors are mapped against the proposed five framework 

components to ensure they are sustained by sound theory.

PLANN IN G

Cultural
Change

Infrastructure
Management

Simulation
Thinking

v^fSIMT)

Modelling
Methodology

A C TIO N

Figure 4-3 SIMT (SIMulation Thinking) framework components

Figure 4.3 shows the proposed five components which combined from the SIMT 

(SIMulation Thinking) framework: infrastructure, cultural change, management, 

methodology and modelling. The concept of SIMT presents the most important
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components required for addressing the underlying barriers of embedding S&M 

in the health sector (refer Chapter two -  Section 2.4 for the underlying barriers). 

As shown in Figure 4.3, the outer circle of the framework represents the motion 

of the implementation approach, this motion includes two stages: planning 

stage and action stage. As Isouard (1999) states a successful implementation 

approach often includes a “fundamental paradigm shift”. This fundamental shift 

is particularly vital for embedding S&M in the health sector. As discussed in 

Section 2.4, some of the barriers of embedding S&M in the sector are mainly 

due to the poor communication between modellers and the stakeholders, 

cultural resistance and lack of management for simulation projects. The main 

aim of the SIMT planning stage is to address these fundamental barriers to 

ensure simulation thinking can be understood, established and accepted from 

top to bottom management within an organisation. The planning stage of the 

SIMT framework includes the three critical components: infrastructure, cultural 

change and management.

The other important stage within the motion circle is the action stage. The action 

stage of the SIMT framework includes two components: methodology and 

modelling. As discussed, some other underlying barriers of embedding S&M in 

the sector are due to the difficulties of defining a ‘right’ problem within a 

complex process and lack of experience for applying the ‘right’ simulation 

approach. These issues often cause the problems of model accuracy or the 

model includes too much detail that no one can understand or cannot be used 

for future analysis. The SIMT action stage focuses on addressing these barriers 

which introduces the appropriate simulation approaches and skill sets in order 

to guide health care professionals to put the ‘right’ simulation into action.
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4.5.1 SIMT Components

The following is a description of each SIMT component:

Infrastructure

The infrastructure component provides the fundamental elements which are 

essential for supporting the routine use of simulation. It includes identifying a 

simulation leader who can plan and communicate the missions, goals, 

objectives and progresses of simulation projects with different stakeholders. It 

includes the development of teamwork within a complex environment, which 

ensures simulation projects can be effectively supported by appropriate teams. 

This component also includes the establishment of the necessary knowledge 

and skill for performing simulation, which builds confidence in the use of 

simulation.

Management

The management component focuses on the establishment of commitment and 

support from the top management team (which can include finance 

administrators, project managers, department managers or senior doctors). This 

component includes strategy to identify a clear achievement plan details the 

missions, visions, objectives, goals, schedules, resources and roles of 

simulation projects. Also it includes strategy to maintain continuous 

communication between simulation team and management team. All these 

elements are essential to ensure simulation projects are well understood by the 

management team and to ensure that projects can successfully deliver the 

‘right’ solution in a timely manner.
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Cultural Change

The cultural change component includes developing a strategy that addresses 

how to develop a ‘new’ culture in order to embed S&M for supporting decision 

making. Many quality and process improvement approaches such as TQM,

Lean management and Six-Sigma highlight the difficulties of changing the 

management culture within the health sector. This component therefore focuses 

on developing a strategy that can help the people becomes less resistance to 

S&M approach.

One of the important elements is to involve the decision makers and the 

affected group of staff in the processes of simulation projects. First, it can 

improve the model accuracy with continuous communication between 

simulation team and this group of staff. Second, it can help to improve their 

confidence on S&M by experiencing the whole process. The strategy also 

includes developing pilot projects in order to allow them to experience the 

abilities of S&M. Furthermore, it emphases the importance to clarify with health 

care managers and practitioners the key changes needed from the traditional 

management approach to a simulation approach. Therefore, a clear and 

consistent vision can be understood and spread out to the entire organisation.

Methodology

The methodology component provides a structural approach to support health 

care managers and/or practitioners to identify a suitable S&M approach for 

supporting various decision making. It includes the best practices for identifying 

simulation project objectives, defining the possible causes of a target problem. 

Modelling complex systems is always a challenging task, thus a well-defined

75



Chapter 4 Framework methodology & critical components

problem and objectives are a key for successful simulation projects. This 

component also provides the key methodologies and approaches on how to 

carry out simulation projects for addressing clinical decisions at both operational 

and strategic management level.

Modelling

The modelling component provides structural guidelines for developing health 

care models that address decision making at both operational and strategic 

management level. This component includes well-organised techniques for 

defining patient pathway, model components and model data. Also it includes 

the necessary techniques for minimising the development time and effort in 

modelling. This includes the use of customised templates and excel- 

spreadsheets.

4.6 Critical success factors

The following sub-sections present the critical success factors and best 

practices that contributed to the proposed five components of SIMT. These 

critical success factors are identified from the literature review, the author’s 

experience in embedding S&M in manufacturing sector and interviews with 

experts from the health care sector.
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4.6.1 Success factors for embedding world-class quality and 

process improvement approaches in the health sector

As discussed in Chapter two (Section 2.5), many authors have identified the 

success factors for implementing quality and process improvement approaches 

such as TQM, Lean management and six-sigma quality in the health sector. A 

summary of these identified success factors are presented as follows:

• Manage cultural change for long-term improvement

• Establish teamwork

• Ensure customer focus

• Maintain continuous feedback to staff

• Involve senior management support

• Maintain good communication

• Senior leaders have to understand the principle of the methodology

• Create value and belief

• Secure staff morale

• Provide staff training

• Increase public awareness

• Introduce reward scheme

4.6.2 Best practices for embedding S&M in manufacturing sector

It is not the purpose for this study to investigate how S&M can be embedded in 

the other sectors such as the manufacturing sector. Nevertheless, literature 

shows that S&M has been successfully used for modelling manufacturing 

processes as a mainstream tool. Therefore, it is important to consider the best
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practices that have been identified for guiding the success of these 

implementations. Hughes and Perera (2009) present a five-stage 

implementation framework which includes the best practices to guide these 

professionals to embed S&M from foundation, introduction, infrastructure, 

deployment, to embedding. Figure 4.4 shows the basic structure of this 

implementation framework.

Input elements Five Key Stages Output elements

1 T

Stage 5: Embedding

Stage 2: Introduction

Stage 3: Infrastructure

Stage 1: Foundation

Stage 4: DeploymentPeople Dimension 
Organizational Dimension

People Dimension 
Organizational Dimension

Organizational Dimension 
Technological Dimension

Software implemented 
Simulation budget

Knowledge management 
Standardisation 
People trained

Support 
People selected 
Software selected

People Dimension 
Organisational Dimension 
Technological Dimension

People Dimension 
Organizational Dimension 
Technological Dimension

Awareness 
Expectations 
Commitment 
Pilot project

People trained 
Integrating with business 
strategy
Model delivered on time

Figure 4-4 Framework for embedding simulation in manufacturing (Hughes and Perera, 

2009)

The main components and the best practices are summarised as follow:

(1) People dimension

• Develop simulation team with appropriate skills

• Include simulation champion for leading the development of simulation
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• Maintain good communication between team members

• Involve support from external consultants

• Involve future users during model development processes

• Provide user training on simulation experimentation and execution

• Provide user training on modelling building

• Attend simulation conference

• Share simulation knowledge

(2) Organisational dimension

• Involve senior management support

• Maintain good communication between modellers and problem owners

• Spread out the benefits of simulation across the organisation

• Involve pilot project

• Manage project time with schedule plan

• Maintain documentation for each simulation project

• Link simulation projects to the business strategy

• Standardise simulation project procedures

(3) Technological dimension

• Select and install appropriate simulation software in-house

• Develop standardised model data input and output interface

• Re-use existing simulation model

4.6.3 Critical issues for embedding new systems in the NHS

During this research, interviews were conducted with appropriate personnel 

from the Department of Health, the NHS and software vendors. Full details of 

the interviews and the analysis can be found in Appendix C. One of the areas
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from the interviews focused on the critical issues for embedding new systems in 

the NHS. Following is a summary of these critical issues that were identified 

from the interviews:

• Maintain good communication

• Integrate front-line staff to involve in new system

• Embed complex system from small area and expands to other area

• Balancing cost, time and resources

• Increase public awareness

• Provide training and seminar

• Provide accessibility to the new system

• Involve pilot project

• Introduce leadership

• Introduce punishment or/and reward system

• Ensure visibility of the benefit
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4.7 Framework components to success factors mapping

This section highlights the relevant success factors and best practices for 

embedding S&M in the health sector. Table 4.1 maps these identified critical 

success factors with the proposed five components of the SIMT framework. 

This mapping table sustains the proposed SIMT components are based on 

sound theory.

Table 4-1 Framework components and success factors mapping table

SIMT Framework 
components
Infrastructure

Cultural change

Management

Success factors/Best practices

Develop simulation team with appropriate 
skills
Include simulation champion for leading the
development of simulation
Involve support from external consultants
Introduce pilot project
Select and install appropriate simulation
software in-house
Provide accessibility to the new system

Manage cultural change for long-term
improvement
Ensure customer focus
Maintain continuous feedback to staff
Create value and belief
Secure staff morale
Increase public awareness
Introduce punishment or/and reward system
Integrate front-line staff to involve in new
system
development processes
Spread out the benefits of simulation across
the organisation
Embed complex system from small area and 
expands to other area

Involve senior management support 
Maintain good communication between team 
members
Share simulation knowledge
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• Manage project time with schedule plan
• Link simulation projects to the business 

strategy
• Balancing cost, time and resources
• Ensure visibility of the benefit

Methodology • Senior leaders have to understand the 
principle of the methodology

• Provide staff training
• Attend simulation conference

Modelling • Provide user training on modelling building
• Maintain documentation for each simulation 

project
• Standardise simulation project procedures
• Develop standardised model data input and 

output interface
• Re-use existing simulation model

4.8 Summary

This chapter presented the development approach of the proposed 

implementation framework, and described the methodology used for validating 

the proposed framework. Figure 4.2 provided a summary of the research 

approach, It identified the activities that are preformed within the research, and 

the aims and objectives of each activity.

Section 4.5 introduced the five framework components that are the 

infrastructure of the SIMT implementation framework. Section 4.6 presented the 

findings from the literature review, the author’s experience and interviews that 

relate to the success factors for embedding S&M in the health sector. The 

author then mapped the framework components to the critical success factors 

to ensure that the components are based on a sound theory. The mapping table 

has been presented in Table 4.1.
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5 CHAPTER FIVE: SIMT IMPLEMENTATION FRAMEWORK

5.1 Introduction

Chapter four presented the five critical SIMT components that demonstrate the 

essential elements required to address the barriers for implementing simulation 

in the health sector. In this chapter, the author transforms these five SIMT 

components into a practical and holistic implementation framework -  “SIMT 

Implementation framework”. This proposed implementation framework includes 

flexible ways to guide health care managers and practitioners to understand 

how they can implement these critical components in order to successfully 

embed S&M in their organisations for supporting various decision making.

This chapter begins by discussing the basic structure and principle of the 

proposed implementation framework. Section 5.3 presents a brief description of 

the key activities, tools, strategies and best practices that are proposed for 

achieving the five critical SIMT components. The section goes into details of the 

approaches to implement these proposed components for guiding health care 

professionals to successfully embedded S&M within their organisations. The 

approaches include planning stage for local and national management level, 

action stage for modelling health care system at operational level and action 

stage for modelling health care system at strategic level.
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5.2 SIMT Implementation framework overview

The main goal of the proposed SIMT implementation framework is to provide a 

practical and holistic framework that can enable health care managers and 

practitioners to understand how S&M can be successfully embedded in their 

organisations. The author’s approach to develop the implementation framework 

is to integrate the identified five SIMT components, the major activities, tools 

and strategies for achieving each component and the best practices of the 

appropriate simulation methodologies within the framework. In which, the 

simulation methodologies are based on the two simulation approaches that 

have been discussed in Chapter three.

Figure 5.1 presents the basic structure of the SIMT implementation framework. 

The left table column identified as “SIMT Components” represents the 

framework components, which include infrastructure, management, cultural 

change, methodology and modelling. As discussed in Chapter four, these 

framework components are grouped into two main stages. First, the planning 

stage which for guiding the initial planning of the implementation. Second, the 

action stage for providing the methodologies and best practices for guiding the 

development of health care models.
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SIMT Components

Infrastructure

Management

CultufaiChange

Methodology

"Modelling

Local management level

P l a n n i n g  s t a g e  f o r  

L o c a l  m a n a g e m e n t  l e v e l

A c t i o n  s t a g e  f o r  

O p e r a t i o n a l  l e v e l

"Operational level

National management level

P l a n n i n g  s t a g e  f o r  

N a t i o n a l  m a n a g e m e n t  l e v e l

A c t i o n  s t a g e  f o r  

S t r a t e g i c  l e v e l

"Strategic level

Figure 5-1 Basic structure of the SIMT Implementation framework

As presented in Chapter two (Section 2.4), the major barriers of embedding 

simulation into health care systems involve complexity, multifaceted structure 

and multiple stakeholders. Therefore, the main objective of this proposed 

implementation framework is to provide flexible approaches for applying the 

SIMT components in resolving these issues. To achieve such an objective the 

planning stage of the implementation framework is designed to be able to apply 

into local management level or national management level. On the other hand, 

the action stage of the implementation framework is also designed to be able to 

apply for handling decision making at operational level or strategic level (see 

Figure 5.1).

5.3 SIMT Implementation framework description

The author’s approach to develop the SIMT implementation framework is to 

integrate the identified five SIMT components, the major activities, tools and 

strategies for achieving each component and the best practices of the
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appropriate simulation methodologies within the framework. Based on the basic 

structure presented in Figure 5.1, Figure 5.2 includes the highlights of the major 

activities, tools, strategies and best practices for each SIMT components. 

Details on how to apply each SIMT component for addressing issues in the 

planning stage and the action stage are presented in the following sub-sections.

SIMT Components

Infrastructure
- Identify simulation leader
- Develop teamwork
- Understand knowledge capability

Management
■ Identify achievement plan
■ Secure top management support
■ Report process

Cultural Change
-  Establish communication & 
participation
-  Pilot project 
-E m bedSIM T culture

Methodology
-Identitysimulation methodology
-  Identify management objectives 
-Visualise target problem 
-Identify simulation modelling cycle

Modelling 
-Define patient pathway
-  Define model components 
-Definem odel data
- Introduce best practices

Local management level

P l a n n i n g  s t a g e  f o r  

L o c a l  m a n a g e m e n t  l e v e l

A c t i o n  s t a g e  f o r  

O p e r a t i o n a l  l e v e l

National management level

P l a n n i n g  s t a g e  f o r  

N a t i o n a l  m a n a g e m e n t  l e v e l

A c t i o n  s t a g e  f o r  

S t r a t e g i c  l e v e l

3tj^ t^ ic leve foperational level

Figure 5-2 Detailed SIMT Implementation framework

5.3.1 Planning stage for local management level and national 

management level

5.3.1.1 Infrastructure Component

The goal of the infrastructure component is to ensure necessary resources are 

available for supporting the development of simulation projects in a long term 

basis. As discussed in Chapter two (Section 2.4), the majority of the health care 

modelling is dominated by external consultancies and/or research organisations.
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Health care organisations are becoming less motivated to invest in building their 

own simulation models. Firstly, because they have a misconception that 

simulation is a complicated tool which only model experts can operate.

Secondly, these health care models provided by external parties often involve 

expensive resources and long development time. Health care managers and 

practitioners are becoming less confident in the use of simulation tools.

The infrastructure components provide the following major activities and 

strategies that address these issues:

(1) Identify simulation leader

(2) Develop teamwork

(3) Understand knowledge capability

(1) Identify simulation leader

Most of the successful implementation frameworks include the role of 

leadership. Bennis (1994) explains the role of a leader is to make sure things 

can be done correctly. Many authors have identified the major requirements for 

a leader. Peck (2006) states a good leader should include some special 

personal characteristics for example being decisive, being honest and 

consistent and to be able to resolve complex problems. A good leader should 

also be able to lead the changes within an organisation and guide other people 

to follow the changes. Table 5.1 presents some basic requirements for a good 

leader.
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Table 5-1 Leadership characteristics (Peck, 2006)
Leading and developing 
others
• Showing genuine 

concern
• Enabling
• Being accessible
• Encouraging change

Personal qualities

•  Being honest and 
consistent

• Acting with integrity
• Being decisive
• Inspiring others
• Resolving complex 

problems

Leading the organisation

• Networking and achieving
• Focusing effort
• Building shared vision
• Supporting a 

developmental culture
• Facilitating change 

sensitively

One of the other major requirements is to identify a leader within the 

organisation (Shacklady-Smith, 2006), not from the external parties. The main 

reason for this requirement is a successful leader should already understand 

the organisational structure, culture and management. He or she should be able 

to coordinate and communicate with people from the top to the bottom level.

Apart from the above basic requirements, a good leader who supports the 

implementation of S&M has to have sufficient knowledge of health care 

modelling. Although a simulation leader should not necessarily be the one who 

develops the model, he or she is required to have the appropriate skills to 

manage simulation projects from start to finish, and to make sure simulation 

projects can achieve the right objectives. Table 5.2 presents four key skills that 

are essential for a simulation leader for managing simulation projects in local 

management level and national management level.



Chapter 5 SIM T Implementation framework

Table 5-2 Key skills for a simulation leader
Key skills for a
simulation
leader

1. Achievement 
-  oriented

2. Directive

For local management level

to be able to identify a well- 
defined problem within a 
complex environment

make sure simulation projects 
can achieve the objectives on 
time

to be able to identify roles and 
responsibilities within the 
organisation

maintain good communication 
between problem owners and 
simulation team during projects

make sure appropriate 
simulation software is installed 
and accessible by all local users

For national management level

to be able to identify a well- 
defined problem within a 
complex environment that 
include political issues and 
multifaceted structure

to be able to handle large scale 
simulation projects and make 
sure simulation projects can 
achieve the objectives on time

to be able to provide clear 
guidelines on identify roles and 
responsibilities within national 
level

maintain good communicate 
with all related decision makers, 
staff and simulation team during 
projects

make sure appropriate 
simulation software is selected 
and installed across national 
level

3. Participative

4. Supportive

to be able to spend time in the 
workspace to observe changes

to be sensitive in current targets 
and bottlenecks

participate in simulation 
societies and/or conferences

to be able to participate in 
project development and 
reviews

to be able to provide trainings 
and guidelines on the use of 
simulation within organisation

to be able to review project 
status and make decisions on 
major schedule changes

to be sensitive in current 
national targets

participate in simulation 
societies and/or conferences 
to be able to participate and 
provide opinion in project 
reviews and presentations

to be able to provide trainings or 
guidelines on the use of 
simulation for national level

(2) Develop teamwork

The major problems of embedding health care simulation are the complexity of 

health care systems and lack of simulation experiences. In order to address 

these issues, identifying appropriate teams is necessary. This ensures 

appropriate team members are available for performing certain tasks. It can
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also help them to share experiences and knowledge so that the confidence of 

using simulation can be built up within the organisation.

There are four types of teams that are essential for supporting simulation 

development within a health care organisation.

- Simulation team

- Management team

- Problem solving team

- Data-supporting team

Simulation team includes the key team members for supporting the 

development of health care simulation models. A good simulation team should 

include simulation leader and simulation modellers. The size of a simulation 

team can be flexible, depending on the scale of the organisation.

Management team includes members from the top management, which can 

include finance administrators, project managers, department managers and/or 

senior doctors. These members are often the key decision makers from an 

organisation. It is important for the simulation leader to communicate with this 

team, in order to obtain a consistent idea of the current organisational targets, 

bottlenecks and future plans.

Problem-solving team includes members assembled to solve specific problem 

and then disbanded. These members are usually the problem-owners. Their 

roles are providing support and information to the simulation team for identifying, 

analysing and solving problems. Figure 5.3 presents the key activities within a 

typical problem-solving approach.
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levelop list cl 
problems

Implement 
solution and 

monitor
Pick problem 

to tackle

Identify
f  Develop > 

follow-up 
Improvement 
V plan j Solve
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/  Pick b e s t \  
solutions with 

What-if 
y  analyse J

Focus
attention

Develop
solutions

Find causes

Figure 5-3 Problem solving approach (adapted from Evans and Lindsay, 2005)

Data supporting team includes members to support the data collection for 

simulation projects. This team is especially important if DES approach is 

selected for a simulation project due to the amount of quality data required for 

this type of models (see chapter three for details). Comparatively, since SD 

approach does not require accurate data, the management team or problem

solving team can often provide valuable data without the help of the data 

supporting team.

The four teams are the key resources for supporting the development of 

simulation models within a health care organisation. Table 5.3 presents the key 

characteristics of these teams when applying to local and national management 

level.
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Table 5-3 Key characteristics of the proposed teams

Teams
1. Simulation 
team

2. Management 
team

3. Problem
solving team

For local management level
Both simulation leader and 
simulation modellers should be 
identified within the organisation, 
thus simulation knowledge can 
be maintained.

Internal trainings should be 
available for health care 
managers and internal staff

Members usually include finance 
administrators, project 
managers, department 
managers and/or senior doctors 
within an organisation

These team members usually 
have similar views on the 
organisational structure, 
processes and problems

This team plays an important 
role to provide commitment to 
the simulation projects

Good communication between 
this team and the simulation 
team is very important, in order 
to identify problems, provide 
information and alternative 
solutions for ‘what-if analysis

For national management level
Simulation leader should be 
identified within the organisation

Helps from external modellers 
are sometimes unavoidable due 
to the scale of projects. However 
simulation leader should 
maintain the control of the whole 
project

Members usually include health 
care managers and/or senior 
doctors from different 
organisations

These team members usually 
have different views and 
opinions on the organisational 
structure, processes and 
problems

Good communication between 
this team and the management 
team is particularly important, in 
order to identify underlying 
problems in a high-level 
structure

4. Data - These team members usually
collecting team include front-line staff who are

relevant to the project objectives 
within an organisation

Good communication between 
this team and the simulation 
team is important, in order to 
provide supportive information 
and alternative solutions for 
‘what-if analysis 
This team usually involve large- 
scale data collection processes 
(collect timely data, analyse 
collected data & validate 
collected data)

e.g. The information centre (IC) 
of the NHS

(3) Understand knowledge capability

As discussed, in order to embed S&M within the health care sector to support 

decision making on a long-term basis, the fundamental requirement is to ensure 

adequate resources and support is available within an organisation. Apart from
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identifying a good simulation leader and appropriate teams, the knowledge of 

developing simulation models and performing simulation experiments is also 

important to be developed within an organisation. These issues can be 

addressed by training or pilot projects, the benefits of these activities will be 

further discussed in the SIMT “cultural change” component.

Two types of simulation skills are important for supporting a successful 

simulation project. They are descriptive analysis skills and prescriptive analysis 

skills. Descriptive analysis skills include problem identification, data collection 

and analysis, modelling development, validation and verification, and 

performance evaluation. Prescriptive analysis skills mainly focus on the skills for 

performing sensitivity testing or ‘what-if analysis.

Within a complex organisation, these simulation skills are required to be 

developed and maintained by appropriate teams. As proposed in the previous 

“develop teamwork” element, there are four fundamental teams for supporting 

simulation development (simulation team, management team, problem-solving 

team and data collecting team). Table 5.4 presents the specific simulation skills 

required for different teams in supporting simulation development for local and 

national management level.
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Table 5-4 Key simulation skills for supporting simulation development
Teams
1. Simulation 
team

2. Management 
team

3. Problem
solving team

4. Data
collecting team

For local management level
Simulation modellers should 
have the appropriate skills in 
model building

Simulation team are necessary 
to have the skills to validate and 
verify a proposed model

Management team members 
should have the skills to support 
problem identification process

Problem-solving team members 
should have the skills to support 
problem identification process

These team members should 
have the skills to perform 
sensitivity testing and ‘what if 
analysis

Performance evaluation skills 
are essential

Simulation modellers should 
have the skills to identify the 
appropriate requirements for the 
model data

For national management level
Simulation modellers should 
have the appropriate skills in 
developing different types of 
simulation models. Usually 
supports from external 
modellers are necessary

Simulation team are necessary 
to have the skills to validate and 
verify a proposed model

Simulation leader should have 
the skills to support the 
management team members to 
identify a well-defined problem

Problem-solving team members 
should have the skills to support 
problem identification process

Simulation leader should have 
the skills to support the problem
solving team to perform 
sensitivity testing and ‘what if 
analysis

Performance evaluation skills 
are essential
Simulation modellers should 
have the skills to identify the 
appropriate requirements for the 
model data

Data collection and analysis 
skills are essential

data analysis skills are important 
for analysing a bulk of data

5.3.1.2 Management Component

The goal of the management component is to ensure top management support 

and commit to the implementation of S&M. This issue is considered to be one of 

the most important success factors of any implementation framework.

The SIMT management component provides the following activities and 

strategies for supporting this issue:

(1) Identify achievement plan
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(2) Secure top management support

(3) Report progress

(1) Identify achievement plan

Given that the health care environment is naturally complex and involves many 

changeable factors, simulation modelling is the most suitable analytical tool for 

supporting decision making in the sector. However, if simulation models fail to 

identify the right problems or simulation projects fail to deliver the right solutions 

on time, health care management and practitioners would no longer be 

interested in the use of simulation modelling. Therefore it is important to have 

good planning on any simulation project. It is suggested that the simulation 

management and problem-solving teams can all be involved within the planning 

process. It can help to ensure a well-defined problem can be identified and 

understood by each team member. Additionally, it can ensure project objectives 

and schedules are well-communicated between these teams.

The following are the key elements that an achievement plan should include:

- Well-defined problems

- Project objectives and goals

- Details for each project stage

- Time plan for each project stage

- Resources require for each project stage

A well-established achievement plan is a success factor for managing 

simulation projects at both local and national management level. However, 

national projects usually involve longer development time, more resources and
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multiple stakeholders, regular reviews of the achievement plan are necessary. It 

can help to ensure the project objectives, goals and schedules are still 

appropriate towards the overall organisational strategies.

(2) Secure top management support

As mentioned previously, top management support and commitment is one of 

the most critical success factors to the implementation of S&M in the health 

sector. First, it can ensure sufficient funding is available to support appropriate 

trainings and resources. Second, by securing top management commitment, it 

can help to release the barrier of clinician resistance towards the use of 

simulation. In health care, a top-down approach is traditionally the most 

effective approach for change management. Therefore, if management wants 

simulation to become part of the culture, this idea has to be clearly 

communicated down to all the staff.

In order to strategically secure top management support for embedding S&M in 

the sector, there are key activities that address in this issue at both local and 

national management level.

Secure top management support at Local Management Level

Health care management at local level mainly focuses on dealing with clinical 

aspects of care. This includes providing and improving health services and 

integrating national priorities into local health delivery plans. It is important that 

a clear concept of how simulation can help to support decision making in these 

issues can be clearly communicated to this group of management. The 

following are the key issues that are suggested:
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- Provide some successful case studies of the use of health care simulation

- Provide proposals on how simulation could possibly help on addressing the 

decision making at the local level

- Provide a clear strategic plan to identify the funding, resources that may 

required

Secure top management support at National Management Level

At national level, management mainly focuses on dealing with strategy, policy 

and managerial issues. This can include creating policy and legislation for 

primary, secondary, community and social care, developing strategies for 

improving public services and safety and responsible for finance, personal, 

planning and performance management etc. Given that simulation has the 

ability to include variability, complexity and human issues within a model for 

supporting decision making in these areas, it is important to clearly 

communicate this benefit to the top management level in order to gain the 

support from them. Following are the key issues that are suggested:

- Provide simulation demo on how simulation can support decision making for 

national management level

- Provide sound proposals on how simulation can support decision making for 

the current strategy or policy.

- Provide a clear strategic plan to identify the funding and resources may 

required
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(3) Report process

SIMT management component highlights the importance of reporting simulation 

project processes to team members that include management team and 

problem-solving team. As discussed previously, the barriers for implementing 

health care simulation include the problem of model accuracy and data 

accuracy. These issues mainly caused by the rapidly changing and 

unpredictable nature of the system and the relatively low engagement of 

clinicians and/or health care managers. In order to address these issues, the 

simulation team is required to review project status and findings with the 

appropriate teams as soon as new progress is identified.

Although reporting project progress seems to be a very basic element for any 

project management, for managing health care simulation project in particular, 

this practice is necessary to be developed and maintained. First it can help to 

enhance the understanding for management and problem-solving teams about 

the on-going projects. Second, it can ensure models are still accurately 

reflecting the current systems and the identified model data is still applicable.

Following list suggests the key practices that should be developed for managing 

simulation projects at both local level and national level.

- Involve management team and problem-solving team in review meetings to 

ensure on-going projects are applicable

- For large scale project in particular, simulation team should communicate 

with data-collecting team to ensure identified data is up-to-date

- Collect feedback from appropriate teams about the project status and 

findings
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- Maintain good communicate between simulation team and the appropriate

teams

5.3.1.3 Cultural Change Component

The goal of the cultural change component is to develop a ‘new’ culture that 

would guide people from the organisation to believe S&M is a suitable tool for 

supporting health care decision making, so that people can become less 

resistant to the implementation of S&M. As discussed previously, one of the 

major success factors for implementing quality and process improvement 

approaches in the health sector is to guide everyone within an organisation to 

make the right choice, behave differently, and to experience a better set of 

results, so that necessary changes can be implemented throughout an entire 

organisation.

This component focuses on these success factors, and aims to provide a 

strategic approach that helps to create this new culture for supporting the 

implementation of S&M. The following are the activities provided for addressing 

this issue:

(1) Establish communication and participation

(2) Pilot project

(3) Embed SIMT culture

(1) Establish communication and participation

Resistance to change is identified to be one of the major barriers for 

implementing S&M in the health sector. Literature shows that there is still a lack
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of incentive for health care managers and practitioners to apply S&M to support 

decision making. Also, health care clinicians simply do not like to be analysed 

by computing models. To help in these issues, it is important to enhance the 

understanding of these professionals about the benefits of health care 

simulation and encourage them to participate in simulation project development.

This component highlights the importance of creating a clear vision statement 

that includes a clear direction and consistent managerial ‘mind-sets’ for guiding 

the implementation of S&M. The vision statement must be clearly 

communicated to all levels of staff to make sure everyone within the 

organisation can understand how simulation will be used to support decision 

making; how simulation projects will be controlled and managed; and how the 

success of simulation projects will be measured.

The key components that should be included within vision statements are as 

follows:

- Top management commitment and support to the implementation of S&M

- Encourage communications among individuals and simulation team for

applying S&M

- Encourage staff participation and maintain staff feedback

- Involve front-line staff in decision making

- Motivate staff with reward system

(2) Pilot project

Implementing a new system or technique in the health care management is 

always a challenge. One of the main reasons is ‘change’ within a health care
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organisation can involve long procedure, multiple stakeholders, human issues, 

culture issues and political issues. In fact, many researchers found that proving 

the substantial value of a new system or technique within the sector is often 

impractical.

In order to address these issues, the use of a pilot project or program is 

especially accepted in this sector. First, it can enhance the understanding for 

health care management on how a new system or technique would apply and 

affect the existing practices. Second, it can help to release the barriers and 

worries for applying the new system or technique in future stages.

This component includes the importance of applying pilot project in the early 

stage of the S&M implementation. Therefore, health care managers and 

practitioners can experience how simulation can be used for supporting 

decision making. The following describes the key success factors for performing 

a simulation pilot project.

- Team size: A pilot project should not involve too many staff members. It is 

suggested three to four staff are ideal for managing a local level project 

while six to eight staff are suitable for managing a national level project.

- Length and time: A pilot project should be scheduled to finish within two to 

four weeks. It is found that the longer the time spent on a pilot project, the 

higher the chance the project would fail. The key success factor is to involve 

the top management members in the project from start to finish so that they 

can experience how simulation can be used for supporting decision making.
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- Staff profile: Members involved in a simulation pilot project should include a 

simulation leader, simulation modellers and members from the top 

management. In some cases, the involvement of front-line staff is also 

important. For example, modelling operational processes often require 

information of the process flows and the actual data collected from the 

processes.

- Importance and complexity: Another key success factor for a pilot project 

is to select the right project objective and appropriate level of detail. First, 

the simulation leader should consult with top management members in order 

to identify a sound project objective. Otherwise, no one will be interested in 

the pilot project and the related results. Second, it is important to keep the 

pilot project as simple as possible. High level of detail can cause a high risk 

of failure and often involve long modelling time.

(3) Embed SIMT Culture

As mentioned previously, in order to successfully embed S&M within the health 

sector, it is important to define a ‘new’ culture. This new culture will guide 

people within the organisation to behave differently, experience differently and 

learn differently throughout an on-going journey.

This component presents a new culture named “SIMT Culture”. The SIMT 

culture includes the key changes from a traditional decision making approach to 

a simulation-based decision making approach. The main key changes are 

presented in Table 5.5.
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Table 5-5 Key differences between traditional culture and SIMT culture in health care
management
| Traditional Culture

Managers direct 

Blame people

Test with real implementation

Increase resource and capacity based on 
available budget and expected demand

Higher costs with failure

SIMT Culture

Managers direct, key staff involve

Root cause analysis

Test before real implementation

Seek the optimise resource and capacity 
based on expected demand

Lower costs with pre-testing in models

Traditionally, health care decision making is the responsibility of top 

management team. The involvement of front-line staff is often limited. This often 

means that practice causes health care managers do not get the full picture of a 

problem. On the other hand, when the Plan-Do-Study-Act (PDSA) cycle is used 

by health care decision makers, new policies or strategies are tested with real 

implementation. This practice often involves the problem of high cost and high 

risk.

Given the benefits that simulation can offer, SIMT culture emphases the 

importance of people involvement, root cause analysis, risk-free and low cost 

approaches. All these issues need to be clearly understood and communicated 

through a top-down and on-going management approach. It is important that 

everyone within the organisation can participate and experience this new 

approach, so that SIMT culture can be developed and maintained.
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5.3.2 Action stage for modelling health care system at operational 

level

The action stage of the SIMT implementation framework focuses on the 

importance of providing the most suitable methodology and approach for 

guiding health care professionals to understand and develop health care 

simulation models. Although simulation training and support is available in the 

market, specific guideline for helping these professionals in the use of 

simulation is limited. Because of this reason, health care professionals always 

find simulation tools are complicated to operate.

The goal of this action stage is to provide a specific guideline that includes the 

most suitable simulation approach for modelling health care operational 

systems and the best practices for developing this type of simulation models.

5.3.2.1 Methodology Component

The first component provided within this action stage is methodology. This 

component includes the following four key activities:

(1) Identify simulation methodology

(2) Identify management objectives

(3) Visualise target problem

(4) Identify simulation modelling cycle

(1) Identify simulation methodology

Discrete event simulation (DES) is identified to be the most suitable simulation 

approach for modelling health care operational systems. There are two main
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reasons. First, DES has the ability to model complex systems which may 

include multiple events, queues, resources and attitudes. In health care 

management, this level of complexity is required during decision making. In 

DES model, patients can be modelled as individual entity that flows around a 

network of waiting queues, of which each patient can have different 

characteristics (e.g. age, gender, diagnosis, disease status) for determining 

their patient pathways. Therefore, DES model can enable health care managers 

and practitioners to have a clear understanding of the existing system, and to 

examine the existing systems performance without interrupting the live system.

The second advantage of using DES for modelling health care operational 

system is the ability of handling randomness. Health care systems are 

characterised by uncertainty and variability, for example patient arrival time and 

doctor examination time are highly random. With the distribution technique of 

DES approach, this randomness can be flexibly modelled.

(2) Identify management objectives

The key objectives for operational health care management often involve 

improving the performance of patient flows and the utilisation of resources. In 

order to develop an effective simulation model for supporting the decision 

making at this level, it is important to first identify a sound simulation objective 

which can target one of the key management objectives. Table 5.6 identifies the 

key management objectives for an operational health care system, which 

includes A&E, Outpatient, and Inpatient departments.
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Table 5-6 Key management objectives for an operational health care system 

Key management objectives

A&E Patient Flow
-  Reduce long patient waiting times
- Increase patient throughput

Allocation o f Resources
-  Increase staff utilisation rates

Outpatient Patient Flow
- Reduce waiting times for appointments
- Reduce waiting times in the consultation rooms
- Increase patient throughput

Allocation of Resources
- Increase staff utilisation rates

Inpatient Patient Flow
- Increase patient throughput
- Reduce patient length of stay
- Reduce patient waiting times for surgery

Allocation of Resources
-  Increase staff utilisation rates
- Increase bed utilisation rates
- Increase operating room utilisation rates

(3) Visualise target problem

Literature shows that a well-defined problem is one of the key success factors 

for a simulation project. This component puts emphasis on the importance of 

identifying a sound objective and to identify the underlying causes based on the 

identified problem. As health care operational systems often involve complex 

processes and complicated issues, it is important to have a good understanding 

of the target system before developing a simulation model.

This component identifies an effective approach to help in these issues. The 

cause and effect diagram is chosen to be the most suitable analytical tool for 

supporting this analysis. Following is an example of an A&E department in 

which long patient waiting time is the target problem.
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Step 1 -  identify the effect

The first step is to identify the target problem (the effect). Figure 5.4 shows the 

cause and effect diagram with the main effect at the arrow’s end.

Figure 5-4 Cause and effect diagram - with effect

Step 2 -  identify the main categories of the causes

The second step of this approach is to identify the main categories of the 

underlying causes. Four categories of causes are identified for this example 

(People, Equipment, Environment and Procedures).

Figure 5-5 Cause and effect diagram - with main categories of causes 

Step 3 -  identify the causes of each cause

The final step of this approach is to explore each main category and to find out 

the ‘causes of each cause’. Figure 5.6 shows the complete cause and effect 

diagram which presents all the possible underlying causes for this example.

long patient 
waiting times in A&E

[Environment | | People [

long palierc 
wailing Aires In M E

| EqulpmcnT] [Procedures]
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Figure 5-6 Cause and effect diagram - with all the possible underlying causes 

(4) Identify simulation modelling cycle

A clear and well-organised simulation modelling cycle is a key success factor 

for managing a simulation project. First, it can help to ensure simulation projects 

can follow a standardised approach so that project failure can be minimised. 

Second, it can provide a good guideline in project scheduling, so that project 

time and cost can be more effectively managed.

This component proposes a simulation modelling cycle for supporting health 

care modelling with DES approach. Figure 5.7 shows the overview of this 

proposed modelling cycle. The modelling cycle include six topics (problem 

structuring, model coding, data inputs, results and experimentation, validation 

and verification, and continuous improvement) and four stages (starting stage, 

middle stage, final stage, and improvement stage). The following discussion 

provides details on how this proposed modelling cycle can be used to guide the 

development of health care simulation models.
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Simulation Modelling Cycle
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Figure 5-7 Proposed discrete event simulation modelling cycle

Problem structuring is the key topic within the starting stage. As discussed 

previously, a well-defined problem is one of the key success factors for a 

simulation project. According to the identified management objective and the 

underlying causes identified from the cause and effect approach, problem 

structuring focuses on identifying the project objectives for a simulation project. 

Three main issues are commonly targeted within a health care operational 

system, they are: reviewing existing system, testing new operational process 

and optimising resource utilisation. Table 5.7 shows some examples of these 

issues within the A&E, Outpatient and Inpatient departments.
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Table 5-7 Simulation project objectives for health care operational system 

Health care model objectives

A&E Review Existing A&E System
-  Review patient routing and flow
- Review scheduling and availability of resources

Test New A&E Operational Processes
-  Introduce fast track lane in minor care
- Ordering tests while in triage
- Placing patients in the treatment area instead of 
sending them back to the waiting room
- Introduce new triage system

Optimise Resource Utilisation
- Finding the optimal amount of nurses and doctors are 
needed to ensure that no patient spends more than 4 
hours.

Outpatient Review Existing Outpatient System
-  Review patient routing and flow
- Review scheduling and availability of resources

Test New Outpatient Operational processes
- Apply new appointment booking scheduling system
- Evenly distribute patient demand with alternative 
scheduling rules
- Increase doctor appointment slots

Optimise Resource Utilisation
- Find the optimal amount of capacity is needed to 
ensure that no patient spends more than 3 months for 
an outpatient appointment.

Inpatient Review Existing Inpatient System
-  Review patient routing and flow
- Review patient scheduling and admission processes
- Review scheduling and availability of resources
- Assess the efficiency of existing healthcare delivery 
systems

Test New Inpa tient Opera tional Processes
-  Apply new patient scheduling and admission 
scheduling system
- Apply new bed planning rule

Optimise Resource Utilisation
-  Find the optimal number of beds needed for different 
operating timetable scenarios
- Find the optimal amount of capacity is needed to 
ensure that no patient spends more than 3 months for 
an inpatient treatment.

Model Coding included in both middle stage and final stage of the proposed 

modelling cycle. This topic focuses on the development of the “model logic”. 

Model logic is the basic structure of a simulation model which represents how a

110



Chapter 5 SIM T Implementation framework

system would operate in the real system. For instance, in order to model a new 

triage system and to examine how the new system would affect the 

performance of an A&E department, modellers need to create a model logic 

which includes patient pathway from patient arrival, triage and to examination or 

treatment.

In order to accurately develop a model logic that represents a target system, a 

process flow diagram is recommended to be created before starting the model 

coding. Details on how to use process flow diagrams to define patient pathway 

is discussed in the next component (modelling component).

In the proposed simulation modelling cycle, model coding occurs in the 

beginning of middle stage and the beginning of final stage. Since accurate 

model logic is the key for a successful simulation model, modellers have to 

make sure there is no missing processes or mistakes from the initial model logic 

before running a simulation.

Data Inputs includes collecting model data and analysing the collected data for 

inputting to a simulation model. This process resides within the middle stage of 

the modelling cycle.

Literature shows that data collection is often the most time-consuming process 

within a DES modelling. Within health care operational systems, this process 

can be even more challenging. In order to resolve in this issue, it is suggested 

that the simulation team should design a standard data collection sheet or 

database to capture all the real-time data during patient visits. This practice can 

help to ensure the right model data can be efficiently obtained from the real
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system without going through a bulk of files or paper work. Details on how to 

identify the right model data for particular health care models are discussed in 

the next component (modelling component).

Results and experimentation is proposed within the final stage of the 

modelling cycle. The main purpose of this process is to obtain the necessary 

simulation results from the finished model. If the objective of a simulation project 

is to review performance of an existing system or a new proposed system over 

a certain time, modellers can execute the simulation according to the time 

period in order to obtain the desired results.

However, if the objective of a simulation project is to test alternative scenarios 

or to perform ‘what-if analysis, modellers have to change the relevant model 

data in order to obtain the desired simulation results. The involvement of the 

management team or problem-solving team during this type of experimentation 

is often critical.

Validation and verification is the last process within the final stage. The main 

purpose of this process is to make sure the finished model and simulation 

results can accurately represent the real situation. Firstly, it is suggested that 

modellers are required to verify the model with problem-solving team or affected 

staff in order to make sure the model is understood and trusted. Secondly, 

modellers are required to compare the model results with some relevant 

historical data in order to test and validate the accuracy of the simulation model.

Continuous Improvement a key process within the improvement stage. 

Improvement within health care operational systems is an on-going journey,
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often health care decision makers would like to apply simulation in the same 

area but with different objectives. Therefore, it is worthwhile to reuse an existing 

model either with changes on the model logic or with a different set of input data.

5.3.2.2 Modelling Component

The second component provided within the action stage is the modelling 

component. The goal of this component is to provide effective guidelines for 

health care professionals to develop health care simulation models with DES 

approach. This component includes four key issues:

(1) Define patient pathway

(2) Define model components

(3) Define model data

(4) Introduce best practices

(1) Define patient pathway

Defining a clear patient pathway in the initial stage is a key for developing a 

successful DES health care model. As mentioned in the methodology 

component, it is a good practice for understanding the target system and it can 

provide a clear structure for supporting the model coding process.

The principle of defining patient pathway is by drawing a simple process flow 

diagram which can show all the relevant procedures within the target system. 

The following examples use simple process flow diagram to describe a typical 

health care operational system which includes the patient pathways within A&E, 

Outpatient and Inpatient departments.
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W riting case  history
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Results

Final Doctor Consultation
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Lab/X -ray
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Figure 5-8 Example of patient pathway in A&E department
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Figure 5-9 Example of patient pathway in Outpatient department
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Figure 5-10 Example of patient pathway in Inpatient department
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(2) Define model components

Model logic, model entities and resources are the main modelling components 

within a DES model. Therefore, during the starting stage for a model 

development, it is important to clearly define the type of entities and resources 

that will be included in a simulation model.

Table 5.8 shows some examples of the model entities and resources which are 

typically included within A&E, Inpatient and Outpatient simulation models.

Table 5-8 Example of model entities and resources in health care models

Simulation model Resources

A&E

Simulation 
model entities

Patients

Outpatient Patient

Inpatient Patient

Receptionist
Nurse
Doctor
Test machines 
X-ray
Receptionist
Nurse
Doctor
Test machines 
X-ray 
Cashier 
Lab test
Other hospital facilities
Nurse
Doctor
Bed
Test machines 
X-ray
surgery room 
treatment room

(3) Define model data

As described within the methodology component, data collection is often one of 

the most challenging processes for health care modelling. In order to address 

this issue, it is suggested that the simulation team should design a standard 

data collection sheet or database for collecting real-time data during patient
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visits. Modellers should clearly define what type of data is required for the 

simulation model. Table 5.9 shows some examples of the model data which are 

typically includes within A&E, Outpatient and Inpatient health care models.

Table 5-9 Example of model data for health care models

A&E

Outpatient

Inpatient

Simulation model - Simulation model - Simulation model -
Information on Entities Information on Resources Login Definition

Patient arrival time Number of nurse on- Service Time for
Patient type duty each procedure
(ambulance patients, Number of doctor on- along patient path
walk-in patients) duty Pathway or

Number of consultants sequence of actions
on-duty Resources required
Number of X-ray to perform each 

action
Patient arrival time Number of nurse on- Service Time for
Patient type duty each procedure
(appointment patients, Number of doctor on- along patient path
same day appointment duty for each Pathway or
patients, new patients) consultation service sequence of actions

Number of X-ray Resources required 
to perform each 
action

- Patient (emergency Number of nurse on- Service Time for
patients, scheduled duty each procedure
patients, patients on Number of doctor on- along patient path
waiting lists) duty for each Pathway or

consultation service sequence of actions
Number of operating Resources required
rooms to perform each
Number of beds action

Staff scheduling

(4) Introduce best practices

One of the best practices in DES modelling is to build customised template is 

for specific business sectors. The author creates a customised template in order 

to guide health care practitioners to develop health care models in a more 

effective and efficient way. The proposed customised template is called 

‘Healthcare OR Template’ (Figure 5.11). It is built with the simulation software 

Arena. ‘Healthcare OR Template’ provides customised building blocks which 

can be re-used for developing different operational health care models and with 

different model logics and objectives.
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O  HealthcareORtemplate

JL o**t Pa«*n tfudiajS-Ml

Discharge Create Patient Consultant

l± ]
JLcteiy JL
Activity 2 Ways 

Outcome
3 Ways 
Outcome

D

Change 
Patient Type

Waiting List

Figure 5-11 Proposed customised template for developing operational health care 
models

For example, the ‘Healthcare OR Template’ can build simulation models to 

simulate and review any existing health care operational processes, patient 

pathways, or testing of new health care procedures. Appendix D illustrates how 

an A&E operational process model is built with the ‘Healthcare OR template’.
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5.3.3 Action stage for modelling health care system at strategic 

level

The goal of the action stage is to provide a specific guideline that includes the 

most suitable simulation approach for modelling health care system at a 

strategic level and the best practices for developing this type of simulation 

model.

5.3.3.1 Methodology Component

The first component within this action stage is methodology. This component 

includes the following four key activities:

(1) Identify simulation methodology

(2) Identify management objectives

(3) Visualise target problem

(4) Identify simulation modelling cycle

(1) Identify simulation methodology

System dynamics (SD) modelling is identified to be the most suitable simulation 

approach for supporting clinical decision making at a strategic level. SD models 

can be used for helping health care managers and practitioners to understand 

how strategies can affect a system over time, or how changes can improve the 

overall performance. Also it can provide a better insight for these professionals 

to understand the dynamic structure of a target system.
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There are three main reasons for using SD approach to support strategic 

decision making in this sector. First, the nature of health care system is dynamic. 

It includes many changeable variables for which SD approach is ideal to model 

how the changes of these variables can affect the overall system performance. 

The second reason is the importance of understanding the feedback effect 

within a health care system. The qualitative aspect of the SD approach can 

provide a better insight to understanding how feedback relationships between 

the system variables would affect the overall system behaviour. Finally, SD 

approach can quantify a system structure. The quantitative aspect of the SD 

approach allows health care practitioners not only to have a better 

understanding of the system structure; it also allows them to test alternative 

strategies and scenarios with SD simulation models.

(2) Identify management objectives

As with most of the simulation approaches, it is important to first identify a clear 

management objective for a SD simulation project. This practice can help to 

ensure a simulation project can target the right strategic goal and at the right 

time.

In the UK, the Department of Health (DH) is responsible for developing 

strategies and directions for guiding its organisations in improving their service 

performance. SD approach is found to be well-suited to support this level of 

decision making which it can use to understand the current problems of a target 

system and allowing new strategies to be tested before implementation. Table 

5.10 highlights some recent management objectives from the UK health care 

system.
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Table 5-10 Strategic targets for the UK health care system (DoH, 2008) 
f NHS National Targets target Information (Year of laun^j

18 weeks target a maximum of 18 weeks from the time they are referred for a 
hospital operation by their GP until the time they have that 
operation (2004)

Primary care target Guaranteed access to a primary care professional within 24 hours
(2004)

Outpatient and Inpatient No patient will wait more than 3 months for an outpatient 
target appointment and a further 3 months for any inpatient or day-case

treatment (2004)

A&E access target

Choose and Book 
scheme

4 hours the maximum wait in A&E from arrival to admission, 
transfer or discharge (2005)

Ensure every hospital appointment is booked for the convenience 
of the patient, making it easier for patients and their GPs to 
choose the hospital and consultant that best meets their needs
(2005)

(3) Visualise target problem

Once a sound strategic objective is identified for a SD project, it is crucial to first 

visualise the target system in order to identify the system elements and 

variables that are relevant to the target system. This practice is especially 

important when modelling a health care system which includes a high level of 

complexity and variability elements.

In order to visualise a target system for this purpose, this component suggests 

the use of Cause and effect diagrams. The following is an example to show how 

a Cause and effect diagram can be used to identify the relevant system 

elements and system variables within an A&E system. The management 

objective for this example is to target the 4 hours maximum wait within an A&E 

department.
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Step 1- Identify the target

The first step of building a Cause and effect diagram is to identify the strategic 

target. In this example, “A&E seen patients within 4 hours” is the identified 

target. Figure 5.12 shows the Cause and effect diagram with the main target at 

the arrow’s end.

Figure 5-12 Cause and effect diagram - with main target (Effect)

Step 2 -  Identify the main strategies

The second step is to identify the key strategies which may be possible to be 

applied for addressing the identified target. In this example, eight possible 

strategies are suggested for targeting the A&E 4-hours target. They are 

connected to the body of the arrow as shown in Figure 5.13. In order to identify 

the right strategies, the key success factor for this step is to involve the 

problem-solving team and affected staff in the discussion.

(Reduce Waste Procedure | |Reduce Walling Time |

A&E seen patient
*  lA /tf tiin  d  KaiipoWithin 4 hours

(introduce Put

| Increase Humber of Staff ||Up0r̂

| Reduce Triage Ttme~|
(Expand Treatment Area |

| tm prove Internal Communication |

. A&E seen patient^ 1 I tA M MWithin 4 hours

Figure 5-13 Cause and effect diagram - with the key possible strategies
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Step 3 -  Identify the key system elements and variables

By referring to the key strategies that identified in Figure 5.13, the main purpose 

of this step is to identify the key system elements and variables which may 

influence these strategies within the system. Table 5.11 shows the mapping of 

the key identified strategies and the relevant systerrfelements and/or variables.

Table 5-11 Mapping of key strategies and relevant system elements/variables

Key identified strategies

Increase number of staff

Reduce waiting time

Upgrade equipment

Reduce waste procedure 

Reduce triage time

Expand treatment area

Introduce public education

Key system elements/ variables

Number of nurse, number of 
doctor

Number of demand, number of 
referral

Available funding, number of 
equipment

Key processes within the system 

Number of triage nurse

Improve internal communication Trainings

Available funding, number of 
doctor

Public awareness

These key system elements and variables are the critical underlying factors 

which can influence the performance of the target system. However, in order to 

understand how these system elements and variables can influence the 

performance of the target system as a whole, it is important to investigate the 

feedback relationships between these variables. The next component 

(modelling component) will discuss how to use SD modelling to understand the
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interconnection between these variables and to use SD models to analyse the 

dynamic behaviour of the system.

(4) Identify simulation modelling cycle

A clear and well-organised simulation modelling cycle is one of the key success 

factors for managing the development of a simulation project. This component 

proposes a simulation modelling cycle for guiding the development of SD health 

care models.

A number of authors have contributed on this issue (Richardson and Pugh, 

1981; Roberts etal., 1983; Coyle, 1996). All of these authors share a similar 

approach to the SD modelling process, which includes problem identification, 

system conceptualisation, formulating the model both qualitatively and 

quantitatively, and sensitivity testing. A recent study from Tako and Robinson 

(2007) comments the modelling process for SD should not follow a sequential 

order. A similar issue has also been discussed by Forrester (Keough and 

Doman, 1992) in which he states refinement is a critical step in a SD approach 

for improving the final model adequacy.

Based on the author’s experience on the development of SD models and the 

critical issues suggested in the literature, a proposed simulation modelling cycle 

is developed for guiding the development of SD health care models (see Figure 

5.14). The proposed SD simulation modelling cycle includes three main stages, 

conceptual stage, modelling stage, and strategic stage.
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Refinement

simulation Modelling Cyck

Figure 5-14 Proposed system dynamics modelling cycle

Stage 1: Conceptual Stage

The aim of the conceptual stage is to identify a well-defined project objective 

and target problems. Also it includes the identification of the key system 

elements and variables. Two steps are included within the conceptual stage: 

problem structuring and system conceptualisation.

Problem structuring -  once a management objective is selected for a SD 

project, it is important to identify the key process involved within the identified 

target. Since the health care system includes complex processes and 

complicated patient pathways, modellers have to clearly identify which parts of 

the systems and/or processes should be included within the SD project.

For example, in order to achieve the 4-hours maximum target within an A&E 

system, the modeller should clearly identify the patient pathways from patient 

arrival, patient admission, and to patient transfer or discharge. Therefore, a 

structural map can be produced in order to provide a clear guideline for further 

development. Also, it can enhance the communication between modellers and 

problem-owners in this early stage. The next component (modelling component)

124



Chapter 5 SIMT Implementation framework

will suggest some examples of using process flow diagram to develop a 

structural map for this purpose.

System Conceptualisation -  There are two main system components that are 

necessary to be identified during this stage, they are levels and rates.

Levels

The level, which is referred to as stock, is the accumulations within an 

organisation system. For example within a typical A&E system, the total number 

of patient waiting in triage is one of the key levels. Within a SD model, it 

represents the current state of the target system. Decision makers can measure 

these levels over time within a SD model in order to understand how changes 

happen within the target system.

Rates

The rate, which is referred to as flow rate, is the activities within an organisation 

system. In General, the rates are represented as control variables which directly 

increase or drain stocks. In the example of an A&E system, referral rate (inflow 

rate) and nurse seeing patient rate (outflow rate) are the variables which 

influence the total number of patient waiting in triage (level).

Within a SD model, it is important that all these variables are clearly defined, 

and none defined more than once (Keough and Doman, 1992).

Refinement -  As mentioned previously, refinement is a critical practice within 

SD modelling cycle. During this stage, modellers should review the problem

125



Chapter 5 SIMT Implementation frameworK

structuring process in order to make sure the identified target is clearly 

represented (see Figure 5.14).

Stage 2: Modelling Stage

The aim of the modelling stage is to transform the identified system levels and 

rates into SD diagrams. There are two main types of SD diagrams, they are 

Causal loop diagram and Stock and flow diagram. Three modelling steps are 

suggested within the modelling stage: model representation, model data input 

and model evaluation.

Model representation -  SD approach provides two main types of diagrams for 

supporting the qualitative (Causal loop diagram) and quantitative (Stock and 

flow diagram) analysis of a system (see Section 3.3.1 for more details).

Causal loop diagram (influence diagram)

This type of SD diagram focuses on representing the interconnections between 

system variables. This involves identifying the feedback relationships among 

the system variables in order to provide a better insight to the feedback 

structure of a system. Following is an example to explain how a causal loop 

diagram can be built to show the demand and capacity relationship within a 

health care system.

The first step is to connect all the identified system elements by arrows that 

indicate causality. Then apply “+" and/or signs to indicate the effect of the 

causality.
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In Figure 5.15, Budget, capacity and waiting lists are the key system elements 

that can cause effects to the system. And as Budget increases, Capacity 

increases, shown by a “+” sign; and as Capacity increases, Waiting list 

decreases, shown by a sign.

Increased Budget

Waiting List
m t>

Referral Rot©

Figure 5-15 Causal loop diagram to demonstrate demand and capacity feedback 
relationship within a health care system

Once the basic structure of a causal loop diagram is developed, the next step is 

to identify the feedback loop. Feedback loop represents the dynamic nature of a 

system. There are two types of feedback loops: balanced loops and reinforcing 

loops.

The mechanism of identifying these loops is counting the number of “+” or 

signs within an identified loop. For instance, if there is odd number of signs, it 

is a balanced loop; otherwise, if there is even number of signs, it is a 

reinforcing loop. In the example of Figure 5.15, it shows a balanced loop which 

the system regulated itself (i.e. when more patient in waiting list, the more 

budget and capacity the system is required, in order to reduce the waiting list 

problem).
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Stock and flow diagram (flow diagram)

The second type of the SD diagrams is the Stock and flow diagram. This SD 

diagram focuses on simulating the dynamic behaviours of a system 

quantitatively. Levels and rates are the key components within this type of SD 

diagram.

The following example shows how to convert a causal loop diagram into a stock 

and flow diagram (Figure 5.16). The diagram is developed in Stella® software 

and it is based on the causal loop diagram example used in Figure 5.15.

In Figure 5.16, the two “clouds” represent a source and a sink, in other words 

infinite amounts of material (in this case, patient) that flows through the system. 

The waiting list is modelled as a stock. Referral and capacity are defined as 

rates, which represents patient flows into and out of the waiting list system. 

Budget is defined as a soft variable, it influences the capacity rate. Additionally, 

the level of waiting list can influence the budget rate, which completes the 

system cycle.

Waiting List

Referral Rate Capacity Rate

Budget

Figure 5-16 Example of a stock and flow diagram using STELLA® software
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Model data input -  Model data is required only with the stock and flow diagram 

in order to execute the simulation. As discussed, the main components of a 

stock and flow diagram are levels and rates. Modellers need to collect relevant 

data to represent these components. For example, Stella® provides a user- 

friendly interface which allows modellers or model users input this numerical 

data in integer, equation or graphical format.

Based on the stock and flow model example in Figure 5.16, the following stock 

equation represents the ‘physics’ of the system and describes how a level will 

rise or fall, depending on the values of its inflows and outflows.

Waiting_List (t) =  Waiting_List (t-dt) +  {Referral_rate - Capacity_rate) *  dt

Therefore, modellers need to collect the following data:

• The initial number of the waiting list

• Value of the referral rate

• Value of the capacity rate

Model Evaluation -  model evaluation is the final stage of the proposed 

modelling stage. The aim of this step is to ensure the finished SD model can 

reflect the real behaviour of the target system. It is suggested that modellers 

should review the model structure and model data with problem owners or 

decision makers. Also, it suggests comparing the simulation results with the 

relevant organisational report or data.
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Refinement -  Once again, refinement during this stage is essential by 

reviewing the model structure, components or model data (see Figure 5.14).

Step 3: Strategic Stage

The main aim of the strategic stage within the proposed SD modelling cycle is 

to apply the SD models for supporting decision making. The key steps included 

within this stage are policy analysis and model use.

First, modellers or/and decision makers can execute the SD models with the 

current value in order to understand how the overall system performance will 

change over time. These professionals can test alterative strategic decisions by 

changing the value of the system variables. For example, they can simulate 

how a 10% decreased of the patient referral rate can affect the overall waiting 

list problem or how a 2% increase in the capacity rate can improve the overall 

performance of the system.

5.3.3.2 Modelling Component

The second component provided within the action stage is the modelling 

component. The goal of this component is to provide effective guidelines for 

health care professionals to develop health care simulation models with SD 

approach. This component includes four key issues:

(1) Define patient pathway

(2) Define model components

(3) Define model data

(4) Introduce best practices
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(1) Define patient pathway

As discussed in the proposed SD modelling cycle, it is important to first identify 

a clear and well-defined system target. Health care system often involves 

complex processes and multiple patient pathways, modellers should clearly 

identify and simplify the target system with the use of process flow mapping.

It is suggested that process flow mapping is a suitable tool for helping this issue. 

The main reason is the use of process flow mapping is not a new technique in 

the sector. It can help to enhance the communication between modellers and 

problem owners during the problem structuring process. Following is an 

example of a process flow mapping which includes the key patient pathways 

within an A&E system.

Initial
assessment

Admit to an 
inpatient bed

Discharge or 
transfer

Walk InEmergency
ambulance

Patient 
admitted to 
A&F ward

Patient to 
X-ray

Decision on 
whether or 
not to admit

Refer to 
speciality 

doctor

Patient 
treated in 

A&E

See A&E 
doctor or 

emergency 
nurse 

practitioner

Figure 5-17 Process flow mapping of an A&E system

131



Chapter 5 SIMT Implementation framework

(2) Define model components

There are two key system components that are necessary to be clearly defined 

within a SD model. They are levels and rates. This component suggests the 

best practices to guide health care practitioners to identify these system 

components more efficiently.

Identify system levels

In order to clearly define the system levels, it is recommended to create a 

simple ‘process flow diagram’ which lists out the key patient statuses within a 

target patient pathway. These patient statuses are the accumulation within the 

patient pathway, in other word, the system levels. Figure 5.18 shows an 

example of a process flow diagram which lists out the four key patient statuses 

involved within an A&E system.

—N  
- V

- J \
- 1/

Patient DischargePatient Waiting For 
Triage

Patient In 
ExaminationPatient in Triage

Figure 5-18 Process flow diagram with the key patient statuses in an A&E system 

Identify system rates

System rates are the activities or strategic policies which cause changes to the 

related patient status. Based on the key patient statuses identified in Figure 

5.18, the following example identifies the related system rates which cause the 

value of these patient statuses to rise or fall.
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- \
- 1/

P a t ie n t  D is c h a r g e
P a t e n t  In 

E x a m in a t io n
P a t e n t  W a it in g  F o r  

T r ia g e
P a t ie n t ln  T r ia g e

System Rates

-  G P  Referral R ate  
-A & E  S elf Referral 
Rale

System Rales

• Triage nurse rapacity 
-Triage nursaf Patent 
ratio
- Fraction discharged 
after triage

- A&E Discharge rale
-  F ree te d s

SvBlem Rates

Figure 5-19 System rates that can cause changes within an A&E system 

(3) Define model data

As discussed in Chapter three, compared to DES approach, SD models do not 

require a bulk of model data, thus data collection is comparatively less time- 

consuming. The key within an SD modelling approach is to define the right 

system components, levels and rates, and to collect relevant data to define 

these variables within a model.

Based on the above A&E system example, this step develops a stock and flow 

model which includes the identified levels and rates from Figure 5.19. The key 

of this example is to show the model data would be required for this SD model. 

Stella® software is used in this example.

Figure 5.20 shows a snapshot of the stock and flow model of the A&E system. 

In order to execute the model, Stella® requires relevant numerical data to 

represent the variables. This numerical data can include constant number, 

equation, graph or variables. The “?” signs represent the missing model data 

which required to execute the model. For example GP referral rate, A&E self 

referral rate, triage nurse capacity etc.
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Specialists Doctor Capacity
Triage Nurse Capacity

Patient Waiting For Triage Patient DischargePatient In Triage

"®N^Patiem to ExaminationPatient to Triage Patient to Discharge

Fraction Discharged After Triage

A£E Discharge Rate
Nurse Capacity

Figure 5-20 An example of stock and flow model built in Stella® software

(4) Introduce best practices

As discussed in Chapter three, generic health care simulation models are not 

commonly used in the sector. One of the key reasons is modellers often create 

specific simulation models for a specific purpose. However, health care 

organisations such as the NHS typically run many hospitals with similar 

practices. If health care models can be built based on this general practice, 

these health care models should be easily reused for supporting various 

decision making.

However, if decision makers are not familiar with the modelling environment, it 

can still be very time-consuming for them to modify input data in a SD model. In 

order to resolve in this issue, this component proposes to embed Excel 

spreadsheets to a generic simulation model so that data entry can become 

easier for this group of professionals. Appendix E includes an example to 

illustrate how to use the Stella® built-in function to embed Excel spreadsheet 

with a SD model.
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5.4 Summary

This chapter presented the proposed SIMT implementation framework, and 

described the approaches to implement the framework for guiding health care 

professionals to embed S&M within their organisations. The overview of the 

SIMT implementation framework was presented in Figure 5.2. The approaches 

of applying each SIMT component for addressing issues in the planning and the 

action stage of the implementation have been discussed.
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6 CHAPTER SIX: SIMT IMPLEMENTATION FRAMEWORK 
VALIDATION

6.1 Introduction

Chapter five presented the proposed SIMT implementation framework for 

guiding health care managers or practitioners through the essential approaches 

to successfully embed S&M within their organisations. This chapter validates 

the proposed implementation framework by questionnaire and case studies. 

The validation process includes two main parts. First, validation of its basic 

structure and planning stage which was achieved by questionnaire. The 

purpose of the questionnaire is to demonstrate how the proposed SIMT 

components and the key issues proposed within the planning stage can be 

understood and accepted by a selected group of professionals.

The second part of the validation focuses on the action stage of the proposed 

implementation framework. This was achieved by applying the selected 

methodologies and best practices for guiding the development of health care 

models within a local children hospital. Two pilot projects have been developed 

within the case study. The first pilot project applied DES approach for modelling 

the operational processes within the A&E department. The second pilot project 

applied SD approach for modelling the patient pathways within the 18-week 

waiting time target system. Evaluation of these pilot projects was then carried 

out in order to examine if the proposed key issues within the action stage are 

useful and important during their experiences.
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6.2 Validation of the framework components and the planning 

stage

The first part of the validation aims to validate the SIMT framework components 

and the planning stage of the proposed implementation framework. A 

questionnaire is used. The questionnaire was sent to a group of professionals 

(which includes health care mangers, health care practitioners, academic 

professionals and simulation modellers). A sample of the questionnaire can be 

found in Appendix A.

The aim of the questionnaire is to demonstrate how the framework components 

and the proposed framework can be understood and accepted by this group of 

professionals. The questionnaire includes 20 questions which grouped into 5 

main parts (A- background, B- basic structure of the SIMT framework, C- 

infrastructure element, D- management element and E-cultural change element).

Fifteen respondents participated in the questionnaire, Table 6.1 summarises the 

background of these respondents. Among this group of respondents, ten of 

them have experience of developing simulation models (see Figure 6.1).

Since the target respondents are the health care professionals from the top 

management level and the experts with health care simulation experience, this 

group of professionals was carefully selected to ensure quality feedback can be 

collected. Therefore, the author considered fifteen respondents to be 

acceptable in this case.
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Table 6-1 R espondents background  

Respondents background Number of

Academic professionals
respondents
4

Healthcare practitioners 1
Local healthcare managers 7
National healthcare authorities 2
Software vendors 1

Total 15

Respondents with simulation experience

YES

NO

Figure 6-1 R espondents w ith  s im ulation experience

6.2.1 SPSS Output

As discussed in the framework validation methodology (Chapter four - Section 

4.3), the questionnaire data is analysed by Statistical Products and Service 

Solution (SPSS) software. Collected answers from these respondents are 

transformed into the SPSS database, which includes the answers from part B to 

part E. The aim of the analysis is to examine the distribution of the responses 

with the SPSS frequencies procedure, so to look at how these respondents rank 

each question or statement. Five point rating scale is used in the questionnaire.
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In SPSS, each question or statement is represented by a “variable”. For 

instance, question ‘BT includes five statements (a. Infrastructure, b. 

Management, c. Cultural Change, d. Methodology, e. Modelling) which are 

represented as ‘B1a’, ‘B1b’, ‘B1c’, ‘B id ’ and ‘B1e’. In total, 33 variables are 

identified from the questionnaire.

Appendix F shows the output from the SPSS analysis based on the collected 

data. The statistics show the total number of responses for each variable. The 

frequency table shows the counts and percentages of each rating.

6.2.2 Output analysis

Based on the SPSS output, this section aims to identify the level of significance 

of each question and statement. Thus, to demonstrate how the proposed 

framework and components are understood and accepted by this group of 

professionals and to identify the strengths and limitations of the proposed 

framework.

Appendix G presents the most accepted rank based on the highest percentage 

of each variable, which are mapped with the appropriate questions and 

statements.

Based on this analysis, the author identified the following strengths and 

limitations of the proposed implementation framework and the components.
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Strengths

1. The five SIMT components are essential for guiding the successful 

implementation of S&M in the health sector.

2. The proposed planning stage and action stage are both critical to the 

implementation process.

3. The proposed guidelines for establishing necessary resources to support 

health care modelling within the infrastructure component are considered to 

be useful at both local and national management level.

4. The teamwork approach (which includes simulation team, management 

team, problem-solving team and data supporting team) is considered to be 

very important for supporting simulation development in a long term basis.

5. The proposed best practices for guiding the simulation team and 

management team are considered to be useful at only the national 

management level.

6. The proposed best practices for guiding the problem-solving team and data 

supporting team are considered to be useful at both local and national 

management level.

7. The proposed key knowledge for guiding the teams to support simulation 

development is considered to be important at both local and national 

management level.

8. The proposed achievement plan within the management component is 

considered to be very important.

9. Top management support in project funding is considered to be very 

important

10. The proposed best practices for securing top management support for 

simulation development is considered to be useful.
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11 .The proposed best practices for ensuring on-going project progress can 

report to appropriate teams are considered to be very important.

12. The main issues highlighted in the proposed vision statement are 

considered to be very important for helping the problems of resistance to 

change.

13. The respondents are strongly agreed on the proposed key differences 

between traditional culture and SIMT culture in health care management.

Limitations

(With reference to Appendix G, any statements with a ranking lower than 4 is

considered to be a limitation of the proposed framework)

1. The mapping concept within the planning stage of SIMT implementation 

framework is considered to be ‘quite clear’.

2. The proposed best practices for guiding the simulation team and 

management team for local management level are considered to be ‘not 

very useful’.

3. Top management support for addressing the clinician resistance issue is 

considered only ‘fairly important’.

4. The four best practices (which include team size, length and time, staff 

profile and importance and complexity) suggested for guiding simulation pilot 

project are considered to be ‘not very useful’.

The validation proved the five SIMT components and the planning stage of the

implementation framework are valuable and useful for guiding this group of

professionals for embedding simulation within the sector. Although the
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validation showed some proposed issues are considered not very useful, it was 

determined that the success of embedding simulation within the sector should 

follow a holistic approach. Therefore best practices for guiding simulation team 

and management team, top management support and best practices for guiding 

simulation pilot project are remain as important issues within the implementation 

framework.

6.3 Framework validation through application of case study

The second part of the validation developed two case studies to validate the 

proposed action stage of the SIMT implementation framework. The action stage 

of the proposed framework includes two main targets, first is to model the health 

care system at operational level, while the second target is to model health care 

system at strategic level.

The author developed two case studies in a local children’s hospital in order to 

validate the guidelines and best practices proposed within the action stage. The 

first case study focuses on the validation of the modelling approach for 

developing health care models at operational level. The second case study 

focuses on the validation of the modelling approach for developing health care 

models for addressing strategic decisions.
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6.3.1 Case study for validating the modelling approach at 

operational level

The purpose of the case study was to apply discrete-event simulation (DES) 

approach and the proposed best practices to model health care system at the 

operational level. The Accident & Emergency (A&E) department of the local 

children’s hospital was selected in the case study as a pilot project.

One of the consultants from this A&E department was participated as a project 

champion, who has over 30 years experience in this environment. The author 

was the simulation modeller who supports the problem structuring and the 

model building processes.

The A&E department open 24 hours, 7 days a week. Their main target is to 

provide trauma (minor or major) service for the children of this local area. In the 

UK, national targets have been putting pressure on most of these A&E 

departments which includes the “4 hours maximum wait” target. Health care 

managers and practitioners are eagerly seeking the most effective and efficient 

way to improve their performances.

The main objective of the pilot project was to apply DES approach to model the 

existing A&E operational processes. Health care managers and practitioners 

from the department can have a better understanding of the existing system, in 

terms of the impact of increasing demand and different capacity levels.
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First phase of the pilot project

The first phase of the pilot project was to identify the main process flows within 

the A&E department. Figure 6.2 shows the main patient pathways within the 

A&E department. Patients are classified into five main types (i.e. AA, BB, CC, 

DD and EE), which to identify the level of illness or injury of a patient.

Figure 6-2 Process flow diagram of the A&E department

Second phase of the pilot project

During the second phase, several meetings had been arranged with the 

simulation champion and the related front-line staff to ensure the accuracy of 

the process flow diagram. The author then transformed the identified process 

flows into DES model logic with the use of Arena software. Figure 6.3 shows a 

snapshot of the DES model logic.
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Figure 6>3 Snapshot of the DES model logic

Model data was collected by the simulation champion. The model data includes 

patient arrival pattern in terms of arrival time, day and patient type. Also, it 

includes staff capacity in terms of number of staff on duty and their working 

schedule.

The author embedded Excel spreadsheet into the DES model, so that the 

identified model data is stored within the Excel spreadsheet instead of the 

actual model. This practice can ensure health care managers and practitioners 

can easily modify the model data without any programming skill. Figure 6.4 and 

Figure 6.5 show the snapshots of these Excel spreadsheets with the data of 

patient arrival pattern and staff capacity.
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Accident & Emergency Department - Patient Arrivals

MON TUE W ED THU FRI SAT SUN
00-01 1.31 1.17 0.92 0.69 1.17 1.37 1.40
01-02 1.52 1.02 1.19 0.83 1.19 1.63 1.60
02-03 1.21 0.79 0.77 0.75 0.92 1.06 1.08
03-04 0.73 0.44 0.42 0.69 0.56 0.73 0.73
04-05 0.81 0.63 0.52 0.40 0.35 0.76 0.65
05-06 0.56 0.40 0.27 0.44 0.54 0.43 0.54
06-07 0.69 0.52 0.33 0.48 0.63 0.76 0.62
07-08 0.81 0.75 0.87 0.60 0.79 1.12 0.90
08-09 1.90 1.79 1.67 1.87 1.71 2.18 2.13
09-10 5.17 4.96 4.50 4 .87 5.12 4 .43 5.19
10-11 6.79 6.13 5.67 6.60 6.27 6.49 6.52
11-12 7.50 7.29 7.15 7.42 6.54 7.29 8.02
12-13 8.37 6.44 7.46 8.00 6.56 7.57 9.04
13-14 6.73 7.29 6.58 7.06 6.62 8.02 9.02
14-15 7.90 6.71 6.19 7.37 5.81 7.16 8.35
15-16 5.87 5.88 5.65 6.62 5.54 8.45 8.29
16-17 8.31 6.48 6.71 7.37 7.50 7.80 8.21
17-18 7.81 7.31 7.31 7.50 7.48 6.78 8.10
18-19 10.62 9.65 10.73 9.52 9.92 7.02 8.54
19-20 10.69 9.81 9.54 10.04 9.98 7.59 9.33
20-21 7.69 7.87 8.06 8.52 6.67 7.10 7.73
21-22 5.69 5.88 6.00 5.90 5.44 6.00 6.15
22-23 5.35 4.23 4.21 4 .56 5.10 4.45 4.21
23-24 2.92 3.06 2.63 2.65 3.65 3.02 2.65

Type P ercentaqe
AA 0.20
BB 0.50
CC 6.00
DD 93.00
EE 0.30

Figure 6-4 Model data within excel spreadsheet (Patient arrival pattern)

Accident & Emergency Department Staff Rota

|Triage T T T T T T T T T T T T T T T T T
NR1 |NR2 |NR3 |NR4 |NR5 |NR6 |NR7 NR8 |NR9 |NR10|NR111NR121NR13INR14 NR15 |NR16 |NR17 |NR18 |NR19 |NR20

0tM)1 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
01-02 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
02-03 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
03-04 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
04-05 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
05-06 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
064)7 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
07-08 0 0 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
08-09 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0
09-10 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0
10-11 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0
11-12 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0
12-13 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0
13-14 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1 1 0 0 0 0
14-15 0 0 1 1 1 1 1 0 0 0 0 1 1 1 1 1 0 0 0 0
15-16 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 1 1 0 0
16-17 0 0 0 0 1 1 1 1 1 0 0 0 0 1 1 1 1 1 0 0
17-18 0 0 0 0 1 1 1 1 1 0 0 0 0 1 1 1 1 1 0 0
18-19 0 0 0 0 1 1 1 1 1 0 0 0 0 1 1 1 1 1 0 0
19-20 0 0 0 0 1 1 1 1 1 0 0 0 0 1 1 1 1 1 0 0
20-21 0 0 0 0 1 1 1 1 1 0 0 0 0 1 1 1 1 1 0 0
21-22 0 0 0 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0
22-23 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1
23-24 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1

NR
NP
CN
T
FT

Nurses
Practitioner Nurse 
Consultant 
Triage Nurse 
Full Time Triage

Figure 6-5 Model data within Excel spreadsheet (staff capacity)

Third phase of the pilot project

The third phase of the pilot project involves the presentation of the DES model 

and model execution. In order to present the DES model in a user-friendly 

interface, the author created the 2D animation for the A&E department model. 

Therefore, health care managers and practitioners can see how the system
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operates through the dynamic animation. Figure 6.6 shows the snapshot of the 

animation.

The main objective of this DES model is to provide a better understanding of the 

existing A&E system, which can help the health care managers and 

practitioners to identify the underlying bottlenecks and to support decision 

making. One of the simulation experiments in this project involved the analysis 

of the waiting times. Figure 6.7 is one of the simulation results generated from 

the existing A&E system model which indicates the waiting times involved in 

each key process.

loch (%jni
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Figure 6-6 2D animation of the A&E simulation model
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Figure 6-7 Simulation results with waiting time

6.3.1.1 Feedback from the pilot project

The goal of the pilot project was to apply the suggested DES approach and the 

proposed best practices to model the operational process within the A&E 

department. Overall, the simulation champion and health care managers from 

the department were impressed by the results of the simulation model.

In order to examine their experiences during the pilot project, the author 

prepared an evaluation form which collected opinions from the simulation 

champion about the key components proposed within the action stage. A 

sample of the evaluation form is attached in Appendix B. Following are the key 

issues summarised from the results of the evaluation.

1. It is agreed that DES approach is a suitable tool for modelling operational 

processes in the health sector.
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2. It is strongly agreed that identify management objective during the early 

stage of the project is important.

3. It is strongly agreed that the proposed simulation modelling cycle is easy to 

follow.

4. It is agreed that the proposed simulation modelling cycle is practical.

5. It is agreed that the team will apply the proposed methodology and 

guidelines in the future.

6. It is strongly agreed that defining patient pathway is important for identifying 

the main processes within a target problem.

7. It is agreed that suggested guidelines for defining model components and 

model data are useful.

8. It is strongly agreed that the best practice introduced for this simulation 

method is easy to follow and is practical.

9. It is strongly agreed that the team will apply the proposed modelling best 

practices in the future.

One additional comment had been made by the simulation champion which is

the importance to get people to “believe” that simulation is related to the real

world. So that people will take the risk to change from traditional management

to this new approach.
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6.3.2 Case study for validating the modelling approach at strategic 

level

The methodology component of the action stage suggested System Dynamics 

(SD) is the most suitable tool for modelling health care system at strategic level. 

The goal of the case study was to apply the SD approach and the best practices 

proposed within the modelling component to develop SD health care model for 

this purpose.

The case study project includes health care managers from the administration 

team, simulation champion and simulation modeller. After numerous meetings 

with this group of members, one of the latest national targets of the NHS -  “the 

18- week waiting time target” was selected to be the key objective of this pilot 

project.

First phase of the pilot project

The main goal of the 18-week waiting time target is to set a maximum wait of 18 

weeks from the time of referral to a hospital consultant or to a start of a 

treatment.

The first phase of the pilot project was to identify the patient pathways involve 

within the 18-week target. Figure 6.8 shows the identified patient pathways from 

referral to a hospital consultant or a treatment start.
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Figure 6-8 18-week pathway diagram

Second phase of the pilot project

The next phase of the pilot project was to identify the critical system elements 

that could influence the performance of the target system. Information had been 

collected from the group of health care managers and the 18-week project 

manager regarding the strategies which were considered to be applied for 

meeting the target. A cause and effect diagram was created which includes 

these identified strategies (Figure 6.9).
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Increase clinics Extend working hours Reducing length of stay

Capacity planning

Tracking patient status

Review patient pathway

Reduce waiting time

Reduce DNA no

Developing one stop clinic

Meet
18-week
target

Introduce choose and 
book systemUpgrade history data to 

reduce backlog

Streamline patient 
pathway

Introduce community

Employ more doctor and 
specialists Involve private 

organisation

Using day surgery as 
default

Optimising
administrative processes

Removing waste and 
maximising efficiency

Figure 6-9 Cause and effect diagram - proposed strategies for meeting the 18-week target

Based on the proposed strategies identified by this group of professionals, the 

following mapping table highlights the critical key system elements which could 

influence the performance of the target system.

Table 6-2 Mapping of the identified strategies and key system elements

The identified strategies Key system
elem ents

Employ more doctor and specialists Staff capacity
Extend working hours Staff capacity
Optimising administrative processes Staff capacity
Capacity planning Staff capacity
Introduce community care Resource
Increase clinics Resource
Involve private organisation Resource
Using day surgery as default Resource
Developing one stop clinic Resource
Reducing length of stay Demand
Reduce DNA number Demand
Streamline patient pathway Demand
Upgrade history data to reduce backlog Demand
Removing waste and maximising efficiency Waiting time
Tracking patient status Waiting time
Reduce waiting time Waiting time
Review patient pathway Waiting time
Introduce choose and book system Waiting time

152



Chapter 6 SIM T Implementation Framework Validation

Third phase of the pilot project

During this phase, the simulation modeller based on the identified patient 

pathways and the key system elements developed a SD model which can 

represent the existing target system. The SD model was built with Stella® 

software. Snapshots of the SD model are shown in Figure 6.10, Figure 6.11 and 

Figure 6.12.

Figure 6.10 shows how the total capacity level can be affected by alternative 

system elements (such as consultant capacity, actual capacity in 1st outpatient 

and actual capacity in follow-up etc.). This module aims to represent the total 

capacity that is available for the target system.

Capacity Planning
c

T o ta l Capacity
ft

Consultant^.
Capacity

Desired Consultant 
Patient Ratio in 1st OP

O
2

Actual capacity in 1st OP
Actual capacity in FU

CT
LU

Consultant flexible allowance Desired Consultant 
Patient Ratio in FU

Figure 6-10 SD model - capacity planning module
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Figure 6.11 shows the patient pathway within the 1st outpatient journey. In which, 

the level of patient waiting for 1st outpatient referral and the level of patient 

finished 1st outpatient are included within this module. Different system 

elements (such as fraction DNA in 1st outpatient, rate of patient being seen in 1st 

outpatient, fraction of patient transfer etc.) are all considered within this module.

Spare 
apacity In 
isl O P ,/

Expected demand In 1st OP
Actual capacity in 1stO

Actual demand in 1st OP

Patient with 1st OP appointment

Fraction DNA in 1st OP
Pptfent waiting for 

/ l i s t  Op Referral
Patlent finished 1st OP

Rate of patient being 
seen in 1st OP

Patient DNA from 1st OP-

OP discharge 
Alter assessmerl

Fraction of patient transfer ~~

Patient DNA before, 1st OP

Fraction patient left 
after assesssment

Figure 6-11 SD model - 1st outpatient journey module

Figure 6.12 shows the follow-up outpatient journey within the 18-week pathway, 

in which the level of patient waiting for follow-up, level of patient finished follow- 

up and level of patient finished the pathway are included within this module. 

System elements (such as actual capacity in follow-up, rate of patient being 

seen in follow-up and fraction patient discharge after follow-up etc.) are 

identified within this module in order to show how these variables can influence 

the performance of the target system.
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Figure 6-12 SD model - follow up outpatient journey module

Model data was collected from the 18-week project manager who is responsible 

for the performance of the 18-week target for this local hospital. The first column 

from Table 6.3 presents the type of model data required for this SD model, 

which includes capacity, demand and process data. The second column of the 

table presents the value of these model data.

Table 6-3 SD model data for the 18-week target project

Per WeekCapacity
Total Capacity
Desired Consultant Patient Ratio in 1st OP 
Desired Consultant Patient Ratio in FU 
Consultant flexible allowance

Demand
Patient waiting for 1st Op Referral
Fraction DNA in 1st OP
Fraction patient left after assessment
Fraction of patient transfer
Fraction DNA in FU
Fraction patient discharge after FU

Process
Average length of treatment

5 (consultants) 
2.58 (per consultants) 

7 (per consultants) 
0 (empty slot)

80
0.11 (1st Op Appointment)
0.34 (1st Op Appointment)

0.1 (1st Op Appointment)
0.1 (Follow-up)

0.17 (Follow-up)

2 (Weeks)
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In this pilot project, all the model data was stored within an Excel spreadsheet 

which is embedded with in the actual SD model. Therefore, further “what-if 

analysis and simulation experiments can be easily operated by health care 

managers or practitioners.

Fourth phase of the pilot project

The main objective of the pilot project was to provide a better understanding on 

how the existing system performance is affecting by the level of demand, 

capacity and other critical system elements, thus to support the decision making 

on meeting the 18-week target.

The main goal of this phase was to execute simulation experiments in order to 

analysis the target system. One of the simulation experiments applied the 

existing model data provided by the 18-week project manager (Table 6.3), to 

look at the current performance on discharging the referral patients. Following 

graphs show the SD simulation results of the total discharge figures and the 

total discharge within 18 weeks.

•  1: O P  discharg . fter assessment 2  P atien t Tran .0  other hospital 3: FU (Sscharge without treatment 4: Discharge

10-1

4.50 9.00 

W eeks 

Total discharge figures

13.50 1800 

15:37 24 Feb 2009

0.00
Page 1

Figure 6-13 SD simulation results of the total discharge figures
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1: Total D ischarge within 18 weeks

0.00 4.50 9.00

W eeks

13.50 18.00 

15:37 24 Feb 2009

Untitled

Figure 6-14 SD simulation results of the total discharge within 18 weeks 

6.3.2.1 Feedback from the pilot project

In order to examine how the proposed simulation methodology and modelling 

components within the action stage can help on guiding the development of the 

pilot project, the author prepared the evaluation form to collect feedback from 

the 18-week project manager. A sample of the evaluation form is attached in 

Appendix B. Following are the key issues summarised from the results of the 

evaluation.

1. It is agreed that system dynamics is a suitable tool for modelling health care 

system at strategic level.

2. It is strongly agreed that identifying management objective in the early stage 

is important.

3. It is strongly agreed that the use of cause and effect diagram is useful for 

visualising a target system.

4. It is agreed that the proposed SD simulation modelling cycle is easy to follow 

and is practical.
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5. It is strongly agreed that defining patient pathway is important for identifying 

the main processes within a target system.

6. It is strongly agreed that the suggested guidelines for defining model 

components and model data are very useful.

7. It is strongly agreed that the proposed best practices for developing SD 

model are easy to follow and is practical.

Additional comments had been made by the 18-week project manager on the 

data collection stage during the pilot project. It was suggested that model data 

should somehow match the available data from the hospital database, so that 

additional data analysis processes can be eliminated during the modelling cycle.
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6.4 Summary

The proposed SIMT components and implementation framework were shown to 

be valuable for guiding health care managers and practitioners for embedding 

S&M in the health care sector. The first part of the validation proved the five 

SIMT components are the critical factors for addressing the underlying barriers 

of embedding health care modelling. Additionally it demonstrated that key 

issues proposed within the planning stage of the implementation framework are 

useful and important for guiding this group of professionals on how these critical 

factors can be embedded within their organisations.

The second part of the validation proved the key components proposed within 

the action stage of the implementation framework are useful and practical. The 

proposed methodology and modelling components were both shown to be 

valuable for guiding the development of health care models for supporting 

decision making at both operational and strategic management level.

159



Chapter 7 Conclusions and Recommendations

7 CHAPTER SEVEN: CONCLUSIONS AND 
RECOMMENDATIONS

7.1 Conclusions

The main aim of this research was to develop a practical and holistic 

implementation framework for guiding health care managers or/and 

practitioners to successfully embed S&M in the health sector. The key 

objectives of this research were clearly defined in Chapter one. This study has 

achieved its objectives through the proposed research approach which was 

presented in Chapter four (Figure 4.2).

A summary of its achievements are listed as follows:

• The current practices and existing problems of using S&M within the 

health care sector were identified. It has identified that the majority of the 

health care models were developed by commercial consultants or 

research organisations. The involvement of health care managers in the 

simulation study was very limited. Therefore, problems such as model 

accuracy, lack of communication, lack of evidence of model 

implementation are evident (see Chapter two).

• The underlying barriers that impede S&M embedding into the health 

sector were clearly identified in Chapter two. These include health care 

complexity, multiple stakeholders, cultural resistance, lack of simulation 

knowledge, time and cost, and modelling accuracy.

160



Chapter 7 Conclusions and Recommendations

• The methodologies, current practices and limitations of applying DES 

and SD approaches within the health care sector were examined and 

discussed in Chapter three.

• Five key elements were proposed in order to address the underlying 

barriers of embedding S&M in the sector. These elements include 

infrastructure, cultural change, management, methodology and 

modelling. These elements were used as a basis for developing the 

implementation framework (see Chapter four).

• Three well-known quality and process improvement approaches were 

examined. These approaches include total quality management, lean 

management, and six-sigma quality. The methodology and best 

practices of embedding these approaches within the health care sector 

were discussed in Chapter two.

• The SIMT implementation framework was developed that provides a 

detailed roadmap for guiding the initial planning and the methodologies 

and activities required to successfully embed S&M within the sector (see 

Chapter five).

• The SIMT implementation framework was validated as valuable 

approach for guiding health care managers and practitioners to embed 

S&M within the health sector. The planning stage of the SIMT 

implementation framework was shown to be useful and important for 

guiding this group of professionals how to embed the essential
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components for supporting simulation development in a long-term basis. 

The action stage of the SIMT framework was proved to be practical and 

useful for guiding the development of health care models for supporting 

various decision making (see Chapter six).

7.2 Contributions to knowledge

The literature review (Chapter two) identified gaps in the knowledge of this 

research area. The following summarises the author’s major contributions to the 

knowledge of health care simulation and modelling:

• Performed a literature review to understand the need for developing an 

implementation framework for guiding health care manager and 

practitioners to fully embed S&M within the health sector. Additionally, 

to understand the critical success factors and best practices for 

implementing quality and process improvement approaches within the 

sector (see Chapter two).

• Based on the findings from the literature and the author’s experiences, 

it identified five key framework components in order to address the 

underlying barriers of implementing S&M within the sector (see Chapter 

two and Chapter four).

• Developed the SIMT implementation framework which proved to be 

valuable for guiding health care managers and practitioners to embed 

S&M in the sector for supporting varies decision making (see Chapter 

five and Chapter six).
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• The planning stage of the SIMT implementation framework provided 

the best practices and success factors for addressing the barriers of 

embedding S&M. These barriers include health care complexity, 

multiple stakeholder, cultural resistance, time and cost and model 

accuracy (see Chapter five).

• The action stage of the SIMT implementation framework provided 

specific toolkits to guide health care managers and practitioners the 

appropriate methodologies and techniques for developing in-house 

simulation models for supporting routine decision making processes 

(see Chapter five).

7.3 Recommendations for further work

There is a great deal of areas for further work using the SIMT implementation 

framework. These include applying the planning stage of the framework in a 

real-world organisation and introducing the action stage of the framework at the 

national level.

7.3.1 Continuous improvement in a real-world organisation

Embedding S&M into the health sector is not a one-time event. The key 

components proposed within the planning stage of the SIMT implementation 

framework are recommended to be implemented through an on-going 

organisational improvement. This research proved these key components are 

useful and important for guiding health care managers or/and practitioners for

163



Chapter 7 Conclusions and Recommendations

addressing the underlying barriers of embedding S&M in the sector. However, 

further confidence in the proposed components could be built if they can be 

introduced and implemented within a real world organisation. Therefore, it will 

help to ensure whether the planning stage of the SIMT implementation 

framework can successfully guide the organisation to establish a fundamental 

environment and changed culture for supporting the S&M.

7.3.2 Additional case studies at national level

This research applied the action stage of the SIMT implementation framework 

into a local children’s hospital, which proved to be a useful and practical 

guideline for supporting the development of health care models at both 

operational and strategic management level. Nevertheless, the key components 

included within the action stage could also be adapted for supporting simulation 

development at the national level.

As managers within the NHS claim they are going to face “an extremely 

challenging financial outlook... the NHS in England is going to face a real-term 

reduction of between £8bn to and £10bn over the three years after 2011” 

(Jeffreys, 2009). Additional research should target these challenges, introduces 

the proposed methodologies and guidelines to support the use of S&M within 

the NHS. For example, examine the underlying factors causing the inflation in 

the health service and analyse innovative ways of making the service more 

efficient.
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; Questionnaire for, evaluating SIMT ,  - , August2009
Framework roadmap By Ruby w.c. Hughes

Research Title: Embedding Modelling and Simulation Methods into Healthcare 
System

Dear Sir/Madam,

The purpose of this questionnaire is to evaluate the S IM T framework roadmap that is 
proposed in this research for guiding healthcare practitioners to embed the 5-elements 
simulation thinking (S IM T) into healthcare systems. S IM T framework roadmap 
includes two main parts - planning stage and action stage. Planning stage includes 
Infrastructure. Management and Cultural Change: and Action stage includes 
Methodology and Modelling.

This questionnaire contains five parts:

Part A of this questionnaire aims to understand the background of the respondent.

Part B of this questionnaire aims to evaluate the basic structure of the SIMTframework 
roadmap.

Part C to Part E of this questionnaire aims to evaluate the planning stage of the SIMT 
framework roadmap.

Please read the attached PowerPoint presentation before doing this questionnaire. The 
PowerPoint presentation w ill give you necessary information about the simulation 
thinking (S IM T) and the S IM T framework roadmap.

I f  you have any queries about this questionnaire or would like more information about 
the research, please contact Ruby Hughes at r.w.lau @shu.ac.uk or Terrence Perera at 
t.d.perera@shu.ac.uk

Please return your completed questionnaire by email to r.w.lau@shu.ac.uk no later than 
30 August 2009 (New deadline 30 September 2009).

Thank you for your valuable feedback!

Thanks and Best Regards, 
Ruby Hughes
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Questionnaire tor evaluating
Framework roadmap ^

August 2009 
By Ruby W.C. Hughes

Part A. Background

A l. Please mark an "x" from one of the groups below that best describes your role

a. Academic professionals 0
b. Healthcare practitioners 0
c. Local healthcare managers ( )
d. National healthcare authorities ( )
e. Software vendors 0
f. Other (please describe) ( )

A2. Have you ever participated with any simulation model development for supporting 
decision-making or system analysis?

Yes 0
No 0

Part B. Basic Structure of the SIM T framework roadmap (Slide 2 &  Slide 3)

B l. How would you rate the importance of the 5 elements within the S IM T thinking? 
Refer Slide 2

SIMT
5-elements

1
Not 

important at 
all

2 3
Fairly

Important

4 5
Very

Important

a. Infrastructure 0 0 ( ) 0 ( )
b. Management ( ) ( ) 0 0 ( )
c. Cultural Change ( ) 0 0 0 0
d. Methodology ( ) ( ) 0 ( )
e. Modelling ( ) 0 0 0 . 0  ..

B2. How would you rate the importance of the two main stages within the SIM T  
Framework roadmap? Refer Slide 2

S IM T Framework 
roadmap - two main 
stages

1
Not 

important at 
all

2 3
Fairly

Important

4 5
Very

Important

a. Planning stage ( ) 0 0 ( ) ( )
b. Action stage 0 0 0 0 ( )
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B3. The "Planning Stage" of the SIM T framework roadmap is to guide healthcare 
practitioners to understand three of the necessary S IM T elements when embedding 
simulation in both the local level and national level.

How would you rate the clarity of the mapping concept within the SIM T framework 
roadmap? Refer to Slide 3

1
Not at all

2 3
Quite Clear

4 5
Very Clear

0 0 0 0 0

Part C. C T ( A )  Infrastructure element (Slide 4)

C l. How would you rate the usefulness of the main issues and best practices suggested in 
the Infrastructure element in the local healthcare level? Refer to Slide 4 -  (A l)

1 2 3 4 5
No use Not very useful Very Useful

0 0 0 0 0

C2. How would you rate the usefulness of the main issues and best practices suggested in 
the Infrastructure element in the national healthcare level? Refer to Slide 4 -  (A2)

1 2 3 4 5
No use Not very useful Very Useful

0 0 0 0 ( )

C3. How would you rate the importance of each team suggested in S IM T infrastructure 
for supporting the evolvement of simulation? Refer to Slide 4 -  (A21 and (A5)

SIMT
Infrastructure -
develop
teamwork

1
Not important 

at all

2 3
Fairly

Important

4 5
Very

Important

a. Simulation 
team

0 0 0 0 0

b. Management 
team

0 0 0 0 ( )

c. Problem
solving team

0 ( ) 0 0 ( )

d. Data
supporting team

0 0 0 0 0



Questionnaire for evaluating S I M T . ~  • - • August 2009
Framework roadmap , . ; ' By Ruby W.C. Hughes

C4. How would you rate the usefulness of the best practices suggested for each team 
within a local healthcare level? Refer to Slide 4 -  (A2)

SIM T
Infrastructure - 
teamwork best 
practices

1
No use

2 3
Not very 

useful

4 5
Very Useful

a. Simulation 
team

0 0 0 0 0

b. Management 
team

0 0 0 0 0

c. Problem
solving team

0 0 0 0 0

d. Data
supporting team

0 0 0 ( ) 0

C5. How would you rate the usefulness of the best practices suggested for each team 
within a national healthcare level? Refer to Slide 4 -  (A5)

SIM T
Infrastructure - 
teamwork best 
practices

1
No use

2 3
Not very 

useful

4 5
Very Useful

a. Simulation 
team

0 0 0 0 ( )

b. Management 
team

0 0 0 0 0

c. Problem
solving team

0 0 0 0 0

d. Data
supporting team

0 0 0 0 0

C6. How would you rate the importance of the proposed key knowledge for guiding the 
teams to support simulation development in local healthcare environment? Refer to Slide 
4 ~(A3)

1 2 3 4 5
Not important at 

all
Fairly

Important
Very

Important
0 0 0 0 0

Cl.  How would you rate the importance of the proposed key knowledge for guiding the 
teams to support simulation development in national healthcare environment? Refer to 
Slide 4 -  (A6)

1 2 3 4 5
Not important at 

all
Fairly

Important
Very

Important
0 0 0 0 0
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Questionnaire for evaluating SIMT
Framework roadmap

August 2009 
By Ruby W.C. Hughes

Part D. L—* (B) Management element (Slide 5)

D l. How would you rate the importance of the suggested simulation achievement plan in 
guiding a simulation project? Refer to Slide 5 -  (B l)

1
Not important at 

all

2 3
Fairly Important

4 5
Very Important

0 0 0 0 0

D2. How would you rate the importance of top management support in the following two 
main issues? Refer to Slide 5 -  (B2)

SIM T
Management - 
top management 
support

1
Not important 

at all

2 3
Fairly

Important

4 5
Very

Important

a. Funding 0 ( ) 0 ( ) ( )
b. Clinician 
resistant

0 0 0 0 0

D3. How would you rate the usefulness of the best practices suggested for securing top 
management support? Refer to Slide 5 -  (B2)

1 2 3 4 5
No use Not very useful Very Useful

0 0 0 0 ( )

D4. How would you rate the importance of ensuring a good practice to report progress at 
short intervals during any simulation project development? Refer to Slide 5 -  (B3)

1 2 3 4 5
Not important at Fairly Important Very Important

all
0 0 0 0 0

D5. How would you rate the usefulness of the best practices suggested for simulation team
to reDort Droeress to management team? Refer to Slide 5 -  (B3)

1 2 3 4 5
No use Not very useful Very Useful

0 0 0 0 0
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Questionnaire for evaluating SIMT • ■ * August 2009
Framework roadmap By Ruby w.c. Hughes

r 4 «. C

Part E .r  ̂ (C) Cultural change element (Slide 6)

E l. S IM T Cultural change element suggested that one of the key best practices to break 
down the barrier of resistance is to establish communication and participation. In which, a 
clear vision statement is suggested to be a vital practice.
How would you rate the importance of the main issues highlighted in the proposed vision 
statement? Refer to Slide 6 -  (C l)

1
Not important at 

all

2 3
Fairly Important

4 5
Very Important

0 0 0 0 ( )

E2. How would you rate the usefulness of four important issues suggested for a simulation 
pilot project? Refer to Slide 6 -  (C2)

1 2 3 4 5
No use Not very useful Very Useful

0 0 0 0 0

E3. SIM T Cultural change highlights the five main important differences between a 
traditional culture and SIM T culture for healthcare decision-making. How would you 
agree on these five main issues? Refer to Slide 6 - (C3)

1 2 3 4 5
No Agree Partly Agree Strongly Agree

0 0 0 ( ) ( )

*END of the questionnaire*
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Sheffield Hallam University

S i m u l a t i o n  T h i n k i n g  ( S I M T )

SIMT components & SIMT implementation framework . . .

• This document describes the SIMulation Thinking (SIMT)
components -  that presents the important elements required to be 
considered to make simulation ana modelling (S&M) as a 
mainstream tool

• It also presents a implementation framework which includes the 
SIMT components, with a detailed roadmap for guiding the initial 
planning and methodologies required to embed S&M within the 
health sector

• Simulation thinking (SIMT) includes five elements (as shown below "A to E")
• These elements are grouped into: Planning and Action stages
• The questionnaire evaluation only focuses on “Planning Stage”

By Ruby Hughes

Planning Stage
B

' Management Element

•Identify a dear achievement plan
•Secure top management support C
•Report progress to management team ; Cultural Change Element
at short Intervals

A
; Infrastructure Element

•Establish communication and 
participation in the use of 
simulation
•Use pilot project to break 
down the barrier
•Anr\kr Q IM T n iltiiro  onaintit

Actio

Identify a simulation leader 
Develop teamwork 
Understand knowledge 
capability within the team

S ir  Modelling Element f t 's
pi O  iU

’ Identify an appropriate simulation x
^ vv method ^

*Set clear management objectives /  
‘Visualise the target problem 
‘ Identity a suitable simulation 
modelling cycle •

\ S  Modelling Element

'Define the patient pathway 
'Define model components 
'Define model data 

j ‘ Introduce best practices
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• To implement SIMT elements [A, B, C] to planning stage, we have 
developed an implementation framework (as shown below)
• For each element, guidelines and best practices are proposed to guide 
healthcare practitioners to understand the important issues when 
implementing simulation
• Guidelines are provided for two different levels: (a) Local management 
level and (b) National management level

SIMT Elantats in Planting

(C)Cultural Change

Implementation framework to embed SIMT elements into healthcare systems

m.

a
(A) Infrastructure Element
This tab le  sum m a rises  the  im p o rta n t issu e s  a n d  g u ide lines  w hen  em bedd ing  S IM T  In fra s tru c tu re  
e lem e n t in  lo c a l a n d  n a tio n a l m anage m en t le ve l

in Local Healthcare Level

fAH Identity a simulation leader
• Achievement-oriented: able to identity right targetfor simulation
• Directive: able to establish good communication and direct the 
use of simu’ation
• Participative: able to understand current local targets and 
problems
• Supportive: able to provide internal support in the use of 
simulation

(A21 Develop teamwork
• Simulation team: simi/aticn leader, simulation 
spedalisb'modellers
- Management team: management staff who can provide 
supportive information to simulation team
• Problem-solving team: dedsion-makers who can perform \vhat- 
if analysis
• Data supporting team: internal staff who can support data 
collection

(A31 Understand knowledge capability
•Simulation team: skills f o r  model building, skills to validate and 
verify a proposed mode)
•Management team: skills to support problem identification 
process
•Problem-solving team: skills to support problem identification 
process, skills to perform sensitivity testing and 'what iF analysis, 
and skills for performance eva'uation 
•Data supporting team: skills to identfy the appropriate 
requirements for the model data, and skills for data collection and 
analysis

In National Healthcare Level

(A 4) Identity a simulation leader
- Achievement-oriented: able to consider the political issues and 
procedures strategically in national level when applying simulation
- Directive: able to set a dear guidelines, boundaries and 
objectives in national level simulation projects
• Participative: have to highly involve in all simulation development 
project and participate national conferences
• Supportive: able to provide simulation trainings and supports to 
local organisations and able to spread out foe benefit of using 
simulation.

(A 5) Develop teamwork
• Simulation team: simulation champion, simulation 
specialistlmodellers, external consultants support may be required 
- Management team: management staff who can provide 
supportive ^formation and support data collection process
• Problem-solving team: decision-makers who can perform 'what- 
tf analysis
• Data supporting team: internal department who can support 
data collection

(A61 Understand knowledge capability
-Simulation team: skills in developing different types of simulation 
models, skills to validate and verify a proposed model 
•Management team: skills to support the management team 
members to identify a well-defined problem 
•Problem-solving team: skills to support problem identification 
process, skills to support the problem-solving team to perform 
sensitivity testing and "what if analysis, and skills for performance 
evaluation
•Data supporting team: skills to identify the appropriate 
requirements for the model data, and skills for data cdlection and 
analysis
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(B) Management Element
•  M anage m en t e lem ent is  an  c r itica l e lem e n t a ffe c tin g  th e  success  o f  im p lem e n ting  

s im u la tion  in  hea lthca re

• This ta b le  sum m a rises  the  b e s t p ra c tice s  a n d  m a in  issu e s  when em bedd ing  S IM T  
m anage m en t e le m e n t in to  lo c a l a n d  n a tio n a l hea lthca re  le ve ls

Local healthcare level & National healthcare level

(B1) Identify achievement plan
Achievement plan for a simulation project should have:
• Well-defined problems
• Project objectives and goals
• Details for each project stage
• Time plan for each project stage
• Resources require for each project stage

fB2) Secure too management
Funding: sufficient financial support is essentia! for a long-term success.
Clinician resistance: top management is always the power of encouragement

Issues to achieve top management support
•Provide some successful case studies of the use of health care simulation
•Provide proposals on how simulation cciid possibly help on addressing the decision makings at the local level
•Provide a dear strategic plan to identify the funding, resources th3t may required

(B3) Report proqress
• Ensure on-going simulation project provides timely simulation results
• Report management team the latest development progress
- Ensure collected model data is up-to-dated
• Listen to feedback
• Maintain good communication between simulation team members

(C) Cultural Change Element

• C u ltu ra l change e lem e n t is  one  o f  the  success  fa c to r w hen  em bedd ing  s im u la tion  in to  
hea lthca re  sys tem s

•T h is  tab le  sum m a rises  th e  b e s t p ra c tice s  a n d  m a in  issu e s  when em b e d d in g  S IM T  cu ltu ra l 
chan ge  e lem e n t in to  lo ca l a n d  na tio n a l hea lthca re  levels.

Local healthcare level & National healthcare level

(C1) Establish communication and participation
Simulation leader and healthcare managers should create a clear vision statement which includes:
•Top management commitment and support to the implementation of S IM  
•Encourage communications among individuals and simulation team for applying S&M 
•Encourage staff participation and maintain staff feedback 
•Involve front-line st3ff in decision makings 
•Motivate staff with reward system

(C2) Pilot project
Pilot project can start from a really small scale, the man point is to involve healthcare practitioners in the simulation development cycle. There 
are four important issues:
1.Team Size: 3 to 4 staff for local level project16 to 8 staff for national level project
2.Length and time: 2 to 4 weeks is ideal, depends on the level of the healthcare simulation model
3.Staff profile: staff involved should have both the willingness and the ability to learn and apply simulation within their departments in the future 
4.lmportance and complexity: pilot project should be built for a real target and problem, and avoid too complex structure

(C3) Apd Iv SIMT Culture
Main differences from a traditional culture to SIMT culture for process improvement 
1.SI MT culture involve both managers and key staff in decision-making process 
2.SIMT culture focuses on root cause analysis instead of blaming people 
3.SIMT thinking emphasises "testing' before real implementation 
4.SIMT seeks the optimize resource and capacity based on expected demand 
5.SIMT culture can lower the costs with pre-testing new strategy
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THE END

F u ll details o f  the S IM T Implementation fram ework are available upon 
request please contact me at r.w.lau(d:shii.ac.itk

By Ruby Hughes, August 2009
7
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Appendix B

Evaluation form for SIMT implementation framework (Action Stage)
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Evaluation Form for SIMT July 2009
Framework roadmap ? ACTION STAGE By Ruby w.c.

■H*SC V® 

1 V  V

Research Title: Embedding Modelling and Simulation Methods into Healthcare 
System

This evaluation form is for completing after finishing the simulation model 
development, with the guidance from the 'Action Stage' o f the proposed SIM T  
framework roadmap.

Part 1 - Methodology Element

Please tick the appropriate box 1
Strongly
Disagree

2
Disagree

3
Don’t
know

4
Agree

5
Strongly

Agree

la. The selected simulation method 
(DES/SD) is suitable for the project. r

r r n r

lb. Identified management objective 
in the early stage is important.

r r r r r

lc. Cause and Effect diagram is 
useful for visualise a target problem.

r n
r

r r

Id. The proposed simulation 
modelling cycle is easy to follow.

r
r

r r
r

1 e. The proposed simulation 
modelling cycle is practical.

r r
r

r r

If. 1/ My team will apply these 
methodology best practices and 
guidelines in the future.

r n r r

Part 2 - Modelling Element

Please tick the appropriate box 1
Strongly
Disagree

2
Disagree

3
Don't
know

4
Agree

5
Strongly

Agree

2a. Defined patient pathway is 
important for identifying the main 
processes within a target problem.

r r r r r

2b. Model components are clearly 
defined based on the examples 
provided.

r r r r r

2c. Model data are clearly defined 
based on the examples provided.

n r r r r
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%fJ 'W & >■
Evaluation Form for SIMT ; Juiy2009*
Frameworkroadmap t ACTION STAGE ; '* > ?y.Riiby w.cr

2d. The best practice (template/ 
excel spreadsheet) introduced for 
this simulation method is easy to 
follow

r r

2e. The best practice (template/excel 
spreadsheet) introduced for this 
simulation method is practical.

r

2f. 1/ My team will apply these 
modelling best practices and 
guidelines in the future.

n r

Other comments or any other issues you think are essential for the 'Action stage' o f the 
SIM T framework roadmap.

*End of this evaluation form *

Thank you for your participation!

Thanks and Best Regards, 
Ruby Hughes
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Appendix C

Interview questions and analysis
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Interviews with personnel from the Department of Health, the NHS and

software vendors

(A) Interview questions:

PERSONAL DETAILS

1. Which area/department in healthcare are you working in?

2. What are your main duties?

3. How many years have you been working in the healthcare sector?

CURRENT CHALLENGES/TARGETS IN YOUR AREA

4. What are the key challenges/targets that you are aware of in your 

area/department/NHS? (bed management, patient flow, waiting time, 

lack of resources)

5. Personally, in which ways do you think these issues/challenges may be 

solved?

6. Are there any ongoing projects in your area/department/NHS for handling 

these issues/challenges?

7. In terms of process management, are there any projects in your 

area/department/NHS?

8. What is the progress of these particular projects/targets?

9. If any, how successful are these projects/targets?

18-WEEKS TARGET

10. Is your department related to thel 8-weeks target?

11. If so, how far can your department achieve 18-weeks target?

185



12. What are the key factors/challenges for your department to overcome in 

order to achieve 18-weeks target?

13. Which approach is your department targeting during this 18-weeks 

project?

14. In your opinion, what do you think about the current approach?

15. How successful is this approach?

EMBEDDING A NEW SYSTEM (e.g. Lean system)

16. What is the approach to make a new system/technique become an 

everyday tool in NHS?

17.1s it always a challenge?

18. What you think is the most important issues to bring a new system into 

NHS and become a daily tool?

SIMULATION & MODELLING

19. Are you aware of simulation and modelling used in the NHS

20. Are there any simulation tools that have been used in the past in your 

area/department? (either operational/ strategic model)

21. How has simulation been considered as a solution?

22. What type of simulation has been used?

23. If known, what was the key objective of this simulation project?

24. If any, who was involved in the simulation projects?

25. Were internal staff involved in the project?

26. Were external consultants involved in the project?

27. Can the simulation project achieve the objectives?

28. What type of problems have been resolved using simulation?
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29. Were there any major challenges during the projects?

30. Are simulation projects still ongoing in your area/department?

31. Does your area/department have a strategy to further develop the use of 

simulation?

32. If no. what kind of process improvement tools have been used in the past?

33. How successful are these process improvement tools?

(B) Interview sample size

Department/organisation Number of interviewee(s)

Department of Health (DOH) 1

NHS institute

Primary Care Trust 1

18 week target project manager 1

Secondary Care - NHS Trusts 10

Software vendor 1

Total: 15
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Appendix D

Example of building simulation model with 
Healthcare OR Template
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Example of Building Simulation Model with Healthcare OR Template

This example describes the steps of using the Healthcare OR Template (Figure 

1) with Arena ® Software to build an A&E operational process model. Figure 2 

shows a process flow of a simple A&E patient pathway. The simulation model 

will follow this process flow as a structure during the development cycle.

O  HealthcareORtemplate

J L £Ota* Piiien $CuBiUSjll

Discharge Create Patient Consultant

S
Ajctnriy

©3 Y >««. CMteaWW

Activity 2 Ways 
Outcome

3 Ways 
Outcome

CHraitiCK

Change 
Patient Type

Waiting List

Figure 1- Healthcare OR Template with Arena® Software

Writing case history

Test
Results

Final Doctor Consultation

Tests
Lab/X-ray

Register at the reception

First Doctor Consultation

Patient arrival

Triage by Nurse

Home, Admit wards or other health center

Figure 2- Simple A&E patient pathway example
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Start a new simulation model

Within Arena® model logic view, from the left hand side, there is a list of model 

templates which content different building blocks for developing a simulation 

model. Figure 3 shows the model logic view of this example - A&E Operational 

Processes Model. From the list of the model templates, there is one called 

"Healthcare OR Template" which is the customised template for the example.

In the right hand side of the model logic view, there is where the actual 

simulation model is located. The following steps from this example will guide 

user to build this model with only the building blocks from the Healthcare OR 

Template (Figure 1).

: Arena - [A&EOpcrationalProcess.doe]

File Edit View lools Arrange Obiecc gun Window Help

d  £  fee I Just ^  El

Blocks
Basic Process

Elements
Common

Advanced Transfer A&E Operational Processes Model
Advanced Process

]-EE3------------- -Flow Process
HealthcareORtemplate

Discharge Create Patient Consultant

Activity 2  Ways 3 Ways

Change Waiting List 
Patient Type

IV | Activ ity Tim c|
Register

Triage

SpecialistsReports
Navigate

For Help, press F I

Figure 3 - Model login view in Arena® Software
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Step 1: Patient Arrival

©
Cneat fr iitn

Create Patient
To create "Patients", first select the block from the Healthcare

OR Template and paste it to the model logic page. Double-click the

Create Patient from the logic page. Figure 4 and Figure 5 show the model 

details which are required. There are two types of patients coming to the 

system, Typel - Ambulance patient, Type 2- Walk-In patient.

[AmbulanceReferral Source:____ ___

PatientType: Jlypel

Patient Arrival Pattern 

Patient Arrival N o (D emand): pT

Time between Arrival: 1  Units: [Minutes

OK | Cancel | Help [

Figure 4 Create Ambulance Patient Block

m m m ***'■>■
Referral Source: ZZZZ3
PatientType: |Type2 ---------- 3
Patient Arrival Pattern

Patient Arrival No (Demand): 1=
Jime between Arrival: III— _ „ i Units: [Minutes 3

OK | Cancel | Help |

Figure 5 -Create Walk-In Patient Block

Step 2: Register at the Reception

To create an "Activity", first select the Activity block from the Healthcare 

OR template and paste it to the model logic page. Double-click the Activity
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from the logic page. Figure 6 shows the model details which are required 

from the patient registration.

Activity Name: jfpgffgffj ...... rq
Activity Time: )2 Units: |Minutes j r j

Consultant T earn: [Receptionist

N umber of Consultants B ooked: J1

OK Cancel | Help |

Figure 6 -Activity 1: Patient Registration

Within a simulation model, resource is required to allocate to an activity. 

In this case, we need receptionist to perform the patient registration. To

simulate the "Resource", first select the Consu|tant block, then double click

the Consultant from the logic view page, Figure 7 shows the required

model details for this building block.

p H S S I P w P

Consultant T earn:

Group Size: |2 Consultant (s)

OK Cancel | Help j

Figure 7- Resource: Receptionist
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Step 3: Waiting before Triage

Since there is a "Waiting" before the triage, user can use the
B

Tr*JUr*jU«

waiting List k|ock sjmu|ate this. First of all, select the waiting list icon to

the model logic page, then double-click the Waiting from the logic page 

Figure 8 shows the model details required for this waiting activity.

Patient Status: i3
Typel

Avg Waiting Time: If ...j Units: | ‘'V'-i- - j ▼ |
Type2

Avg Waiting T ime: (;M . i Units: ['‘fsv-Tj____:_______LzJ

Other Type

Avg Waiting T ime: l-I?J ....! Units: i ▼)

OK | Cancel J Help j

Figure 8- Waitingl: Waiting before triage

Step 4: 2 Ways Outcome

0
2 Ways

Within the Healthcare OR Template, there is 0utcome block to simulate a 

2 ways decision outcome after a waiting or an activity. In this case, after 

the waiting for triage, patient may send back home before triage. We use 

2 ways outcome to simulate these two outcomes, one to home (20%); 

another one to triage (80%). Figure 9 shows the model logic details.
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t.
*

2 Ways Outcome Allocation

Percentage 1: pit X

Percentage 2: |20 X

OK Cancel J Help J

Figure 9- 2 Ways Outcome

Discharge To: jHomeB ef oreT riage|

OK |  Cancel | Help J

Figure 10- Patient Discharge

Step 5: Triage by Nurse

Since triage is an activity, therefore select the activity block and paste it 

to the model logic page. Double-click the activity icon to fill-in the activity 

details as in Figure 11.

Activity Name: jffffgB | T 1

Activity Time: | l0 Units: j Minutes ▼ |

Consultant T earn: j N urse

Number of Consultants Booked: Jl

OK Cancel J Help |

Figure 1 1 -Activity2: Triage by Nurse
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We need a 2 ways outcome to simulate the outcome after the triage 

activity. Therefore, we use the 2 ways outcome block with 50% send to 

Tests and 50% send to waiting for examination (First Doctor Consultation) 

as shown in Figure 12.

2 Ways Outcome Allocation 

Percentage 1: W
Percentage 2: pjg"

OK Cancel Help

Figure 1 2 - 2  ways Outcome after Triage

Step 6: Tests - Lab/X-ray

Tests are activity, therefore we use the activity block and fill-in the 

required model details as shown in Figure 13.

Activity Name: |D ii. ▼

Activity Time: 130 Units: jMinutes ▼ |

Consultant T earn: | Specialists

Number of Consultants Booked: 1

OK _ | Cancel J Help J

Figure 13- Activity3: Tests in Lab/X-ray

Since this is an activity, we need resource allocated to this activity. In 

which, specialists are required for this activity (Figure 14).
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Consultant Team: [specialists

Group Size: pj Consultant (s)

OK Cancel Help

Figure 14- Resource: Specialists

If patient is sent to the do the Tests, waiting is required after the testing is 

done. We use the Waiting Block to simulate this event as shown in 

Figure 15.

*  1 "ii'i 1 ff1"1'1 ' ' m o

Patient Status: |v£J&5* * 1▼

Typel
Avg Waiting Time: !■«):. __ „__ j Units: | sMTntiv' 1 ▼ |

Type2
Avg Waiting T ime: j I i Units: 1 'r  1

Other Type
Avg Waiting Time: f t Units: i ▼ |

OK | Cancel | Help |

Figure 15: Waiting for Test Results

Step 7: Waiting For Examination

Both patients from Triage or after Testing need to wait for the first doctor 

consultant. Therefore, a Wait is required. We use the Waiting Block to 

simulate this waiting event as shown in Figure 16.
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t o '
Patient Status: 'T’

Typel
Avg Waiting Time: [>:..................... _J Units: .?Iv»kV f ▼ [
Type2
Avg Waiting Time: b __ _______________ Units: |«•£.*>__________. ____ , „izl
Other Type
Avg Waiting Time: \ m Units: ▼ [

OK | Cancel j Help J

Figure 16-Waiting for Examination

Step 8: First Doctor Consultation

First doctor consultation is an activity. We need to use the Activity Block 

to simulate this event. Figure 17 shows the required model details within 

this Block.

M B ! H | |

Activity Name: i  - |

Activity Time: 120 Units: [Minutes _d

Consultant T earn: [Doctor

I Number of Consultants Booked: [1

OK | Cancel J Help [

I_____

Figure 17-Activity 4: First Doctor Consultation

Then, we have to create resources for this activity. Figure 18 shows the 

Consultant Block which we need for this activity.
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'ImUIKjI

Consultant T earn: 

Group Size:

j Doctor

jlO Consultant (s)

OK Cancel j Help I

Figure 18-Resource: Doctor

After the first doctor consultation, there are 2 ways outcome. 50% of the 

patients need to send back for more testing; another 50% of the patients 

send to wait for the final examinations. (Figure 19)

2 Ways Outcome Allocation

Percentage 1: j l |  

Percentage 2: J50

OK Help

Figure 19-2  Ways Outcome after 1st Consultation

Step 9: Final Doctor Consultation

Waiting is happened before the final doctor consultation. Therefore, we 

use a Waiting Block to simulate this waiting event. Figure 20 shows the 

model details required for this waiting event.
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© 21!  •' - .  -
;  v y ' ^ Y  ;Y*fY W-.

Patient Status: «? ♦ f jS 'Y 4 y y I z J

Typel
Avg Waiting Time: Units: jf<rviOjL{s».>. ■ j ▼

Type2
Avg Waiting Time: | ’1̂. v;1 .. , ........ -:v ... . ......„  Units: {riY Y   ̂ ▼(
Other Type
Avg Waiting Time: I I I Z Units:

OK Cancel j Help J

Figure 20- Waiting before Final Doctor Consultation

Final Doctor Consultation is an activity. Therefore, we used an Activity 

Block to simulate this activity event. Figure 21 shows the model details 

required for this activity even. Since only doctor (Resource) is required 

for this activity and doctor is already created for the Activity 4 (First 

Doctor Consultation). Therefore, this is no need to create another 

Consultation resource Block.

Activity Name:

Activity Time: ] 20 Units: j Minutes ▼ |

Consultant T earn: | Doctor

Number of Consultants Booked: j 1

OK | Cancel J Help J

Figure 2 1 -Activity5: Final Doctor Consultation
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After the final doctor consultation, there are three outcomes which we 

need to simulate. One is patient discharge to home (50%), the other one 

is patient admit to wards (30%), the last one is patient need to send back

.jSL
3 Ways

for more testing (20%). In which, 0utcome Block is used to simulate these 

multi outcomes. Figure 22 shows the model details required in the model 

logic.

•

Outcome Allocation (3 Ways)

Percentage 1: Jjjlf j y  \ *
Percentage 2: [ait 1 y

Percentage 3: 120 %

OK Cancel J Help j

Figure 22- 3 Ways Outcomes after Final Doctor Consultation

Discharge T o:

OK j  Cancel J Help

Figure 23- Patient Discharge Home after Final Doctor Consultation

Discharg
l

eTo: |E

0K Cancel J Help j

Figure 24- Patient Admit Wards after Final Doctor Consultation
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Step 10: Connect all model logic events

Before running the A&E healthcare operational process model, it is 

important that all the model logic events are logically connected based 

on the process flow structure prepared in Figure 2. Figure 25 shows a 

snapshot of this model connection.

ActivityCreate Patient

Create Patient

D a
Waiting 2 Ways Outcome

Figure 25- Model Logic View Example

Step 11: Change the simulation Run-time Setup

To finish the simulation model, it is important to change the simulation 

run-time setup. This function can find from the Run menu> Setup (Figure 

26). In which, user can change the Replication Length (e.g. 6 Hours) and 

Number of Replications (e.g. 1)
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• 1 ' !  ,UvT

Run Speed | 

Project Parameters

Number of Replications:

P

Start Date and Time:

Run Control j 
Replication Parameters

Reports 

Array Sizes

•Initialize Between Replications- 

W Statistics W System

|ri30 March 2003 16:52:25 

Warm-up Period: Time Units:

)o .o 11J

Replication Length: Time Units:

|6 J Hours J
Hours Per Day: Base Time Units:
|24

T erminating Condition:

| Hours

OK Cancel Apply Help

Figure 26- Simulation Run Setup

Step 12: Animation (Queues)

After finishing the model logic, there is something we can do for the 

simulation animation. One of the popular animations is to model the 

waiting queue.

In this example, we can select the Queue Icon from the animation toolbar

and paste it to the model logic window. Then double-click the queue 

and select which patient queue need to be shown in the animation.

Figure 27 shows all the patient queues created within this example. 

Simply select the one which is required (e.g. Triage_Q), this animation 

queue will be showing during the simulation runs (Figure 28).
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'{♦jrimm •
Identifier:

▼
. i-----------------

1 stConsultation_Q 
FinalConsultations_Q 
Register_Q 
T ests_Q Color... |

liife S & iir '. * .
j i OP Points... J

OK Cancel Help

Figure 27- Queue Animation Window

A&E Operational Processes Model

C r t a t #  P a t i t n t  I

| f ^ l  p .— |Activity | —  | 2 Ways Outcorr

 * —  I Wiitina~l ——  I

- 1 A c t i v i t y  |  ■

| W a i t i n g ^ ]  — —  |  2 W a y s  O u t c o m e  i

|  D i s c h a r g T " )

1 C o n s u l t a n t  |  |  C o n s u l t a n t  |  |  C o n s u l t a n t  |

Figure 2 8 -Animation Queue during simulation run

Step 13: Simulation Report

Arena ® automatically creates simulation summary report after each 

simulation run. Figure 29 and Figure 30 show the simulation reports from 

this A&E operational processes model.
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BU i'ew  Tools grange Object Run Window fcHelp •  e? X

!! D  ( £  O  ! G?

J | , . .  . .« _ 4  R  I > . i t r

| ; r  S '" "  \  $  r -

1 .v  o  | ->  * *  1 n  1 ^ - l 66* *  %  | m  j ► H  ►► n h  ■  | ;........J " ..........•: i w  i

✓  - i i  |

j] x  @  &  ^ |T = |1 0 0 %  j r ]  j j  H  i  j 3 o f5 ► M -  j ""crystal V
: Preview |

ir, Unnamed Project f |Queue
I

 ̂A

&• Queue |
B  Time Time

R  Waiting Time | -i

W aiting Time
• FinalConsultatic | A/«ug« H jlf Width VjIu* VjIu*

}1stConsultation_Q | 0.7748 (Insufficient) 0.00 1.8192

Triage Q | FlnalConsultations_Q 1.0337 (Insufficient) 0.00 2.1007

!+)■ Other | Reglster_Q 0.00137827 (Insufficient) 0,00 0.01668233
S  Resource | Tests.Q 0.00 (Insufficient) 0.00 0.00
L+; User Specified I Trlage_Q 1.6051 (Insufficient 0.00 3.3314

f
Other

I
Number Waiting Wnimum Mttimum

I /W*fjg« Hjlf Wkfth VjN* VjIu*

{ 1 stConsultation_Q 4.6664 (Insufficient) 0.00 18.0000

I Doctor.Q 0.00 (Insufficient) 0.00 0.00

I FlnalConsultations_Q 0.9997 (Insufficient) 0.00 4.0000

1 Receptionlst_Q 0.00 (Insufficient) 0.00 0.00

I Reglster_Q 0.00551310 (Insufficient) 0.00 2.0000

1 Speclalis!s_Q 0.00 (Insufficient) 0.00 O.CO

1 Tests.Q 0.00 (Insufficient) 0.00 0.00

Triage_Q 26.0286 (Insufficient) 0.00 60.0000

< : .....1 , > : [ V

For Help, press FI II j  1 <6.0000 Hous) Monday, March 30, 2009 ~ f  f  ........  -r

Figure 29- Simulation Report (Patient Queue Number)
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Figure 30- Simulation Result (Consultant Utilisation)
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Appendix E

Example of embedding Excel spreadsheet to 
a SD model in Stella®
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Example of Embedding Excel Spreadsheet to a SD model in STELLA®

This example describes the steps of using the STELLA "Input data" function to embed 
Excel Spreadsheet to a SD model. Figure 1 shows a stock and flow model built in 
STELLA of a typical A&E system.

File Edit View Model Run Help

o
c Specialists Doctor Capacity

Triage Nurse Capacity

aco Patient Waiting For Triage

Patient to Triage Patient to Discharge

Fraction Discharged After Triage

M E  Discharge Rate
Nurse Capacity

c
o

Figure 1 - Stock and flow model for a generic A&E system built in STELLA®

Step 1 - Create input data in Excel spreadsheet

The first step is to create an Excel spreadsheet with all the input data for 
running the model. Two columns are required: (1) variable name, (2) model 
data. Variable names are the system rates and system stocks defined in the SD 
model, for example GP Referral Rate and Patient Waiting for Triage. The 
important point is all the variable name can only define once within the model. 
Figure 2 shows the example of the excel spreadsheet (which saved as 
'lnputData.xls')
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■
'i* -V 4'

:*31  File Edit View Insert Format Tools Data Window Help

I □  C2 a  1 a  lA 1 ^  ^  a  - J I - 1 H .% X '  z l  i t  I l l s ®  1000'

la t i  1 3  — 3 ^  M l 1 • •' - \ i 3  «**! | Y r  Reply with Changes... End Review... |

j Arial . - 1 0  -  j B

D24 1 - A
A B C

1 Patient W aiting For Triage 100
2 G P Referral Rate 0.5
3 A & E  S elf Referral Rate 0.8
4 Triage Nurse Capacity 5
5 SpecialistsDoctor Capacity 10
6 Free W ard Beds 50
7
8

Figure 2 - Excel spreadsheet for model data entry

Step 2 - Embed 'lnputData.xls' into the SD model

The next step is to embed 'lnputData.xls' into the SD model so that the model 
data can be input automatically into the model environment. Select 'Import Data' 
from the STELLA menu toolbar: Edit> Import Data, dialog box shows in Figure 3.

import data from an Excel Worksheet

Worksheet column or row headings need to match model variable names. 
It is not necessary to import every variable.

Q  One Time« Import data into the model without establishing a link 

(£ }  Persistent • Import data into the model, establishing a link 

Q  On Demand - Update when requested by user

(•) Dynamic • Update when data changes

Import Data Source ....................................... - ........ -

Excel File Name:

r— “-----------------1 <unassigned>
Browse...

Data Orientation

©
sales Net Incom e expenses  
4 1 ,5 0 0 .0 0  5 2 ,0 0 0 .0 0  5 1 ,9 0 0 .0 0 O sales $1 500 00

Net Incom 52 000 00
expenses 51 90 0 00

Figure 3 - Import Data dialog box in STELLA

Then select'Dynamic - Update when data changes' under the Import Type 
section, this option makes sure any changes in 'lnputData.xls' will automatically 
change in the SD model.
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In the Import Data Source section, select 'Browse' button to select the Excel 
spreadsheet which needs to embed into the SD model (in this case - 
lnputData.xls).
Then, select the data orientation, either vertical or horizontal as shown in Figure 
4.

Import data from an Excel Worksheet

Worksheet column or row headings need to match model variable names. 
It is not necessary to import every variable.

Import Type ...................................

Q  One Time • Import data into the model without establishing a link 

(♦ )  Persistent - Import data into the model, establishing a link 

Q  On Demand • Update when requested by user 

@  Dynamic * Update when data changes

Import Data Source ...................................................

Excel File Name: 

r— ------- 1 O:\SystemDynamics\lnputData.xls

Worksheet Name: | Sheet2 ▼  |

D ata Orientation

o sales Net Jrtcomeexpenses 
51,500 .00  $2 ,000 .00  51 ,900 .00 ©

sales 51 ,500 .00
Net Income 52 ,000 .00
expenses 51,900 .00

| Cancel 1 1 OK ]

Figure 4 - Import Data dialog box options

Step 3 - Confirm the input data

After Step 2 is done, input data should be input successfully into the SD model 
if there is no error. Figure 5 is a confirmation message from STELLA if no error 
is found. However, if there is some error, error message will pop-up until error is 
clear.

•  \  Data has been successfully imported from“inputData.xlsH.

1 OK |

Figure 5 - Confirmation message with no error
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To confirm the dynamic data is input into the model, double check the variable 

name, the data should be shown within the input box. For example 0.5 is input 

to the GP Referral Rate correctly as shown in Figure 6.

<*)*
□  -5* O  f ^ O -  [ ? J S

□ ©G P_R eferial_R ate 

©  Uniflow O Biflow

Triage Ni

Patient Waiting For Triage

-J* GP_Referral_Rate »...

OKCancelMessage...Document

0.5

F ig u re  6 - Example of model data input in a variable from embedded 

spreadsheet
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FREQUENCIES W.RIAEIES=3Ia 31b Blc Eld Ble E2* 3£b B3 Cl C2 C3a C3b C3= C3d C4s C4b C4c C4 
d CSs C5b C5c C5d Ce C7 El BZa. E2b D3 D4 D5 

El EZ E3 
/0R3ER=RKALYSIS.

Frequencies

[E^baSetl] G:\Rhd\shD dozm&er.tsXFras'.ewcrX YalidifcioiAValidaticn.sav

Statistics

B1a Bib Blc Bid B le B2a B2b B3 C1
N Valid 15 15 15 15 15 15 15 15 15

Missing 0 Q D 0 0 0 0 Q 0

Statistics

C2 C3a I C3b C3c C34 C4a C4b G4c C4d
N Valid 15 15 I 15 15 15 15 15 15 15

Missing 0 0 I 0 0 □ 0 0 □ 0

Statistics

C5a C5b C5c C5d C6 C7 D1 D2a 02b
N Valid 15 15 15 15 15 15 15 15 15

Missing 0 0 □ 0 0 0 0 0 0

Statistics

03 04 D5 E1 E2 E3
N Valid 15 15 15 15 15 15

Missing 0 0 0 0 0 0

Frequency Table

B1a

Freauencv Percent Valid Percent
Cumulative

Percent
Valid 4 2 13.3 13.3 13.3

5 13 86.7 88.7 103.0
Total 15 1DO.O 100.Q

B1b

Freauencv Percent Valid Percent
Cumulative

Percent
Valid 4 1 8.7 6.7 6.7
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B1b

Freauencv Percent Valid Percent
Currr/ative

Percent
Valid 5 14 93.3 93.3 100.0

Tola! 15 1DD.0 100.0

B1c

Freauencv Percent Valid Percent
Currr/ative

Percent
Valid 4 1 6.7 6.7 6.7

5 14 93.3 93.3 100.0
Total 15 100.0 1DO.O

Bid

Freauencv Percent Valid Percent
Cumulative

Percent
Valid 3 5 33.3 33.3 33.3

4 6 40.0 40.0 73.3
5 4 20.7 20.7 1CO.O
Total 15 1DD.0 100.0

B1e

Freauencv Percent Valid Percent
Cumu'ative

Percent
Valid 3 4 20.7 20.7 26.7

4 5 33.3 33.3 63.0
5 0 40.0 40.0 100.0
Total 15 100.0 100.0

B2a

Freauencv Percent Valid Percent
Cumulative

Percent
Valid 3 1 6.7 6.7 6.7

4 3 20.0 20.0 26.7
5 11 73.3 73.3 1CO.O
Total 15 1DO.O 100.0

B2b

Freauencv Percent Valid Percent
Cumulative

Percent
Valid 4 4 20.7 20.7 26.7

5 11 73.3 73.3 100.0
Total 15 1D0.O 100.0
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B3

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 2 4 26.7 26.7 25.7

3 e 40.0 40.0 65.7
4 4 20.7 20.7 83.3
5 1 6.7 6.7 100.0
Total 15 100.0 1D0.0

C1

Freauencv Percent Valid Percent
Cumulative

Percent
Valid 3 3 20.0 20.0 20.0

4 6 40.0 40.0 50.0
5 6 40.0 40.0 100.0
Total 15 100.0 1DO.O

C2

Frequency Percent Valid Percent
Cumr/ative

Percent
Valid 2 1 6.7 6.7 6.7

3 2 13.3 13.3 20.0
4 8 00.0 60.0 60.0
5 3 20.0 20.0 100.0
Total 15 100.0 100.0

C3a

Frequency Percent Valid Percent
Cumr/ative

Percent
Valid 3 3 20.0 20.0 20.0

4 5 33.3 33.3 53.3
5 7 40.7 40.7 1CO.O
Total 15 1DD.Q 10D.O

C3b

Freauencv Percent Valid Percent
Cum/ative

Percent
Valid 3 1 6.7 6.7 0.7

4 6 40.0 40.0 45.7
5 a 53.3 53.3 100.0
Total 15 1D0.Q 100.0
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C3c

Freouencv Percent Valid Percent
Cum/ative

Percent
Valid 4 3 20.0 20.0 20.0

5 12 80 0 80.0 m o
Total 15 100.0 100.0

C3d

Frequency Percent Valid Percent
Cumr/ative

Percent
Valid 3 1 6.7 6.7 6.7

4 5 33.3 33.3 40.0
5 9 ea.o 60.0 1CO.O
Total 15 100.0 1D0.G

C4a

Frequency Percent Valid Percent
Cumulative

Percent
Valid 1 2 13.3 13.3 13.3

2 3 20.0 20.0 33.3
3 4 26.7 20.7 60.0
4 3 20.0 20.0 SD.O
5 3 20.0 20.0 10G.0
Total 15 100.0 1D0.O

C4b

Freouencv Percent Valid Percent
Cumr/ative

Percent
Valid 1 1 6.7 6.7 6.7

2 1 6.7 6.7 13.3
3 0 40.0 40.0 53.3
4 4 20.7 20.7 SD.O
5 3 20.0 20.0 100.0
Total 15 1D0.O 100.0

C4c

Freouencv Percent Valid Percent
Cumr/ative

Percent
Valid 1 1 6.7 6.7 6.7

3 4 20.7 20.7 33.3
4 6 40.0 40.0 73.3
5 4 20.7 20.7 100.0
Total 15 100.0 100.0
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C4d

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 1 1 6.7 6.7 6.7

3 3 20.0 20.0 26.7
4 8 53.3 53.3 SD.O
5 3 20.0 20.0 1CO.O
Total 15 100.0 100.0

CSa

Freauencv Percent Valid Percent
Cunrr/ative

Percent
Valid 1 1 6.7 6.7 6.7

3 2 13.3 13.3 2D.0
4 6 40.0 40.0 6D.0
5 6 40.0 40.0 tco.o
Total 15 100.0 100.0

CSb

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 1 1 6.7 6.7 6.7

2 2 13.3 13.3 20.0
3 3 20.0 20.0 40.0
4 3 20.0 20.0 60.0
5 8 40.0 40.0 100.0
Total 15 100.0 100.0

C5c

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 1 1 6.7 6.7 6.7

3 4 28.7 26.7 33.3
4 5 33.3 33.3 65.7
5 5 33.3 33.3 f 00,0
Total 15 100.0 1DD.0

C5d

Freauencv Percent Valid Pe-cent
Cumr/ative

Percent
Valid 1 2 13.3 13.3 13.3

3 3 20.0 20.0 33.3
4 8 53.3 53.3 £5.7
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CSd

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 5 2 13.3 13.3 103.0

Total 15 100.0 100.0

CS

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 3 3 20.0 20.0 20.0

4 9 eo.o eo.o £0.0
5 3 20.0 20.0 100.0
Total 15 100.0 1DD.Q

C7

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 3 3 20.0 20.0 20.0

4 7 40.7 40.7 55.7
5 5 33.3 33.3 100.0
Total 15 100.0 100.0

D1

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 3 1 6.7 6.7 6.7

4 7 40.7 40.7 53.3
5 7 40.7 40.7 100.0
Total 15 100.0 100.0

D2a

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 3 1 6.7 6.7 6.7

4 3 20.0 20.0 25.7
5 11 73.3 73.3 100.0
Total 15 100.0 100.0

D2b

Freauencv Percent Valid Percent
Cunrr/ative

Percent
Valid 3 0 40.0 40.0 40.0

4 4 26.7 20.7 65.7
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D2b

Freauencv Percent Valid Percent
Cu mu'alive 

Percent
Valid 5 5 33.3 33.3 1C0.D

Total 15 1D0.Q 1DD.0

D3

Freauencv Percent Valid Percent
Cumulative

Percent
Valid 3 3 20.0 20.0 20.0

4 7 46.7 40.7 65.7
5 5 33.3 33.3 100.0
Total 15 100.0 100.0

D4

Freouencv Percent Valid Percent
Cumr/ative

Percent
Valid 3 4 20.7 20.7 26.7

4 5 33.3 33.3 60.0
5 0 40.0 40.0 100.0
Total 15 100.0 100.0

DS

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 3 4 20.7 20.7 26.7

4 7 40.7 40.7 73.3
5 4 20.7 20.7 100.0
Total 15 100.0 1DO.O

Ef

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 3 3 20.0 20.0 20.0

4 5 33.3 333 53.3
5 7 40.7 46.7 tOG.D
Total 15 1D0.O 1DD.0

E2

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 2 1 6.7 6.7 6.7

3 0 40.0 40.0 46.7
4 4 20.7 20.7 73.3

E2

Freauencv Percent Valid Percent
Cunrr/ative

Percent
Valid 5 4 20.7 20.7 m o

Total 15 1DD.0 1DD.0

E3

Freauencv Percent Valid Percent
Cumr/ative

Percent
Valid 3 1 6.7 6.7 0.7

4 6 40.0 40.0 46.7
5 a 53.3 533 100.0
Total 15 100.0 1DO.O
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Appendix G

Mapping of questionnaire questions with SPSS output
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Mapping of questionnaire questions/statements with the SPSS 
output

(The highlighted rank represents the most accepted rank for the 
question or/and statement)

B1. How would you rate the importance of the 5 elements within the SIMT 
thinking?
a. Infrastructure -  5 very important
b. Management -  5 very important
c. Cultural change -  5 very important
d. Methodology -  4 Important
e. Modelling -  5 very important

B2. How would you rate the importance of the two main stages within the 
SIMT framework roadmap?
a. Planning stage -  5 very important
b. Action stage -  5 -  very important

B3. How would you rate the clarity of the mapping concept within the 
SIMT framework roadmap?
*3 -  Quite clear

C1. How would you rate the usefulness of the main issues and best 
practices suggested in the infrastructure element in the local healthcare 
level?
4/ 5 -Useful to very useful

C2. How would you rate the usefulness of the main issues and best 
practices suggested in the infrastructure element in the national 
healthcare level?
4 -  Useful

C3. How would you rate the importance of each team suggested in SIMT 
infrastructure for supporting the evolvement of simulation?

a. Simulation team -  5 very important
b. Management team -  5 very important
c. Problem solving team -  5 very important
d. Data supporting team -  5 very important

C4. How would you rate the usefulness of the best practices suggested 
for each team within a local healthcare level?
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a. Simulation team -  *3 not very important
b. Management team -  *3 not very important
c. Problem solving team -  4 Important
d. Data supporting team -  4 Important

C5. How would you rate the usefulness of the best practices suggested 
for each team within a national healthcare level?

a. Simulation team -  4/5 Important to very important
b. Management team -  5 Very important
c. Problem solving team -  4/5 Important to very important
d. Data supporting team -  4 Important

C6. How would you rate the importance of the proposed key knowledge 
for guiding the teams to support simulation development in local 
healthcare environment?

4 - Important

C7. How would you rate the importance of the proposed key knowledge 
for guiding the teams to support simulation development in national 
healthcare environment?

4 - Important

D1. How would you rate the importance of the suggested simulation 
achievement plan in guiding a simulation project?

4/5 -  Important to very important

D2. How would you rate the importance of top management support in the 
following two main issues?

a. Funding -  5-verv important
b. Clinician resistance -  *3- fairly important

D3. How would you rate the usefulness of the best practices suggested 
for securing top management support?

4 - Useful

D4. How would you rate the importance of ensuring a good practice to 
report progress at short intervals during any simulation project 
development?

5 -  Very important
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D5. How would you rate the usefulness of the best practices suggested 
for simulation team to report progress to management team?

4 -  Useful

E1. How would you rate the importance of the main issues highlighted in 
the proposed vision statement?

5 -  Very important

E2. How would you rate the usefulness of four important issues 
suggested for a simulation pilot project?

*3 -  not very useful

E3. SIMT Cultural change highlights the five main important differences 
between a traditional culture and SIMT culture for healthcare decision
making. How would you agree on these five main issues?

5 -  Strongly agree
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