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Abstract

The use of modeling and simulation as decision tools in service delivery systems has 

been growing rapidly. Modeling and simulation methodologies have been used in order 

to capture the interrelationships among the factors and variables involved in resource 

management of service organizations. Although numerous initiatives have been put in 

place at both strategic and tactical levels in order to address the problems of escalating 

operational costs and increasing demand for quality of services, there is no reported 

general model that factors in the involvement of the principal stakeholders 

(management, staff, and end-users) in all stages of problem formulation and model 

building. Moreover, previous initiatives tended to provide optimal solutions that may 

be beneficial for one or more departments being investigated, but not necessarily for 

the entire organization as one whole integrated delivery system. In this thesis a new 

framework for improving resource management is proposed. The underlying principle of 

the new approach is based on the participation and involvement of all stakeholders at the 

early stages of model development. Additionally, the modeling process is an iterative one 

that is governed by the views and inputs of the stakeholders rather than by pre-specified 

requirements and objectives. Another important aspect of the proposed approach is that it 

provides a mechanism for evaluating system performance and identifying activities that 

have considerable impact on performance as well as activities that have minimum added 

value within the service delivery system.

iii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Acknowledgments

I would like to take this great opportunity to acknowledge a number of people for their 

help and support during my research period. First of all, I would like to thank my two co

supervisors: Dr. A. O. Abd El Halim, The chair of the Civil and Environmental 

Department, and Dr. Sarny Mahmoud, The Dean of Engineering and Design, for their 

support and help in carrying out this research. I also would like to extend my thanks to 

Dr. Linda Newton for her continual guidance through all phases of this thesis and 

acknowledge her contribution in this thesis. Special thanks is extended to Dr. Paul Van 

Geel, and Dr. Yasser Hassan for their practical and academic support during my research. 

Special thanks go also to the staff at both the Dean of Engineering and Design Office and 

the Department of Civil and Environmental for their support during hard times. I owe 

much to the Head of the medical services at Zayed hospital Dr. Ahmed Abdullah for his 

support. I am also grateful for the support I received from the medical staff in the 

departments and clinics selected in the case study for this thesis for granting me access to 

all the data and information needed.

iv

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table of Contents

Abstract.......................................................................................................  iii
Acknowledgments............................................................................................................iv
Table of Contents.....  ...............................   v
List of Tables.....................................................................................................................x
List of Figures..................................................................................................................xii
List of Appendices...........................................................   xv

Chapter 1 ...........................................................................................................................1
Introduction....................................................................................................................... 1

1.1 Resource Management......................................................................................... 2

1.2 Research Problems and Formulation................................................................... 4

1.2.1 Health Care Cost............................................................................................4

1.2.2 Complexity.....................................................................................................6

1.2.3 Sustainability.................................................................................................. 7

1.2.4 Health Litigation............................................................................................9

1.3 Problem Analysis and Research Justification.....................................................10

1.4 Summary of Problem Statement ..............   14

1.5 Research objectives and deliverables..................................................................16

Chapter 2  .............................................................................. 18
Literature Review...  ............................................................................................. 18

2.1 Introduction...............................   18

2.2 Scarcity of Resources..........................................................................................19

2.3 Producer/Consumer Relationship.......................................................................20

2.4 Health Care Delivery System............................................................................. 23

2.4.1 Health Care Resources................................................................................. 24

2.4.2 Resource Capacity.......................................................................................25

2.5 Hospital Setting.................................................................................................. 26

2.6 Service Quality in Health Care...........................................................................29

2.6.1 Dimensions of Service Quality.................................................................... 31

2.7 Application of Modeling in Health Care Organizations.....................................34

v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2.7.1 Decision Trees Models................................................................................. 35

2.7.2 Markov Chain Models.................................................................................. 36

2.7.3 Simulation.....................................................................................................37

2.8 Related Health Care Organization Studies........................................................ 42

2.8.1 General Hospital Models.............................................................................. 45

2.8.2 Patient Flow Patterns.................................................................................... 62

2.9 Summary of Literature Review.......................................................................... 63

Chapter 3 ......................................................................................................................... 66
Theory and Model Description..................................................................................   66

3.1 Introduction.......................................     66

3.2 General Model Description................................................................................ 68

3.3 Analogy to an Input -  Output Model.................................................................70

3.4 Stakeholders Classification................................................................................ 72

3.5 Internal and External Assessments.................................................................... 74

3.5.1 Internal Assessment......................................................................................75

3.5.2 External assessment...................................................................................... 75

3.6 Process Analysis......................................................................................   77

3.7 Plan, Do, Study and Act Cycle.......................................................................... 80

3.8 Communication.................................................................................................. 81

3.9 Simulation Process............................................................................................. 83

3.10 Implementation and Post-Evaluation................................................................. 87

3.11 General Patient Flow Model.............................................................................. 89

3.11.1 Description of the General Outpatient Clinics Model.................................. 90

3.11.2 Calling Population........................................................................................ 91

3.11.3 Outpatient Clinics......................   92

3.11.4 Diagnostic Departments................................................................................ 93

3.11.5 Emergency Department................................................................................ 94

3.11.6 Flow paths.............................................................................  94

3.12 Logic of the Simulation Model.......................................................................... 95

3.12.1 Entities..........................................................................................................95

3.12.2 Locations.......................................................................................................95

3.12.3 Servers /Resources........................................................................................ 96

vi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.12.4 Path Networks...............................................................................................97

3.12.5 Arrivals.........................................................................................................98

3.12.6 Time..................................................... 99

3.12.7 Events /Processes.......................................................................................... 99

3.13 Overview of the Software Used....................................................................... 100

3.14 Justification for Using Simulation and Med Model software...........................105

3.15 Summary.......................................................................................................... 106

Chapter 4 ...................................   109
Research Methodology and Experimental Setting..........................  109

4.1 Introduction........................................................  109

4.2 Research setting............................................................................................... 110

4.3 Data Sources and Collections Methods............................................................113

4.4 External Assessment (Patient Satisfaction Survey)..........................................114

4.4.1 Establishing Survey Objectives...................................................................115

4.4.2 Selecting a Survey Mechanism................................................................... 116

4.4.3 Determining the Sample Size and Selection Criteria...................................118

4.4.4 Determining the Selection Criteria..............................................................119

4.4.5 Administering the Survey............................................................................120

4.4.6 Enter and Tabulate the Data........................................................................ 121

4.4.7 Demographic Overview of Participants.......................................................122

4.4.8 Data analysis............................................................................................... 123

4.4.9 Patient Satisfaction Questionnaire (via Clinic Type)...................................123

4.4.10 Summary of Survey Results.........................................................................129

4.5 Internal assessment (Employee Satisfaction Survey)........................................ 130

4.5.1 Sample Size and Selection Criteria..............................................................131

4.5.2 Methodology and Data Entry.......................................................................132

4.5.3 Demographic Overview of Participants.......................................................133

4.5.4 Frequency distribution of questions.............................................................135

4.6 Process Analysis.............................................................................................. 137

4.6.1 Flowcharts................................................................................................... 138

4.6.2 Process Evaluation Forms............................................................................138

4.7 Building the Simulation Models................   140

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4.7.1 Preparation and Estimating System Parameters.........................................141

4.7.2 Development of Simulation Models...........................................................143

4.7.3 Model Verification......................................................................................143

4.7.4 Model Validation........................................................................................144

4.7.5 Conducting Experiments.............................................................................144

4.7.6 Analyzing Output and Recommendations..................................................144

Chapter 5 ....................................................................................................................... 146
Modeling Results and Discussion ....   146

5.1 Introduction......................................  146

5.2 Model Logic..................................................................................................... 147

5.2.1 Emergency Department..............................................................................147

5.2.2 Family Medicine Clinic..............................................................................150

5.2.3 Ortho Clinic................................................................................................153

5.2.4 Diagnostic Departments..............................................................................156

5.3 Preparing Model Inputs.................................................................................... 160

5.3.1 Determining Queue Structure and Discipline.............................................162

5.3.2 Determining Arrival Time..........................................................................162

5.3.3 Determining Service Time Distribution...................................................... 164

5.4 Modeling Assumptions.....................................................................................168

5.5 Model Verification and Validation.................................................................. 169

5.6 Model Experimentation................................................................................... 173

5.7 Output Performance Measure...........................................................................174

5.8 Evaluating Alternatives Results and Discussion.............................................. 175

5.9 Current System Operations.............................................................................. 177

5.9.1 Average Length of Stay............ ................................................................177

5.9.2 Resource Utilization.................................................................................... 178

5.9.3 Capital Resource Utilization.......................................................................181

5.10 Summary of Results......................................................................................... 199

Chapter 6 ....................................................................................................................... 204
Conclusions and Recommendations............................................................................ 204

6.1 Conclusions...................................................................................................... 204

6.2 Recommendations for fixture work.................................................................. 206

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



References................................................................................................................... 208

Appendix (A):............................................................................................................. 223

Appendix (B):............................................................................................................. 227

Appendix (C):............................................................................................................. 238

ix

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



List of Tables

3.1 Stakeholders classification and characteristics.............................................. 74

4.1 Average number of patients per day at outpatient clinics for the
year 2003 ...................................................................................................... 112

4.2 Patient satisfaction elements.......................................................................... 117

4.3 Sample size analysis...................................................................................... 119

4.4 Absolute and relative frequencies of patients................................................ 123

4.5 Absolute frequencies of patient demographics by clinic type for
(n = 912) participants.................................................................................... 124

4.6 a List of clinics by questions, with greater than 60%
agreement (A) or disagreement (D) to positive statements...........................125

4.6 b List of clinics by questions, with greater than 60%
agreement (A) or disagreement^) to negative statements............................126

4.7 Employee sample size calculation................................................................. 131

4.8 Absolute and relative frequencies of employee Demographic for
(n=93) participants..........................     135

4.9 List of questions with 60 % agreement (or disagreement, where
indicated) and corresponding percent agreement..........................................136

4.10 Simulation parameters .................   142

4.11 Steps for defining Med model simulation inputs.......................................... 143

5.1 Current staffing schedule at the emergency department............................... 150

5.2 Emergency Department hourly arrival cycle................................................. 163

5.3 Emergency Department Simulation input Parameters.................................. 167

5.4 Model Validation Results .............................................................................172

5.5 Simulated average (LOS) for the current system.......................................... 177

x

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5.6 Human resource utilization rate at the selected departments and clinics 180

5.7 Current system capital resource utilization rate and assignment...................181

5.8 Scenarios 1-5 description.............................................................................. 182

5.9 Staff Schedule for Scenario (1 )..................................................................... 183

5.10 Emergency staff scheduling -Scenario (2)..................................................... 185

5.11 Scenario (4) resource assignment for orthopedic and family clinic ............. 190

5.12 Increases in demand levels ....................................    194

xi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



List of Figures

2.1 Customer supplier relationship [Ref[20J]..................................................... 21

2.2 Demand and supply curve for competitive market [Ref[23]]....................... 22

2.3 Meta-Process model for health care delivery system [Ref[24]].................... 24

2.4 Capacity concepts for resources [Ref[25]].................................................... 25

2.5 Production processes and patient flow........................................................... 29

2.6 The quality-dimensions of a health care system [Ref[37]].............................32

2.7 Markov state diagram [Ref[50]] ...................................................................36

2.8 Dimensions of simulation............................................................................. 37

2.9 Steps in a simulation study [Ref[52]]............................................................ 40

3.1 New proposed improvement framework....................................................... 69

3.2 (PDSA) cycle [Ref[141]]............................................................................... 80

3.3 General patient flow model............................................................................ 91

3.4 Shift Editor..................................................................................................... 102

3.5 Graphic Editor.................................................................................................103

3.6 Dynamic plots................................  104

4.1 Methodology Sequential Steps........................................................................114

4.2 Frequency of quality indicators for ‘Areas of improvement at
ZH’- X-ray Department................................................................................127

4.3 Frequency of quality indicators for ‘Areas of improvement at
ZH’- Emergency...........................................................................................127

4.4 Frequency of quality indicators for ‘Areas of improvement at
ZH’- Family Medicine................................................................................. 128

xii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4.5 Frequency of quality indicators for ‘Areas of improvement
at ZH’- Ortho Clinic...................................................................................... 128

4.6 Frequency of quality indictors for ‘Areas of improvement
at ZH’-Laboratory ...................................................................................... 129

4.7 Flow chart diagram.........................................................................................138

5.1 Emergency department process flow...............................................................149

5.2 Family Medicine Clinic Process Flow  ......................................................... 152

5.3 Orthopedic clinic process flow ..........................................  155

5.4 X-ray department process flow ......................................................................157

5.5 The flow of clinical samples at the laboratory................................................ 159

5.6 Number of tests per month at laboratory for the year 2005 ........................... 160

5.7 EMS patient inter-arrival time distribution.................................................... 164

5.8 Initial assessment time distribution-Emergency Department........................ 165

5.9 Final diagnosis time distribution- Emergency Department........................... 165

5.10 Scenario (1) average (LOS) - Emergency Department...................................184

5.11 Comparison of current system and Scenario (1) resource utilization.............185

5.12 Scenario (2) average (LOS) - Emergency Department...................................186

5.13 Scenario (2) resource utilization -  Emergency Department.......................... 187

5.14 Baseline, Scenario (1), and (3) average (LOS) -  Emergency
Department........................................   188

5.15 Scenario (3) resource utilization ra te ............................................................. 189

5.16 Scenario (4) average (LOS) for the selected clinics and departments............192

5.17 Scenario (4) resource utilization ra te ............................................................. 193

5.18 Scenario (5) average (LOS) at the selected departments/clinics ................... 195

5.19 Scenario (5) resource utilization at Emergency Department......................... 196

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5.20 Scenario (5) resource utilization at Family and Orthopedic Clinics............ 197

5.21 Scenario (5) resource utilization at x-ray Department..................................198

5.22 Scenario (5) x-ray resource utilization..........................................................199

xiv

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



List of Appendices

Appendix A ............................................................................................................... 223

Appendix B ............................................................................................................... 227

Appendix C .....................................................   238

xv

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 1

Introduction

This research explores in details the development and evaluation of a general framework 

to efficiently aid the process of resource management and allocation in service 

organizations. The term “improvement framework” used in this thesis refers to a new 

approach proposed in chapter three of this thesis, where discrete event simulation is used 

as an adequate tool for and analyzing a health care delivery system. The first part of this 

thesis is devoted to the development and evaluation of the general improvement 

approach. The second part demonstrates the application of the general approach to a 

specific service delivery system (health care delivery system) at Zayed Hospital in the 

United Arab Emirates.

The first chapter of this thesis provides a general overview of resource management 

issues in service organizations with a focus on health care organizations. Also discussed 

are the current problems and challenges facing service organization. The last part of the 

chapter is devoted to present the importance of and justification for this thesis and 

concludes with a detailed problem statement.

1
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A comprehensive review of important issues in resource management including resource 

scarcity, consumer/producers’ relationship, and the health care delivery system is 

presented in chapter two. Also explored in detail are the related research studies in health 

care resource management. Chapter three involves the theoretical aspect of the new 

proposed improvement framework. It also discusses the tools used for building the model 

including patient and work force satisfaction surveys; process evaluation forms, and 

presents the development of the model for the selected clinics and departments at Zayed 

hospital. The research methodology and experimental design are presented in chapter 

four. Chapter five is devoted to the results of the modeling and experimentation. Finally 

chapter six of this thesis sets out to present the conclusions drawn from this thesis and 

recommendations for future studies.

1.1 Resource Management

Service organizations currently are facing global competition ranging from being able to 

have a competitive edge with continual improvement while operating at low cost, to 

responding to customer demands. Overcoming these challenges is the key for survival in 

today’s market. Moreover, resources are ultimately what distinguish one organization 

from the other and are the key elements through which organizations can gain an 

advantage over their competitors. It is difficult for organizations whose operating costs 

rely on high investment in resources to reduce operation cost, reduce complexity of 

workflow, and utilize the resources within the organization. Additionally, ensuring the 

availability of adequate and appropriate resources has been a challenge for decision 

makers in many organizations. In an attempt to overcome this challenge many 

organizations have applied simulation modeling as a decision support aid in planning and

2
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allocating resources. Consequently, making managerial decisions in the management and 

allocation of resources based on evidence by modeling efforts is certainly a step forward. 

Examples can be given of many successful applications in different fields including: 

natural resources, transportation and traffic management, human resource management, 

airports, construction sites, health care delivery systems, etc. The importance of modeling 

as a process rises from the fact that it enables management to predict the effect of 

changes prior to implementing them, evaluate different alternative policies of planning 

and allocation of resources, and forecast the future needs and demands in alignment with 

the predetermined goals and visions of the organization. There are three types of 

resources that are called factors of production including human, natural, and capital 

resources. The availability of an adequate supply of labor with the required skills and 

abilities is essential to today’s thriving economy. Over the past two to three decades, 

there has been a shift toward human resources as a key factor in determining the success 

of organizations. People with the right skills, abilities, and knowledge are essential for 

organizations to effectively fulfill their goals and accomplish their strategic and 

operational objectives. Firms profess that people are the source of their competitive 

advantage, whether they are technological experts, accommodating customer service 

experts, or visionary managers [1], While human resource management includes 

recruiting, compensation, and performance measurements, the key component of overall 

effective human resource management is the development and design of a framework of 

activities and practices that support and develop a motivated workforce, and ensure the 

effective and efficient use of available capacities in the organization. Natural resources 

are found in nature such as water, soil, oil, wood, and coal. The urgency of assessing,

3
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managing and protecting such resources has reached new levels. Several government 

regulatory programs now require explicit consideration and mitigation of natural resource 

impact on facility re-licensing, permits, and development planning. Moreover, the quality 

and quantity of natural resources that are available have an impact on the level of 

organization production.

Capital resources represent things that have been produced (man-made) such as 

machinery, tools, and buildings that are used in the production of other goods or to 

provide a service. They can be used over and over again in production processes. As they 

are used over and over, capital resources depreciate and deteriorate. Organizations must 

plan to replace capital resources due to the normal wear and tear they receive in the 

production processes.

1.2 Research Problems and Formulation

1.2.1 Health Care Cost

As was emphasized earlier, service organizations are under financial pressure to control 

operational costs while striving to provide quality of services, which they can gain an 

edge in today’s competitive market. Faced with this challenge of meeting rising demands 

for higher quality of services while having limited resources, organizations tend to focus 

on finding the most effective and efficient strategies in allocating and managing their 

available resources such as workforce, equipment, facilities, and technology. Effective 

strategies mean how well the strategies accomplish the organization’s goals and efficient 

meaning how much theses strategies cost compared to other alternatives for meeting the 

same goals. As is the case in many industries, the health care industry is no different.

4
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Health care organizations are also facing the same challenges. Building and maintaining 

an adequate transportation system, providing a quality public education system, and 

assuring quality of health care services are the fundamentals that determine the pace of 

economic growth and quality of life in a country. Health care costs are becoming a 

significant challenge for governments in many countries. All developed countries are 

spending an increasing share of GDP on health care and are increasingly worried about 

cost control and quality improvement of health care services. In Canada, rapidly rising 

health care costs reached $121 billion in 2003[2]. When considering the rapidly 

increasing health care cost many factors come into play as cost drivers or indicators. 

These include population growth and aging, drastically increasing demand for quality and 

access of health care services, and technology advancement. Older people often 

experience a decline in physical and mental health. Resources for long-term care are 

under increasing strain due to the aging world population [3]. According to Statistics 

Canada [4] the median age of Canada’s population has reached an all-time high of 37.6 

years, an increase of 2.3 years from 35.3 in 1996. Similarly, in Britain issues related to 

the aging population and the rising health care cost exist [5]. It was found that by the year 

2030, one-third of the British population will be over 50 years. Consequently, the 

proportion of the population over 65 grows larger and as a direct result, the demand for 

medical resources and health care services increases. Technology advancements are 

another cost driver in health care. Making more complex and costly diagnostic and 

therapeutic tools, and as technology improves, pharmaceutical research and development 

increases, leads to a rise in drug prices. With enhanced diagnostic and therapeutic 

capabilities, more complex disease processes were amenable to treatment, which in part

5
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led to the rise in specialists and consultative services. As stated in the Conference Board 

of Canada 2001 report [2], the key factor in overcoming productivity challenges in the 

health care industry is more government investment in research related productivity 

drivers including resource management, technology, and training.

1.2.2 Complexity

By its nature, the health delivery system is a very complex one that is largely driven by 

rapidly changing technology and information, requiring intervention from different health 

professionals, and is unique in all o f its characteristics. It is unique from any other type 

of industry in that health care professionals are highly dependent on each other to provide 

and coordinate services of high value for human beings. This dependency is 

interconnected so that one action can change the context of other actions, as is the case in 

a primary health care team. The interactions of the parts of the team are not always 

predetermined and so consequences cannot always be foreseen or planned. This is 

especially challenging for health care managers who are responsible for managing and 

planning health care resources [6]. In addition to having to deal with providing quality 

health care services at lower cost, health care organizations deal with a wide range of 

social, financial, political, regulatory and cultural challenges[7]. Medicine itself is a high 

technology, science-based profession, constantly enriched by inflows of knowledge from 

the biological sciences, new drugs and treatments, and engineered innovations from the 

medical equipment industry. Ozcan and Smith [8] summarized the challenges that health 

care organizations are facing compared to other organizations, when trying to identify 

effective approaches in the management of health care resources as follows:

6
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• great problems are attached to measuring the health outcomes of health care 

activities. Examples include: no standardized tools or outcome measurements and 

health outcome is subjective rather than objective

• hospital and other health care organizations often have complex organizational 

forms and systems of governance

• even when salaried, physicians demand a certain degree of professional autonomy

• extensive education and training needs must be accommodated

• technology and clinical practices change rapidly

• the health care product is highly complex, often needing to be carefully tailored to 

the needs of the individual patient

1.2.3 Sustainability

Another issue that justifies studying service delivery systems in health organizations is 

sustainability of health care services. A sustainable health care system would view health 

as an ‘added value’ outcome of social organization and explore the co-production of 

health within health care services. Sustainability is ensuring that sufficient resources are 

available over the long term to provide timely access to quality services that address the 

evolving health needs. Sustainability is a trade-off between levels of service and the 

availability of funds. Sustainability should be defined in terms of whether the Medicare 

model can provide the financial means to pay the costs associated with present and 

future demands for health services. Another consideration is whether these financial 

means are politically and economically acceptable [9]. Health care organizations are now 

experiencing a so-called cost containment dilemma. Unsustainable health care system 

means reaching the point where spending is too high to be sustained. A sustainable

7

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



system must both control costs and provide timely access to appropriate health care 

services. With the rapid increase of health care spending, rising consumer demand for 

highest quality, a dramatically aging population, technological developments, and 

advances in medical research and new treatments, sustainability is not guaranteed. One 

example of the non-sustainability in health care systems is the case of Ontario hospitals. 

A report by the Ontario Hospital Association (OHA) indicated that 35 hospitals in 

Ontario reported an operating deficit of $78 million in 2001 while in the previous year 

the deficit was $47 million for 69 hospitals. Additionally, an annual report by the Fraser 

Institute [10] highlighted the waiting time for health care services as a symptom of non

sustainability. The report indicated the following facts about health care accessibility:

• total waiting time for treatment by a specialist after referral by a general 

practitioner (GP) in 10 provinces was 16.2 weeks in 2000/01 and 16.5 weeks in 

2001/02;

• total waiting time for consultation by a specialist after referral by a GP was 7.2 

weeks in 2000/01 and 7.3weeks in 2001/02;

• total waiting time between consultation and treatment was 9 weeks in 2000/01 

and 9.2 weeks in 2001/02.

In this context, the need for health care decision makers to devote more attention to find 

optimal resource management strategies that reduce cost, increase accessibility to health 

services, and provide quality services is essential if health organizations are to survive. 

Appropriate planning and management of resource practices is the key for ensuring 

access to the health providers now and in the future.

8
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1.2.4 Health Litigation

The health care profession is subjected to many social, legal, and ethical layers of 

accountabilities and rules and is plagued with numerous costly lawsuits. For example, the 

patient-physician relationship revolves around economic, social, legal and institutional 

factors, which are also affected by the decisions made in that relationship [11]. Bowen et 

al. [12] indicated that the concepts of distributive, procedural, and interactional justice 

used heavily in industrial/organizational psychology and organizational behavior are 

applicable to health care organizations especially in the area of treatment, services 

delivery, and service recovery of patients. They emphasized that the foremost justice 

concern that customers have in the areas of service delivery and service recovery is the 

firm’s fulfillment of its obligations in terms of the delivery of promised results or 

benefits. Additionally, they indicated that the four procedural justice principles in 

service delivery involve responsiveness to unusual requests, efficiency, waiting time, 

and helpfulness. Interestingly, these authors reveal that excessive waiting time was 

identified in customer service research to be the most significant customer 

dissatisfaction predictor. When procedures meet or exceed customers’ expectations, 

they are considered by the customers to be helpful. Moreover, Bowen et al. [12] 

discussed six procedural justice principles with respect to service recovery: assuming 

responsibility, timing/speed, convenience, follow-up, process control, and flexibility. 

The service firm has to accept accountability for failing to initially deliver the service 

to the customers’ expectations. The firm has to handle customer’s complaints in the 

most expedient way. Service recovery has to be convenient to the customers. The 

recovery procedure should include follow-up or phone call which shows that the firm 

cares.
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Complainants have process control when they can participate in the service recovery 

procedures by describing their unfavorable service experience and deciding upon 

reparation. Flexibility refers to the service firm’s willingness to handle customer’s 

complaints with flexible procedures. Brody and VandeKieft [13] stressed that a 

physician’s decision for one patient affects all the patients in the health plan sharing the 

same resource base. In addition, they claimed that a physician should serve as an 

advocate for the individual patient and conserve resources to provide adequate medical 

care for all patients in the health plan.

In general, in the presence of uncertainty, assuring sufficient resources and sustainability 

of access to quality of health care services, fulfilling social, ethical, legal obligations and 

attempting to gain an edge in today’s competitive market are real challenges for health 

care organizations. Moreover, failing to provide health care services at the right time is 

costly and can mean a difference between life and death.

1.3 Problem Analysis and Research Justification

The studies in health care resource management can be classified into two broad non

overlapping categories: (1) studies involving prevention, health promotion, and a cure for 

various diseases; and (2) studies involving the development of general hospital delivery 

systems, hospital bed planning, facility design, staff scheduling, optimizing patient flow, 

admission control, appointment system, patient flow patterns, and forecasting demand for 

health care services. The first category involves public awareness and education; 

improvement of health style, immunization, screening programs for various diseases, 

surgical management, and medical management. Although, there are opportunities for 

reducing operational costs and improving quality of health care services through research
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in this category, management generally is not trained in this area. Therefore, it is not the 

focus of this study. The second category is found to be too broad to be a subject of a 

single research study. A comprehensive review of this category can be found in chapter 

(2) of this thesis. The brief discussion here concerns the attempts that have been taken by 

different researchers to investigate resource management related issues in health care.

Several studies have been performed in an attempt to model health care service systems 

as a general system. The focus of these studies was mainly the management of patient 

throughput and admission in hospitals and facility design. Other studies related to 

individual health care delivery systems have focused mainly on the hospital and 

particularly, individual departments, which only constitute part of the hospital. 

Surprisingly, none of these studies were conducted with involvement of end-users, 

management and staff. These studies have considered problems such as bed occupancy, 

facility design, staff scheduling and planning, admission and appointment control, and 

patient flow patterns.

To conclude, although resource management studies that investigated specific 

departments exist, there is no reported general approach that enhances the involvement of 

patients, workforce, and management in the stages of problem formulation and model 

building. Moreover, the studies tend to provide optimal solutions, which may be 

beneficial for the department investigated but not necessarily to the hospital as a whole. 

Another limitation of these studies is the unavailability of a post evaluation mechanism to 

measure the efficiency of alternatives if they were to be implemented.

Other factors that contribute to the justification of this study, is the growing importance 

of bridging the gap between consumers, clinicians, and health care managers. There is
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considerable evidence supporting this avenue[9] to [14]. Geoff [14] indicated that one of 

the forces driving the shift in when, where, and how health care services are delivered is 

the change in public expectations. This rises from the fact that patients increasingly 

expect to be more involved in decisions about what sort of treatment they receive, when 

they get it, and where it will be given. Sanchez et al.[15] discussed the emerging issues 

for achieving success when considering computer simulation modeling for improving the 

health care delivery systems. One of the important issues was to understand the patient 

needs and provide them with answers to their problems. The second important issue was 

the involvement of management and clinicians in problem formulation as an initial stage 

in the whole modeling process, as well in assisting in overcoming any conflicting 

objectives, and buy-in challenges. Hill et al. [16] claimed that a number of approaches 

have been developed to efficiently enhance the involvement of patients in the process of 

planning and delivering health care services. The validity of these approaches emerges 

from the fact that there is a strong drive toward greater community participation in the 

range of both national and local government organizations. Eldabi et al. [17] suggested 

that in the complex health care systems where conflicting objectives, needs and problems 

between managers and clinicians are common, efficient intercommunication is the key 

factor in solving such problems. Stevenson et al. [18] conducted a study to stress the 

need for patient partnership with health professionals in planning health care resources. 

At the initial stages of the study it was found that the nine participating practices had a 

tendency of overestimating services of no value-added to patients and as a result 40 

changes of service provisions were made. In reviewing simulation as an adequate tool to 

assist decision makers in the management of health care resources, Wilson [19] found
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that out of two hundred models, only sixteen reported having successful implementation. 

One of the recommended solutions to overcome implementation challenges and increase 

the chances of successful implementation is the participation of the decision makers in 

the model development process at early stages. In general, reviewing these studies has set 

the stage for the development of the discrete simulation model that is analyzed in the 

following chapters of this thesis. The justification of this proposed research is 

summarized below.

• The rapidly increasing health care cost, scarcity of health care resources, 

complexity due to multiple decision makers within health care systems, and non

guaranteed health care sustainability over the long term, have been identified by 

governments and researchers as important areas for worthwhile and urgently 

needed research.

• Although numerous initiatives have been put in place to aid resource management 

planning and allocation in service organizations, no general framework that 

accounts for problem owners involvement, provides a post evaluation mechanism, 

and incorporates a continued data improvement process has been reported.

• The rapidly increasing demand for quality of services while service organizations 

are experiencing economic scarcity because of the limited resources needs to be 

addressed.

• It has been shown that the area of resource management has, and continues to be, 

interesting for many government agencies and researchers.

Research contribution to the health care field can be summarized as follows:
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1. This research will be the first to develop and explore a general resource management 

framework with the involvement of stakeholders including management, workforce, 

service end-users, and the analyst;

2. The proposed framework will be the first to provide a mechanism for assuring 

continues data improvement throughout the modeling efforts;

3. The new approach will be the first to provide an effective and efficient measure to 

observe the consequences of implementing new resource management policies or 

planning strategies; and

4. The methodology and techniques developed in this research will be valuable to similar 

research studies after certain modifications.

1.4 Summary of Problem Statement

There are strong indications that the involvement of consumers and staff in model 

development stages is a key factor in improving the coordination between different 

resource planning efforts. Additionally, it has been shown above that enhancing 

participation among health professional, customers, and the analyst throughout the 

modeling process, is essential in understanding the customer needs and addressing the 

real problem reasons and issues related to the delivery system. Consequently, overcoming 

any implementation barriers and buy- in challenges can be accomplished. The research 

described in this thesis is primarily directed at developing a general modeling approach to 

support resource management decisions making (planning and allocation) in service
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organizations with end-user, working staff, and management involvement throughout the 

approach development process. The application of this approach is directed at a specific 

health care setting (hospital). This area has been chosen for the following reasons:

1. The health delivery system has a high sensitivity to errors and there are major risk 

factors associated with system failure due to the unavailability of certain resources.

2. It is a technology oriented delivery system.

3. The delivery of health care services is shifting from an inpatient to an ambulatory 

setting. This shift is a combined by an increase in pressure to improve the quality of 

health care services in outpatient clinics [20], [21].

4. No other general approach that considers the involvement of end-users, working staff, 

and health management in the modeling process has been reported in detail.

5. There is growing interest in many countries for directing research efforts to find 

effective and efficient health care resource management practices in health care 

organizations in an attempt to reduce operational costs and improve the quality of the 

health care services provided.

6. The importance of time value in the delivery of health care services.

In summary, the problem investigated in this thesis is the occurrence of under or over 

utilization (mismanagement) of resources (human and capital) due to the inadequate 

planning and allocation mechanisms in the hospital setting. Additionally, the impact of 

such practices on patient waiting and service time is investigated. This thesis attempts to 

answer the following questions:

1. What are the dependencies between resources in service delivery systems?

2. What is the variation in the use of resources including human and capital resources?
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3. What is the impact of the current resource planning and allocation practices on these 

variations?

4. What are the requirements of an adequate resource planning and allocation mechanism, 

and how can they be implemented?

5. What is the effect and overall trend of involving customers, organization management 

and staff in developing new resource management mechanisms using simulation as a 

tool?

6. What are the basic measures of effectiveness and efficiency for planning and allocating 

resources in service organizations, and how can they be used to analyze and redesign the 

current resource management practices?

1.5 Research Objectives and Deliverables

The research objectives can be summarized as follows:

• Design a general framework to aid the decision of resource allocation and 

planning in a service organization and enhance the efficiency of service delivery 

systems;

• Study the health care delivery system;

• Apply the developed general framework to the health care delivery system;

• Evaluate alternatives and recommend solution(s).

In summary, the main theme of this research is to develop a generic simulation model 

using the new proposed improvement framework in an attempt to efficiently aid resource 

management decisions in service organizations. The application of the model will be 

used in a concrete case to:
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1) Analyze the existing service delivery system at Zayed hospital in the United Arab 

Emirates;

2) Evaluate different operating and resource planning alternatives;

3) Observe the consequences of changes in resource planning policies prior to decisions

actually being implemented;

4) Demonstrate how to enhance the effectiveness and efficiency of the services 

provided;

5) Develop service performance measures and quality indicators;

6) Enhance and improve communication among management, workforce, service end- 

user, and the analyst; and

7) Reshape end-users and workforce perception and expectations about the service 

delivery system.
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Chapter 2

Literature Review

2.1 Introduction

While there is much complexity and uncertainty in managing resources, there is 

considerable agreement on the factors that contribute to the success, activities and 

processes that need to be undertaken if an effective and efficient resource management 

mechanism is to be implemented and to sustain the operational strategy at a lower 

operational cost and high quality over time. Reviewing the topic o f resource 

management in this chapter will start with reviewing important issues including scarcity 

of resources, producer/consumer relationships, and the components of the health care 

service delivery system in sections 2.2, 2.3, and 2.4 respectively. Section 2.5 gives 

insight into the hospital production process and patient flow throughout the health care 

delivery system. Section 2.6 reviews the concept of quality in health care and the 

importance of the involvement of the key players in defining the quality dimensions 

within the health care delivery systems. Explored in section 2.7 are the modeling 

techniques that have been used to investigate health care delivery systems and efficiently 

manage resources. In section 2.8 the related studies in resource management in health 

care organizations with the focus on discrete event simulation as an adequate tool are
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reviewed. Lastly, in section 2.9 a conclusion of the related studies that have been 

reviewed in this chapter will be presented.

2.2 Scarcity of Resources

Scarcity refers to the tension between limited resources and unlimited wants and needs. 

For an individual, limited resources include time, money, and skill. For a country, 

limited resources include natural resources, capital, labor force, and technology. Because 

all our resources are limited in comparison to all our wants and needs, individuals and 

nations have to make decisions regarding what goods and services they can buy and 

which ones they must forego. Of course, the values of each individual and nation are 

different, but people and nations, each having different levels of (scarce) resources, form 

some of their values because they must deal with the problem of scarcity. So, because of 

scarcity, organizations must invest time, effort, and money in finding the optimal 

decisions in how to plan and allocate their resources. The famous definition for scarcity 

was given by Robbins [22] as the condition where the quantity desired of certain 

resources exceeds the quantity available. We experience economic scarcity because our 

resources are limited, and our wants are unlimited. For example an increase in natural 

resources scarcity is defined as a reduction in economic well being due to a decline in the 

quality, availability, or productivity of natural resources. This scarcity forces us to make 

choices about how to use our limited resources. In organizations, the fundamental 

challenge is to balance between productivity and availability of resources, such as human 

and capital resources, required for production.
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2.3 Producer/Consumer Relationship

As stated previously, scarcity is the unavailability of certain resources to satisfy all of our 

wants at the same time. Everyone, whether in their role as a producer or a consumer, 

must make choices about how to use the limited resources available. Producers combine 

human, natural, and capital resources to produce goods and services. Producers must 

decide what they will produce from the limited amount of natural, human, and capital 

resources that are available. The availability of those resources influence decisions about 

where the producer locates for production, how much of the goods or services will be 

made available for consumption, and the price for the goods or services. Similarly, 

consumers - people who use goods and services-experience scarcity. Choices must be 

made about what and how much to consume. Consumers must decide what to buy/use 

with the limited amount of money they have to acquire goods and services. On occasion, 

a consumer may have the monetary resources to make a purchase but find that the goods 

or services are scarce (unavailable). Both consumers and producers have their own 

perceptions and expectations of the services or product and normally there is a 

communication between consumers and producers to bridge the gap between them. 

Understanding consumer’s needs and expectations is not only important for what goods 

or services should be delivered but also when these goods or services are delivered. This 

can be achieved by a two-way exchange of information as shown in Figure 2.1 [20].
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Figure 2.1: Customer/supplier relationship [20].

It is also important to note that individuals and departments within the organization are 

interconnected since their acts are intended to benefit customers and as a result the 

organization. Realizing that managing the consumer/producer relationships effectively 

will generate real value for both consumer and producer alike, organizations have put 

more emphasis on this relationship. Their objective is to create additional value and drive 

competitive advantage by ensuring effective management of resources needed to achieve 

a given demand. Matching this given demand by making optimal decisions in planning 

and allocating resources is often the key factor in efficiently reducing operational cost, 

and increasing the quality of goods or services provided. To provide insight to the 

importance of reducing the imbalances between demand and supply in achieving the 

optimal use of available resources through improved allocation and planning of resources 

to where they are most needed and give the best value for money, one can use the 

illustrated demand and supply curve in Figure 2.2.
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Figure 2.2: Demand and supply curve for competitive market[23].

As it is shown in Figure 2.2, the curve contains data that determine the price and quantity 

of the goods or services that will be produced. The supply curve represents the 

capabilities of the producer to produce goods or provide services profitably, where the 

demand curves represents the wishes and demand of customer for goods and services. If 

the demand for goods or services is greater than the supply, there will be a shortage in 

meeting this demand. If supply is great than the demand, the resources are being wasted. 

When supply and demand match, this is called market equilibrium. Market equilibrium 

exists when the price is high enough so that the quantity supplied just equals the quantity 

demanded. This equilibrium and corresponding quantity of production that would be 

traded in market equilibrium are the unique value toward which a competitive market 

tends to move. In the figure, this is where the supply and demand curves cross.
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2.4 Health Care Delivery System

A health care delivery system at a micro level can be structured as shown in Figure 2.3 

[24]. In such systems, inputs from suppliers, providers, and patients are fed into value 

added clinical and management processes and combined with enabling technologies to 

produce intermediate health products or services. These services are then organized and 

directed toward selected areas of demand or need in the health care system. The health 

care delivery system outcome can then be measured by the health status of patients, their 

perceptions of their experience, and the cost performance of the delivery system. In an 

optimal health care delivery system, the right mix of health care services is available in 

the right time (access) for the right needs (demand) to be used (utilized). Therefore, 

decisions within the health care delivery system related to clinical and management 

processes are essential in the system performance and outcomes. This involves making 

appropriate and consistence choices regarding infrastructure and structural issues. 

Structural issues include capacity, facility design, clinical and process technology, and 

location. Infrastructure issues include issues related to aspects of system operations 

including process improvement methods, human resources policies, and planning and 

control systems. In general, health care organizations develop unique service system 

strategies to meet individual needs and target-market requirements. Such strategies 

should be consistent with the organization’s vision and mission and underline all key 

design and process-oriented decisions. Moreover, they should be used to identify 

effective and ineffective health care delivery methods and procedures to achieve the 

optimal use of available resources through improved planning and allocation.
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Figure 2.3: Meta-Process model for health care delivery system[24].

2.4.1 Health Care Resources

The success of any organization lies in its ability to satisfy the changing and growing 

needs of the population through efficient management of resources it uses; a task that 

involves the exercise of appropriate control over the consumption of resources. This is 

particularly true for health care organizations where various factors such as ageing 

population, rapidly increasing demand for health care services[3], and constant 

technological innovation, are leading to exponential growth in health care expenditure. 

Providing a health care service at a clinic or a department involves various resources. 

These resources are inputs for the management and operational processes at each clinic. 

They can be categorized as: (1) personnel; (2) facility (locations); (3) medical equipment 

and technology; and (4) materials. Of these human resources are the most important

24

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



because of the scarcity of the trained medical personnel, and because labor is always the 

single biggest expense item in most of the health care delivery systems [2]. On-duty 

health professionals and staff receive compensation even when idle; similarly, 

maintenance of medical equipment must be absorbed even though the equipment is idle 

much of the time. The optimal use of these resources contributes to improving the 

efficiency and effectiveness of the health care delivery system and lowering operational 

cost.

2.4.2 Resource Capacity

To provide insight into the over/under utilization of resources, the concept of different 

capacitates we will explored in details as shown in Figure 2.4 [25].

PO TEN TIA L C A PA C ITY

N on-available
cap ac ity A V AILABLE C A PA C ITY

N on-usab le
ca p ac ity U S A B L E  CA PA C ITY

Utillzatibn ra te

Idle ca p ac ity UTILIZED CA PA C ITY

S e t u p  ca p ac ity PR O D U C TIV E C A PA C ITY

Figure 2.4: Capacity concepts for resources [25].
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Potential capacity is the total amount of resources available of one resource unit type. 

When part of the potential capacity is not in use it is labeled as non-available capacity. 

On the other hand, available capacity represents the total capacity available for 

production processes. When part of this available capacity is not available for use 

because strategic planning and resource management restrictions, it is called non-usable 

capacity. Usable capacity can be defined as capacity available for production processes 

and normally used to calculate resource utilization. When part of this usable capacity is 

not used in the production processes because there is no work available, it is called idle 

capacity. Utilized capacity can be defined as the part of the available capacity that is 

actually used for production processes. If part of the utilized capacity is allocated for non

value added activities during production processes, it called set up capacity. The 

remaining capacity is called the productive capacity.

2.5 Hospital Setting

The activity of resource planning and allocation in health care organizations can be where 

allocated resources create the conditions for the daily production cycles. How resources 

are planned and allocated is the key factor in the delivery of the daily services. In many 

health care organizations, planning and allocating resources often lack rational basis. The 

allocation practices usually are based on historical right of specialties rather than patient 

demand, needs, and satisfaction. This can create under/or over estimation of demand and 

as a result under or over use of health care resources. Another factor in the hospital 

production processes is the timing of resource allocation. The unavailability of resources 

when needed for a production cycle can result in higher workload, more delays in 

providing services, and troughs in the need for resources. Similarly, the wrong
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coordination of shared resources between specialties such as diagnostic departments (lab 

and x-ray) can result in loss of resources, delays, and higher workloads. As defined in the 

earlier chapter, resources are objects that are used in a production process. For the 

purpose of this research the resources considered in this study are restricted to the more 

general type of resources like staff number and time, equipment, and locations (rooms). 

Equipment such as x-ray equipment at the emergency is only taken into account as a 

resource as far as it is linked to room availability. Additionally, another focus of the study 

will be directed toward shared resources in diagnostic departments including x-ray and 

laboratory. Sharing of resources occur when different product/or service lines used the 

same resources in a production cycle. Examples of this in a health care organization 

setting are many. Emergency patients in need of immediate care can be transferred to the 

radiology department for x-rays at un-predicted times. Similarly, walk- in patients at 

outpatient clinics requesting a certain specialist can be transferred.

The flow of patients through the hospital is the core process of the hospital production 

cycle. A typical simplified illustration of the production processes and patient flow 

through a hospital is shown in Figure 2.5. As illustrated, patients can enter the hospital in 

different ways. Normally, most patients enter the hospital via the outpatient clinics. If 

tests and exams are required for diagnosis and treatment, patients are referred to the 

diagnostic departments such as radiology and laboratory. Treatment can then take place 

at outpatient clinics, including different therapies or one- day surgery, then patients return 

home or to inpatients wards where patients are admitted for treatments. Alternatively, 

patients requiring immediate care enter the hospital via the emergency department either 

by an ambulance or as walk-in patients. At the emergency some simple diagnostic tests
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can be done but if more tests and exams are required, patients are transferred to the 

diagnostic departments. Emergency patients either can be treated at the emergency and 

return home or admitted as inpatients for treatments, or return for follow-ups visits to the 

outpatient clinics. The third way to enter the hospital is the referral by other hospitals or 

general practitioners requiring diagnostics tests or different therapies or outpatients 

specialties. The fourth way of entering the hospital is the direct arrival of patients to 

diagnostic departments, therapy departments, or operating theaters for one- day surgery 

(elective surgery). Normally these patients are with predetermined appointments and they 

return home after treatment is finished. In general, the figure illustrates the complexity of 

the processes associated with the delivery of health care services as well as the higher 

involvement of different health care professionals in the decision making of providing the 

health care services. Moreover, actions in one of the departments can change the context 

for other actions in other departments.
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Figure 2.5: Production processes and patient flow.

2.6 Service Quality in Health Care

As efforts by health care organizations to cut costs and restructure health care delivery 

systems continue, the need for quality measurement intensifies. Quality measurement and 

management is one of the most important topics in health care today. Health-care systems 

are mainly composed of patients (receivers) and health-care professionals (producers) in 

addition to health technology and resources. An important issue in health-care systems is 

identifying a level of service that is perceived as being satisfactory by the receivers but at 

the same time lies within the ever-stretched resources of the health-care authorities. In 

other industries the quality of products and services can easily be measured; however, in 

health care systems it is very difficult to define what constitutes a quality service, as this
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is highly dependent on the receivers' perceptions of needs and wants. Adding to the 

complexity is the existence of multiple decision makers, who in turn may have different 

perceptions and interests in what constitutes a quality service, especially in a highly 

politically charged field such as the health care industry. In addition, health-care 

processes themselves are complex, in terms of levels of interactions between the different 

variables. There are many reasons why health care quality is important. Providers 

consider increasing quality in health care to be “the right thing to do”. Legnick [26] 

developed a conceptual model of the consumer contribution to quality, which includes a 

description of the relationship of perceived quality to satisfaction, and the motivation to 

change behavior. This is of considerable importance if you consider the relationship 

between patient satisfaction and compliance with medical treatment plans. Researchers 

found a positive relationship between the patients’ feeling of satisfaction and compliance 

with respective medical regimes [27] to[29]. Third, as quality improves, expectations 

increase. According to Moore[30] and Berry[31], as consumers become more quality 

conscious, service firms not only need to satisfy their expectations, but to exceed them. 

The consequence of not meeting expectations received some attention. Researchers 

identify managing the negative reaction that comes from unmet expectations, as a 

strategic method for ensuring patient satisfaction. Not to do so, is to lose market share and 

customer loyalty [32] to[33]. Leaders in the health care industry, therefore, need to 

anticipate patient expectations, and then develop health care services that will exceed 

them [34]. Shetty [35] maintains that quality can advance profitability by reducing costs 

and improving an organization’s competitive position. Within the health care industry, 

competitive advantage is best attained through service quality and customer satisfaction
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in the minds of customers [36]. From the above, we can conclude that, the key factor for 

attaining a health care organization’s goals of operating at low cost and responding to 

high demand of service quality is effectively managing the producer/ customer 

relationships which as a result can reshape patient expectations and direct resources to 

value added activites.

2.6.1 Dimensions of Service Quality

Service quality in health care has many dimensions, some of which are difficult to 

quantify, but no less essential to its definition. Although quality may be understood in 

quite different ways and ranked with different priorities between various consumer and 

health professional groups, these individuals are the key players in the processes of 

defining and measuring quality and their voices provide an important component to the 

process. Listening to those dimensions by which the consumer defines the experience and 

expectations of health care will enable management to incorporate these components into 

a more comprehensive service quality measurement plan in health care.

Couch [37] suggested that the health care system as a whole has three clinical dimensions 

as shown in Figure 2.6 .The clinical quality of the goods and services provided which can 

be measured by the medical outcome of patients. The amenities of care include 

accessibility of the services when needed and personal caring. Finally, the social quality, 

which is the degree to which the system obeys a nation’s professed social ethic on health 

care.
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Figure 2.6: The quality-dimensions of a health care system [37].

In an attempt to define service quality ZeithamI et al [38] used 12 focus groups. They 

concluded that service quality as perceived by customers can be defined as the extent of 

discrepancy between customer’s expectations or desires and their perception. 

Additionally they defined ten service quality dimensions including: tangibles, reliability, 

responsiveness, competence, courtesy, credibility, security, access, communication, and 

understanding of the customers. Similarly, using focus groups consisting of patients, 

administrators and physicians, Minjoon et al. [39] identified 11 dimensions of health care 

quality. Eight of these dimensions are tangibles including (physical environment, 

cleanliness), reliability, responsiveness, competence, courtesy, communication, access 

and understanding the customer.

In measuring the effect of certain quality indicators on clinician’s practices, O’Brien and 

Edward [40] identified five technical aspects of quality as follows:

• Accessibility;

• Appropriateness;
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• Effectiveness,

• Continuity; and

• Efficiency

Donabedian [41] developed seven attributes of healthcare quality including:

• Efficacy (the best result or benchmark for a particular diagnosis);

• Effectiveness (ordinary medicine, or the industry average);

• Efficiency, (a measure of cost, or the least costly of two identically effective 

treatments);

• Optimality (cost-benefit evaluation, or the point at which further resources do not 

add benefit);

• Acceptability (adaptation of care to the wishes, expectations and values of 

patients and their families);

• Legitimacy (the community’s view of care); and

• Equity (the principle by which one determines what is just or fair in the 

distribution of care and its benefits among the members of a population.).

In the United States the Joint Commission on Accreditation of Healthcare Organizations 

(JCAHO) and the National Committee for Quality Assurance (NCQA) require health care 

organizations to measure and sustain acceptable patient satisfaction standards. Currently 

they offer a comprehensive quality review program for hospitals, health plans, home care 

agencies, laboratories, behavioral health care settings, long term care facilities and 

ambulatory care settings. Standards focus on twelve general categories, which include 

patient care, leadership, administration, environmental management, patient rights, and 

patient/family education.

From the above we can conclude that patient satisfaction or dissatisfaction is determined 

by a variety of closely linked elements. Moreover, a key role in shaping patient 

expectations is the intercommunication and collaboration between management, staff,
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and patients. For the purpose of this research study, four quality elements namely access, 

convenience, communication and quality of care received are used. These four quality 

elements with their satisfaction indicators are explored in detail in chapter four.

2.7 Application of Modeling in Health Care Organizations

As it was emphasized in the previous chapter, modeling as a decision support tool has 

been used in different industries to gain insight in organizational process bottlenecks, 

improve the quality of services, and resource utilization efficiently. In health care, 

numerous initiatives have been put in place at both strategic and tactical levels in an 

attempt to address the problem of escalating health care expenditures and increasing 

demand that is coupled with limited resources. The applications of modeling as a decision 

tool in health delivery systems have been growing rapidly over the past decades and can 

be categorized into four categories [42] as follows:

• Epidemiology, health promotions and disease prevention

• Health care system design

• Health care system operation

• Medical decision making

Modeling is the process of creating an abstraction of a real world system, which reflects 

the system properties to the desired degree of detail [43]. It is an adequate tool to 

investigate the system operations, predict system response under different conditions, and 

allow experimentations. The choice of which modeling technique to use is often based on 

preference and prior experience. In health care the selection process extends beyond that.
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A model can be abstract or concrete, intuitive or formal, graphic or algebraic, hand driven 

or computerized [42]. Some models are simple and can be solved by analytical methods 

such as differential equations, probability theory, and algebraic methods. In comparison, 

in the complex and non linear structured health care system, which has many interrelated 

and highly varied processes, finding an analytical tool that reflects the complexity, 

variability, uncertainty, and limited availability of resources has proven to be a hard task. 

Moreover, the problem of finding such a tool extends beyond that to find a tool that 

allows the investigator to model the gamut of health care activities quickly and 

efficiently. To date, the three most frequently used modeling techniques for modeling 

healthcare systems have been decision trees [44] to [48], Markov chain [44] to [51] and 

discrete event simulation [44].

2.7.1 Decision Trees Models

Decision Trees are excellent tools for helping in selecting between several courses of 

action. They provide a highly effective structure within which you can lay out options 

and investigate the possible outcomes of choosing those options. They also help in 

forming a balanced picture of the risks and rewards associated with each possible course 

of action. As a tool for analyzing problems containing risk, uncertainty, and probabilities, 

decision trees are used for relatively simple systems where events occur over a short 

period of time. They provide a means of structuring a problem and combing data from 

various resources. Moreover, they incorporate cost and its affect in the evaluation of 

alternatives. A decision tree consists of nodes containing estimates of outcome measures 

connected by probabilistic branches. A major drawback of this technique is the inability
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to incorporate the variability of cost when evaluating alternatives and quantify the 

uncertainty in the subjective estimation of branching probabilities [47].

2.7.2 Markov Chain Models

Markov models are useful in health care particularly when modeling clinical problems 

that involve ongoing risk over time. Events represent the probability that a patient moves 

from one state to another and are modeled as transition probabilities, i.e. the likelihood 

that a patient will stay in the current state or move to the next within a given transition 

period. The movement continues until the patient enters the absorbing state, or state from 

which he/she cannot exit. The cost of the service or certain medical procedure can be 

attached to each state patient move to; consequently, total cost can be calculated by 

multiplying the cost at each state by the duration of time spent at each state and then 

summing across all states experienced in the model.

W E L L D 18  A  B L E  D

D E A D

Figure 2.7: Markov state diagram [50]

Figure 2.7 shows a typical Markov chain diagram [50]. One limitation of the Markov 

chain is that transition probabilities from one state to another are only time dependent and 

are not influenced by the pathway of patient movement to a particular state. 

Additionally, a single time period for a transition must be chosen after which the patient 

is allowed to move to the next health state.
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2.7.3 Simulation

Simulation is the imitation of the operation of a real system over time. It involves the 

generation of an artificial history of a system and draw inferences concerning the 

operating characteristics of the real system. Simulation modeling is a mathematical model 

developed with a specific software package for a certain application. “This model usually 

takes the form of a set of assumptions concerning the operation of the systems. These 

assumptions are expressed in mathematical, logical and symbolic relationships between 

entities, or objects of interest of the system” [52]. Simulation models can be classified 

into six models including: static, dynamic, deterministic, probabilistic, continuous, and 

discrete as shown in Figure 2.8.

Static
VS

Dynamic

Deterministic
Vs

Probabilistic

Continuous
VS

Discrete

Figure 2.8: Dimensions of simulation.

Deterministic models use constant values for input and output variables where in 

probabilistic models at least one of the input or output variables is probabilistic. Static 

models, sometimes called Monte Carlo, are set to run a certain way and do not change
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regardless of what happens in the model and they represent the system at a particular 

time. On the other hand, in dynamic models the time varying interactions among 

variables are taken into account. A continuous model is one in which the state variable(s) 

change continuously over time. The activity in a continuous model is not broken into 

unique events and is often expressed in terms of rates and flows. Discrete event 

simulation model, the approach used in this thesis, is one in which the state variable(s) 

change only at a discrete set of points in time. One of the main reasons why simulation is 

becoming a popular technique in investigating health care systems is that simulation may 

be used for dynamic (rather than static) analysis of the situation, thus presenting health 

care management with a more realistic picture of the situation [53]. Additionally, when 

reliable data is not available, discrete event simulation may be used to run a series of 

different ‘what if?’ scenarios, allowing the user to understand the interactions of the 

model parameters, and their effect on the output of interest. This is a great advantage in 

that it helps users to make a systematic examination of their assumptions rather than be 

driven by them in building the model and solving the problem.

Various studies with the focus on simulation as an adequate tool for managing health care 

resources can be found in literature[44] to [52]. A typical simulation process can be 

shown in Figure 2.9 [52]. All steps mentioned in the figure are used in conducting the 

simulation study in this research. Banks et al. [52] define step (1), problem formulation, 

as developing a problem statement. They stress the need for policy makers’ involvement 

in this phase of problem formulation particularly when the problem must be reformulated 

as the study progresses. Pedgen et al. [54] agree, and expand on the importance of 

clarifying the issues to be considered; these include hardware design and operational
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issues. In addition, measures of performance have to be defined before starting the study; 

Pidd [55] defines this phase as the problem-structuring phase. He suggests that this phase 

is the attempt to take a "mess" and to extract from it some agreement about the particular 

problems, which might be amenable to analysis. The second step in Figure 2.9 is setting 

of objectives and overall project plan. Banks et al. [52] suggest that setting the objectives 

should be directed toward the questions that the simulation must answer. Additionally, 

simulation should only be used if an objective can be clearly stated and it is determined 

that simulation is the most suitable tool for achieving the objective. The third step 

basically is model conceptualization, which is viewed by Banks et al. [52] as an art. This 

step involves providing a valid representation of the real system operation. Additionally, 

the model complexity need not exceed that required to satisfy the objectives of the study. 

In step four, which is data collection, most authors referenced in this paragraph agree 

with the importance of data collection and stress the validation of such data.
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Documentations 
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Model translation

Production runs and analysis

Experimental design

Setting of objectives and over all project 
plan

Figure 2.9: Steps In a simulation study [52].

Similarly, Paul and Balmer [56] view data collection as a completely separate process 

after the development of the conceptual model. Robinson [57] considers the process of 

data collection as an initial phase in the process of defining the project phases. Law and 

Kelton [58] suggest data collection should coincide with developing the conceptual
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2.8.2 Bed Occupancy and Planning

Maintaining the optimum bed size to meet demands and operating at lower costs is a 

challenge for most hospitals. Hospital resource management policies have an essential 

impact on how many beds are needed to meet demands while maintaining effective bed

utilization rates. In reviewing the literature for bed occupancy and planning literature
\

simulation modeling was found to be an adequate tool to determine the optimum bed 

number, eliminate beds in an over bedded hospital; prevent the construction of 

unnecessary beds, and to overcome bed shortages. Dumas [74] and [75] developed a 

computer simulation model to address the problem of allocating beds to hospital services 

by bed type and sex at the Mount Sinai Medical Center in New York City. The model 

was used to evaluate bed usage policies, admission rules, and the current allocation plans. 

Moreover, the model was used to study the interrelationships between hospital 

departments by comparing two bed-planning rules for assigning beds. These were 

vacancy-basing, which utilizes ranked lists of misplacement possibilities, and home- 

basing, which prohibits almost all off-service misplacements. As a result, the home 

basing rule outperformed the vacancy-basing rule in decreasing inpatient days. The 

overall outcome of the simulation modeling was that hospital beds were reallocated, and 

admission rules were altered.

Cohen et al. [76] provided a bed-planning model for progressive patient care facilities 

where the basis for transferring patients from one unit to the other was the change in the 

patients’ conditions. They have shown that the capacity decisions for a given department 

can affect the utilization and services of the other departments. Harper [77] presented a 

framework for operational modeling of health care resources such as beds, operating 

theatres, and workforce needs. The proposed framework incorporated the need for patient
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model. After data are validated then step (5) is model translation, which is based on the 

conceptual model. Banks et al. [52] suggest that translating the conceptual model into a 

computerized model before starting steps (6) and (7), which are conducting the 

verification and the validation steps. It must be noted that most authors agree on the fact 

that the validation and verification process should continue throughout the study. Steps 

(8) through (12) are design of experiments for defining the different alternatives for 

experimentation, production runs for providing performance data on system designs of 

interest, output analysis, which consists of statistical techniques for analyzing output 

from production runs, and implementation of the model's findings.

The use of simulation as an approach to develop new systems or investigate existing 

systems should be considered when the following situations exist:

• Too expensive, disruptive or difficult to observe the real system;

• Solutions to problems may be too complex to use techniques such as linear

programming or other analytical tools (high interdependencies and randomness); 

and

• Not enough time for system to operate extensively.

Discrete event simulation is particularly appropriate as the interdependencies and 

randomness (variability) of the system increase. As indicated in the earlier chapter, health 

care systems are complex systems that require the intervention from different health 

professionals. Moreover, professionals are highly dependent and this dependency is 

interconnected so that one action can change the context for other actions. In general, 

discrete event simulation has been applied extensively developing new health care
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systems and evaluating existing ones. It provides flexibility; robustness and accuracy. A 

detailed insight to simulation modeling analysis, developing a simulation study, and 

simulation advantages will be explored in the next chapters. A literature review of 

discrete event simulation models and where they have been used for planning and 

managing resources in health care systems is the focus of the next section.

2.8 Related Health Care Studies

The application of simulation in making managerial decisions and addressing wide- 

ranging issues in health care organizations is certainly a step forward in improving the 

quality of health care services and resource efficiency. Examples of many successful 

applications include several health care areas such as health promotion and disease 

modeling, resource optimization and allocation, waiting lists and waiting time, patients 

and staff scheduling, health care policy development, and material handling. Reviewing 

these applications in modeling and designing health care systems is difficult due to the 

diversity of application and the nature of the simulation approaches. It was found that 

there are many simulation models that can describe a variety of health care systems and 

hospital environments and they are difficult to categorize. For the purpose of this 

research, I have chosen to present an extensive literature review of various simulation 

applications that focus only on patient flow and resource allocation in single and multi

facility health care departments including emergency departments, outpatient clinics, 

inpatient wards, operational theatres, intensive care units, and diagnostic departments. 

Simulation studies that do not address some aspects of patient flow and resource 

allocation such as health planning, disease control planning, health policy development, 

material handling, education, and public health are not presented in this literature review.
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Over the past 30 years, several review papers [59] to [61] and tutorials[62] to [67] have 

been written on the application of simulation modeling in health care delivery systems. 

England and Roberts [59] gave a well-recognized and comprehensive literature survey in 

the seventies. They cited 92 computer simulation models representing well over 1200 

simulation models and divided them into twenty-one areas including hospital’s 

ambulatory care, health care manpower, health care planning, and other health care 

models.

Elliott [60] presented four simulation models that described hospital operations. The first 

model described the operation of an inpatient facility that is experiencing increasing 

demand for ambulatory surgery. The second model simulated cost per patient based on 

the expected DRG case mix for a hospital. The third simulation model described the use 

of simulation in evaluating block scheduling, planning for ambulatory surgery, and for 

evaluation of a proposed expansion of operating rooms and recovery rooms. The final 

model described the use of simulation in evaluating new technology in a radiology 

department. Klien et al. [61] developed a bibliography for the literature of simulation 

modeling and its application in health care decision-making including the following 

initiatives: 1) operational decisions such as staffing level, patient scheduling, facilities 

design and location, 2) medical decision making such as health policy decisions, and 3) 

epidemiological planning models.

The work presented by Banks and Carson [62] was essential in providing a guideline on 

the steps required when conducting a health care simulation model. Three actual health 

care simulation projects were used to illustrate the use of the suggested steps. The study 

by Lowery [63] gave insight to the challenging issues when conducting simulation
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modeling in health care including model complexity, preparing input data, model 

validation and verification, output analysis and simulation promotion. Standridge [64] 

addressed wide ranging health care issues in the tutorial he presented. These issues 

included public policy, patient treatment procedures, capital expenditure requirements, 

and provider operating policies. In addition, technical issues including promoting and 

accepting the use of simulation in health care delivery systems were discussed. Shannon 

[65] presented a tutorial for discussing the concept of discrete event simulation modeling 

and its role in aiding health care decision makers. Moreover, the tutorial included the 

essential steps in the simulation process as well as the advantages and disadvantages of 

simulation modeling. Similarly, Centeno [66] provided an introductory overview of 

discrete simulation modeling in health care with emphasis on the modeling process and 

an additional list of simulation readings were suggested at the end. Seymour [67] 

presented a recent review of the modeling techniques in clinical practices. The review 

focused on the application of bed modeling techniques, potential for such techniques in 

modeling health care delivery systems, implementation barriers for these techniques, and 

some measures to be taken to overcome these barriers.

All the previously mentioned articles provided valuable information in assessing the 

management and clinical practices in health care delivery systems. Moreover, the articles 

focused on the factors that have the greatest probability of affecting quality improvement 

in health care and best describe patient flow and resource allocation and the use of 

simulation modeling in addressing these factors.

In an attempt to review the previous modeling efforts in resource management in health 

care delivery systems, the focus of the next section will be to present some of the
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illustrative simulation models, which have been developed, and note their contribution to 

improve patient flow and the optimal deployment of resources. Moreover, this entire 

review of simulation modeling in health care is intended to note the effectiveness of this 

practice in the planning and allocation of resources, investigating current systems, 

designing new systems, forecasting future demand, and assessing the impact of 

implementing new resource policies. In doing so, first attempts in modeling hospitals as 

an entire system that includes a collection of different interacting systems are reviewed. 

Secondly, the resource planning and allocation in health delivery systems will be 

discussed. Resources considered include bed allocation and planning, facility design and 

planning, and staff scheduling and planning. Thirdly, admission control, appointment 

systems, and patient flow patterns will be explored in detail.

2.8.1 General Hospital Models

An early attempt in using simulation modeling to model the health care system as an 

entire system to improve patient flow and resource allocation throughout the entire 

system rather than isolated departments was made by Hindle [68]. The basis of this study 

was the assumption that the hospital is a collection of interacting queues where patients 

queue to demand health care services. The main objective was to develop an effective 

hospital policy to efficiently manage patient flow and hospital resources. Valinsky [69] 

presented a proposal intended to optimize patient flow throughout an entire hospital from 

admission to discharge. Barnes et al. [70] described the use of simulation in pre-operation 

procedures, space and staff utilization, and outpatient studies in two hospitals in the USA. 

At a hospital in the southeast, simulation was used to evaluate concerns related to staff 

level, capacity, hours of operation, and patient waiting time. Simulation results provided
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an adequate tool to examine different potential solutions and select the optimal one in 

accordance to the hospital objectives. In addition, many problems were solved and 

substantial money savings were gained in hospital operations. At the Sarasota Memorial 

Hospital on the west coast of Florida, simulation was used to evaluate a $147 million 

dollar facility renovation plan. Testing the new facility design through simulation 

modeling resulted in a tremendous project cost saving, lower operational costs, and 

improved patient processes. Wong and Au [71] presented a comprehensive and dynamic 

model for planning health care services in a hospital by simulating envisioned service 

demand based on patient needs and different hospital policies for providing health 

services. This dynamic model allowed new health care services policies to be 

implemented effectively in response to the changing environment of health care demands 

and technologies by providing an adequate tool for planning staff and facility capacities 

in a hospital. Gove et al. [72] presented a generalized operational model for patient flow 

that could be used by any hospital for evaluating various admission and transfer policies. 

Sepulveda et al. [73] addressed how essential the use of simulation modeling was in 

evaluating a full service cancer treatment centre. The goal was to analyze patient flow 

throughout the entire centre, evaluate the impact of alternative floor layouts using 

different scheduling options, and analyze the resource requirements of the new facility. 

The model proved to be indispensable in providing the information to reallocate the 

center’s resources and to identify the needed changes inpatient scheduling procedures, 

which resulted in a 30% increase of patient flow using the same resources.
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grouping to capture the variability within the patient population, and the need for a 

detailed integrated simulation tool for the planning and management of hospital 

resources. Using the proposed framework, a helpful simulation model in planning and 

management healthcare resources, PROMPT, was designed. The model enabled the 

hospital management to understand the consequences of implementing new planning 

strategies. In another study, Harper and Shahani [78] demonstrated the use of simulation 

modeling to prove that planning and managing hospital bed capacities based on the 

simple deterministic spreadsheet calculation does not provide the appropriate information 

and results in underestimating the true requirements. El-Darzi and Vasilakis [79] 

demonstrated the use of simulation modeling in explaining a post-Christmas bed crisis at 

the United Kingdom National Health Service hospitals. The problem was considered as a 

queuing system and a discrete event simulation was used to evaluate the model 

numerically. The described model has proved to be essential in understanding the 

interactions between the different variables of the health care system at the hospital. 

Furthermore, simulation results have shown that discharges rather than admissions are the 

main cause of the bed crisis. In another study, El-Darzi et al. [80] showed that simulation 

could be used to evaluate the length of stay, occupancy, emptiness and bed blocking in a 

geriatric hospital. In solving the problem of high waiting time in acute states, where some 

long-stay patients are kept waiting until beds become available for long-stays, the 

problem was considered as a queuing system where “what-if’ analysis is used to 

determine bed requirements and effective resource utilization. Vassilacopoulos [81] 

developed a model to meet a predetermined demand for service with consideration to 

certain operational constraints including admitting emergency patients without delay;
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occupancy should not fall below a pre-specified level, and decreased waiting list length. 

Model results have shown that high occupancy rates can be achieved by using a waiting 

list and more rationalized admission and discharge procedures, which as a result improve 

the operating efficiency of inpatient wards. Williams [82] described a model that aided 

health decision makers on deciding the number of beds needed for a proposed expansion 

of a hospital intensive care unit (ICU). Based on the modeling results, the decision was 

made that the ICU size remained unchanged at 11 beds. Similarly, Ridge et al. [83] 

presented a model for bed capacity planning in an ICU. Simulation results indicated that 

there was a nonlinear relationship between numbers of beds, mean occupancy level and 

the number of patients that have to be transferred through lack of bed space. Additionally, 

they found that there was a heavy trade off between bed occupancy and the number of 

transfers. Kim et al. [84] used simulation modeling to study various bed reservation 

schemes in the ICU at a non-typical Hong Kong public hospital. The model proved useful 

in solving the conflict between surgeons and the ICU physicians and in better utilizing 

the existing bed capacity to serve patients without incurring additional costs. To study the 

effect of several parameters, including the number of beds in a hospital, percentage of 

emergency and elective patients (scheduled patients), and their mean length of stay, 

Hancock et al. [85] developed a simulation model to predict the correct number of 

hospital beds given the expected demand. Simulation results have proved that when 

predicting the number of hospital beds required, all-important parameters and department 

characteristics must be evaluated. Harris [86] used simulation to compare the variation in 

the number of beds required in a surgical centre for three physicians under two operating 

timetables. In the first scenario, each physician was allowed to schedule patients
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independently, whereas in the second scenario all three physicians were allowed to 

schedule their patients simultaneously. As a result, the number of beds required was 

reduced by over 20%. Huang [87] demonstrated the use of simulation modeling to 

evaluate emergency bed requirements. Bed requirements were simulated on each day of 

the week based on the actual weekly admission patterns and the empirical length of stay 

distribution. Simulation results have shown that the model is effective for planning 

purposes and is easy to apply.

McGuire [88] used simulation modeling to test different operating alternatives with the 

objective of reducing patient length of stay in emergency departments. His work 

demonstrated which alternative had the greatest impact on a patient’s length of stay. 

Similarly, Freedman [89] used simulation to study the effect of changing operations on 

average lengths of stay at two hospitals in the United States. At Washington Adventist 

Hospital, simulation was used to evaluate an expansion in the number of beds in the ER. 

As a result, length of stay in the emergency (ER) was reduced by 0.6 hours. At the St. 

Joseph Hospital, the introduction of a new communication system between nurses and 

housekeeping staff was simulated. Simulation results have shown a reduction in 

admission delays from the ER to the hospital, which resulted in reduced average patient 

lengths of stay. Garcia et al. [90] utilized simulation to assess the effect of implementing 

a fast track lane on length of stay in the ER. Their study resulted in a 25% time reduction 

for patients visiting the ER. At St. Luke’s Hospital simulation was used to evaluate die 

impact of a new operational system for the triage process called the triage plus system. 

The model showed that by implementing the new system a reduction of 40% on the 

length of stay could be obtained [91]. Jones [92] used simulation modeling to forecast the
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daily number of occupied beds due to emergency admissions. Simulation was found to be 

a key factor in solving the two conflicting demands of ensuring that there are enough 

empty beds to cope with possible emergency admissions and filling empty beds with 

elective patients.

Reflecting on the above, simulation modeling has been proven to be a valuable tool for 

health care decision makers in determining the number of beds required to cope with 

hospital workload and predicting future requirements. It permits experimentation with, 

and evaluation of bed usage policies and rules, different allocation plans and admission 

rules.

2.8.3 Facility Design and Planning

In modeling health care systems, simulation has been often used to address problems of 

facility design and development. The use of computer simulation modeling in health care 

for planning future expansion, integration, and /or construction of new facilities and 

departments has greatly enhanced the hospital management’s ability to find the most cost 

effective and efficient solutions to many problems.

In Durham regional hospital in North Carolina, simulation was used to evaluate the 

impact o f introducing an express service area in outpatient departments. Simulation 

modeling helped provide information on new changes needed before opening the new 

areas. In addition, it also helped explore modifications to some of the already proposed 

changes to realize savings of almost $150,000 [93], Cono and Dawson [94] demonstrated 

the use of simulation in determining the size of the Gastroenterology division expansion 

at the University of California Medical Center in San Diego. To solve the problems of 

increasing volume they built a simulation model with an overall objective of creating a
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facility that would support the research and patient care activities at the medical centre. 

The simulation model provided the necessary information for management to understand 

the behavior of the system under different constraints and circumstances and to select the 

beneficial configuration to be built in the new GI area. Similarly, to evaluate the initiation 

of a new construction project for renovating a surgical suit at Brigham Women’s Hospital 

(BWH) to include 32 operating rooms -  two less than the current number, Lowery and 

Davis [95] developed a simulation model using Med Model simulation software. 

Simulation results showed that the surgical workload could be accommodated in 30 

operating rooms if scheduled block time was extended during weekdays and a Saturday 

block was added. Kuzdrall et al. [96] demonstrated the used of simulation modeling for 

determining the number of operating and recovery-rooms required under different 

scheduling strategies in a surgical suite when increasing workload. Simulation was the 

key in determining the required size of the suite and allowed the experimentation with 

different scheduling techniques. Meier et al. [97] used simulation in evaluating expansion 

plans in hospital ambulatory surgery rooms and a freestanding surgical centre. The 

hospital was considering building 10 ambulatory surgery beds, and opening two 

operating rooms. Additionally, the freestanding centre had a plan of adding two operating 

rooms. Simulation results showed that neither of the two plans would be feasible since 

room capacities at both the hospital and the freestanding centre were adequate to 

accommodate demands for the next five years. At the West Virginia University Hospital, 

Currie et al. [98] illustrated the use of simulation as an important decision making tool in 

evaluating the hospital delivery system. The evaluation included operating room 

utilization, vertical transportation needs, radiology staffing, and emergency medical
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operations. Results indicated that a total of 14 operating rooms and 15 recovery beds 

were required to meet a 20 % increase in demand.

Iskander and Carter [99] developed a simulation model for the same day care unit at a 

major medical centre to evaluate the system performance under different patient load 

conditions. The model helped in identifying the facility needs to improve the unit 

operations and project growth in volume.

Lange [100] discussed the benefits of simulation modeling and how it can speed the 

planning and designing processes in health care. He presented two cases. At a hospital in 

Pennsylvania, management decided that simulation would be a good tool to solve the 60 

%  increase in outpatient care and the decrease in inpatient demand in a five-year period. 

Simulation was used to evaluate the creation of new units within that hospital that would 

accommodate all outpatient activities, and allows better utilization of staff and resources. 

At a hospital in South Carolina, simulation was used to compare two surgical layout 

designs. Once again, simulation allowed many problems to be solved and aided in 

selecting the optimal solution. Likewise, Amaldi [101] used simulation modeling in 

planning and determining the proper size of a new outpatient surgical facility after 

considering the patient waiting time and facility size as quality measures.

Canteno et al. [102] discussed the use of simulation as a tool in modeling and analyzing a 

radiology department at Jackson Memorial Hospital after several improvement 

incentives, such as adding a new neurological operating room and a designated pre 

holding area for patient comfort were explored.
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2.8.4 Staff Scheduling and Planning

The unavailability of sufficient staff and the under utilization of the work force normally 

results in high patient waiting time and delays. Therefore, staff scheduling and planning 

is an important factor in achieving greater efficiency in resource use and improving 

quality of health care services delivered. Simulation modeling has played an essential 

role in balancing the high patient care demand and labor costs.

Several studies addressing important issues in staff scheduling and planning such as 

providing cost effective scheduling solutions that can manage a diverse and complex 

health care workforce, as well as improve the quality of services, have been conducted. 

Clark and Waring [103] developed a SLAM simulation model for a hospital trauma 

centre with the objective of improving the scheduling of staff. The simulation approach 

allowed testing a number o f staff scheduling alternatives and as a result, significant 

improvements in delivering health care services were achieved. Likewise, Draeger [104] 

developed a simulation model to evaluate alternative nurse staffing in three emergency 

departments at Bethesda Hospital in the USA. The proposed model allowed testing and 

evaluation of the staff schedule process before its implementation. Similarly, and in an 

attempt to evaluate eight scenarios in an emergency department when varying the number 

of staff, arrival rate, and the diagnostic equipment service time, Lopez and Perez [105] 

used simulation modeling. They found out that the patient arrival rate should not exceed 

12 patients per hour to significantly reduce a patient’s length of stay, improve patient 

throughput, and improve resource utilization. Moreover, they concluded that investments 

in human resources are more effective rather than new medical equipment. In contrast, 

other studies by Bodtker et al. [106] and Godolphin et al. [107] found that the availability
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of new equipment could lead to reducing staff numbers on each shift. At Rashid Hospital 

in the United Arab Emirates, Badri and Hollingsworth [108] used simulation to evaluate 

different staff scheduling alternatives and patient demand volumes in the emergency 

department. In doing so, several scenarios were analyzed and evaluated. Simulation 

results proved that reducing the number of Emergency doctors by one or more on each 

staff shift, accompanied with serving only emergency patients, was the most feasible and 

optimal scenario to be implemented at the emergency department. Evans et al. [109] 

showed how developing a simulation model could help in assessing different scheduling 

alternatives for nurses, technicians, and doctors when a performance measure such as the 

average length of stay of patients is used in the evaluation process. At the University of 

Virginia Medical Center, Rossetti et al. [110] used simulation to test scheduling 

alternatives for physicians and analyze their impact on the patient flow in the emergency 

department. In addition, the model was a valuable tool in identifying the process 

inefficiencies in the ER.

Hashimoto and Bell [111] conducted a simulation study to gain an understanding of 

system sensitivity to staffing levels at a general practice outpatient clinic. They used a 

time and motion study to collect data related to provider times, idle time, patient waiting 

time, and total time spent in the clinic. Simulation results showed that a decrease of 25 % 

of the average total time in the clinic can be achieved by restricting the number of 

physicians in the clinic to four at any time and increasing the number of discharges to 

two. Swisher and Jacobson [112] developed a discrete event simulation model to assist 

decision makers in the appropriate staff level and facility size for a two family practice 

outpatient clinic. Based upon simulation results, optimal staff scheduling decisions and
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recommendations for the appropriate staff level and facility size were made. Wilt and 

Goddin [113] used simulation to study the effectiveness of staff levels on patient waiting 

time in an outpatient clinic. They found simulation to be a powerful tool in achieving the 

optimal staff size in the clinic.

In an attempt to improve the flow of patients and reduce the time spent in the radiology 

department of the Midwest Acute Care Hospital, Klafehn [114] used simulation modeling 

to evaluate several different scenarios for the required number of radiologists at the 

department. Simulated runs indicated that increasing the current number of radiologists at 

the department from five to six would result in a reduction of patient lengths of stay. 

Similarly, Vemuri [115] and Ishimoto et al. [116] proved that simulation is the key factor 

in achieving the optimal medical staff size and reducing patient waiting time in a 

pharmacy.

In short, simulation studies have shown that allocation of staff have a significant impact 

on patient flow, length of stay, and resource utilization in hospitals. Using simulation as 

an adequate tool, different staffing strategies for several health care facilities and systems 

can be examined, and as a result, effective decisions on sufficient staff numbers to meet 

demand can be made.

2.8.5 Admission Control and Appointment Systems

Access to appropriate medical services when needed, reduced patient length o f stay and 

improved resource utilization, lies on putting more emphasis on the procedures that 

determine how patients’ appointments are scheduled and the rules that determine when 

these appointments can be made. This also may include allocating the optimal medical 

staff number and sufficient facility size.
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Research on patient scheduling started in the 1950s with a work by Bailely [117] where 

he used a simplified queuing model and static scheduling conditions to examine the 

appointment system for scheduling ambulatory care patients. Fetter and Thompson [118] 

conducted another early outpatient simulation study. Their work contained an attempt to 

analyze the physician utilization rate with respect to patient waiting time, using different 

input variables including patient load, walk-in rate, appointment scheduling intervals, 

patient arrival patterns, cancellation or no show rates, physicians service time, physicians 

break time, and interruptions. Simulation results suggested that if the physicians’ 

appointment capacities are increased by 30% (from 60 % to 90 %) in a fifty-day period, 

the physicians’ idle time decreases by 160 hours. Smith and Warner [119] developed a 

simulation model for a multiphasic screening procedure for hospital admissions to 

improve patient throughput and patient waiting times. They analyzed the system by 

considering two different patient arrival patterns (uniform vs. high variable). Simulation 

results proved that the uniform arrival pattern could decrease the average patient length 

of stay by 40% and maximize the total number of patients that can go through the system. 

Likewise, Kachhal et al. [120] used simulation modeling to demonstrate that cost 

effective system performance in outpatient clinics can be achieved when demand for 

outpatient services is evenly distributed. In contrast, alternative scheduling rules have 

also been investigated. Smith et al. [121] developed a computer simulation model to 

study the scheduling of patients and resources in one of the family practice units o f the 

University of Alabama. They used a modified wave scheduling scheme to determine the 

maximum number of patients a physician can see in a three hour session, considering an 

appointment schedule that minimizes patient waiting time, and determining the required
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number of nurses and examining rooms to optimize the clinic operations. The principle of 

this scheme lies in scheduling more patients at the beginning of each hour and less 

toward the end of the hour. As a result, they proved that using this scheme is superior to 

the use of the uniform scheduling scheme particularly in reducing patient waiting time 

and improving accessibility. William et al. [122] showed how a statistical tool that 

simulates present waiting time conditions and predicts future situations can be used to 

reduce waiting time in outpatient clinics considerably. Comparing a staggered block 

scheduling system, where eight patients arrive every half hour, with a single block 

scheduling system, where sixteen patients arrive simultaneously, simulation results 

showed that the introduction of the staggered schedule reduces patients’ waiting time to 

about one half of the single scheduling system without any decrease in staff utilization.

Klassen and Rohleder [123] considered more realistic appointment scheduling 

environments where requests for appointments occur randomly over time, patients may 

make special time requests, and no show and open emergency slots are also included. In 

their studies, they analyzed various simple scheduling rules and found that scheduling 

patients with low standard deviation at the beginning of the appointment session 

minimizes patients’ waiting and physicians’ idle time. In a recent study, Rohleder and 

Klassen [124] addressed the challenges in appointment scheduling in a rolling-horizon 

environment with variation on demand loads. They considered two scheduling policies 

including the overload rale, which considers different scheduling methods (overtime, 

booking) when demand load is high, and the rale delay policy that considers when to 

implement the overload rales. They tested these scheduling policies with variable demand 

loads and various performance measures representing both die patient and the provider
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perspectives. Results showed that defining which measures are most important to 

management is key in selecting the best choices of overload rules, as rule delay varies 

substantially by measure. Similarly the papers by HO and Lau [125] and [126] considered 

a variety of appointment scheduling rules in several environment conditions such as 

service-time distribution, number of clients per session, and no show probability when 

selecting scheduling rules. Swisher et al. [127] conducted a study to evaluate the 

increasing the scheduling of patients in the morning sessions in an outpatient clinic. They 

concluded that staff overtime and physicians lunch time decreased sharply.

Simulation modeling has been extended to include surgical centre scheduling. An early 

study conducted by Magerlein and Martin [128] included a literature review on practical 

use of simulation for scheduling patients in surgical center. Murphy and Sigal [129] 

demonstrated the use of simulation modeling in investigating different operating room 

scheduling policies. They examined the surgical block scheduling method where a block 

of operating room time is reserved for an individual surgeon or a group of surgeons. The 

surgeon may hold several blocks over a week. These blocks remain constant from week 

to week which permits more organized scheduling for the O.R. Fitzpatrick et al. [130] 

employed a computer simulation to improve scheduling in a hospital operating room 

facility in the USA. Using simulation modeling, three alternative block schedules 

including fixed, variable, and mixed were compared against the scheduling procedure in 

use, which used a first come first serve scheduling method. The fixed block schedules the 

same room(s) and the same number of blocks for a particular case each day of the week. 

The variable block schedule assigns a different number of blocks to a case type each 

week under the influence of seasonal fluctuation on demand. The mixed schedule is
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based on planned cases from the elective list and demand from the waiting list. In this 

schedule, a fixed block is used for procedures that are time consuming or require 

specialist set-ups, while using a variable block for all other procedures. Results indicated 

that variable block scheduling is superior to all scheduling policies in terms of improving 

the patient throughput, patient waiting time, and the level of service provided.

Manansang and Heim [131] used simulation to investigate patient scheduling for a Mohs- 

micrographic controlled surgery for a skin cancer treatment facility at the University of 

Washington to address various scheduling problems. A prototype online simulation 

scheduling system was designed and constructed. They found that the concept of an on 

line simulation scheduling system could be effectively used to support scheduling 

decisions when treating patients.

Simulation was also found to be an important and valuable tool for scheduling and 

decision-making in hospital inpatient wards. An early attempt in using simulation to 

study different policies for a large hospital was made by Smith and JR [132] .The goal of 

their work was to determine better policies for stabilization of admission while 

maintaining a reasonably full hospital. This goal was accomplished by examining three 

admission policies: admission based on percentage of discharge rates, discharge rate plus 

or minus a constant and fixed authorization independent of discharge rates. Results have 

shown that the last admission policy is more favorable and when implemented, 

improvements were realized. Another early attempt to use simulation modeling in a 

hospital inpatient facility for studying admissions and scheduling systems was by 

Hancock and Walter [133]. They tried to control the variance in occupancy level with the 

goal of increasing patient flow and enabling the hospital to operate at a reduced cost.
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After their first attempt to install the new admission scheduling system, they discovered 

that the hospital staff rejected the stated objectives of minimizing the variance. They were 

accustomed to admitting patients on the date of requests 90% of the time, and they 

refused to schedule elective patients over four and five weeks in advance. In another 

study, Hancock and Walter [134] used simulation to improve the daily patient loads in 

19 ancillary departments by varying average load of daily admission The objectives were 

to simulate patient flows under a number of scenarios and to determine the average 

number of procedures that the departments of interest would have to perform on a daily 

basis. The stated objectives were accomplished by constructing an inpatient load model 

based on patient flow, an outpatient procedures loading model, and a combined inpatient 

and outpatient model. The results from the study indicated that implementing a single 

admission and scheduling policy in all departments could not provide state workload 

since each department has different health care settings, different patient arrival patterns, 

and treatments procedures. In a study by Walter [135], several aspects of a queuing 

system, with particular reference to appointments schemes in radiology departments, 

were described. He found that improving staff utilization is achievable by segregating 

patients into inpatient and outpatient sessions with a similar examination time. In 

addition, overbooking patient appointments resulted in a small increase in staff utilization 

and substantially increased patient waiting time.

Lowery [136] presented a simulation model to design and improve an admission- 

scheduling system to control hospital occupancy. The focus of the study was on the 

technical feasibility of developing a simulation model of patient arrival to discharge. The 

technical steps for developing such a model ware as follows: develop a hospital
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simulation model, validate the model on two test hospitals, and use the model to design 

an improved scheduling system. Simulation results have shown that the model can be 

customized to multiple hospitals. Additionally, the model offers other advantages such as 

determining the appropriate allocation of beds between different specialties and 

subspecialties, and providing a mechanism for structuring the hospital’s planning process. 

In conclusion, admission control and appointment systems have a significant impact on 

resource allocation and increasing staff utilization rates. The studies reviewed here 

suggest that simulation modeling is a powerful tool that can be used effectively in 

investigating several admission rules and policies prior to implementing them which can 

result in substantial improvement on patient throughput and waiting time.

2.8.6 Patient Flow Patterns

Examining the daily bed requirements arising from the flow of emergency admissions 

and identifying the implication, fluctuation and unpredictable demands for emergency 

admission is a challenge for most hospitals’ management. Although patient arrivals are 

highly unpredictable, increasing staff utilization and minimizing patient waiting time is 

possible by investigating patient routing and flow through the hospital system.

Garcia et al. [90] studied the flow of patients in the emergency department at Mercy 

Hospital and decided to model it with and without a fast track lane that is dedicated to 

serving low priority patients. The simulation study revealed that using a fast track lane 

that uses a minimal amount of resources, reduces patient waiting time by almost 25%. 

Similarly, in another simulation study of the emergency department at the University of 

Louisville Hospital, Kraitsik and Bossmeyer [137] used a fast track lane and a “stat” lab 

for processing high volume tests to improve patient flow through the emergency
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department. Likewise, in another attempt to reduce patient length of stay and improve 

patient flow in the emergency department, Kirtland et al. [138] examined 11 different 

alternatives and selected the optimal three alternatives that reduced patient turnaround by 

an average of 38 minutes. The top three alternatives were using a fast track lane for non

urgent patients, staging of patients to the next available treatment room, and the use of 

point -of- care when processing lab tests.

McGuire [88] used Med Model simulation software at an emergency service department 

in a Sun Alliance Health hospital to test alternatives and choose significant solution(s) for 

reducing patients’ length of stay in the emergency department. Proposed solutions 

included adding a registration clerk during the peak working hours of the day, extending 

the hours of operation of the fast-track lane and pediatric clinic, and adding a holding 

area for waiting patients. Additionally, results showed that improving the fast track area 

could be achieved by using physicians instead of residents in this area. Blake and Carter 

[139] used discrete event simulation modeling to investigate patient waiting time at the 

emergency department in the Children’s Hospital of Western Ontario. Results indicated 

that patient waiting time is highly affected by staff shortages and the amounts of time 

physicians were required to spend engaged in teaching medical residents. Based on the 

findings, the hospital implemented a fast track facility for treating patients with minor 

injuries and has increased the number of physicians in the emergency department.

2.9 Summary of Literature Review

Studies reported in this literature revealed that the complexity and different interactions 

within the health care delivery system have given emphasis to the modeling of individual 

subsystems within hospitals. Issues of high concern and challenges such as patient
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scheduling, patient throughput, patient waiting time, staff and facility utilization, resource 

planning and allocation were the theme of these studies. Although modeling efforts have 

been extended to include several aspects of health care delivery systems and their 

environment, the majority of research has been directed towards the area of patient flow 

and resource allocation in specific departments. Recommendations for improvements 

from such studies lack an overall prospective since optimal solution(s) lack the ability to 

be generalized. Another limitation of the reviewed studies is that they do not give much 

attention to the involvement of patients and health care professionals in the stage of 

problem formulation. The involvement of both patients and health care professionals 

throughout the modeling process is a key factor in understanding the real problems and 

enhancing the communication and collaboration among all parties. Furthermore, none of 

the reviewed studies in this chapter provide a measure to evaluate staff and end-user 

perception on the effectiveness of the recommended improvements or new policies after 

implementing them. Moreover, the modeling processes in the reviewed studies are based 

on pre-determined objectives and requirements, which make it less adaptive to changes. 

Lastly, the literature review presented in this chapter has shown that the use of discrete 

event simulation modeling over other mathematical modeling techniques, such as linear 

programming and stochastic processes, is more applicable when modeling health care 

systems. In addition, for simulation to reach its potential as an adequate tool for modeling 

health care systems, such an approach is effective in overcoming implementation barriers 

by addressing the real problems and concerns that have the most effect in delivering 

quality of health care services at a lower cost. Reflecting on the above, an alternative 

approach to solving these limitations, with a main theme of enhancing the involvement of
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both patients and health professionals through constructing an iterative dynamic model, 

the focus of this thesis.
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Chapter 3

Theory and Model Description

3.1 Introduction

This chapter presents a new improvement framework using simulation as a decision 

support technique to efficiently manage and allocate resources in service organizations. 

When organizational problems such as resource planning and management are studied in 

an effort to find the optimal strategies and practices, it is important to view these 

problems from several different perspectives. Some examples include workforce, 

management, end-users of the services, and the analyst. In the improvement approach 

presented, simulation is not only regarded as an adequate tool for deriving solutions to 

certain problems, but also as an active key driver in understanding the system operational 

aspects, concerns, and problems and enhancing communication among the problem 

owners. The proposed improvement framework focuses on the importance of involving 

the problem owners in the early stages of problem definition and objective development. 

Another important consideration in the new proposed framework is directed toward the 

need for gaining an understanding of how the service delivery system works and
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identifying redundant and non-value added activities incorporated in the delivery system 

as a result of the current resource management practices and strategies. This can be 

accomplished by identifying the factors that have the greatest probability of solving the 

problem and affecting the quality of service provided. In section 3.2 of this chapter a 

general description of the four stages incorporated in the proposed improvement 

framework is given. Next, in section 3.3 the analogy to input-output of the proposed 

improvement framework is explored in detail. Then, the problem owners’ classification 

and defining characteristics are presented in section 3.4. In sections 3.5 through 3.10 the 

modeling processes incorporated in each stages of the proposed improvement framework 

are described in detail. This includes internal and external assessments, process analysis, 

PDSA cycle, communication and feedback, simulation process, and implementation and 

post evaluation respectively. Next, in section 3.11, background information and a 

description of an outpatient clinic, in which the case study was performed, are given. 

Logic and key components of the simulation modeling process are explored in detail in 

section 3.12. Section 3.13 provides an overview of software used for conducting this 

research and its unique characteristics. In section 3.14, the justification for using 

simulation as an adequate tool for modeling health care delivery systems and main 

reasons for considering Med Model software for modeling purposes are addressed. The 

last part of this chapter, section 3.15, summarizes and identifies the defining aspects of 

the proposed improvement framework.
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3.2 General Model Description

As emphasized in the problem formulation section, the involvement of stakeholders

(management, workforce, end-users, and analyst) in the early stages of model

development is the key factor in overcoming any conflicting objectives and buy-in

challenges. Therefore, the main concept of this new proposed improvement framework is

related to enhancing communication, collaboration, and understanding among the

problem owners in order to develop a valid model’s requirements and objectives.

Moreover, the new proposed improvement framework gives an insight to the importance

of the data collection processes and problem definition in the early stages of the modeling

process. Reflecting on the above, simulation is used here as tool for modeling service

delivery systems in an attempt to solve well-defined problems related to resource

planning and allocation in service organizations, where problems may not easily solved

analytically due to the complexity of the service delivery system and the involvement of

different decision makers with diverse interests and backgrounds.

As it is shown in Figure 3.1 the new proposed improvement framework consists o f four 

stages:

I. Stage (1) - internal and external assessment.

II. Stage (2) - the plan, do, study, and act (PDSA) cycle and process analysis,

III. Stage (3) - the modeling process; and

IV. Stage (4) - implementation and post evaluation.

From the figure, the main factors that make up the new modeling approach are:

1) determine problems and concerns represented by the two processes in stage 

one,
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2) continue data improvement (PDSA) cycle

3) process analysis which defines the operational aspects of the delivery systems 

that best describe stakeholders concerns;

4) modeling processes which include building conceptual models, building time 

base models, and experimentations;

5) communication, which is related to the mutual relationships and collaboration 

between the problem owners, analyst, and the model itself through the 

exchange of information and feedback; and

6) implementation and post evaluation of the new alternatives or policies.

Information
Management

Staff
Feedback Models

Internal assessm ent
(Workforce satisfaction 

surveys)

InformationInformation1 Feedback

PDSA
Cycle

Modeling
processes

Valid objectives!Data Implementation
Input̂

External assessm ent 
(End-users surveys) Results

Process
analysisInformation

Stage one Stage two Stage three Stage four

Figure 3.1: New proposed improvement framework.
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The modeling process is a close loop iterative process rather than step-based process. 

This makes it highly adaptive to changes at all stages. In return, the iterative process 

assures that the model objectives and requirements represent stakeholders concerns. This 

means that, as the stakeholders understanding is continuously improved through 

communication and collaboration through the (PDSA) cycle, the objectives are defined. 

The iterative process is continued until the stakeholders concerns are incorporated in the 

model requirements and objectives. The underlying principle of the proposed 

improvement framework is based on participation and involvement in the modeling 

process at the early stages in an iterative manner. Moreover, the iterative process is 

mainly governed by the stakeholders rather than by pre-specified requirements and 

objectives, as is the case in a step-based process, and is highly adaptive to changing 

requirements and objectives. Consequently, in stages (1) and (2) all decisions made 

regarding determining the model’s requirements and valid objectives are not final and can 

be changed at anytime to fit the stakeholders’ needs and concerns.

3.3 Analogy to an Input -  Output Model

As it is illustrated in Figure 3.1 the initial step in the proposed approach is that the 

stakeholders should identify a set of problems and concerns in the current service 

delivery system via the use of three methods. The first method is an internal assessment 

of the delivery system which includes identifying problems and concerns of the 

workforce related to system operations, work load, availability of certain resources, and 

work environment. The second method is through the use of external assessments where 

end-users of the services provide their concerns, problems, perceptions and expectations 

of the services delivered. The third method for identifying the major system problems and
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inefficiencies is through process analysis. This method provides extensive detailed 

process information such as resource schedules, redundant and non-value added 

activities, activity durations, and activities necessary for achieving the end product or 

providing the service. The output of the three methods is fed into the Plan Do Study and 

Act (PDSA) cycle where the iterative process starts for continuous data improvement. In 

this iterative process, management and staff are allowed higher authority over the analyst 

and model to identify in their view what are the real problem and concerns about the 

service delivery system. This greater involvement of stakeholders in the modeling 

process can help facilitate the understanding process. It also enables the stakeholders to 

more folly appreciate the findings from the model and as a result overcome any 

implementation obstacles. With a detailed understanding of how the system operates, 

objectives and requirements can be developed. The developed objectives and 

requirements should serve as the basis for the simulation modeling process, which is the 

last step in the proposed improvement approach. In summary, simulation results are 

communicated to stakeholders for their feedback and if there are no further analyses to be 

conducted, simulation results are used to make recommendations for improvements in the 

actual service system. Note that the solid arrows in the proposed improvement framework 

represent the direction of the modeling process, exchange of information, feedback, 

inputs, and outputs among the stakeholders or between the analyst and the model. To help 

explain the new proposed framework, a concrete case will be discussed throughout the 

next chapters where it will be used and implemented to evaluate the health care delivery 

system at Zayed hospital in the United Arab Emirates. Moreover, the four stages of the
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proposed improvement approach will be explored in detail in the following sections of 

this chapter.

3.4 Stakeholders Classification

As indicated earlier, a unique aspect for the proposed improvement framework is the fact 

that problem owners are involved in the modeling process from the initial stages to the 

end. In the proposed improvement approach, stakeholders are defined as those who are 

most interested in finding solutions to inefficiencies and bottlenecks within the service 

delivery system. Classifying stakeholders helps in fitting them to their roles in the four 

stages of the new proposed improvement approach. The interaction and collaboration 

between the stakeholders, analyst and the model positively contributes to better decision 

making in defining areas of improvements and bottlenecks in the service delivery system. 

For the purpose of this thesis, ‘stakeholders’ are categorized as management, workforce, 

end-users of the services, and the analyst. The main purpose of classifying stakeholders is 

to facilitate the data collection process by identifying appropriate data sources, their 

relevancy, reliability and accessibility. Management should have a high interest in 

identifying better ways for quality of service at lower operational costs. Additionally, 

management’s understanding of the existing problem in the delivery system is important 

in identifying areas for improvement and facilitating the implementation of new changes. 

Similarly, the workforce should share the same interest in solving the problem. They 

represent the source for the detailed knowledge of the delivery system and its operational 

aspects. Moreover, the workforce is the actual user of the model whose feedback and 

input are in setting model objectives and requirements
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solving the problem. Their understanding about the system inefficiencies and bottlenecks 

can help shape their perceptions and expectations. Lastly, the analyst is a person(s) who 

is interested in investigating the delivery system in order to find the optimal solution to 

solve a well-determined problem. The analyst’s tasks can be summarized as follows:

• Determine the data requirements for the modeling process;

• Collect data relevant to problem solving and system improvements;

• Communicate data and information to management, workforce, and end-users;

• Develop final requirements and valid objectives for the modeling process based on

the inputs from management, workforce and end-users; and

• Conduct the modeling process and report results including recommendations for

system improvements.

The defining characteristics of stakeholders in the proposed improvement framework are 

presented in Table 3.1.
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Table 3.1: Stakeholders classification and characteristics.

Stakeholders Characteristics
Management

- High interest in solving the problem, operational cost, provide 
quality o f services

- General view o f the delivery system
- Strategic decision makers
- High interest in the success o f the modeling process

Workforce - High interest in solving the problem
- More experience with the operational aspects o f the delivery 

systems
- Manage and conduct day-to day system activities
- Actual users o f the delivery system
- High concern about work environment

End-users - High interest in solving the problem
- High expectations o f the delivery system
- Continuously demanding quality o f services
- Help in shaping satisfaction indictors and level o f services

Analyst - High interest in solving the problems
- A communication link between the model and management 

workforce, and end users
- Directly work with the model
- Manipulate and process model's information and data

3.5 Internal and External Assessments

As indicated in the previous chapter, evaluating the quality of services delivered is a 

multidimensional process that requires consideration of hundreds of variables. The 

underlying is to focus on the factors that have the greatest probability for making 

significant improvement; and best describe the workforce and end-users satisfaction and 

perceptions. These include the current management practices at the service organization, 

resource utilization, and end-user and employee satisfaction. The results of this 

evaluation process will then be used as the basis for understanding the current problem in 

the delivery processes at the organization and defining valid objectives and requirements 

for the simulation modeling process. Moreover, the resulting dissatisfaction determinants
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from the internal and external assessments can be used to establish the need and basis for 

the modeling process.

3.5.1 Internal Assessment

Any organization conducts employee surveys as part of the organization’s ongoing 

satisfaction and improvement measurement practices. Conducting a work satisfaction 

survey serves to gauge employee opinion on workplace issues, workload, availability of 

certain resources, work environment, and which attitudes are important to the modeling 

process. There are several tools to conduct workforce assessment and satisfaction. The 

most commonly used tool is a questionnaire containing issues important for the employee 

satisfaction metric [142]. The information gathered from the questionnaire is used to 

identify statistical trends in certain groups and to provide management and the analyst 

with platforms for action in areas identified as challenges and problematic.

3.5.2 External Assessment

A greater challenge in today’s changing environment is the constantly escalating end-user 

expectations. This escalating expectation, as emphasized in an earlier chapter, is further 

complicated by a growing demand for service quality above what has been seen 

previously. End-user satisfaction is a fundamental requirement for the financial and 

operational success of any service organization. End-user dictates what is, and what is not 

acceptable or exceptional. Although end-users satisfaction -  the process of meeting or 

exceeding end-user expectations-is an attitude, it serves as an antecedent to end-user 

loyalty. Another importance of end-user satisfaction is that it gives an insight to the 

current mechanisms of recording and tracking end-user complaints related to the service
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delivery system and services provided. End-user satisfaction or dissatisfaction is 

determined by a variety of closely linked elements that, when combined, drive each end- 

user’s perception of the overall service quality and value received. There are a variety of 

methods that can be used to directly or indirectly measure end-user perceptions and 

satisfaction. These include [140]:

• Opened-ended questionnaire which is a valuable source of qualitative information;

• Objective survey questionnaire is considered the best instrument for obtaining 

quantifiable response data;

•  Lay advisory panel, which consists of four or five end-users who are relatively 

articulate and representative of the demographics of the organization’s population;

• End-user focus group, which consists of a group of end-users who are 

representative of the entire organization and are led through a group discussion that is 

structured to evoke suggestions and perceptions,

• Computer-based end-user input where organizations have Internet web sites 

available for them to voice their concerns and complaints; and

• Complaint analysis, which involves various efforts to collect, record, and analyze

end-user complaints.

The mechanism selected for measuring end-user satisfaction should be an accurate 

representation of the satisfaction elements and their indicators. In addition, ensuring that 

responses are based on multiple experiences rather than a single event is very important 

for collecting reliable data. The overall objectives of the end-user satisfaction survey can 

be summarized as follows:
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• To develop a means of measuring current end-user satisfaction that is service

centered, and department and provider specific;

• To identify ‘dissatisfaction areas’ for elimination and/or improvement;

• To identify strong satisfaction determinants. These determinants should be used to

establish the need and basis for the modeling process. In addition, they will give an 

insight into the current capabilities in managing the service delivery system at the 

organization; and

• To establish end-user satisfaction performance standards.

3.6 Process Analysis

Gaining a detailed understanding of the service delivery processes is an essential factor 

towards solving the problem and identifying areas for improvement. With clearly defined 

problem, a detailed study of the service system can begin. This step can actually be 

viewed as developing a conceptual model on which the simulation model will be based. 

The initial step in defining the service system is gathering and validating system 

information. This step is a goal-oriented step with a focus on data that will achieve the 

predetermined requirements and objectives. To help organize the system data-gathering 

process the following steps can be used:

1) Determine data requirements. As described above, gathering system data is 

directed by the scope and level of detail required to achieve the predetermined 

requirements and objectives. The initial focus should be on defining the overall 

process flow going from general to specific and adding more detailed information 

gradually as it becomes available;
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2) Using appropriate data sources. In deciding whether to use a particular source of 

data, it is important to consider the relevancy, reliability and accessibility o f the 

source. If the information that a particular resource can provide is irrelevant for the 

model being defined, then that source should not be consulted;

3) Making assumptions where necessary. If accurate information is lacking or 

unreliable, assumptions can be made. The point here is that these assumptions must 

be agreed upon between the problem owners and the analyst;

4) Converting data into useful form. Usually, some analysis and conversion needs to 

be performed for data to be useful as input parameters for the simulation. An example 

is random phenomena that must be fitted to some standard, theoretical form such as 

normal or exponential distribution, or be inputted as a frequency distribution; and

5) Document, validate, and approve all data. When it is felt that all relevant data 

information has been gathered and organized into suitable form, documenting the data 

in the form o f data tables, relational diagrams and list of assumptions should 

commence. Then this documented information is presented to problem owners for 

validation and approval;

Reflecting on the above process analysis - where the current delivery system is defined- 

is important to accurately determine the major factors that contribute to system 

inefficiencies in providing services. In addition to the importance of the process analysis 

in providing an insight of the operational aspects of the delivery systems, one can 

summarize its role in the proposed improvement framework as follows:

• It is a structured way to show who is doing what, when, how and where in the 

process, from beginning to end;

78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



• Shows the dependencies of activities in the delivery system;

• Provides detailed process information, such as business rules, assumptions,

resources available for use, resource schedules, sequence of activities and their 

duration;

•  Identifies the value-added activities that are necessary for achieving the end 

objectives and; and non-value activities in the system;

• Helps develop key performance indicators and service levels;

•  Provides input for training and other deliverables, such as job designs and detailed

task documents; and

• Identifies gaps between current capabilities and desired objectives.

Lastly, defining the system (process modeling) is comprised of:

1. A process map where flow charting software (i.e., Visio -  the one used in this 

research) with customized templates can be used to create process flowchart diagrams 

based on system observations and input from problem owners; and

2. Related process documents. Where all the data relevant diagrams are documented 

using customized software (i.e., access database).
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3.7 Plan, Do, Study, and Act Cycle

The Shewart/Deming PDSA cycle of improvement provides an excellent framework for 

process improvement and outcomes. It consists of four stages (Plan-Do-Study-Act) as 

shown in Figure 3.2 [141]. This continuous improvement process is carried out in the 

sequence shown in the figure.

S t u d y

D e te rm in e  
w h a t  c h a n g e s  
a re  to  b e  m a d e

C h a n g e  
o r  t e s t

Study
S u m  m a r iz e  
w h a t  w a s  
le a r n e d

Figure 3.2: (PDSA) cycle [141].

The use of this powerful tool in the proposed modeling approach is mainly to refine the 

data and information through several PDSA cycles. This improvement process is 

conducted by the analyst and is continued until it is felt that an acceptable understanding 

of the system’s problems and bottlenecks has been achieved. The same is applicable for 

process analysis where the delivery system processes have to be defined. The 

improvement process is continued until reliable data that best describe the operational
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aspects of the delivery system and represent workforce concerns and problems is 

achieved.

PLAN- This step includes collecting and predicting change in data. It also includes 

setting up a strategy for collecting the data such as: who will collect the data; when and 

where it is going to be collected; and looking at the evidence for change to plan the 

change process.

DO- In this stage the predicted change is carried out and tested. Additionally the data 

collection process and initial data analysis starts at this stage.

STUDY- At this stage a complete data analysis is conducted and the effectiveness of the 

data is tested in small scale under controlled circumstances. Then data are compared with 

predictions and results are summarized.

ACT- At this last stage of the PDSA cycle actions are taken to standardize the processes 

and activities that produced the desirable data before the next test cycle, and the 

implementation process of change starts.

Generally, it is important that the analyst works with other stakeholders through these 

stages and reiterates that the goal is not perfection but rather is learning and 

improvement.

3.8 Communication

As emphasized earlier, one of the main objectives of this new proposed improvement 

framework is to enhance communication and collaboration between stakeholders, the 

analyst, and the model. It is related to the mutual relationships among the different 

players (management, workforce, analyst) and the model itself. Moreover, 

communication is an important issue in the proposed improvement approach. Via
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satisfaction surveys and interviews, stakeholders can feed their input directly to the 

modeling process. In the modeling process, promoting communication and collaboration 

among stakeholders is one major objective. With higher consideration given to the 

stakeholders’ involvement in model building, the main principle of the proposed 

approach is that modeling process is actually a communication link between the model 

and the stakeholders. As a result, this helps enhance the collaboration between the 

different stakeholders, each with their different background, experience, needs and 

perceptions.

In the proposed modeling approach, communication is divided into three categories; 

stakeholders to model, stakeholders to analyst, and analyst to model communication. The 

three categories are defined below.

(1) Stakeholders to model: This includes retrieving and feeding data from and into the 

model. The model is considered as a destination when requirements, objectives, and 

feedback are fed into the model, or it could be considered as a source of data when results 

such as simulation results are retrieved from the model.

(2) Stakeholders to analyst: This represents the mutual communication between the 

analyst and the stakeholders in the early stages of problem definition and objectives 

development. This includes both qualitative data as a result of the end-user and workforce 

surveys and quantitative data as results of defining the operational aspects of the service 

delivery system. This type of communication is not directed to the model. The source is 

the stakeholders and the destination is the analyst. The model here is used as a means of 

communication only but not a source or a destination.
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(3) Analyst to model. This communication is between the analyst and the model where 

the analyst conducts and manipulates the information, manages the simulation process, 

and alters model inputs. The model here is a destination and all the data is a quantitative 

data.

Data in the proposed improvement approach includes any information that might be fed 

into the model or retrieved from the model. Feedback is comments in the form of 

opinions about the model by the stakeholders in an attempt to provide useful information 

for improvement decisions. Information here can be divided into two categories: 

quantifiable and non-quantifiable information. Quantifiable information includes 

information such as simulation inputs and simulation results. This information 

purposefully gathered as a result of the evaluative studies and model experimentations. 

On the other hand, the main principle for the non-quantifiable information is that it is not 

restricted to any modeling stage and can be retrieved from the model, end-users, 

workforce, and management. This type of information is used to understand the behavior 

of the service delivery system under study.

3.9 Simulation Process

Once internal and external assessment data has been analyzed and sufficient information 

has been compiled to define the delivery system operational aspects, the model building 

activity can begin. In this proposed improvement approach, the model building process is 

considered as a valid representation of the defined system operations, problems and 

concerns of the stakeholders. Building the simulation model here means preparing 

simulation specifications, progressive refinement, incremental expansion, model
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verification, and model validation, conducting experiments, analyzing the output, and 

reporting results.

The modeling process starts by setting requirements and valid objectives for developing 

the model based on the results of the end-users and workforce surveys and process 

analysis. After incorporating results in the model, a progressive refinement strategy, 

where details are added to the model in stages rather than all at once, starts. This strategy 

is used based on feedback from problem owners.

The following steps are generally taken in the simulation modeling process. These steps 

are now presented.

(1) Preparing simulation specifications.

After incorporating the problems owners concerns and needs in the model objectives and 

requirements, simulation input data can be specified. Defining a specification for the 

simulation model is essential. It guides the modeling process and helps shape problem 

owners expectations by clarifying to them exactly what the simulation model will include 

or exclude. In the proposed improvement framework, specifications represent refined 

requirements and needs from the problem owners. Moreover, requirements and objectives 

are not fixed and they change based on a refined understanding of the problem. 

Consequently, getting to the final requirements and objectives may require a number of 

iterations through the (PDSA) cycle, as shown in the proposed improvement framework. 

The continuous data improvement process continues until the problem owners achieve an 

acceptable understanding of the problem and agree with the proposed requirements and 

valid objectives. Aspects of the simulation modeling to be contained in the specification
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include scope, level of detail, degree of accuracy, type of experimentation, and form of 

results.

(2) Progressive refinement.

Progressive refinement is concerned with all the activities that add new or alter existing 

features for either the conceptual or the time-based model (e.g., structure, inputs and 

outputs). This is used for developing the model or modifying it, based on the new needs 

and thoughts from the problem owners. In this strategy, details are added to the model in 

stages rather than all at once. It also a validation measure for the analyst. This process is 

incorporated in the (PDSA) cycle.

(3) Model verification

Once the model is developed using the selected software tool, it must generally be 

debugged to ensure that it works correctly. The process of demonstrating that a model 

works as intended is referred to in literature as model verification [52] to [58]. Most 

simulation languages provide a trace capability in the form of audit trails, screen 

messages, graphical animation, or a combination of all these features for the purpose of 

model verification.

(4) Model validation

Model validation is basically the process of determining the degree to which the model 

corresponds to the real system, or at least accurately represents the model specification 

document. It is an inductive process through which the analyst draws conclusions about 

the accuracy of the model based on the evidence available. Gathering evidence to 

determine model validity is largely accomplished by examining the model structure (i.e. 

the algorithm and relationships) to see how closely it corresponds to the actual system
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definition. Graphic animation can be used effectively as a validation tool for model 

validation. Moreover, output results should be analyzed to see if the results appear 

reasonable when compared to the actual system. In general, validating a model is the 

process of substantiating that the model is sufficiently accurate for the intended 

application.

(5) Conducting experiments

In a simulation experiment, input variables and parameters defining the model are 

manipulated or varied. The effect of this manipulation on other dependent or performance 

measures are measured and correlated. This process is mainly conducted by the analyst 

under the stakeholders’ direct authorization. Model experimentation represents a change 

in the model output that accounts for stakeholders’ needs and problems. Experimentation 

in general is about the utilization of "what-if' capabilities, identification of the significant 

decision variables, and output data collection. The main goal of conducting an 

experiment is not just to find out how well a particular system operates but also to gain an 

insight as to how the delivery system can be improved.

(6) Analyzing the output

Output analyses deal with drawing inferences about the actual system based on the output 

results. Its purpose is to predict the performance of a system or to compare the 

performance of alternative system designs. Due to the probabilistic nature of the inputs in 

simulation, any sound conclusions related to system improvement cannot be drawn 

before proper statistical analysis is conducted. The purpose of this statistical analysis is to 

acquire some assurance that the experiment performance measures estimates are 

sufficiently precise for the proposed model application and objectives.
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(7) Reporting results

This is the last step in the simulation modeling process where recommendations for 

current system improvements based on the results from the simulation model are made. 

Recommendations should be supported by evidence and clearly presented so that an 

informed decision can be made. Obtaining feedback on the output results from the 

problem owners as soon as possible is extremely important for the feasibility of new 

changes to the current system. This also reduces the probability of problem owners 

changing their requirements and objectives. Documentation of all data used in developing 

the model and conducting experiments should be included as part of the simulation 

report.

3.10 Implementation and Post-Evaluation

To ensure that the new model(s) can improve the system inefficiencies and bottlenecks, 

modeling results must be implemented, and then system performance must be monitored 

and evaluated under the new operating conditions and policies. Implementation, in the 

proposed modeling approach, is the process where the effectiveness and efficiency of the 

model is measured. The implemented new resource management strategies should 

provide a new prospective on the relationship between the available resource and the 

quality of services provided by the health care delivery system. Workforce involvement 

at the early stages of model development should help overcome any implementation 

resistance.

On the other hand, the post evaluation process refers to the performance evaluation of the 

service delivery system under the new resource management policies. The purpose of this 

post evaluation process is to collect data related to delivery system performance at a
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sufficient point of time after the implementation process to compare and validate the 

initial model requirements, workforce and end-users satisfaction, and the quality of 

services provided. This includes a comprehensive assessment of the extent to which the 

modeling process objectives have been achieved. Moreover, the impacts of implementing 

the new model(s) on system performance and operations are assessed on the basis of 

before and after implementation. Furthermore, the evaluation process is intended to 

assess the effectiveness of the processes and methods incorporated in the proposed 

modeling approach for the purpose of ongoing continuous data collection improvement. 

Data for post-evaluation is collected using end users and workforce surveys. These 

surveys are used to determine the extent to which the new model(s) satisfied the end- 

users and workforce requirements and expectations. Another important aspect of this 

process is the timing of the post evaluation process. Post evaluation needs to be 

undertaken when the implementation process is fully completed and normal operating 

conditions are experienced. Specifying the post evaluation period and time after the 

implementation process is essential in maintaining the balance between realizing changes 

in system performance and being close to the deployment process to have relevance and 

adequate data. In our case, it was suggested that a period of 6 months to one year is 

adequate to realize changes and collected relevant data that would allow us to measure 

the effectiveness and efficiency of the new model(s). Lastly, by comparing the 

satisfaction surveys results before and after implementation, the model(s) then can be 

categorized as generally successful, partly successful, or unsuccessful.

To conclude, post evaluation should provide insight into important issues affecting the 

implementation performance, system operations, and the long-term success and
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sustainability of the model. Major consideration in this step is directed toward identifying 

key issues to improve the efficiency and effectiveness of the system, lower operational 

cost, and draw meaningful lessons of experience to improve future modeling process 

efforts. This process is conducted on the basis of three main characteristics: effectiveness, 

significance, and efficiency.

3.11 General Patient Flow Model

An outpatient clinic is best described as a delivery system that provides health care 

services for non-residents of that system. Such clinics generally provide a variety of 

health care services, the number of which is dependent on the size and on the goals of 

that specific clinic. Clinics specializing in a particular specialty such as orthopedics, 

family medicine, ophthalmology, and dental would provide highly specialized services 

related to that specialty. On the other hand, clinics providing general primary health care 

would offer a broader range of more generalized services such as diagnostic departments 

including laboratory and x-ray departments, general practitioners, and often a pharmacy. 

In an outpatient clinic setting, health care services are generally provided through a group 

of system components which may or may not be independent, and which may or may not 

interact with one another. As stated earlier, different services or group of similar services 

are generally provided at each of the different outpatient clinics. There is more than one 

type of medical staff personnel assigned to a clinic. In this study, an individual clinic is 

characterized by the services provided (processes), type of staff assigned to it, and clinic 

capacity. The patient is considered as an operational link between the independent 

outpatient clinics. The order in which patients visit outpatient clinics depends on the 

policies of such clinics, but the inclusion of visits is definitely dependent on the patient’s
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health status, and on the medical practices of the clinic. Although, flow path can exist 

between outpatient clinics when patients are directed from one clinic to the other, there 

can be no definite set of flow paths among outpatient clinics. This is because outpatient 

clinics are found in a wide variety of settings and because they have been established to 

meet a wide variety of basic objectives. Therefore, the patient’s flow paths in a particular 

clinic are dependent on the mix of regimens prescribed for the patients, clinic setting, and 

on the general medical procedures recommended as part of the treatment.

3.11.1 Description of the General Outpatient Clinics Model 

Typical patient flow in outpatient clinics, emergency, and diagnostic departments in a 

hospital may be illustrated as shown in Figure 3.3. People with perceived needs for 

medical care come from a local or regional population to the hospital. The selected 

population is designated as the ‘calling population’ for the purpose of this thesis. The 

facility consists of a set of outpatient clinics, emergency, and diagnostic departments as 

shown in the figure; a patient receives the necessary treatment at these clinics. The 

movement of patients from one clinic to another is called a flow path and is designated by 

arrows in the figure.
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Figure 3.3: General patient flow model

3.11.2 Calling Population

A calling population may consist of any group of people entitled by the health care 

organization’s rules and regulations to receive health care services. This may include 

military personnel and their families in the case of military hospitals, or the resident o f a 

limited geographical region. Patients coming from the calling population are designated 

on arrival to the system. Demographics of the calling population and the characteristics of 

the operating procedures at the clinics influence the arrival and inter-arrival rates of 

patients. The occurrence of the arrival represents the demand for services on the clinic. 

Efficient planning and allocating of resources to the value added activities depends on the 

accurate prediction of the demand for services.
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3.11.3 Outpatient Clinics

A clinic is a mechanism through which health care services are provided. The physical 

configuration of the clinics depends on the operating procedures and the specialty of the 

clinic. It could include a group highly professional medical staff, assessment and 

treatment rooms, registration desk, nursing stations, radiology, laboratory, and etc. In this 

study a clinic is assumed to include medical staff, medical equipment, and other medical 

supplies required for providing health care services. Individual clinics may not be located 

in the same physical location. Each clinic includes many servers. Servers can be medical 

staff that are assigned to the clinic or medical equipment. Medical personnel assigned to 

the clinics are called “primary servers”. Those are personnel who actually provide health 

care services for patients. For simplicity, only outpatient clinics, emergency, and 

diagnostic departments are shown in the general model. Servers will be explored in detail 

for each clinic separately in the next chapter for the purpose of simulation modeling since 

they have control over the waiting time and services time experienced by individual 

patients.

Each clinic and department can be characterized by: (1) the number of primary servers 

available at the clinic or a department; (2) the type of processes or medical services 

provided; and (3) the queue structure and discipline at the clinic or department. Other 

unique attributes that might also characterize a clinic or a department include: the mean 

arrival and inter-arrival rate at the clinic, the number of patient’s visits at a point in time; 

and the mean serving time of server.

As illustrated in Figure 3.3 a patient proceeds to a specific clinic based upon the 

necessary and required treatment for his/her illness. Arriving patients enter the clinic at
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the allowable and designated entrance location. These include appointments, walk-in or 

referral patients. In the clinic a patient proceeds from one server to another based on the 

regimen of prescribed services. Patient flow in the clinic and the number of servers 

visited is dependent on the diagnosed illness of the patient and on the established medical 

procedures for treating this illness. For example, if  the patient needs more tests and/or 

procedure for final diagnosis and treatment, the patient is directed to the diagnostic 

departments (laboratory and x-ray). Upon the completion of the required tests or 

procedures the patient returns to the clinic to complete the treatment regimen prescribed 

and then the patient exits the clinic.

3.11.4 Diagnostic Departments

Diagnostic departments are those like x-ray and laboratory. These departments are often 

centralized, general-purpose departments, used by multiple primary servers, inpatients 

wards, and the emergency department. When a department is almost exclusively used by 

only one specialty, the department is often integrated into the clinic of that specialty. 

These departments often have the capability of handling walk-in patient flow referred by 

specialists, or emergency departments for immediate examination. The specimen 

collection unit determines laboratory capacity, where blood and other specimens are 

collected. Requests for x-ray procedures and laboratory tests usually are handled as they 

arrive, with some procedures and tests requiring preparations and an appointment to be 

made in advance. The types of procedures and tests are decided by the referring 

department or specialist and based on the patient treatment regimen.
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3.11.5 Emergency Department

The emergency department is open 24 hours for providing health care services. Besides 

its internal capacity, the emergency department often shares resources such as X-rays, 

clinical laboratory, and pharmacy with other hospital departments. Patients that arrive at 

the emergency department are of two types: Walk-in patients or EMS patients that arrive 

by ambulance due to their serious illness. Similar to outpatient clinic patients, emergency 

patients proceed from one server to another based on the treatment regimen related to 

their illness. When more tests are needed for final diagnosis and treatment, the patients go 

to the diagnostic department, and return to the emergency department after completing 

the required X-ray procedures or laboratory tests. A decision then can be made whether 

to send the patient home or admit him/ her to the hospital.

3.11.6 Flow Paths

The patient flow path basically represents patient movement throughout outpatient 

clinics, emergency, and diagnostic departments where he/she receives various medical 

treatments. The path itself is a logical representation of the interactions and patterns of 

movements between a patient and the servers. In cases where patients are not able or are 

not allowed to move from server to server, the flow path would represent the movements 

of resources (i.e. doctor, nurse, technicians, etc.) to the patient. Movements along a path 

may be defined in terms of speed and distance, or simply by time. Establishing the flow 

path for patients and servers movements in clinics and departments are discussed in detail 

in chapter 4.
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3.12 Logic of the Simulation Model

The simulation logic is basically an operational method of representing real life systems 

(clinics/departments in our case). Each of the following subsections describes the logic of 

key components of the model.

3.12.1 Entities

In the simulation logic a patient is a dynamic entity. That is, patient after entering the 

clinics moves from server to server and leaves the clinic after having received the 

prescribed treatments or medical services related to his/her illness. Typical data that 

should be maintained during patient movement include: the total number of patient visits 

to the clinic in a day; the arrival time of the patient at the clinic; the locations the patient 

visits when proceeding through the clinic; the time of patient arrival and departure at each 

server in the clinic; patient flow path; the service time at each server; and output 

performance measure data such as: (a) waiting time encountered by the patient at each 

server, (b) total waiting time through the clinic; and (c) average length of stay in the 

clinic. This detailed information is useful only as the patient is proceeding through the 

clinic.

3.12.2 Locations

Locations represent places in the system where patients (entities) are routed for 

processing (treatments), decision-making, or some other activities. Locations are used to 

model a network of servers in each clinic or department. The information set representing 

locations at a clinic or a department may include: the number of primary servers at the 

location; the capacity of the location refers to the number of patients (entities) the
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location can hold or process at any one time; the number of units of a location (multi - 

capacity locations are used to model locations with common characteristics such as 

queues, waiting areas, or any other type of location where multiple entities may be held 

or processed concurrently); location downtime including any setup time where a location 

can process different types of entities, but needs to be set up to do so; queue structures 

and disciplines; and level of statistical detail to be gathered for the location and for the 

clinic. These statistics might include the mean number of patients found at the location or 

in queues in front of it, the mean waiting time at the location, and location utilization rate. 

This set also includes service time distribution that is to be experienced by the patient 

using the location.

3.12.3 Servers (resources)

Servers represent the medical staff and personnel assigned to the clinic or department. A 

server is represented in the model by resource graphic symbols. If the number of servers 

(resources) to be assigned to a particular clinic is scheduled to change at certain intervals 

during the simulation run, they are assigned to shifts. Assigning servers (resources) to 

shifts means that they can only be used during specifically scheduled hours. The 

information retained concerning each server may include: server name; server utilization 

rate; service time distribution at each server; server downtime if any; logic to place it was 

defined graphically. All this information is stored in the computer memory during the 

execution of the simulation runs.
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3.12.4 Path Networks

As indicated earlier, the movement of patients in a clinic or a department is characterized 

by the treatment regimens related to their illness. Patients moving by themselves between 

locations move on path networks using the move logic. When resources are modeled as 

dynamic resources, which travel between the locations, they also follow a path network. 

Multiple entities and resources may share a common path network. Movement along the 

path network may be defined in terms of speed, and distance, or simply by time. In 

addition, percentages can be used to quantify the flow of patients (entities) in a clinic or a 

department. Each clinic or department would have a set of such percentages for patients 

flowing from one server to the other server either from historical records or from direct 

observation. A properly constructed set of such percentages would undoubtedly provide a 

good representation of the flows in the clinic or department. There are two types of path 

networks in the selected software: passing and non-passing. A passing network is used 

for open path movement where entities and resources are free to overtake one another. 

Non-passing networks consists of single file tracks or guide paths. Passing and non

passing path networks consist of nodes, which are connected by path segments. 

Beginning and ending nodes define path segments. Multiple path segments, which may 

be straight or joint, may be connected at path nodes. The path network editor defines path 

networks, which is accessed from the build table menu in the selected software.
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3.12.5 Arrivals

The arrivals at outpatient clinics, emergency, and diagnostic departments are of two 

types. These are external arrival from other clinics or departments or internal arrival from 

server to server within the clinics. Both arrivals represent demand for health care services 

at each of these clinics and departments. Arrival distributions of patients can be 

established either from the clinic and department statistics, records, interviews, or 

observations. Additionally, patient inter-arrival time can be determined using the arrival 

time distribution. When real times are distributed according to some known mathematical 

distributions like the Normal or Poisson distributions, then these times may be modeled 

using fitted distributions. In the selected simulation software, any time new patients 

(entities) are introduced in the system, it is called an arrival. An arrival record is defined 

by specifying the following information: (1) number of new entities per arrival; (2) 

frequency occurrence of the arrivals; (3) location of the arrival; (4) time of the arrival; 

and (5) total occurrence of the arrival. The frequency of arrival can be defined as either a 

distribution or as an arrival cycle, which cyclically repeats over time. An arrival cycle is a 

pattern of arrivals occurring over a certain time period. For example, at the beginning of 

the day, arrivals to the emergency department may be sparse; but as the day progresses, 

they build up to one or more peak periods and then taper off. While the total number 

arriving during the given cycle may vary, the pattern of distribution of arrivals for each 

cycle is assumed to be the same. Arrival logic is used for performing certain logic as an 

entity enters the system. An independent arrival is any arrival assigned to occur at a 

specific time or at a fixed interval. Independent arrival includes processes such as 

appointments. When defining an independent arrival, the following can be used as
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guidelines: (1) they may be defined by elapsed time, day and time, or calendar data; (2) 

assign them to occur at fixed intervals; (3) allow a positive or negative offset to adjust the 

scheduled time of arrival; (4) define a distribution to allow variability from the adjusted 

arrival time; (5) allow the possibility that an entity will not arrive at all; and (6) define 

specific appointment types for only certain resources or resource types.

3.12.6 Time

During any simulation run and after all possible actions have been taken, the simulation 

clock is advanced to the next earliest event time. There are two types of clock advances 

in simulation: (1) time-oriented advance; and (2) event-oriented advance. In the time- 

oriented clock advance the clock time is update at each interval of time after carrying out 

all possible actions. On the other hand, the occurrence of an event in the system (system 

state change) triggers clock advance in the event-oriented clock advance. As it is the case 

in the selected software, simulation languages provide automatic clock control, thus 

allowing more concentration on model development and output analysis.

3.12.7 Events (processes)

A discrete-event simulation is one in which the state variable of the system changes at a 

discrete time. An instantaneous occurrence of an event marks this change in the system 

state. The occurrence of event is triggered by an entity entering (arrival) or leaving 

(departure) the system. Secondary events occur as a sequence of entity entering or 

leaving the system. A typical example of a secondary event would be a start of services in 

a clinic or department. A server can provide service only if it is free or if it has completed 

working with the previous patient who was first waiting in queue. In the software used, 

events are called processes. Processes define the routing of entities through the system
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and the operations that take place at each location they enter. Once entities have entered 

the system (clinics), processes specify everything that happens to them until they exit the 

system.

3.13 Overview of the Software Used

Med Model is a powerful windows based simulation tool designed specifically for 

investigating and analyzing health care systems. It has been used effectively in 

evaluating, planning, redesigning, and testing new system issues that are related to 

system inefficiencies without committing the time and resources necessary to build or 

alter the actual system [88] to [91], [144] to [146]. Med Model focuses on important 

elements of the health care delivery system; such as resources utilization, system capacity 

and capability. It is based on object oriented programming using C++ and run entirely 

under Microsoft Windows, which means that the model’s size is limited by the memory 

available. Moreover, the software contains elements and tools that are useful in 

addressing unique health care problems that are not found in other simulation software 

such as Arena, OPNET, Extend, and GPSS/H. For example, the software comes equipped 

with the ability to read and employ information contained in entity location arrays 

prepared in spreadsheet format. Simply put, the following characteristics and features 

make the software standout:

1. Matching entities

The ability to match patients with their supporting medical documents is a necessary 

capability in delivering health care services. An example is the case where lab tests and 

x-ray procedures are required for final diagnosis and treatment and movement of results
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depends on patient movement. Med Model easily handles the requirement to keep 

identical entities together by using the built-in matching construct provided in the 

software.

2. Preempting locations and resources

In some situations, such as Emergency situations, where patients require immediate care, 

it is essential to preempt locations and resources that are occupied by less acute patients. 

This also may require taking off resources from what they are currently doing and direct 

them toward theses emergency cases. When that is the case, it is also essential that staff 

remembers where he or she was in the treatment of the first patient and pick up from that 

point upon return. To handle this situation, Med Model incorporates an entire hierarchy 

of preemption constructs that have the ability to preempt locations and take resources 

from another patient when the new patient condition requires immediate care. It allows 

setting up an entire level of preemption so that a patient with acuity 1 will be preempted 

by a patient of acuity 2, an acuity 3 will preempt the acuity 2 level and so on.

3. Subroutine and Macro usage

Health delivery systems are best characterized by many locations capable of having the 

same activity performed in each location. Few examples include non-specialized 

operating rooms, clinic exam rooms, and inpatient rooms. Modeling the complex 

processes and similar activities at different locations effectively is essential when 

modeling health care delivery systems. Med Model allows the analyst to copy a set of 

logic statements from one room to another, yet an even better feature is the ability to
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write the logic once as a subroutine or macro whenever the analyst wishes its logic to be 

used.

4. Shifts

The shift editor in Med Model is used to manage and schedule resources and their 

accurate arrival and departure times. Weekly shifts and breaks for locations and resources 

are defined in the shift editor and may start and end at any minute of the day as shown in 

Figure 3.4.Single or multiple resources and locations may be assigned to any number of 

shifts of any length or days of the week.

5? M tilt L(.litsii
File Edit View O ptions Help

D jssiH im  _ j j j , h'-T»j Begin Time ?1 2 .0 0 :PM“
SI

fReady SHIFT

Figure 3.4: Shift Editor.

5. Point and click approach custom Icon

The advantage of Med Model being written under windows allows defining the model by 

only a click on an appropriate field to select an element for entry of information. The 

logic builder incorporated in Med Model provides a comprehensive and powerful tool for 

creating valid logic and expressions. •

102

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6. Automatic processing and path entries

Med Model is an adequate tool that presents the modeler with a capability of designing 

and constructing the model by a mouse click. This is especially helpful when defining the 

movement and complex processes in the health care delivery system. In that case, the 

modeler needs only click on the next locations to which the patient may move and the 

required movement entries are made automatically. This holds true for resources as well. 

In addition, Med Model automatically enters all distances required to complete 

movements and calculate correct movement times based on the distance and speed o f the 

moving entity or resources.

7. Custom icons

Figure 3.5: Graphic Editor.

Med Model comes with an impressive library of colorful, pre-designed health care icons 

representing hospital specific patients, staff members, materials, treatment fixture, 

instruments, used surgical trays, and etc. Med Model also includes an icon editor that 

enables the design of any manner of icon desired using an almost limitless array of colors
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and shapes as shown in Figure 3.5. Additionally, it allows drawing new icons using the 

graphic editor.

8. Dynamic plots

The Med Model dynamic plot feature shown in Figure 3.6 enables graphical observation 

of statistical information during running time, as well the ability to export this 

information to an Excel spread sheet. Additionally, it allows import and export 

capabilities for handling massive data. Results data can be automatically saved as a 

database tables and read into database applications such as Microsoft access. The 

statistical data can also be saved as an Excel file. The incorporated output viewer features 

fully customizable 3D graphs and charts, which allows data documentations and 

presentation.
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Figure 3.6: Dynamic Plots.
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9. Optimization

An added capability to Med Model is the Sim Runner optimization tool. It evaluates the 

simulation models by performing various what if scenarios, which helps in determining 

the most ideal way to conduct operations. For each optimization attempt, the analyst 

feeds information, input factors to change, and how to measure system performance into 

the Sim Runner. In general, the application of Med Model can be summarized as follows 

[147]:

• department specific productivity improvement

• facilities design (labs, clinics, radiology, ER's, OR's, etc.)

• planning for fiiture changes

• staff planning

• analyzing patient capacity

• equipment planning and logistical analysis

• emergency preparedness

• bed capacity management

3.14 Justification for Using Simulation and Med Model 
software

As stated previously, simulation was selected as the main tool for analysis of a health 

care delivery system at outpatient clinics, emergency, and diagnostic departments 

because of the structure of such delivery systems is very complex. The specific reasons 

for using simulation are:

• When modeling a complex health care delivery system, simulation is the only 

technique that has been successfully utilized when large numbers of random 

variables must be considered simultaneously.
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• Simulation aids the processes of selecting optimal solutions to system 

inefficiencies for which optimal solutions are unattainable by any known methods 

of problem solving such as mathematical approaches.

• Simulation is an adequate tool for estimating system variables at any point in 

time as well as for expanded periods of time; and

• When properly used, simulation can facilitate communication and collaboration.

Med Model simulation software is successfully used by some of the world's leading 

healthcare organizations including American Red Cross, Baylor Health System, 

Deaconess-Evansville, HCA, Intermountain Health Care, The Mayo Clinic, MD 

Anderson, and Miami Valley Hospital. Many other successful applications of the 

software were reported [147]. The main reason for considering Med Model when 

modeling health care delivery systems is that it represents an opportunity for 

incorporating all health care delivery system aspects and environments. It makes 

replicating the complex health care processes and different interactions easy and efficient. 

Features and tools incorporated in Med Model that can handle the unique issues in health 

care delivery systems are rarely contained in other software.

3.15 Summary

It is widely agreeable, that there is higher complexity and uncertainty in managing health 

care resources. Furthermore, there is also considerable agreement on the factors that 

contribute to the initiatives that need to be undertaken if an effective and efficient 

resource management mechanism is to be implemented. The proposed improvement 

approach in this chapter draws attention to the involvement of stakeholders in the stage of
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problem formulation/structuring. Moreover, this involvement of problem owners in the 

modeling process is an attempt to overcome any implementation obstacles and buy in 

challenges if the new resource management policies were to be implemented. As 

mentioned earlier in the literature review, the majority of the modeling studies reviewed 

have overlooked this stage.

In the proposed improvement framework, the modeling process is a closed loop iterative 

process that is governed by problems owners rather than by predetermined objectives and 

requirements. Moreover, the iterative process for refining and improving information 

incorporated in the proposed modeling approach as (PDSA cycle) is valuable for 

achieving the objectives of the problem owners. It also helps to account for their concerns 

as it facilitates and enhances their understanding. This understanding about the system is 

improving through their effective contribution and feedback to the model. Another share 

of importance in the proposed framework is directed toward the need for gaining an 

understanding of how the service delivery system works and identifying non-value added 

activities incorporated in the current delivery system. A detailed description of service 

delivery processes, activities, and available resources for use is an essential factor 

towards solving the problem and identifying areas for improvement. Another defining 

aspect of the proposed improvement framework, that it directs attention toward the post 

evaluation of optimal solutions) and the need for effective measures for monitoring and 

control after the implementation process. Ensuring the effectiveness and efficiency of the 

model in solving the real problems can be achieved only by enabling problem owners to 

communicate their feedback, or what they have learned, to analysts and to the model after 

implementing optimal solution(s). Moreover, this post evaluation process contributes
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more to the value and usefulness of the model in addressing the real problem owners

concerns.

To summarize, the main characteristics that define the novelty of the proposed

improvement framework can be summarized as follows:

1) Accounts for problems owner’s involvement and input in the modeling process by 

enhancing the understanding and collaboration among them.

2) The modeling process is a closed loop iterative process that is adaptive to changes 

rather than a step based process based on predetermined objectives and requirements;

3) Allows identifying underlying reasons contributing to problems such as non valued- 

added activities that consume resources and time and are of no benefit to the 

organization;

4) Provides a measure for evaluating the effectiveness and efficiency of implementing 

new resource management policies through post evaluation.

5) Incorporates a continuous data improvement process for ensuring data reliability, 

relevancy, and accuracy.

6) Can be used as an adequate control and monitoring tool in developing appropriate 

solutions to well-defined problems; and

7) Minimizes the modeling variables by focusing only on variables that best describe 

problem owners concerns.
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Chapter 4 

Research Methodology and Experimental 
Setting

4.1 Introduction

This chapter is devoted to describing the experimental setting and methodology used for 

conducting this research study. The first section of the chapter describes the research 

setting for the research. Methods for collecting the data required for conducting 

experiments and data sources are described in section 4.2. Section 4.3 of this chapter 

gives insight into the steps that have been taken to conduct the external assessment 

process. Also discussed are the results of the external assessment process. The internal 

assessment process description and results are presented in section 4.4. Section 4.5 of this 

chapter addresses an important defining aspect of the proposed improvement framework, 

process analysis. Also described are the steps for conducting this process, tools used, and 

data. The last part of this chapter considers the phases of building and developing the 

simulation model. These phases are: estimating model inputs, development of the
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simulation model for the case study, model verification, model validation, 

experimentation, and analyzing output and recommendations.

4.2 Research Setting

Zayed hospital is centrally located in Abu Dhabi in the United Arab Emirates. The 

hospital was built in the late 1970s and is one of five hospitals within a five-kilometer 

radius. The hospital services both inpatients and outpatients. The inpatient facility has a 

capacity of 330 beds, with an average census of 110 patients. Two of the outpatient 

clinics, namely orthopedics, and the family medicine clinic, two diagnostic departments 

(Radiology and Laboratory) and the emergency department at the hospital will be used as 

a research setting for this thesis. Among the reasons for selecting the clinics and 

diagnostic departments are the following:

(1) The selected clinics are seen as most problematic by hospital management, staff, and 

end-users of services (patients).

(2) Hospital management was seeking means to increase efficiency and improve 

processes in outpatient clinics, emergency, and diagnostic departments in an attempt to 

achieve world-class performance and quality of services.

(3) Problems in the clinics were easily identifiable.

(4) Hospital management and clinical staff agreed to cooperate fully in all phases of this 

study assuring access to information and data required to estimate appropriate parameters 

in this study.

(5) The clinics population was homogenous which greatly simplified the estimation and 

prediction of sample size and future service demand.
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(6) The rapidly increasing demand and number of patients in these clinics compared to 

other clinics as shown in Table 4.1.
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Table 4.1: Average number of patients per day at outpatient clinics for the year 2003

(Source: Hospital Statistics Report 2003)

CLINIC NAME JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVERAGE
Accident Unit 150 145 151 153 152 126 118 121 143 162 169 158 146

Cardiology 26 29 31 24 26 26 30 27 30 28 19 31 27
Dental Clinic 133 143 102 114 120 154 119 147 117 144 81 124 125
Dermatology 47 47 51 48 36 44 32 39 44 39 35 45 42

ENT 54 57 65 66 72 67 64 45 65 79 49 58 62
Family Medicine 65 68 75 78 84 84 68 78 97 91 72 98 80
General Surgery 22 22 25 24 26 27 27 24 25 25 21 26 24

Neurology 9 7 9 8 9 8 8 8 8 7 7 9 8
OB/GYN 31 32 33 42 41 43 40 36 44 45 35 47 39

Ophthalmology 67 74 68 68 75 69 71 66 72 65 67 65 69
Orthopedics 84 80 89 80 83 87 82 70 83 89 83 116 87
Pediatrics 72 68 96 76 70 67 53 51 75 97 92 87 75

Pediatric Surgery 13 10 6 9 11 12 10 16 19 10 5 8 11
Plastic Surgery 14 17 16 17 16 17 7 10 21 16 14 20 15

Psychiatry 26 32 36 24 27 30 53 44 42 33 25 23 33
Recruitment 29 19 33 30 31 28 33 46 38 31 18 25 30

Urology 13 15 20 20 22 21 19 16 16 22 18 25 19
VIP Clinic 9 13 12 12 12 10 11 3 0 10 10 13 10

Pre Anesthesia 9 10 10 9 11 11 10 12 11 13 8 13 11
Private Treatment 2 2 4 5 7 23 3 1 35 41 24 28 15
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4.3 Data Sources and Collections Methods

Modeling complex health care delivery systems like that of Zayed hospital is not an easy 

task. Extensive data is required to measure end-user and workforce satisfaction, 

perceptions and concerns. Similarly, defining the current delivery system, bottlenecks, 

and inefficiencies in detail for simulation purposes is challenging. It was found that in 

order to make the simulation model operational it requires estimating a large number of 

system parameters, as we will see in the coming sections. For the purpose of this research 

and as a strategy for conducting the experiment, the sequential steps shown is Figure 4.1 

will be used for our case study at Zayed hospital. To facilitate the data collection process, 

it was decided to integrate the following data collections tools:

(1) Patient satisfaction survey and comments (see appendix A);

(2) Workforce satisfaction survey and comments (see appendix B);

(3) Interviews; and

(4) Process evaluation forms (process analysis) ( see appendix C).

The above data collection tools enabled the exploration of the current service delivery 

system, and assessed the capabilities and mechanics of the planning and allocation of 

resources to meet demand at each clinic and department. It also allowed the identification 

of areas where strengths and weaknesses of the delivery system existed, as well as those 

that had strong satisfaction and value added activities and elements.

Each one of above tools is explored in detail as they are used in the methodology defined 

in this research thesis in the following sections.
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S tep  O ne

S tep  Two

S te p  T hree

S tep  F our

S te p  Five

S te p  Six

S ta tis tic a l m e th o d s
Problems & concerns 
Objectives_________

C onducting  ex p e rim en ts
Evaluating alternative systems

A nalyzing o u tp u t and  
re c o m m en d a tio n s

E xternal a s s e s s m e n t
( Patient satisfaction survey) 

In ternal a s s e s s m e n t  
( Employee satisfaction survey

Building th e  m odel 
Estimation of system 

param eters
Progressive refinement 
Incremental expansion 
Model verification 
Model Validation

P ro c e s s  a n a ly s is
( Defining th e  current system )

Determ ine required data 
Data so u rces  
A ssum ptions
Convert d a ta  into useful form 
D ocum ent and approve data

Figure 4.1: Methodology Sequential Steps.

(Note: The Methodology is a closed-loop iterative process)

4.4 External Assessment (Patient Satisfaction Survey)

Surveys are the most commonly used tools for collecting qualitative patient satisfaction 

data[140]. Measuring how patients feel about how the service delivery system is 

currently managed can form the foundation for identifying specific action(s) needed to 

increase delivery system performance, patient satisfaction, and loyalty. In an attempt to
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ensure reliable, valid, and credible data, considerable attention was devoted to the process 

of gathering patient satisfaction data at the selected clinics and departments in our study 

center.

4.4.1 Establishing Survey Objectives

Clearly defining the objectives and scope of the study is critical prior to undertaking the 

data gathering process. To help arrive at specific objectives, the idea was to try answering 

two major questions that would be the basis for establishing the survey objectives. The 

first question was “What is the perception of the current service delivery system, 

weaknesses, and strengths from the patient point of view?”. Answering this question was 

essential in determining the satisfaction and dissatisfaction determinants in the delivery 

system. The second question was, “What is the data needed to evaluate and investigate 

the current system’s problems?”. For purpose of this thesis, the overall objectives of 

patient satisfaction survey were:

• To develop and administer means of measuring current patient satisfaction that 

are health care-centered, and department and provider specific.

• To include the elements of patient satisfaction identified in the simulation 

modeling process (e.g. waiting time, waiting lists, appointments system, planning 

for services, allocating resources, and staff utilization).

• To identify ‘dissatisfaction areas’ for elimination or improvement.

• To identify strong satisfaction determinants. These determinants were used to 

establish the need and basis for the simulation modeling. In addition, they
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provided insight to the current capabilities in managing the delivery of health care 

processes at Zayed hospital.

4.4.2 Selecting a Survey Mechanism

As indicated earlier, patient satisfaction or dissatisfaction can be determined by a variety 

of data gathering mechanisms including closed-ended questionnaires[140]. Such 

questionnaires consist of closely linked satisfaction elements that, when combined, drive 

each patient’s awareness of the perceived service quality and the overall health 

experience. For the purpose of this study, a closed-ended questionnaire! 142] was used to 

measure patient satisfaction with the health care services in the selected clinics and 

departments at Zayed hospital. The questionnaire included four general satisfaction 

elements. These elements are: access, convenience, communication, and perceived 

quality of health care received. The elements were chosen as quality elements and within 

each element, specific patient satisfaction/dissatisfaction indicators (quality indicators) 

were considered as shown in Table 4.2.
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Table 4.2: Patient Satisfaction Elements [140]

• Ease of scheduling appointments by phone
• Ease of scheduling appointments in person
• Length of patient waits before seeing health care provider
• Amount of time waiting in reception room
• Amount of time waiting in exam room before seeing health care provider
• Access to medical care in emergencies
• Ease of seeing health care provider of choice
• Ease of getting medical information using a telephone advice system

• Location of the hospital
• Working hours of the hospital
• Getting prescriptions refilled
• Getting lab work done when ordered by provider
• Getting X-rays ordered by provider

• Health care provider’s explanation of your medical problem
• Health care provider’s explanation of required medical procedures and/or lab tests
• Explanation of prescribed medicine(s)
• Communication between provider and staff
• Willingness of health care provider to listen
• Explanation of any required consents
• Education about ways to manage current health problems
• Education about ways to avoid illness
• Availability of educational programs that teach healthier living
• Reminders to use preventive services

Thoroughness of the health care provider exam 
Amount of time health care provider spends with you 
Thoroughness of medical treatment received
How well health provider and nursing staff work as a team to serve the patient’s health 

needs
Overall quality of care from health provider
Overall quality of care from nursing staff _________________________
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4.4.3 Determining the Sample Size and Selection Criteria 

Two hundred questionnaires were distributed at each of the two selected outpatient 

clinics, two diagnostic departments, and the emergency department and patients were 

selected randomly. In determining the required sample size, it was decided that 200 

questionnaires would be collected at each clinic. This number was a rule of thumb, but 

allows for the data to be normally distributed with the sample size for each clinic large 

enough to ensure that the data is from a normal distribution. The actual number collected 

was slightly less than 200 for each clinic except the lab, which was lower. Actual number 

collected (n=912) verses the number planned for 1000 was adequate in showing the 

quality of the administration of the survey. We can see from Table 4.3 that this ranged 

from 2% to 15% of the total population, when the total population is taken as the annual 

average per day over the three week survey period, and between 1.22% and 14.86% of 

the total population when the average daily population for September is used to estimate 

the total patient population.

The period of administration of the survey was three weeks in September. This 

observation period was limited by travel expenses, time to collate the survey, time taken 

to train survey administrators, and time to raise awareness amongst staff and patients 

about the survey. There was also some time spent in translating the survey. As stated 

above the sample size in this three-week period is adequate for the data gathered to be 

useful.
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Table 4.3: Sample size analysis.

Clinic Average/Sep Annual Average
Sample
Size(n)

Emergency 143 146 194
Family Medicine 97 80 185
Orthopedics 83 86 185
X-ray 127 110 189
Laboratory 620 400 159

Total = 912

Clinic Total population (N)*
Emergency 3003
Family Medicine 1455
Orthopedics 1245
X-ray 2667
Laboratory 13020

Total = 21390

* N= Average September X working days
Working days = 15 for family medicine and orthopedics
Working days = 21 for emergency, X-ray and Lab.

Clinic (n/N x working days) (n) as  % of the total for this period
Emergency 0.06 6
Family Medicine 0.15 15
orthopedics 0.14 14
X-ray 0.08 8
Lab 0.02 2

4.4.4 Determining the Selection Criteria

Patients who best represent the Zayed hospital patient population and having the listed 

selection criteria were selected. These characteristics include:

• Patients who visited Zayed hospital within the past 6 months

• Patients in the age groups o f20-35,35-50, and 50+

• Patients of both genders

• Patients with access to transportation, both to and from Zayed hospital.
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4.4.5 Administering the survey

Patient satisfaction surveys were distributed on site at each of the two selected outpatient 

clinics, diagnostic, and emergency departments. In order to facilitate the administration of 

the surveys, a survey administrator was selected from each clinic and department. The 

selection criteria for these administrators included individuals who had the following 

attributes: professional in appearance, friendly, and bilingual (English and Arabic). These 

individuals were briefed on the survey objectives and how to manage the process of 

survey administration. During the briefing, all material, including surveys, collection 

envelopes, and additional supplies, were provided. Then a survey administrator was 

assigned to each clinic and department. Prior to distributing surveys and in keeping with 

the research objectives of producing provider-specific data, the survey administrator 

encoded the predetermined clinic name on each survey. Completed surveys were placed 

in a completed survey envelope at registration desks located in each clinic and 

department. Surveys were prepared throughout the day based on demand. At the end of 

each day, surveys were collected from each area for evaluation. Each questionnaire that 

appeared to be completed was inspected carefully. Each page and section was checked to 

see that the respondent followed instructions and recorded responses in the proper places. 

Surveys where entire sections were left blank or the respondent completed only the 

beginning portion were rejected. Although some patients did not welcome the idea of 

completing these surveys, the majority looked at it as the first opportunity to voice their 

concerns and perceptions and contribute to the overall improvement efforts.
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4.4.6 Enter and tabulate the data

A total of (n= 912) “Patient Satisfaction Questionnaires” were collected from participants 

seeking health care services at Zayed hospital (ZH) in a spectrum of clinic and 

department settings. The survey consisted of questions A1 through A8, pertaining to 

health care access issues; B1 through B3, dealing with issues regarding convenience; Cl 

through C7, communications; D1 through DIO which dealt with quality of care; and El 

and E2 dealing with general satisfaction of healthcare delivery -  additionally asking for a 

qualitative statement of what the participants considered to be the major areas for 

potential improvement. Questions A1 through E2 assess the participant’s overall 

agreement with the given question (l=strongly agree, 2= agree, 3=uncertain, 4=disagree, 

5=strongly disagree). As well, two demographic variables were collected: age, a 

continuous variable, and gender, a categorical variable. The data was entered manually 

into an MS Excel spreadsheet, and all fields with missing data were left blank. The 

variables were coded as follows:- 

Clinic Type:

F = Family medicine, X = X-Ray, ER=Emergency Unit 

OC = Ortho clinic, L =Laboratory

The completeness of the MS Excel data file was assessed by visually comparing the 

records against the respective original questionnaire. The accuracy of the data file was 

examined by determining if all the variables in the data file were in the appropriate range, 

i.e. 1 through 5 for questions A1 through E2, the correct range for clinic type and gender, 

and age was checked for the presence of outliers i.e. an age of 2 or 107.Once data entry 

and clean up were completed, the MS Excel file was saved as a ‘Microsoft Excel 97-2002
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& 5.0/95 Workbook’, compatible for use in SAS v8. The subsequent file was imported 

into SAS and saved into a permanent SAS directory, allowing the file to be accessed 

during future SAS sessions. In SAS, steps such as variable assignment and formatting 

were completed in order to prepare the data file for future analyses. Missing data were 

recoded allowing them to be included in the analysis, and text variables were converted 

into numeric variables.

4.4.7 Demographic Overview of Participants

The frequency distribution of patient demographic variables was analyzed for (n=912) 

individuals who completed the “Patient Satisfaction Questionnaire” at the selected clinics 

and departments in SAS using the ‘PROC FREQ’ statement. The variables analyzed 

included the clinics and departments at ZH in which the patient was seeking medical 

care; the age of the patient, which was treated as a categorical variable; and gender. A 

detailed overview of the frequency distribution of the aforementioned variables is 

included in Table 4.4. Of interest, 21.3% of the respondents seeking medical care at the 

emergency room, 59.2% were females, and 37.5% of the participants were between the 

ages of 25 and 34.
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Table 4.4: Absolute and relative frequencies of patients.

VARIABLE ABSOLUTE RELATIVE
FREQUENCY FREQUENCY (%)

Clinic type
LABORATORY 159 17.4
FAMILY MEDICINE 185 20.3
EMERGENCY 194 21.3
X-RAY 189 20.7
ORTHO CLINIC 185 20.3

Gender
FEMALE 540 . 59.2
MALE 372 40.8

Age group (years) V

Under 25 178 19.5
25-34 342 37.5
35-44 259 28.4
45 plus 118 13.0
Missing data 15 1.60

4.4.8 Data Analysis

The data analysis process involved the transformation of raw data accepted for the 

purpose of this study into a form making this data easy to understand and interpret. This 

stage included the rearranging, ordering, and manipulation of the data to provide 

descriptive information.

4.4.9 Patient Satisfaction Questionnaire (via Clinic Type)

The frequency distribution of patient demographic variables was analyzed for 912 

individuals who completed the “Patient Satisfaction Questionnaire” at ZH in SAS using 

the ‘PROC FREQ’ statement, differing in that a frequency distribution was performed for 

each of the five clinic types: laboratory, family medicine clinic, emergency, X-ray 

department, and Ortho clinic). Demographic variables were analyzed including gender,
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and age group. Overview of frequency distribution of indicted variables can be found in 

Table 4.5.

Table 4.5: Absolute frequencies of patient demographics 

by clinic type for (n = 912) participants.

VARIABLE LAB Family ER X-Ray Ortho

Gender
Female 94 110 115 112 109
Male 65 75 79 77 76

Age group (years)
Missing data 2 3 4 3 3
Under 25 32 36 38 36 36
25-34 61 69 72 71 69
35-44 44 53 55 54 53
45 plus 20 24 25 25 24

The frequency distributions of questions A1 through E2 were examined using the PROC 

FREQ procedure in SAS. Due to the occurrence of multiple zero cells in the frequency 

distribution of questions A1 through E2 as per the previous coding with 5 categories 

(l=strongly agree, 2= agree, 3=uncertain, 4=disagree, 5=strongly disagree), the questions 

were recoded to consist of 3 categories (l=missing/uncertain, 2=disagree, and 3=agree). 

By combing category 3 from the previous coding setup with missing variables, we 

created the category ‘missing/uncertain’; ‘disagree’ resulted from the combination of 

categories 4 and 5; and ‘agree’ resulted from the combination of categories 1 and 2.

In this survey, a large amount of variables had less than 50% agreement or less than 50% 

disagreement for positive and negative statements, respectively. In order for a variable to 

be considered important, it was decided that variables with greater than 60 percent 

disagreement for positive statements (e.g. ‘If I have a medical question, I can reach a 

doctor for help without any problem’), or greater than 60% agreement for negative
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statements (e.g. ‘The office where I get medical care should be open more hours’) in one 

or more clinic categories were to be retained for future characterization and reporting. 

This is in addition to those variables with less than 50% agreement or disagreement. 

Tables 4.6 [a], [b] contain a detailed overview of variables meeting the greater than 60% 

level, specifically with a listing of clinics which met the aforementioned criteria.

Table 4.6 [a]: List of clinics by questions, with greater than
60 % agreement (A) or disagreement (D) to positive statements.

NO QUESTION L FM ER X OC
Aocess
At It is easy for me to get medical care in an emergency D
A7 I am able to get medical care whenever I need it D
A8 If I need hospital care, I can get admitted easily
Convenience IlliSlI
B1 The office hours when I get medical care are convenient 

forme
A A A A A

B3 Places where I get medical care are well located D
Communication
C6 If I have a medical question, I can reach a doctor for help 

without any problem
Quality o f Care
D3 The medical staff that treat me knows about the latest 

medical developments
A A A A

D4 Doctors never expose me to unnecessary risk A A A A A
D6 Overall, the medical care I receive is excellent D D D D D
D1 My doctor is very competent and well trained A A A
General Satisfaction
El I am very satisfied with the medical care I receive D D D D D
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Table 4.6 [b]: List of clinics by questions, with greater than
60 % agreement (A)or disagreement(D) to negative statements.

NO QUESTION L FM ER X OC
Access
A2 I am usually kept waiting for a long period o f time A A A A A
A3 It is hard for me to get medical care on short notice A A A A A
A6 It is hard to get an appointment for care right away A A A A
Convenience
B2 The office where I get medical care should be open more hours A
Communication
C5 Doctors sometimes ignore what I tell them A A A A A
C6 If I have a medical question, I can reach a doctor for help 

without any problem
Quality o f Care
D2 Sometimes, doctors make me wonder if  their diagnosis is 

correct
A

General Satisfaction
E2 There are some things about the medical system that need to 

be improved
A A A A A

Additionally, an assessment of the qualitative statements given when asked about the 

areas for improvement at ZH was completed. This was done in SAS by coding the 

comments as categorical variables, and completing a frequency distribution of the 

resultant comments, by clinic type. The categories included: appointment waiting list, 

clinic waiting time, medical records (misplaced, lack of co-ordination), staff shortage, 

quality of care, laboratory results, quality of room, quality of waiting room, admissions 

procedure, and waiting for x-ray. A visual representation of the frequency distribution for 

the comments can be found in Figures 4.2 to 4.6. Of interest, the greatest area for 

improvement was clinic waiting time in most of the departments/clinics.
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Quality Indicators

Figure 4.2: Frequency of quality indicators for ‘Areas of improvement 
at ZH’- x-ray Department.

Quality Indicators

Figure 4.3: Frequency of quality indicators for ‘Areas of improvement 
at ZH’- Emergency.
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Figure 4.6: Frequency of quality indicators for ‘Areas of 
improvement at ZH’- Laboratory.

4.4.10 Summary o f Survey Results

When examining access, convenience, communication, quality of care, and general 

satisfaction by clinic type, it was found that each clinic had a different profile of 

variables identified to be in agreement or disagreement by a large majority (>60%) 

of the respondents. In terms of health care access, all clinics had areas of concern. 

The primary issues included access to medical care in emergencies or on short 

notice, and waiting times. When analyzing issues of convenience, patients’ 

responses were of major concern when examining clinics. Communication was 

identified to be an issue of concern in all. Quality of care at Zayed hospital as 

perceived by the patient was an issue in all clinics, as was general satisfaction. In 

the x-ray department, as shown in Figure 4.2, appointment waiting lists, clinic
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waiting time, quality of care, and quality of rooms were identified as problems and 

in need of improvement. The major areas of improvement when assessing 

respondent’s comments in the emergency department included: clinic waiting time, 

medical records, admission procedures, staff shortage, quality of care, quality of 

rooms, waiting for x-ray, and waiting for laboratory results as shown in Figure 4.3. 

In the family medicine clinic respondents identified appointment waiting lists, clinic 

waiting time, medical records, quality of rooms, quality of care, waiting for x-ray, 

and waiting for lab results as areas which are in need of improvement as shown in 

Figure 4.4. In the Ortho clinic as shown in Figure 4.5, appointment waiting list, 

clinic waiting, medical records, waiting for x- ray results, quality of rooms, quality 

of care were cited as major areas of concern.

As illustrated in Figure 4.6, only four areas were identified to be in need of 

improvement in the laboratory. These areas include: clinic waiting time, quality of 

care, quality of rooms and waiting for lab results.

4.5 Internal Assessment (Employee Satisfaction 
Survey)

Many hospitals conduct employee surveys as part of the institution’s ongoing 

satisfaction measurement practices. At Zayed Hospital, conducting a work 

satisfaction survey serves to gauge employee opinion on workplace issues and 

attitudes which are important to the modeling process. The annual Ottawa hospital 

employee satisfaction questionnaire (see appendix B) was used for this thesis with 

some modification related to the work environment and the health care setting at 

Zayed hospital. The questionnaire contains issues believed to be important for the
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employee satisfaction metric and can test a wide range of variables that are 

impacting the workplace. The information gathered from the questionnaire is used 

to identify statistical trends in certain groups and to provide the management with 

platforms for action in areas identified as challenges. Additionally, such qualitative 

method provided an insight to the availability of certain resources to accomplish 

certain tasks and the current planning and allocations practices at each clinic and 

department understudy.

4.5.1 Sample Size and Selection Criteria

In determining the sample size and target population for staff, it was necessary to 

seek a reasonably number of participants and to ensure the involvement of different 

staff level at each department and clinic. Twenty questionnaires were randomly 

distributed at each clinic and department of concern using the same clinics as in the 

patient survey. In Table 4.7 a brief calculation of the sample size is given.

Table 4.7: Employee sample size calculation.

Clinic Total num ber employed (N) Sam ple Size (n)
Emergency 45 20
Family Medicine 52 17
Orthopedics 36 18
X-ray 62 19
Laboratory 70 19
Total 255 93
Clinic Ratio sam ple s ize  to  em ployee total (n/N)
Emergency 0.44
Family Medicine 0.40
Orthopedics 0.50
X-ray 0.29
Laboratory 0.27

As shown in the table above, the actual number collected was slightly less than 20 

for each clinic/department except the emergency. Actual number collected (n=93)
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verses the number planned for 100 was adequate in representing the total staff 

population at the selected clinics and departments. The ratio of sample size this 

ranged from 27% to 50% of the total staff population.

Meetings with clinic and department heads were conducted to justify the need for 

the survey and to seek the participation and involvement from all staff levels. 

Additionally, in order to ensure different background feedback, the selection criteria 

established for the target population included: administrative, clerical, technicians, 

nursing, and physicians. The appointed survey administrator distributed surveys to 

all different staff level. In the events where participants asked to take surveys home 

they were allowed to with a one-week turnaround time. During this period, some 

staff had some concerns related to the confidentiality of their feedback. Providing 

the participants with envelopes assured them complete confidentiality of their 

feedback thereby solving this problem.

4.5.2 Methodology and Data Entry

A total of 93 “Physician and Employee Satisfaction Surveys” were collected from 

participating health care professionals and support staff (physicians, nurses, 

technicians, clerks). The survey consisted of 105 questions pertaining to various 

work-related and demographic issues.

All entries were verified by comparing the MS Excel data file against the original 

questionnaire. The accuracy of the data file was examined by determining if all the 

variables in the data file were in the appropriate range, i.e. 1 through 6 for questions 

1 through 97 and the correct range for questions 98 through 105. Once data entry 

and clean up were completed, the MS Excel file was saved as a ‘Microsoft Excel
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97-2002 & 5.0/95 Workbook’, compatible for use in SAS v8. The subsequent file 

was imported into SAS and saved into a permanent SAS directory, allowing the file 

to be accessed during future SAS sessions. In SAS, steps such as variable 

assignment and formatting were completed in order to prepare the data file for 

subsequent analyses. The recoding of questions 1 through 97 resulted in a total of 7 

categories for each variable (l=missing, 2=completely disagree, 3=somewhat 

disagree, 4-somewhat agree, 5=completely agree, 6=don’t know, and 7=not 

applicable); clinic type consisted of 5 categories (1= x-ray, 2=emergency 

department, 3= Ortho clinic, 4=laboratory, 5= Family clinic,); occupation consisted 

of 6 categories (l=missing, 2=physician, 3=nursing, 4=manager/director, 

5=administrative, 6=clerical); length of time employed consisted of 7 categories 

(l=missing, 2= < 5 years, 3=5 to 10 years, 4=11 to 15 years, 5=16 to 20 years, 6=21 

to 25 years, 7=over 25 years); gender consisted of 3 categories (l=missing, 2=male, 

3=female); and age consisted of 7 categories (l=missing, 2=under 25, 3=25-34, 

4=35-44,5=45-54,6=55-64, 7=65 plus).

4.5.3 Demographic Overview o f Participants

The frequency distribution of physician and employee demographic variables were 

analyzed for the 93 individuals who completed the “Physician and Employee 

Satisfaction Survey” at ZH in SAS using the ‘PROC FREQ’ statement. Variables of 

interest included clinic type, occupation, length of time employed at the ZH, 

gender, and age group. A detailed overview of the frequency distribution of the 

indicated variables can be found in Table 4.8. Of interest, 22%of the population 

worked in the emergency room, 53% were nurses by profession, 59% had worked at
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ZH for less than 5 years, 55% were females, and 38% were in the age range of 25 to 

34.

Table 4.8: Absolute and relative frequencies of employee demographic for 
(n=93) participant.

VARIABLE ABSOLUTE RELATIVE
FREQUENCY FREQUENCY (%)

Clinic type
Family medicine 17 18.3
Emergency room 20 21.5
Ortho clinic 18 19.4
Laboratory 19 20.4
X-ray 19 20.4
Missing data 0 0.00

Profession
Physicians 21 22.6
Nursing 49 52.8
Manager, Director 8 9.40
Administrative 7 7.60
Clerical 4 3.80
Missing data 4 3.80

Length of time (years)
Less than 5 54 58.5
5 to 10 22 24.5
11 to 15 4 3.80
16 to 20 7 7.50
21 to 25 2 1.90
Over 25 0 0.00
Missing data 4 3.80

(■eiidcr
Female 51 54.7
Male 37 39.6
Missing data 5 5.70

Age groupfyears)
Under 25 14 15.1
25-34 35 37.7
35-44 24 26.4
45-54 11 11.3
55-64 4 3.80
65 plus 0 0.00
Missing data 5 5.70
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4.5.4 Frequency Distribution o f Questions

The frequency distributions of questions 1 through 69 were examined using the PROC 

FREQ procedure in SAS. Due to the occurrence of multiple zero cells in the frequency 

distribution of questions 1 through 69 as per the previous coding (7categories), the 

questions were recoded to consist of 3 categories (l=missing, unsure, not applicable, 

2=disagree, and 3=agree). The category ‘missing, unsure, not applicable’ was created by 

combining categories 1, 6 and 7 from the previous coding step, ‘disagree’ resulted from 

the combination of categories 2 and 3, and ‘agree’ resulted from the combination of 

categories 4 and 5 (refer to the previous coding step for clarification).

In general, agreement was greater than 50% for positive statements, and less than 50% 

for negative statements, with the exception of a few variables highlighted in Table 4.9 

deemed to be of particularly important. In order for a variable to be considered of 

interest, it was decided that variables should have greater than 60% disagreement for 

positive statements (e.g. ‘overall, the work I do, I am satisfied with my pay’) amongst the 

responses. This same criterion was applied to agreement for negative statements (e.g. 

‘ZH does not provide a supportive environment for employees and physicians’). These 

were to be retained for future characterization and reporting. Table 4.9 contains a detailed 

overview of variables having this greater than 60% response level, and their overall 

agreement/disagreement for the respective variable.
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Table 4.9: List of questions with 60% agreement (or disagreement, where indicated) 

and corresponding percent agreement.

NO. QUESTION
%

Disagreement
%
Agreement

6 Within the next 3 to 5 years ZH can become one of the best hospitals in UAE 69.8
9 Satisfaction with your influence over your work schedule 69.8
11 Overall, the work I do, I am satisfied with my pay 62.3
13 I do not have opportunities for advancement or promotion 62.3
14 I feel insecure about my future employment at ZH 62.3
16 I would prefer to remain with ZH even if I were offered a comparable job in another hospital 66.0
17 ZH makes a good use of human resources available 66
18 In my work area, the human resources available are used inefficiently

ZH maintains effective partnership with other health social services providers for the benefits of the

58.5

19 community 69.8
22 The equipment/tools I use are poorly maintained 67.9
24 My work area has few staff to fulfill its responsibilities 60.4
28 I am satisfied with the professional practice support I receive at ZH 62.3
30 In my work area, some of the people do most of the work while others do enough to get by 58.5
41 Good staff performance is recognized at ZH 69.8
44 I have a clear understanding of the overall goals of ZH 66.0
50 Provides the training I need to do my job well (senior management) 69.8
67 Acts on suggestions and/or recommendations from staff (senior management) 69.8
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4.6 Process Analysis

Defining the current service delivery system is basically identifying the system that will 

be simulated in detail. This step can be viewed as the development of the conceptual 

model for each clinic and department under study. Conceptual models are used as 

baseline models for simulation. The purpose of this step is to understand the operational 

aspects of the service delivery system, identify bottlenecks and inefficiencies, and 

determine the non-value added activities that are of concern to patients, workforce, and 

management. This phase included the following five steps:

• Determine the required data for defining the current service delivery system[ 143];

• Determine data sources;

• Make assumption in the case of unavailability of accurate and reliable data;

• Convert data into useful form (data tables, relational diagrams, and frequency 

distributions); and

• Approve data

Having a specific set of data for defining the current service delivery system ready, the 

next step was to search for this required data. One principal aim of identifying the current 

service delivery system is the collection of valid and timely data in a practical and 

effective manner. To collect the predetermined set of data required for identifying the 

service delivery systems under study it was important to review hospital statistical reports 

and records, review facility layout, conduct personnel interviews, use flowcharts, develop 

a process evaluation form and observe the system for some time. The importance of the 

involvement and cooperation from key personnel in each clinic and department in the
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evaluation process was well noted. It was first important to conduct interviews with staff 

from different levels and seek their support and cooperation. Staff with direct 

involvement with the daily operational activities at each clinic and department was 

selected as a source of information and to validate collected data and approve it.

4.6.1 Flowcharts

Flowchart diagrams as shown in Figure 4.7 were created based on inputs from clinic and 

department staff to document the processes and patient flow during interview times. Each 

clinic process flow chart was validated by the appropriate clinic staff and is used in 

building the simulation models.

Input ^Entities :  J m rW iw ff r
Flow through model 
and are transformed 
from inputs to 
outputs.

Sequence

P ro cess
output

Resource (s) required

Figure 4.7: Flow chart diagram.

4.6.2 Process Evaluation Forms

Limitations in the previous evaluation tools and data sources existed. One limitation is 

how each individual interpreted the operational aspect of the delivery system and 

conducted assigned tasks. The second limitation is that the majority of data collected 

from patient and employee satisfaction surveys are qualitative data and not sufficient to
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build a valid simulation model. At that time, it was important not to rely only on 

estimates and qualitative data for evaluating and modeling the service delivery system. 

Consequently, it was important to develop a practical tool or evaluation mechanism to 

investigate and evaluate the operational aspects of the delivery system in real time and 

collect quantitative data for simulation modeling purposes. The collected data is then 

used to verify and validate the simulation models. In doing so and based on validated 

process flowcharts for each clinic and department, process evaluation forms that included 

the operational aspect of each clinic and department were constructed (see appendix C). 

These forms were structured based on the validated process flowcharts from each clinic 

and department and included process type based on their sequence of occurrence, 

resources required, arrival time, and process time. Before starting the evaluation process, 

a meeting with all different staff levels at each clinic and department was conducted. The 

purpose of the meetings was to explore the contents of the evaluation form, objectives, 

and to facilitate the evaluation process. At the meetings many of staff voiced their 

concerns as they looked at the evaluation process as an inconvenient task for them and 

the collection of these data had the potential for interrupting the delivery of health care 

services. Moreover, some staff looked at this as extra workload for them and raised 

concerns about the data required in completing the evaluation forms. In an attempt to 

manage this problem, the evaluation forms were reconstructed taking staff concerns into 

consideration. The new evaluation forms required recording the arrival time of the patient 

by a receptionist, start and end time of each process by the care provider as the patient 

proceeds through the clinic or department. Resources involved in each process, and shift 

type are recorded prior to the evaluation process based on staff approval. The evaluation
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forms are then attached to the patient medical record as it proceeded with the patient 

throughout the department or clinic. In the case of walk-in patients, the receptionist 

recorded the arrival time and wait time for the arrival of the medical record before 

attaching the process evaluation form. For urgent cases such as an EMS patient at the 

emergency, where providing the services starts without waiting for the medical record, 

the receptionist records the arrival time and passes the evaluation form to a nurse to 

complete the form. Evaluation forms were kept at the registration desk of each 

department and clinic under-study and collected at the end of each shift. A receptionist 

was assigned to manage the distribution and collection of the evaluation forms. Collected 

data was then analyzed and results were used to estimate and validate the system 

parameters, as we will see in the next section.

4.7 Building the Simulation Models

One of the main objectives for constructing simulation models for the selected clinics and 

departments at Zayed hospital is to maximize the likelihood that the simulation results 

can be utilized. The phases that are used to build the simulation models are: (1) 

preparation and estimating system parameters, (2) development of simulation models, (3) 

model verification, (4) model validation, (5) conducting experiments, and (6) analyzing 

output and recommendations. The point that should be stressed here is that clinic and 

department staff involvement and participation in building the simulation model is 

essential to the simulation modeling process. Their knowledge of the operational aspects 

o f the delivery system is important if the simulation models were to be successful. In 

addition, their involvement in the meaningful aspects of the modeling process increases
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the likelihood that they will understand the capability of simulation modeling and support 

its use as an evaluation tool and facilitate the implementation of new changes.

4.7.1 Preparation and Estimating System Parameters

The first step in this phase is to develop valid objectives for the simulation model that 

best describe end-users (patients) and staff concerns and problems. Well-defined 

objectives are then used to identify essential decision variables and the important 

operational aspects that should be modeled. The decision variables considered for this 

study include: resource utilization rates and patient throughput at the selected clinics and 

departments. The second step is to define the operational parameters of the simulation 

models of the delivery system as shown in Table 4.10.
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Table 4.10: Simulation parameters.

Parameter Description Source

Patient load Number of patients at each clinic and department hourly, daily, monthly, annually) Interviews, collected 
data, hospital records

Entities What the model processes (walk-in, with appointment, or urgent patient) Interviews, collected 
data

Locations Places where entities are routed for processing or some other activities. Interviews, collected 
data, hospital records

Processes Defines the routing of the entities through the system, operations that take at each 
location they enter, and process duration.

Interviews, collected 

data

Path networks The path in which dynamic resources and entities travel. Interviews, clinics layout

Patient flow 
percentages

Patient flow ( movement) percentages associated with each server and also patient 
flow from and to clinics and departments

Interviews, collected 

data

Patient length of stay The total time the patient spend in the system ( processing time + waiting time) Interviews, collected data

Queues Structure and discipline first in first out ( FIFO), last in last out (LIFO) Interviews, observation

Primary servers 
(Resources)

The number and type of medical care personnel, locations, and equipment assigned 
to each process

Interviews, collected 
data, hospital records

Patient arrival Number of new entities per arrival, frequency of arrival, location of arrival, time of 
the first arrival, and total occurrence of the arrival.

Collected data

Shifts Define the weekly shift and breaks for locations and resources. Interviews, observation, 
hospital records
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4.7.2 Development of Simulation Models

Developing the simulation models for the selected clinics and departments at Zayed 

Hospital involves the key elements shown in Table 4.11. These elements are used as 

simulation inputs for the Med Model software.

Table 4.11: Steps for defining Med model simulation inputs.

1 Define Simulation Objectives Problems and decisions variables

2 Define Locations Physical constraints and where events happen

3 Define Entities Distinct types and classes

4 Define Path Networks Movement by resources or entities

5 Define Resources Human and non-human resources and their 

capacities

6 Define Processes Important activities and how long they take

7 Define Arrivals When and how frequently entities are 

introduced in the model

8 Define shifts Daily and weekly shifts and breaks for resources 

and locations

4.7.3 Model Verification

As indicated in chapter three, the process of demonstrating that the model works as 

intended is referred to in simulation literature as model verification [52] to [58]. In our 

case, a thorough “walk-through” of the model inputs and the trace capability combined 

with screen messages and graphic animation that Med Model provides are used to verify 

the simulation models for the clinic and departments.
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4.7.4 Model Validation

This step of the simulation process is meant to determine the degree to which the model 

corresponds to the real system. For establishing the validity of our model three 

approaches will be used for the validation of the model. These approaches were: (1) data 

validity, (2) computerized model verification, and (3) operational and output validation, 

they will be explored in detail in chapter five.

4.7.5 Conducting Experiments

This is the step where the simulation model is used to investigate why certain resource 

management rules or strategies are better than others. The use of “what if scenarios” in 

simulation allows assessing the impact of any potential changes on the service delivery 

system operation at each clinic and department without disruption and expense associated 

with trial and errors. In this step, decision input variables defining the model, which are 

independent, are manipulated or varied and the effect of this manipulation on other 

dependent or response variables are measured and correlated. In general, Med Model 

provides convenient facilities for conducting experiments, and running multiple 

replications.

4.7.6 Analyzing Output and Recommendations

As indicated in chapter three, output analysis deals with drawing inferences about the 

actual system based on the simulation results. Analyzing simulation output in our case 

depends on the initial objectives of building a simulation model for each clinic and 

department selected for this study. In addition, the ability of drawing correct inferences 

from the simulation output is essential to making system improvements.
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Recommendations for improvements in the actual system are based on the results of 

analyzing the simulated model output.

For the purpose of this thesis, both the new modeling approach presented in chapter three 

and the methodology explored in this chapter will be used to model the health care 

delivery system in selected clinics and departments Zayed hospital as we will see in the 

next chapter.
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Chapter 5

Modeling Results and Discussion

5.1 Introduction

This chapter discusses the results of the development of a simulation model for the 

selected departments and clinics using Med Model software for the purpose of assisting 

Zayed Hospital management in identifying bottlenecks and inefficiencies in the current 

health care delivery system. The model logic of the health care delivery system at the 

selected clinics and departments is described in section 5.2. Description of data used for 

model input is provided in section 5.3. Description of the assumptions that made the 

model operational is explored in section 5.4. Initiatives that have been taken to validate 

and verify the developed model are provided in section 5.5. Section 5.6 of this chapter 

explores in detail the strategies aspects of the model experimentation. In section 5.7, the 

significant assumptions and constraints that were applied to the model are discussed. 

Section 5.8 of this chapter presents the result of evaluation alternatives as a result of 

model experimentation. Also included are discussion and analysis of these results. In the 

last section of this chapter a summary of results is presented.
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5.2 Model Logic

5.2.1 Emergency Department

The basic process logic for the simulation model of the Emergency Department (ED) 

starts with a patient arriving at the Emergency Department via ambulance or Helicopter 

and these are (EMS) patients, or walk-in patients. At this time, each of these arrivals is 

different up until the time a decision has to be taken to admit, observe, or discharge the 

patient. If a patient arrives via a car (walk-in patient), the patient first proceeds to the 

check-in desk where a registrar will quickly look over the patient and obtain patient 

identification information .If the patient appears unstable, a nurse will immediately place 

the patient in an available Exam/ Treatment (E/T) room. If the nurse should determine 

that the patient needs immediate care, it is possible for a patient to be expedited through 

the path of a patient arriving via ambulance. If this patient continues through the process 

designated for patients arriving via ambulance, the registration process takes place at the 

bedsides by a nurse. If the patient is stable and not considered to need immediate 

attention, the patient will go to the waiting room area and wait to be moved to triage by a 

nurse. Waiting patients are brought to the triage room according to their assigned priority. 

At this point in the process and after been triaged by a nurse, the patient is brought to the 

available Exam/Treatment room - there is a delay while the patient waits to be seen by 

the attending physician, at which time the physician and a nurse perform an initial 

assessment of the patient. At that time, the decision of ordering tests is made. If tests are 

required, there are, specifically, two types ordered within the ED, lab and x-Ray. If orders 

are needed, the patient will go to the radiology or lab department, and the amount of time
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spent depends on availability in these departments. Once all test results from both the 

radiology and laboratory are sent back to the E/T room, the physician can then make a 

diagnosis and decide to discharge, admit, or put the patient under observation. EMS 

(ambulance) patients are brought to the trauma room upon arrival, where a physician and 

a nurse quickly examine them. If x-ray is required, a nurse will use a mobile x-ray 

machine while patient is in the trauma room enabling them to then make diagnosis. At 

this point in the process, if EMS patients are to be put under observation they are kept in 

the trauma room until they are stable and can be discharged otherwise they are admitted. 

If discharged, the physician prepares the discharge and the patient is released to go home. 

If a patient is to be admitted a call is made to the department where the patient is to be 

admitted. Patients must then wait for an inpatient bed to become available before leaving 

the Emergency Department. At anytime, if a consultant is needed to examine a patient, 

he/or she is called and the attending physician who preformed the prior examination 

presents the patient. The consultant is then responsible for making the decision of 

admitting, discharging, or observing the patient. Process flow at the emergency 

department is shown in Figure 5.1. Generally, the emergency department service delivery 

process illustrated in the figure can be represented by the following set of processes. 

These processes occur in a sequential manner and some of the steps are either rearranged 

or omitted. (1) arrival, (2) registration, (3) triage, (4) initial assessment, (5) diagnostic 

testing (Lab & x-ray) (6) final diagnosis and treatments, (8) observe, and (9) discharge or 

admit.
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The emergency department maintains a constant staff schedule seven days a week for the 

whole year as shown in Table 5.1.

Table 5.1: Current staffing schedule at the emergency department

Shifts

R eso u rce Morning Afternoon Night

7AM - 2 PM 2 PM -10  PM 10 PM-7AM

Physicians 3 2 1

Nurses 6 4 4
Triage nurse 1 1 1

Receptionist 1 1 1

5.2.2 Family Medicine Clinic

The family medicine clinic schedules patients every 20 minutes during its 7 working hours. 

A hundred patients are expected to arrive in one day. The clinic is staffed by 2 

receptionists, 7 doctors, 2 triage nurses and 4 assistant nurses. The clinic has a reception 

area, a waiting room, 2 triage rooms, and 7 treatment rooms. In addition to scheduled 

patients, walk-in patients seeking treatment at the clinic are accepted. This type of patient 

will have to wait for their medical files to be brought from medical records, a process that 

takes about (30 minutes +/-10). Patients enter the clinic and proceed directly to the 

registration desk where the two receptionists on duty register them. Registration generally 

takes about (3 minutes +/- 1) after which the patient goes to the waiting room where he or 

she waits to be taken to the initial assessment (triage) room. A nurse then escorts the 

patients to the initial assessment room as soon as she and the initial assessment room are 

available. In the initial assessment room, the nurse spends about (5 minutes +/- 2), takes the 

vital signs and triages the patient preparing him or her to see the doctor. Once the nurse has
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prepared the patient, a doctor assisted by a nurse examines the patient for (20 minutes +/- 

5). At the conclusion of the examination some patients leave the clinic. Others, who require 

lab tests or x-ray procedures for completing the diagnosis and treatment, are sent to the lab 

and x-ray departments following the doctor’s examination. When lab tests and x-ray 

procedures are completed, patients return with results to the clinic and wait for final 

diagnosis and treatments. A doctor then diagnosis and treats the patient for (15minutes +/- 

5) as soon as he or she and the exam room are available. Then the patient leaves the clinic. 

The initial assessment, exam, and treatment times vary by patient type and the seriousness 

of the case. The clinic process flow is shown in Figure 5.2.
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5.2.3 Ortho Clinic

The orthopedic clinic at Zayed hospital operates from 7:30am to 2:30pm five days a 

week. During the normal operating hours, the clinic receives about a hundred patients. 

There are two types of patients at the orthopedic clinic: Pre-scheduled patients who are 

scheduled every 30 minutes and represents the majority of the overall clinic patients and 

walk-in patients who represent about 25-30% of the over all clinic patients. The clinic 

staff consists of 2 receptionists, 1 appointment clerk, 7 doctors and 5 nurses for assisting 

doctors. The clinic has a reception, a waiting area, 7 exam and treatments rooms, and 1 

special procedures room. Upon arrival at the clinic, the patient proceeds to the 

registration desk where a receptionist checks the availability of the medical file and 

registers the patient. The registration process takes about (3 minutes +/-1) in normal cases 

after which the patient goes to the waiting room where he or she waits to be taken to the 

exam/treatment room. In the case of walk-in patients medical files have to be requested 

from medical records, a process that takes up to (30 minutes +/-10). Once the doctor and 

the exam/treatment room are available a nurse escorts the patient to the exam/treatment 

room. This first encounter with the doctor includes the initial assessment of the patient, 

which takes about (20 minutes +/-5). At this point, patients that do not require special 

procedures or x- ray tests leave the clinic. Patients that require special procedures are sent 

to the special procedures room depending on the availability of the room and technician. 

In the special procedures room, a technician performs the required procedure such as 

casting or removal of metal, which takes about (15 minutes +/-5). Once the patient has 

completed the special procedures required, a doctor will check the patient for (5 minutes 

+/-2) then patient leaves the clinic. Patients that require x-ray procedures go to radiology
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radiology following their first encounter with the doctors. After completing the x-ray 

procedure, they return back to the clinic for their second encounter with the doctor for 

treatment. This process takes about (10 minutes +/-5). Some of these patients leave the 

clinic, others are sent to the special procedures room to complete their treatment process 

and then exit the clinic. Process flow for the clinic is shown in Figure 5.3.

154

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Arrival X-Ray 
required ?

Yes
Yes

Urgent
C a s e ?

Yes

Yes'  O ther >  
P rocedures 
s re q u ire d ? /

Medical f i l e \  Y”  
available ?  /  *

Need 
physician 
check up?,

Exit

X-Ray procedures 
X-RAY 

Department

R equest medical

Final diagnosis

Treatments

Casting & 
Dressing

R egistration & 
check  medical

Initial 
a ssessm en ts  

and evaluation

Figure 5.3: Orthopedic clinic process flow.

155



5.2.4 Diagnostic departments

5.2.4.1 Radiology department

The main radiology department at Zayed hospital contains seven exam/procedure rooms. 

Examinations performed include plain film (normal x-ray), special procedure, ultrasound 

mammography, CAT scan, and MRI. The primary patient base is imaged Saturday 

through Wednesday, from 7:30am-2:30 pm. During the evening hours 2:30 pm - 9:30 pm, 

two radiographers are on staff to support inpatient services and emergency unit referrals. 

One radiographer fills the nightshift from 9:30pm -7:30am. During weekends and 

holidays, two radiographers are on staff during the daytime, two during the evening, and 

one at night, with a radiologist on call at all times. Recently, the department has extended 

the MRI working hours until 7:30 pm during weekdays only. These extended hours are 

used to accommodate the increasing demand for MRI procedures. Ultrasounds, CAT 

scans (CT), special procedures, and MRI, are all pre-scheduled. To schedule an exam the 

patient must come to the department with an exam requisition form indicating the type of 

the exam that needs to be performed. A receptionist will keep a logbook of the names of 

patients expected on specific day. Similarly, walk-in patients needing radiology 

examinations will bring requisition forms from the referring clinics to the radiology 

department. The receptionist will log patient information into the daily logbook and will 

go to the film library to access the family folder in order to pull prior films to be used for 

comparison. Walk-in patients are asked to wait in the waiting rooms until an appropriate 

exam/procedure room and radiographer becomes available. These patients are imaged on 

first- come, first-served basis. For inpatients, the nurse in charge of the patient takes the 

requisitions to the radiology department in order to determine the earliest day on which
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the patient may be imaged. The receptionist will enter the patient information and 

proposed date in the same logbook in which pre-scheduled outpatient procedures are 

recorded. On the day of the scan, the nurse brings the patient to the department at the 

time when the exam/procedure room and radiographer are available for imaging. 

Emergency cases are given priority over all patients and are imaged immediately. Process 

flow at the radiology department is shown in Figure 5.4.

NR

Figure 5.4: X-ray department process flow.

5.2.4.2 Laboratory

Zayed hospital laboratory department is comprised of multiple disciplines within the field 

of pathology and laboratory medicine and performs a large array of routine and main tests 

on a 24 hour, 7 days per week basis. For die purpose of aiding physicians with 

information for diagnosis, prevention and/or treatment of any disease, the laboratory is
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sub-divided into a number of divisions namely: biochemistry, hematology, serology, 

microbiology, blood bank, histopathology, polymers chain reaction (PCR), special 

chemistry, and Phlebotomy. The laboratory performs more than 400 tests in these 

different divisions. It also monitors and support several satellite clinics which vary in size 

and range of tests. The following steps best describe sample processing at the laboratory:

1. Sample collection

2. Sorting and dispatching

3. Processing

4. Analysis and interpretation

5. Reporting of test results

Patients from outpatient clinics and emergency department are sent to the laboratory 

reception area with their test requisition forms. At reception, a receptionist checks that all 

patient information and clinical data are filled clearly out in order for it to be accepted for 

processing. This process takes about (3 minutes +/- 2). In cases where the requisition 

form and samples are being delivered from the wards, the sample is also checked for the 

correct corresponding ID number and name. Patients are then sent to the phlebotomy to 

have the appropriate sample drawn or to be issued with a stool/urine container, which 

takes about (5 minutes +/- 2). Samples and requisition forms are then sent to the 

receptionist to be dispatched to their respective divisions. At each division a technician 

ensures that it is the correct sample for the requested test and then takes about (5 minutes 

+/- 2) to prepare die sample for processing. Processing time depends on the urgency of 

the case. In general, routine specimens take 40 minutes to 3 hours depending on the type 

of test. Urgent test requests take (30 minutes +/- 10). When processed and completed,

/
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requests and results are sent back to the reception and to the clinics or wards. A flow 

chart representing the process flow at the laboratory is shown in Figure 5.5.

C i n i c s f M

Special
chemistry

Figure 5.5: The flow of clinical samples at the laboratory.

The laboratory records and equipment manual were used to analyze the workload at each 

division at the laboratory. Of interest is the biochemistry division accounting for about 

45% of the total laboratory workload. The workload includes tests such as Albumin, 

Alkaline Phosphate, Calcium, Cholesterol, reactive protein, Creatinine, Electrolytes, 

Glucose, and etc. The average turnaround time for these tests according to the laboratory 

records was found to be about 35 minutes. The special chemistry division accounts for 

22.3 % of the total workload and the hematology division accounts for 10 %. The average 

turnaround time at both the special chemistry and hematology was about an hour. The 

average number of tests per month at the laboratory is shown in Figure 5.6.
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The average number of tests per month for the year 2005
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Figure 5.6: Number of tests per month at laboratory for the year 2005.
(Source: hospital records).

5.3 Preparing Model Inputs

The modeling process for the selected clinics and departments at Zayed Hospital has been 

undertaken using Med Model 6.2 simulation package. As indicated previously, Med 

Model is a window-based software combining the functionality of high-level simulation 

software with extensive coding capabilities. It supports the entire process of the 

simulation development cycle, including model building, data analysis, output analysis, 

and animation. In building the simulation model it was important to ensure that sufficient 

data has been compiled to define the basic operational aspects of the delivery system at 

the hospital. With the goal of building a valid representation of the defined system 

operation, the simulation model was designed to reflect the service delivery logical 

processes in the selected departments and clinic described earlier in section 5.2. For 

building the simulation model, simulation steps described in Figure 2.9 in section 2.7
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were adopted. The proposed modeling approach described in chapter three was used to 

model the service delivery system at the selected departments and clinics. The first step 

was to define the purpose of the simulation model. The previously described problems of 

long waiting time and service quality problems, resource shortage, provided the starting 

point for the development of the simulation model. Patient and staff satisfaction survey 

results served as the main driver for the model development. Many staff voiced concerns 

about workload because of staff shortages and the unavailability of certain resources to 

achieve their daily tasks. The analysis of data form surveys was used to determine areas 

of concerns as indicated earlier. Additionally, informal interviews of staff were 

conducted to gather their perception of the delivery system operation. A list of problems 

impeding clinic efficiency was compiled as a result of these interviews. These problems 

include staff scheduling, workload, and shortage of resources.

The purpose of developing the simulation model was to support resource deployment to 

improve service time and aid strategic decision-making in resource management in the 

selected departments and clinics. Additional data for building the simulation model was 

collected on patient load, patient arrival rates, types of treatment processes, staff 

schedules, waiting times at various stages, sequence and time required for each process 

associated with treatments. Some of this data was collected by interviewing staff. Other 

data such as service demand was collected from the hospital records. Process evaluation 

forms and direct observation with the judgment of staff directly involved in the service 

delivery operations were used to identify process and activities, derive average 

processing times, determine the time and frequency for patient arrivals, and to represent 

the interactions between the different service delivery processes. Other

161

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



elements including treatment locations, pathway networks for patient and dynamic 

resources, patient processing and routing logic were added.

5.3.1 Determining Queue Structure and Discipline

One important aspect of the modeling process was to determine the queue structure and 

discipline at the selected department and clinics. In doing so, interviews with staff and 

administrators at these clinics and department were conducted. Moreover, observation of 

the system was used to define queues. Results reveled that at each server in each clinic 

and department there was a single queue with first in first served discipline. The 

exception to this case is the arrival of EMS patients at the emergency department. EMS 

patients have priority over other patients.

5.3.2 Determining Arrival Time

As indicated previously, during the review of hospital records and statistics it was found 

that no records concerning the patient and inter-arrival had been kept by selected 

departments and clinics. Only records of total number of patients at these clinics and 

departments existed. Therefore, the total number and arrival time of patients were 

observed and recorded for a period of 3 weeks at each of the selected departments and 

clinics using the process evaluation forms described in chapter four. The arrival data then 

was analyzed on an hour basis during a working day. Moreover, this data was used to 

calculate the mean inter-arrival for each of the working hour interval of the day for the 

corresponding population level at each selected department and clinic. To best 

demonstrate this process, the arrival of patients at the emergency department is given 

here as an example. First data was segregated by the hour of the day for patients as shown
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in Table 5.2. Patient arrival was further divided into percentages of patients for each 

hourly segment of the day as shown.

Table 5.2: Emergency Department Hourly Arrival Cycle.

Period Actual time 
of the day

Average
arrival

Proportion of 
The total arrival

1 6:00-6:59 2.40 0.016
2 7:00-7:59 3.50 0.024
3 8:00-8:59 5.00 0.034
4 9:00-9:59 11.9 0.081
5 10:00-10:59 6.80 0.046
6 11:00-11:59 11.5 0.078
7 12:00-12:59 5.60 0.038
8 13:00-13:59 3.80 0.026
9 14:00-14:59 6.80 0.046
10 15:00-15:59 11.5 0.078
11 16:00-16:59 7.90 0.054
12 17:00-17:59 13.0 0.088
13 18:00-18:59 8.90 0.060
14 19:00-19:59 12.1 0.082
15 20:00-20:59 9.10 0.062
16 21:00-21:59 7.60 0.052
17 22:00-22:59 8.10 0.055
18 23:00-23:59 2.10 0.014
19 0:00-0:59 4.40 0.030
20 1:00-1:59 2.70 0.018
21 2:00-2:59 0.90 0.006
22 3:00-3:59 0.90 0.006
23 4:00-4:59 0.40 0.003
24 5:00-5:59 0.40 0.003

Total 147.3 1

Staff interviews and emergency logs and records were used to analyze the EMS patient 

arrival process. The EMS inter-arrival time was fitted to an exponential distribution as 

shown in Figure 5.7. The number of patients at each arrival instant was best fitted by a 

triangular distribution. Interviewing emergency staff reveled that the maximum number

163

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



of EMS patients at one arrival could not exceed four patients. The average total number of 

EMS patients during a day was verified by reviewing the emergency logs and records.
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Figure 5.7: EMS patient inter-arrival time distribution.

At the diagnostic departments (laboratory and x-ray), the arrivals from other outpatient 

clinics and inpatient wards that are out of the scope of this study were modeled as separate 

arrivals from the arrival of the selected outpatient clinic and emergency. This was 

important to account for the total patient arrivals at the two diagnostic departments in a 

working day. These arrivals were modeled as external arrivals.

5.3.3 Determining Service Time Distribution 

Similarly, there were no records kept concerning the processing time (service time) at 

Zayed hospital. For the purpose of estimating the service time encountered by patients at 

each clinic and department under-study, data were collected using the process analysis 

forms attached to each patient file. Hundreds of patient processing times were recorded

164

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



and analyzed during their visits. Results then were used to estimate service time 

distribution for each process at each department and clinic. As part of its data analysis 

capability, Med Model includes a stat fit as a tool for fitting appropriate statistical 

distributions to input data. Stat fit was used to fit process time to its proper disruption and 

then the Kolmogorov-Smimov goodness-of-fit was used to test the correctness of the 

chosen distribution for each process. Example of determining service time distribution for 

the initial assessment and final diagnosis are shown in Figures 5.8 and Figure 5.9 

respectively.
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Figure 5.8: Initial Assessment time distribution-Emergency Department.
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Figure 5.9: Final diagnosis time distribution- Emergency Department.
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Determining service time distributions and the laboratory processes was a complex task. 

First, the technician’s involvement in processing samples tests was found to be minimal 

compared to the total processing time and turnaround time. This involvement was mainly 

to prepare samples and report results when tests are finished. The total turnaround time 

depends mainly on the equipment used for analyzing test samples. Equipment has 

different processing time and capacity depending on the type of the analyses required for 

tests. Additionally samples are analyzed simultaneously. So sample processing starts only 

when a certain number of samples is available for processing. This was difficult to model 

because of the large number of tests and equipment at the laboratory. Adding to this 

complexity is that patient can request more than one test at different laboratory divisions. 

This was difficult to account for in the modeling process. Therefore, it was decided to 

model the laboratory processes based on the average processing time for each laboratory 

division. This average processing time mainly represents the test of high demand at each 

division. Reviewing the laboratory equipment manuals and test turnaround records at the 

laboratory validated the average processing time. Moreover, tests with turnaround time 

more than two hours are not modeled since they do not represent patients from the 

department and clinics under study. These patients normally are sent home after 

scheduling an appointment at the clinic. Emergency and family medicine patients are 

mainly sent to biochemistry, hematology, and microbiology department divisions.

An example of a typical simulation parameters and distributions for the emergency 

department simulation inputs is given in Table 5.3.
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Table 5.3: Emergency Department Simulation input Parameters.

L oca tions
Nam e C apacity R ules fo r S electing  E ntities D ow ntim e
Registration desk 1 Oldest by priority None
Queue waiting 1 Highest attribute for X-ray& None

Lab
Triage room 2 Oldest by priority None
Exam room 4 Random None
Trauma room 3 Oldest by priority None
Observe room 3 Oldest by priority None
Waiting room Infinity

Entities
Walk-in
EMS patient
Resources Shifts

Name Number Morning Afternoon night
Physician 6 3 2 1
Nurse 14 CO

Trauma Room 3
Observation Room 3
Examination Room 4
Receptionist 3 1 1 1

Triage nurse 3 1 1 1
Processes

Process time
Name Location Resources required & quantity distribution

Registration Reg. Desk Receptionist (1) T (2, 3,4)*
Triage Triage Room Triage Nurse (1) B (1, 8,4.61,5.12)**
Initial Assessment Exam Room Physician(l) & nurse (1) B(5,84.4,3.65,15.5)
Final Diagnosis& Exam Room Physician(1) & nurse (1) G(5,86.4,3.64,15.5)A
Treatments

Observation/Prepare Observe Room Nurse (1) T(10,15,20)
Observation process Observe Room / T (20,45,120)
Prepare Patient
(finish) Observe Room Nurse (1) T (2,3,5)
Trauma Diagnosis& Trauma Room Physician(1)& nurse (1) T (45,60,120)
Treatments
Arrivals Inter-arrival Q uantity  E ach
Walk -in 1440(MIN) Normal (147,2)
EMS Exponential (550) Triangular (0,1,4)

Triangular Distribution (min, mode, max), **Beta distribution (min, max, p, q), 

A Gamma distribution (min, alpha, beta).
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5.4 Modeling Assumptions

In an effort to simplify the model development process and to achieve a higher degree of 

realism in representing the health care delivery system at the selected clinics and 

departments, it was essential to make some significant assumptions related to the 

operational aspects of the delivery system. Direct interviews with staff and administrators 

and direct observation of the delivery system were used to validate these assumptions. 

The following assumptions and constraints were applied to the model to represent the 

rules controlling the simulations:

• Patients remain in clinic/or department during their entire stay except when going 

for lab work or x-ray;

• All emergency patients retain their same acuity level assigned to them during 

triage;

• Staff will complete treatment on a patient before performing another task; the 

exception to this case is the arrival o f EMS patients. EMS patients have priority 

over other patients;

• Staff breaks are not modeled for all selected clinics and departments;

• There is no downtime assigned for locations and resources;

• At outpatient clinics, patients with appointments have die priority over walk-in 

patients;

• Appointment patient medical files are brought to the clinics an hour before clinic 

working hours;

• Bringing medical files of walk-in patients is a task perfoimed by medical records 

staff.
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• Patients returning from laboratory and x-ray department have the priority over 

other patients;

• In the case of a patient requesting more than one test at the laboratory department 

the patient waits the longest turnaround time;

• Patients admitted are considered exiting the system;

• Emergency and family medicine patients are mainly referred to biochemistry, 

hematology, and microbiology divisions at laboratory,

• Simulation results are rounded to the nearest integer, and

• For human resource working time a fraction of day time is allowed.

5.5 Model Verification and Validation

As descried in an earlier chapter, verification is the process of ensuring that the model is 

running as a representation of the real life system and as it is expected it to run. Both 

model verification and validation are essential in the development of the simulation 

model and in deriving areas of improvements. For the purpose of this research, the 

verification and validation process was achieved in a variety of steps through the model 

building process to ensure the model credibility. Contributing to the success of this 

process was the involvement of different staff levels at the early stages of model building. 

This facilitated the capture and translation of reliable, relevant, and accurate data for the 

service delivery system in the selected departments and clinics. Furthermore, staff 

interviews and direct observation during a month-long period provided the right level of 

detail so that no component of the operational aspects of the service delivery system was 

missed. Reflecting on the above, three approaches were used for the validation and
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verification of the model. These approaches were: (1) data verification, (2) computerized 

model verification, and (3) operational and output validation, they will be explored in 

detail next.

1. Data verification

This process involved ensuring that the collected data for the modeling purposes are 

valid. In doing so, the collected data that best described the operational aspects of the 

service delivery system at the selected departments and clinics was compared to the 

hospital records and statistics when available. Additionally, the structured process flow 

chart for each clinic and department was reviewed with staff and administrators to ensure 

that it was a determination of the appropriate levels of detail that best described the 

operational aspects of the health care delivery system at these clinics and departments. 

Few errors related to process flow and patient flow at the emergency and family medicine 

clinic were identified and corrected. Also, some errors were found related to resource 

assignment in the radiology department. The identification of these errors at early stages 

of model development helped in redesigning the process evaluation forms used for 

collecting data. The collected data involved the following types:

• Total number of patients arriving at each clinic and department

• Number of patients in each arrival

• Frequency occurrence of each arrival

• Capacity and number of servers in each clinic and department

• Resources required to provide services

• Process duration time (service time)
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2. Computerized model verification

This type of validation is defined as assuring that the model program coding and the 

conceptual model structure is correct for the purpose it is intended to. Using the 

animation capability of the Med Model software the model logic was checked and 

verified. Animating the simulation model provided a visual corrective technique for 

ensuring patient flow through the system for possible modeling errors. Patient flow from 

arrival time to departure time in each clinic and department was checked. Additionally, 

the trace capability of Med Model to find and fix model errors was used. Examples 

include the Run/Check option, and screen messages. Traces of logic and routing were 

printed and compared to the process flow charts during the data collection process. All 

relevant variables including entities, resources, locations, staff path networks, patient path 

networks were represented in the model. Therefore, the simulation model for the selected 

clinics and department found to be a correct logical representation of the real health care 

delivery system at the clinics and departments.

3. Operational and output validation

The operational and output validation deals with determining whether the model output 

behavior is accurate for the purpose it intended to. This type of validation can only be 

conducted when the model is made operational. In using this type of validation to ensure 

that the model developed is a valid model it was decided to monitor an important overall 

performance measure, the average length stay (LOS) at the selected departments and 

clinics. As discussed earlier, average length of stay (LOS) is the sum of process time 

(service time) and waiting for resources. The simulated average length of stay was then 

compared to the collected average length of stay during the observation period. In doing
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so, the first step was to execute the model under the current hospital staff scheduling and 

available resources for 50 replications, each of one month in duration. Warm-up periods 

of 1 day were used for each replication to allow for the system to reach realistic operating 

conditions before collecting appropriate statistics. Additionally, a 95% confidence 

interval was computed for the 50 replications. The results of comparing the collected 

average (LOS) to the average simulated (LOS) are shown in Table 5.4. The lowest 

collected average (LOS) was 30 minutes for normal, special procedure, and ultrasound 

patients at the radiology department and highest collected average (LOS) were for EMS 

patients at the emergency department. These collected (LOS) averages are compared to 

averages simulated (LOS) of 38 and 137 minutes respectively.

Table 5.4: Model Validation Results.

Department/Clinic
Collected
Average

(LOSHMIN)

Average
Simulated

(LOSHMIN)

Average 
Simulated 

(LOS) (MIN) with 95% C.l. 
Low-High

Emergency
Walk-in Patient 101 104 102-107

EMS Patient 140 137 134-139

Family Medicine 89 86 85-8 7

Ortho Clinic 72 78 77-79
X-ray Department
CT SCAN Patients 52 58 57-59

MRI patients 55 63 63 -6 5

‘Other patients 30 38 36-39

Laboratory 60 54 54-55

*Normal X-ray, Special Procedure, and Ultrasound
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Reflecting on the above, the simulation model for the selected clinics and departments 

was found to be a correct logical representation of the real health care delivery system at 

the clinics and departments.

5.6 Model Experimentation

Designing experiments for the purpose of modeling a health care delivery system is not 

an easy task. Several system variables have to be accounted for in the modeling process if 

the model were to be successful in achieving predetermined objectives. In an attempt to 

aid the decision of designing experiments using simulation modeling, Conway[153] 

identified two levels of planning (1) strategic planning and (2) tactical planning. Strategic 

planning includes identifying the factors that best describe the delivery system operations 

to be incorporated in the simulation, the level at which each factor is evaluated, and the 

output performance measure. Tactical planning involves a decision on how the simulation 

runs are executed. Clark[154] classified the variables that should guide the modeling 

process in simulation modeling into four categories including: Policy variables, 

Stochastic variables, System parameters, and Performance measures. Policy variables 

include strategic variables such as: scheduling staff, and service disciplines. Stochastic 

variables include the following:

• Number of servers within the clinic;

• Queue’s structure and discipline;

• Number of queues for each server;

• Arrival and inter-arrival time;
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• Demographic of calling population; and

• Patient treatment time distribution.

The third category, system parameters includes variables such as facility structure. The 

fourth category includes system output variables that should be monitored and analyzed. 

These include patient total time in the system, resource utilization, and patient waiting 

time for a resource.

Clearly, if all the above category variables were to be investigated and analyzed, 

considerable data, and data analysis would be required. For the purpose of identifying the 

most critical variables to be used to guide model experiment design in this research, it 

was decided to account for variables that best represented management, staff, and end- 

user concerns. Bottlenecks and inefficiencies within the delivery system, determined 

during direct system observation and staff and management interviews, helped in 

selecting experiment variables. The following variables were selected for the analysis of 

this research:

• Number of patients at each clinic

• Level of staffing at each clinic

• Number of servers at each clinic; and

• Staff scheduling policies and timetables.

5.7 Output Performance Measure

In order to assess the effectiveness of the system output in representing the real system, 

certain performance measure statistics for the model were collected and analyzed. It was 

decided to monitor main outcome measures including the average length of stay (LOS)
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and staff utilization values at each of the selected clinics and departments. Furthermore, 

these measures were of main interest to management, patients, and staff. The output these 

measures provided the information needed to decide upon possible solutions for solving 

problems related to the length of stay, resource utilization, and workload at the selected 

departments and clinics. Following is a list of performance measures used for this study:

• total patient length of stay (LOS) from registration completion to discharge;

• patient average waiting time for a resource;

• patient average time in operation (processing time);

• resource utilization rate at each clinic and department; and

• number of patients in queue at each process;

5.8 Evaluating Alternatives Results and Discussion

As indicated earlier, the care delivery process in the health care setting in general requires 

identifying effective and ineffective resource management methods and procedures. Long 

patient waiting times and an increasing demand for quality o f health care services as 

described before are long lasting problems that have drawn the attention of many health 

care research studies.

In order to evaluate the current situation in the departments and clinics properly and to 

determine the optimal solution(s) for the concerns that management and staff identified 

relating to resource utilization and patient length stay (LOS), different scenarios 

pertaining to the operations of the health care delivery system at the selected departments 

and clinics were developed and evaluated. As emphasized earlier, the performance 

measures included the total length of stay (LOS) of the patient as he/she goes through the
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care delivery process, and the utilization rate for resources (human and non-human) in 

these departments and clinics. Statistics of the previously described performance 

measures at these clinics and departments were compared for different scenarios of 

different operations strategies to improve patient throughput, access, and resource 

utilization.

The following scenarios pertaining to the operations of the health care delivery system at 

the selected departments and clinics were created for proper course o f actions once the 

baseline model was verified and validated:

• Current system operation (baseline model);

• Change staff levels and working hours at the emergency department;

• Change staff level and working hours and introducing an electronic patient medical 

records at all departments/clinics

• Population growth (increased demand)

The objectives of developing these scenarios are to decrease the (LOS), and maximize staff 

utilization within a certain range. Templin [155] claimed that in most health care 

organizations the target resource utilization should be in the 70% to 80% range. For the 

purpose of model experimentations, this range was selected as the target utilization range 

when analyzing the model output. Different staff-scheduling policies were input into the 

current system for experimentation purposes in an attempt to overcome the resource 

under/or over utilization problem and reduce (LOS) at the selected departments and clinics. 

These new policies varied on the number of physicians and nurses and in some, the shift 

duration was changed. Fifty replications of the model for each of the scenarios as well as 

the current system were run, with each replication consisting of 30 days plus one-day
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warm-up period. A 95% confidence interval is computed for each scenario as well as the 

current model.

5.9 Current System Operation

5.9.1 Average Length o f Stay

Long patient waiting times and increasing demand for quality of health care services are 

long lasting problems in health care delivery system. Results of running the simulation 

model under the current resource management practices at the selected departments and 

clinics are shown in Table 5.5.

Table 5.5: Simulated average (LOS) for the current system.

C lin ic Avg (LOS) 

(MIN)

Avg Time 
In Move 
Logic 
(MIN)

Avg Time Wait 
For 

Resource 
(MIN)

Avg Time 
In

Operation
(MIN)

Average (LOS)

95 % C.I. 
Low-High (MIN)

Emergency
Walk-in 104 3 63 38 102-107
EMS 137 1 26 110 134-139

Ortho clinic 78 4 26 48 77-79

Family clinic 86 2 27 57 85-87

X- ray * 38 1 23 14 36 - 39

CT 58 1 30 27 57-59

MRI 64 2 15 47 6 3 -6 5

LAB 54 1 18 35 54 - 55

* Normal x-ray, Ultrasound, Special procedure
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The average (LOS) is indicated by the entries in column (2) of this table and is the sum of 

the entries in columns (3), (4), and (5). Entries in columns (3), (4), and (5) represent 

average time the patient is in move logic, average time the patient waits for a specific 

resource, and average time the patient is in the operation respectively. For walk-in 

patients at the emergency department, the average (LOS) is 104 minutes with 60 % of 

this average (LOS) found to be a waiting time to secure resources. On the other hand, 

EMS patients encountered an average (LOS) of 137 minutes, with 80 % of this time 

representing services performed. At the orthopedic clinic the patient average (LOS) is 78 

minutes; and at the family clinic the average (LOS) is 86 minutes. Part of the patient 

average (LOS) at both family medicine and orthopedic clinics is a waiting time for their 

medical file to be brought to the clinics in the case of walk-in patients and the time 

required for x-ray procedures and lab tests when referred to other diagnostic departments. 

The results of analyzing the average (LOS) for the current system set the stage for the 

essential need for improvement at the clinics and departments.

5.9.2 Resource Utilization

Running the baseline model with the current resource assignment at the selected clinics 

and departments yields the results shown in Table 5.6. At the emergency department all 

but the afternoon and night shift physician resources are underutilized. This was due to 

the high patient demand during both shifts. The case is similar in both the family and 

orthopedic clinics. All resources are underutilized with the exception of the technician at 

the orthopedic clinic. The technician utilization rate is 70% and is within the target 

utilization rate of 70%-80%. At the x-ray department during weekdays, the normal x-ray
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technicians at the morning and night shift, MRI technician, CT nurse, and CT technician 

are all within the target range utilization rate of 70%-80 % . On the weekend shift, 

technicians on the morning and afternoon shift are underutilized and the utilization rate 

for the technicians on the night shift is 73%. At the laboratory, the minimum involvement 

of technicians for the processing of samples and the lower workload at the hematology 

and microbiology are the main reason for this underutilization. At the biochemistry 

division, although the involvement of technician in processing the sample is low, the 

division accounts for about 45% of the total laboratory workload, which as a result 

increases the technician utilization rate.

To conclude, the results of running the baseline model with the current resource 

allocation policies at the selected clinics and departments indicates that the physician and 

nurses utilization rate is significantly low when compared to the target utilization rate of 

70%-80%. Some resources, particularly emergency physicians on the afternoon and night 

shifts are over utilized. The under/over utilization of resources is found to be a result of 

inadequate staff scheduling policies for these clinics and departments. Consequently, the 

utilization rate of resources may be improved by changing the current scheduling policies 

for both doctors and nurses. Lastly, the underutilization rate of the resource at the x-ray 

department including ultrasound and MRI resources indicates the nature of the workload 

at these divisions and likely could not be improved no matter what policy changes are 

imposed on staff scheduling because at least one person is required. In addition, the 

resource assignment is currently kept low.
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Table 5.6: Human resource utilization rate at the selected department and clinics.

Number during shift % Utilization during shift
Department Resource M* A* N* M A N
Emergency Receptionist 1 1 1 32 45 15

Nurse 6 4 4 25 44 28
Triage nurse 1 1 1 43 59 20
Physician 3 2 1 47 79 89

Family
Clinic Receptionist 2 32

Nurse 3 40
Triage Nurse 2 66
Physician 6 57

Ortho clinic Receptionist 2 19
Nurse 5 59
Technician 1 70
Physician 7 51

x-ray
(weekday) Receptionist 2 22

x-ray Technician 6 2 1 74 46 74
Ultrasound Nurse 1 45
Ultrasound Technician 1 20
Ultrasound Radiologist 1 44
MRI Radiologist 1 62
MRI Technician 1 1 56 60
MRI Nurse 1 71
CT Nurse 74
CT Technician 1 74

(weekend) x-ray Technician 2 2 1 46 47 73
Laboratory
Weekday

Receptionist 2 1 1 64 62 50
Biochemistry Technician 3 1 1 59 94 78
Microbiology Technician 3 1 1 13 23 18
Hematology Technician 3 1 1 14 26 20

Weekend
Receptionist 1 1 1 55 53 50

Biochemistry Technician 1 1 1 75 82 78
Microbiology Technician 1 1 1 17 19 18
Hematology Technician 1 1 1 19 22 20
M* - Morning, A* - Afternoon, N*-Night
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5.9.3 Capital Resource Utilization

The result of evaluating the current capital resource allocation at the clinics and 

departments reveals that most of the resources are underutilized. As shown in Table 5.7 

resources including plaster room at orthopedic clinic, MRI machine and CT scan were 

found to be within acceptable utilization rates. The underutilization rate of most of the 

resources indicates that the hospital allocated more capital resources than it needed to 

deliver health care services; consequently, the utilization rate can be improved by the 

reallocation of these resources.

Table 5.7: Current system capital resource utilization rate and assignment

Department R esource Number Utilization (%)
Em ergency Trauma Room 3 11

Exam Room 4 63
Observation Room 3 20

Family Clinic
Exam Room 7 15
Triage Room 2 63

Ortho Clinic
Exam Room 7 51
Plaster Room 1 79

x- ray
Normal x-ray Machine 3 41
Ultrasound Machine 2 32
MRI Machine 1 75
CT Scan Machine 1 72

Reflecting on the above, several scenarios were tested for improving the current delivery 

system resource utilization and average patient (LOS) at the selected departments and 

clinics. Table 5.8 summarizes the characteristics of each scenario.
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Table 5.8: Scenarios 1-5 description.

Scenario Description
1 Modifying staff scheduling policies and shift duration time 

at the emergency department.

2 Modifying staff scheduling policies and extending shifts 
duration time by 2 hours at the emergency department.

3 Modifying staff scheduling policies, shift duration time, 
and reducing non human resources at the emergency 
department.

4 Modifying staff scheduling policies, shift duration time, and 
reducing non human resources at the emergency. 
Modifying staff levels, and non human resources at the 
selected outpatient clinic.
Introducing an electronic patient medical record at all 
departments and clinics.

5 Increasing demand level by 20% at the selected departments/clinics

The scenarios for scheduling policies and recourse allocation that were developed are 

detailed below.

5.9.3.1 Scenario 1

In this scenario the decision was made to modify the scheduling policies for both 

physicians and nurses after observing the utilization rate, both hourly and overall, and 

patient average (LOS) in the current system at the emergency department. In an attempt 

to balance the workload, improve patient average (LOS), and improve resource 

utilization rates the number of nurses was decreased in the morning, and night shifts by 

(3), and by (2) respectively as shown in Table 5.9. During system observation it was 

found that the peak demand at the emergency was from 4:00 p.m. to 11:00 p.m. for 

almost every day of the week.
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Table 5.9: Staff Schedule for Scenario (1).

Resource Shift Time Reduction in Resources

Physician 7:00 AM - 3:00 PM 2 

3:00 PM - 12:00AM 3 

10:00 PM-7:00 AM 1

Nurse 7:00 AM- 2:00 PM 3 

2:00 PM - 00:00 AM 4 
10:00 PM -7:00 AM 2

Similarly, the number of emergency physicians was decreased by one physician during 

die morning shift, and one physician was added to the afternoon shift. Additionally, the 

shift duration for the morning and afternoon was modified to the one shown in the Table 

5.9. The reason for this strategy of decreasing the number of nurses and physicians in the 

morning shift is because during observation it was found that the demand is lower at this 

period of time. One reason for this lower demand is that most patients tend to visit the 

specialist related to their health conditions in outpatient clinics that are open from 

8:00a.m.-2:00 p.m. during weekdays. Another reason is the fact that decreasing the 

number of staff assigned to a particular task will dramatically increase the staff 

utilization.

The effect of running scenario (1), with the above proposed staff scheduling policy and 

resource allocation strategy, on patient length of stay is shown in Figure 5.10. When 

compared to the current delivery system, Scenario (1) had reduced the average (LOS) 

from 104 minutes to 69 minutes, a 30% (LOS) time reduction. On the other hand, 

scenario (1) had no significant impact on EMS patient (LOS) because they have the 

priority over the walk-in patients.
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p  Scenario(1)

Figure 5.10: Scenario (1) average (LOS) - Emergency department.

The results of comparing resource utilization rate of scenario (1) with the current delivery 

system are shown in Figure 5.11. From the figure physicians during the morning shift and 

nurses during all shifts are all underutilized. On the other hand, the afternoon and night 

shift physician are over utilized. When comparing the scenario (1) resource utilization 

rate to that of the current delivery system, scenario (1) outperformed the current system 

on the physician’s utilization rate by bringing it closer to the 70% to 80% target range. In 

addition, scenario (1) produces a substantial improvement, approximately 50%, on 

nurse’s utilization rate during morning and night shift as shown in the figure. No impact 

was found of running scenario (1) on the triage nurse and receptionist utilization rate 

since one of each is assigned to each shift. Likewise, there was no impact noticed on the 

other clinics and departments as a result of scenario (1).
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Figure 5.11: Comparison of current system and scenario (1) resource utilization. 

5.9.3.2 Scenario 2

Scenario (2) was run under the emergency department staff scheduling policy shown in 

Table 5.10. The working hours of physicians and nurses during morning shift was 

extended by 2 hours.

Table 5.10: Emergency staff scheduling -Scenario (2).

Resource Shift Time Reduction in Resources
Physician 7:00 AM - 4:00 PM 2

4:00 PM -1:00 AM 2
10:00 PM - 7:00 AM 1

Nurse 7:00 AM- 4:00 PM 3
4:00 PM -1:00 AM 3
10:00 PM - 7:00 AM 1
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The number of physicians on the morning shift was decreased by 1 and the number of 

nurses was decreased by 3, and by 1 in the morning and afternoon shift respectively. The 

impact of the change in the staff scheduling policy on emergency patient (LOS) is shown 

in Figure 5.12.

Avgs (LOS) Walk-in

1 100

Avgs (LOS) EMS

B Baseline 
B Scenario (2)

Figure 5.12: Scenario (2) average (LOS) - Emergency department

From the figure, the impact of staff scheduling policy of scenario (2) is insubstantial on 

walk-in patient average (LOS) since it produced only 9% reduction of time. Moreover, 

the policy has increased the average EMS (LOS) by almost 19%.

On the other hand, the improvement this policy produced in resource utilization is 

significant as shown in Figure 5.13. This policy enhanced the physician utilization rate 

during night and morning shifts by bringing it to 67 %, which is closer to the target 

utilization rate of 70% - 80%. On nursing staff, a substantial improvement on utilization 

rate was noticed. The policy improved the utilization rate, particularly during morning, 

afternoon and, night shift, as scenario (2) produced 49% and 62% and 61% respectively.
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This scenario has no impact neither on resource utilization nor on patient waiting time on 

the other clinics and departments.

Figure 5.13: Scenario (2) resource utilization -  Emergency Department.

5.9.3.3 Scenario 3

In scenario (3) it was decided to run the current delivery system with the same staff 

scheduling policy used for scenario (1) but reducing the examination rooms, observation 

rooms, and trauma rooms to 3, 2,and 2 respectively. The objective was to streamline the 

non-human resources utilization rate and evaluate the impact of such decision on patient 

length of stay at the department. Results of the impact of scenario (3) on patient average 

(LOS) for both walk-in and EMS patient and are shown in Figure 5.14. Compared to the 

current system, this alternative reduced the average (LOS) of walk-in patients by 25 

minutes but had no significant impact on EMS patient average (LOS). On the other hand, 

when compared with scenario (1), scenario (3) increased by 5 minutes waiting time. The
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extra time encountered in scenario (3) is a result of patient waiting until the doctor and 

the exam/treatment room are available.

160-,

H Baseline 

□ Scenarb(1) 

H Scenario(3)

Avgs (LOS) Walk-in Avgs (LOS) EMS

Figure 5.14: Baseline, Scenario (1), and (3) average (LOS) -  Emergency Department.

When evaluating the impact of running scenario (3) on resource utilization, a substantial 

resource utilization improvement can be noticed as shown in Figure 5.15. The over 

utilized baseline scenario night shift physician with 89% utilization rate now drops to a 

62 %  utilization rate in scenario (3).
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Figure (5.15): Scenario (3) resource utilization rate

Also noticed is a balanced workload for physicians in all shifts as the scenario produced a 

utilization rate of 65 %, 63 %, and 62%. The case is similar for nursing staff with 47%, 

46%, and 46% utilization rate. When comparing scenario (3) with scenario (1) no major 

difference is found in the utilization rate for physicians or for nurses. This was expected 

since both scenarios are executed with the same staff scheduling policy. Another 

improvement resulting from Scenario (3) is the room’s utilization rate by producing 75 

%, 32 %, and 17 % utilization rate for, exam room, observation room, and trauma room 

respectively. The baseline scenario has current rates of 63%, 20%, and 11% respectively.
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5.9.3.4 Scenario 4

Scenario (4) intends to enhance the delivery system at the x-ray, emergency, and family 

and orthopedic clinics. Experimentation in this scenario puts more emphasis in the 

available staff schedules as measured by the number of nurses, technicians, and 

physicians on duty for each hour of the simulation run. The resource assignment policy 

shown in Table 5.11 was input in to the model with an initial effort to enhance the 

resource utilization rate and decrease the average (LOS) at the two clinics. The proposed 

staff's scheduling policies differ only on the number of physicians, nurses, receptionist,

Table 5.11: Scenario (4) resource assignment for orthopedic and family clinic.

Ortho Clinic Family Clinic

Resource Current Scenario (4) Resource Current Scenario (4)
Physician 7 5 Physician 6 5
Nurse 5 4 Nurse 4 3
Exam Room 7 5 Triage nurse 2 2
Receptionist 2 1 Exam room 7 5

Receptionist 2 1

and available rooms from the current delivery system. The actual operating hours are kept 

the same as the current system. At the emergency department it was decided to use the 

staff scheduling policy and resource assignment used in scenario (3) as it outperformed 

scenario (1) and (2) in resource utilization rate and decreased patient average (LOS) 

when compared to the current system. Additionally, this scenario accounted for the effect 

of introducing an electronic patient medical record to reduce administrative inefficiency, 

to improve access to patient information and to improve access to health care service by 

reducing patient time. The problem of walk-in patients having to wait for their medical 

records to be brought to the clinic existed in the orthopedic and family clinics as
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explained earlier. During the observation and process evaluation phase it was found that 

these patients account for 30%-35 %  of the total daily patients at both clinics. Likewise, 

the x-ray department experienced the same problem. The receptionists are never aware of 

which patient will be arriving for imaging on a particular day. This prevents them from 

pulling the folder prior to the patient’s arrival. According to the current process, the 

patient arrives in radiology with an exam requisition. The receptionist must leave the 

reception area to retrieve the patient folder. Pulling priors records at the same time of 

patient arrival increases the patient wait time. Misfiled or missing folders can also cause 

delays, impacting patient waiting time. Additionally, there is only one file number for all 

family members. To find a film for an individual patient, all films in the folder must be 

separated to ensure that the pertinent priors are retrieved, a process that normally leads to 

time delays. Therefore, this scenario intended to evaluate the effect of introducing and an 

electronic medical record (EMR) system at the two clinics, and the emergency, and x-ray 

department. The effect of running the current delivery system with the above staff 

scheduling policy and resource assignment on patient average (LOS) is shown in Figure 

5.16. As presented in the figure, scenario (4) produced an average (LOS) at all clinics but 

the EMS patient at the emergency department. Of interest, the walk-in patient average 

(LOS) at the emergency was reduced from 104 to 72 minutes and the average (LOS) for 

x-ray procedure was reduced from 38 to 25 minutes. Although the reduction in average 

(LOS) at the family and orthopedic clinics scenario (4) provided might not be significant 

in terms of time saving it is less than that of the current system. Additionally, it required 

less human and non-human resources as indicated earlier, which means labor cost 

savings.
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Figure 5.16: Scenario (4) Average (LOS) for the selected clinics and department

Moreover, implementing an electronic medical record system (EMR) at the clinics and 

the x-ray department is a key factor in managing operations effectively. An (EMR) would 

not only reduce costs in time but it will also improve access to patient information, and 

eliminate lost patient information.

In terms of resource utilization, scenario (4) significantly outperformed the current 

delivery system as shown in Figure 5.17.
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Figure 5.17: Scenario (4) resource utilization rate.

The physician utilization rate at both family and orthopedic clinics had been increased to 

70 %, which was one of the objectives of this alternative. This was achieved by reducing 

the number of physicians, which definitely means reducing the clinic operation costs. The 

case was similar for the nurses’ utilization rate since output from scenario (4) gave a rate 

that is close to the target range of 70%-80% after reducing the number of nurses in both 

clinics. Additionally, a utilization rate improvement was also achieved on receptionist 

and exam rooms at both clinics as shown in the Figure 5.17. The impact of this scenario 

on the emergency operation, average (LOS), and resource utilization when compared to 

scenario (3), was found insignificant since no changes have been noticed on emergency 

output after adopting the conditions proposed in this scenario. This was expected since 

the same resource assignment and staff-scheduling policies were used for both scenarios.
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5.9.3.5 Scenario 5

This scenario attempts to answer the question of how would the health care delivery 

system at the selected clinics and departments perform if the demand for services 

increased while the baseline resource management assignment and staff scheduling is 

maintained. In addition, this alternative is used to analyze the impact of increased 

demand on patient (LOS) and resource utilization. It order to answer the above question 

and to understand the behavior of the current delivery system under the new condition of 

increasing demand, it was necessary to determine what is the level of increase in demand. 

Since there were no records kept concerning the level of increase in demand at the 

selected clinics and departments it was decided for the purpose of this experiment to 

assume a 20% increase in the level of demand. The 20% increase in demand incorporated 

represents walk-in patients, since the number of appointments that can be given is 

controlled by the clinic administration. The attempt here is not to determine the resources 

required to achieve the 20% increase in demand, but rather as indicated earlier to evaluate 

the behavior of the system under such operating conditions. Table 5.12 shows the 

percentage of demand level increase and the number of patients associated with that 

increase.

Table 5.12: Increases in demand levels.

Clinic/ Department Demand
As-ls

20 % increase 
per day

Emergency -Walk-in 147 176
-EMS 4 5

Ortho clinic 22 26

Family clinic 40 48

Laboratory 418 502

X-ray 48 58
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The results of the impact on average (LOS) obtained after running this scenario are 

presented in Figure 5.18.

B Baseline 
B Scenario (5)

Avg (LOS) Avg (LOS) Avg (LOS) Avg (LOS) Avg (LOS) Avg (LOS) 
Walk in EMS Ortho clinic Family clinic Lab x-ray

Figure 5.18: Scenario (5) average (LOS) at the selected departments/clinics.

When analyzing the results shown in Figure 5.18 a significant increase on the patient 

average (LOS) at the emergency, x-ray and lab can be noticed. The 20 % level of increase 

in demand produced an average (LOS) of 173 minutes at the emergency department 

compared to 104 minutes under the current system. Part of this increase on the average 

(LOS) at the emergency department is a result of the increase on the average (LOS) of 

both departments as this alternative produced 60 and 78 minutes at x-ray and laboratory 

respectively. That impact of increasing the demand level on the family medicine and 

orthopedic clinic average (LOS) was insubstantial when compared to that of the current 

system as it generated 100 and 87 minutes average (LOS) respectively. The reason for 

this is that the walk-in patients represent a small portion of the total daily demand at both
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clinics. The effect on resource utilization at the emergency department after incorporating 

the increased in demand into the model is shown in Figure 5.19.

Avg (LOS) Avg (LOS) Avg (LOS) Avg (LOS) Avg (LOS) Avg (LOS) 
Walk in BViS Ortho clinic Family clinic Lab x-ray

Figure 5.19: Scenario (5) resource utilization at Emergency department

The main effect of the new change is easily noticed on the physician for the afternoon 

and night shifts as it produced 84 % and 99% utilization rates respectively. This indicates 

that for the department to cope with this new increase for these two shifts, it is necessary 

to use a different resource assignment policy if the system performance is not to be 

altered. On the other hand, the impact of this increase on other emergency resources has 

no main effect as shown in the figure.

At the two outpatient clinics, family and orthopedic, the increase in demand level did not 

affect system performance since it has a minimum impact on resource utilization as seen 

in Figure 5.20. Although the increase generated a utilization rate of physician and nurses 

that is higher than the current system yet, it is still not close enough to target rate of 70%- 

80% utilization rate.
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Figure 5.20: Scenario (5) resource utilization at family and orthopedic clinics

In the case of capital resources the increase on demand level could be satisfied even with 

less resources as the increase produced no significant impact on the utilization rate of 

these resources.

For the radiology department, the simulation model for the current system, using the new 

demand level for the same resource configuration, indicted that performance when 

measured by resource utilization rate would not be affected. Resources at CT scan, MRI, 

and ultrasound were not affected by this increase since the services at these divisions 

were prescheduled. All other resources as shown in Figure 5.21 are underutilized except 

the x-ray technicians on the morning and night shift during weekdays and night shift 

technicians on weekends. To conclude, the increase in demand shows no significant 

effect on x-ray department operations.
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Figure 5.21: Scenario (5) resource utilization at X-ray Department.

The results obtained after running the model for the laboratory are given in Figure 5.22. 

The figure represents only the effect on the utilization rate of resources at the 

biochemistry division, since it is the only effect this alternative produced.
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Figure 5.22: Scenario (5) X-ray resource utilization

This was expected as indicated earlier since this division accounts for most o f the 

laboratory workload. In the case of the hematology and microbiology divisions no 

significant impact was noticed. According to the figure, the increase on demand level can 

not be satisfied with the current technician resource assignment and scheduling policies 

as it produced more than 90% technician utilization rate.

5.9 Summary of Results

In this chapter the basic objective of this chapter was to develop and validate a model that 

best describes the real delivery health care system at the selected departments and clinics 

at Zayed Hospital. This was an attempt to investigate problems and concerns from 

management, staff, and end-users related to waiting time, inadequate resource planning 

and allocation practices in the current delivery system. To accomplish this objective the 

first step was to prepare data for model input. In this step, reliable, relevant and accurate 

data, that best represented the operational aspects of the current delivery system was
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prepared and used as input for the med model software. At each clinic and department 

selected, the model logic was basically a representation of a queue system where patients 

(entities) enter the system, receive medical service and then leave the system. The patient 

flow within the system from server to server is based on the treatment regime prescribed 

for patients based on their condition or illness. The second step was to verify and validate 

the developed model. Three approaches were used to conduct this step. These were: (1) 

data validity, (2) computerized model verification, and (3) operational and output 

validation. As result the developed model was found to be a valid representation of the 

real delivery system at the selected departments and clinics.

The third step was experimentation with the model. In this step the simulation model was 

executed to test the following major factors that influence the performance measures and 

concerns voiced by end-user, staff, and management about at the selected departments 

and clinics:

(1) Number of patients at each clinic;

(2) Staffing levels at each clinic;

(3) Number of servers at each clinic;

(4) Staff scheduling policies and timetables.

The above factors were used to examine the following performance measures:

(1) Total patient length of stay (LOS) from registration completion to discharge;

(2) Patient average waiting time for a resource;

(3) Patient average time in operation (processing time);

(4) Resource utilization rate at each clinic and department; and

(5) Number of patients in queue at each process.
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The following general conclusions can be drawn about the model developed for the 

selected clinics and departments[156]:

1. The current health care system at the selected departments and clinics presented a 

scope for improvements in patient throughput, access to services, and resource 

utilization.

2. The simulation model accurately represents the real life operations at the selected 

departments and clinics. Output from the model has proven to be a representation 

of the real life operations of the clinics/departments for which the system was 

observed and data collected.

3. Using the proposed improvement approach, methodology, and simulation, 

optimal solutions for efficient planning and allocation of resources can be 

achieved.

For experimentation purposes, different staff-scheduling policies and resource 

assignment were proposed and evaluated with the simulation model. The arrival patterns 

at the selected departments and clinics significantly affected the waiting time and 

resource utilization rate. Similarly, different staff levels also affected the performance 

measure at each clinic and department. It was found that at a point of time when the 

average patient load is high some resources were over-utilized, and in the case where the 

average load was small, the resources were unaffected. In the case where resources are 

underutilized, it was found that the hospital allocated more resources than it needed to 

deliver services. This was a result of the current inadequate planning and resource 

management practices. Reallocating these underutilized resources to value added 

activities that best represent patient, and staff needs and requirements is the solution to 

resolve the underutilization problem. Increased staff levels in some shifts during the day
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resulted in decreased patient average (LOS) and brought the staff utilization rate closer to 

the targeted utilization rate 70%-80%.

Introducing an electronic patient medical record (EMR) allows healthcare providers at 

Zayed hospital to save time and money, enabling them to better care for their patients. 

The EMR streamlines the diagnosis and treatment processes. It allows physicians to 

efficiently and cost-effectively manage their patients’ full clinical experience, including 

appointment scheduling, office visits, labs, health maintenance, referrals, authorization 

and medications. Moreover, the EMR enables physicians and their staff to focus on their 

patients instead of paperwork, enhances patient care, improves efficiency, increases 

profitability and helps medical practices stay current and compliant with industry 

standards and regulations

Normally, the impact of increasing service demand levels at hospital results in increase 

patient average (LOS), patient delays, and resource utilization rate. This was not the case 

in some of the selected clinics and departments since these clinics allocated more than the 

needed resources. Since no records were kept for demand growth at the hospital, a 20% 

demand increase was assumed to evaluate the impact of demand increase. This 

experiment was designed and conducted to test the behavior of the current system when 

increasing the demand for service. If the hospital is to plan and allocate resources 

efficiently it must be able to predict the actual demand growth in services. Moreover, the 

predicted growth should be evaluated for long-term trends and correlations between these 

trends and the characteristics of the calling population at the hospital. In additions, for the 

hospital to efficiently plan and allocate resources accordingly it is very important to study 

the behavior of system variables under different demand levels and to evaluate how much

202

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the system is able to afford without altering the system performance of an acceptable 

service level.
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Chapter 6

Conclusions and Recommendations

This chapter sets out to present the conclusions and recommendations for this research 

study. The first section contains the conclusions drawn from conducting this research. 

The second section includes suggested future recommendations for further studies in the 

area of resource management.

6.1 Conclusions

As indicated earlier in this thesis, the development of the improvement framework is an 

effort to aid the strategic and operational decision-making in resource management for 

service organizations. With a focus on statistical data and input from problem owners, the 

general framework proposed in the study has proven to be useful in analyzing an existing 

service delivery system at Zayed Hospital.

The previously well described new improvement framework and the methodology 

presented in this study governed the modeling process for selected departments and 

clinics at the hospital. Patient and staff satisfaction surveys helped identify the key 

decision variables of the model and offered an insight into what data to collect when
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defining the operational aspects of the current health delivery system at the selected 

departments and clinics. Moreover, reliable and relevant data that best describe system 

operations and represent workforce concerns and problems were achieved by using a 

continuous data improvement process (PDSA cycle). The (PDSA) cycle facilitated the 

model verification and validation processes and helped in identifying activities that have 

a major impact on system performance. The management, staff, and patient involvements 

were essential in determining the real system problems and as a result, model objectives, 

accurate current system details, and areas for improvements were easily determined. At 

the early stages and throughout the process of developing the simulation model, Zayed 

Hospital management and staff gained greater detailed knowledge of their operations and 

procedures at the selected clinics and departments.

The methodology used in this research helped to observe and predict consequences of 

change in resource management policies prior to decisions actually being implemented 

and without the disruption and expense associated with trial and error. The use o f the 

methodology and tools proposed in this research proved to be very beneficial to Zayed 

hospital in attempting to determine the efficient resource allocation and planning 

practices. To observe the consequences of changes in the current resource management 

policies at the selected departments/clinics five scenarios were developed and analyzed. 

Based on the analysis performed along with the results of comparing different scenarios 

to the current system, it can be concluded that effective and efficient decision-making on 

resource allocation and planning can be achieved. Adoption of one of the developed 

scenarios can improve resource utilization and enhance patient throughput and access to
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care. Consequently, reducing patient length of stay is one way by which more patients 

can be seen at the selected departments/clinics.

To conclude, the main characteristics that define the novelty of the proposed 

improvement framework are the followings:

• The first to account for the involvement of stakeholders (management - staff - end 

user -  analyst).

• The first to provide a continues data improvement mechanism throughout the 

modeling efforts (PDSA) cycle.

• The first to provide an effective and efficient measure for post evaluation.

• Focuses on the most significant system variables that best represent stakeholders’ 

needs and requirements.

• Engineering Methodology and management techniques are shown to be 

effectively utilized for evaluating a health care delivery system.

6.2 Recommendations for future work

To conclude this research, there are many directions for further studies in the area of 

resource management that can be considered for future work. These are listed below.

1. The operational aspects of other clinics and departments at Zayed Hospital may 

be investigated using the proposed improvement framework and methodology 

described in this research and based on the experienced gained in the case study.

2. To additionally test the applicability of the proposed improvement approach to 

other service delivery systems in different industries, the approach and
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methodology can be applied to other service delivery systems with some 

modifications related to the area of application.

3. The growth in service demand at Zayed Hospital should be examined for long

term trends if the hospital is to plan and allocate resources efficiently.

4. A large-scale study should be conducted to evaluate the laboratory department at 

Zayed Hospital. This could include defining all operational aspects of the 

laboratory process, amount of available equipment, capacity of equipment, 

number of tests at each division, and turnaround time for each test.

5. In addition to the decision variables used in this study, the service delivery system 

could be investigated using cost (salaries and wages) as a decision variable. This 

could be expanded to include costs for equipment and tools necessary to deliver 

services.

6. To test the efficiency and effectiveness of the alternative solutions proposed in 

this study in achieving the objectives and solving problems, patient and employee 

satisfaction surveys should be conducted for the same period of time after 

implementing the new resource management polices.
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(Patient Satisfaction Questionnaire)
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Patient Satisfaction Questionnaire

Instructions:
Please read each statement carefully, keeping in mind the medical care you receiving 
right now. We are interested in your feedback about the medical care services that our 
hospital provides. _____________________________________j____________

Department: ------------
Age: ------------
Gender: M: F:

P lease in d ica te  how  stro n g ly  do y o u  A G R E E  o r D IS A G R E E  w ith  each  o f  th e  fo llo w in g  
sta tem en ts.

A. Access Strongly
Agree

1. It is easy for me to get medical care in $an emergency.

2 .1 am usually kept waiting for a long 4
period of time. \ J

3. It is hard for me to get medical care on 4
short notice. S3

4. Where I get medical care people have 4
to wait too long. \ J

5 .1 have easy access to the medical 4
specialist I need. S3

6. It is hard to get an appointment for
care right away.

7 .1 am able to get medical care 4
whenever I need it X J

8. If I need hospital care, I can get 4
admitted easily.

Agree Uncertain Disagree Strongly
Disagree

224

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



B. Convenience:

1. The office hours when I get medical 
care are convenient (good) for me.

2. The office where I get medical care 
should open more hours.

3. Places where I get medical care are 
well located.

C. Communication:

1. Doctors are good in explaining the 
reason for medical tests.

Strongly Agree 
Agree

Uncertain Disagree Strongly
Disagree

Strongly Agree 
Agree

Uncertain Disagree Strongly
Disagree

2. During my medical visits, I am always 
allowed to say everything that I think is 
important.

3. Sometimes doctors use medical terms 
without explain in what they mean.

4. Sometimes nurses use medical terms 
without explaining what they mean.

5. Doctors sometimes ignore what I tell 
them.

6. If I have a medical question, I can 
reach a doctor for help without any 
problem.

7. Doctors rarely give me advice about 
ways to avoid illness and stay healthy.

D. Quality of Care:

1. Doctors need to be more 
thorough in treating and examining 
me
2. Sometimes, doctors make me more 
wonder if their diagnosis is correct.

3. The medical staff that treats me knov 
about the latest medical developments.

Strongly Agree 
Agree

Uncertain Disagree Strongly
Disagree

225

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4. Doctors never expose me to 
unnecessary risk.

Strongly
Agree

4
Agree

4
Uncertain

4
Disagree

4
Strongly
Disagree

4

5. Some of the doctors I have seen lack 
of experience with my medical problems. 4 4 4 4 4

6. Overall, the medical care I receive is 
excellent. 4 4 4 4 4

7. Doctors usually spend plenty of time 
with me. 4 4 4 4 4
8. In general, nurses usually spend plenty 
of time with me. 4 4 4 4 4
9.1 m dissatisfy with some things about 
the medical care I receive. 4 4 4 4 4
10. My doctor is very competent and 
well trained. 4 4 4 4 4

F. General Satisfaction:

1 .1 am very satisfied with the 
medical care I receive.

Strongly
Agree

4

Agree

4

Uncertain

4

Disagree

4

Strongly
Disagree

4
2. There are some things about the 
medical system that need to be 4 4 4 4 4
improved.

General Comments:

Areas of Improvement:
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Appendix (B):

(Physicians and Employee Satisfaction Questionnaire)
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Physicians
and

Employee
Satisfaction

Survey

Instructions:
Please choose the number that best reflects your 
response to each statement as follows:

1. Completely disagree
2. Somewhat disagree
3. Somewhat agree
4. Completely agree
5. Don’t know
6. Not applicable

Please note that the term "ZH" refers to Zayed Hospital
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Physicians and Employee Satisfaction Survey:
Department:

l-Completelydisagree 2-Somewhatdisagree3-Somewhatagree 4- Completely agree 5-Don'tknow6- Not 
applicable________________________________________________________________

1 Overall, the work environment at ZH has changed for better over the last 1 2 3 4 5 6
year.

1 ? 3 4 5 6
2 I am proud to say I work at ZH.

3 I would recommend ZH as a good place to work. 1 2 3 4 5 6

4 ZH provides high quality care. 1 2 3 4 5 6

5 ZH does not provide a supportive environment for employees and 
physicians.

1 2 3 4 5 6

6 Within the next 3 to 5 years ZH can become one of the best Hospitals in 
UAE.

1 2 3 4 5 6

Please rate your level of satisfaction with each of the following aspects of your work
1 ? 3 4 5 67 The maintenance and cleanliness of your work.

1 9 3 4 5 68 Your work schedule.

1 9 3 4 5 69 Your influence over your work schedule.

1 9 3 4 5 610 Your current job at ZH.

Please indicate your level of agreement with each of the following statements

11 Overall, for the work I do, I am satisfied with my pay. 1 2 3 4 5 6

12 Overall, I am satisfied with my benefits package. 1 2 3 4 5 6

13 I do not have Opportunities for advancement or promotion at ZH. i 2 3 4 5 6
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Please indicate your level of agreement with each of the following statements

14 I feel insecure about my future employment at ZH.
1 2 3 4 5 6

1 -Completely disagree 2-Somewhat disagree 3-Somewhat agree 4- Completely agree 5-Don't know 6- Not applicable

1 ? 3 4 5 6
15 Overall, I am satisfied with the number of hours I work each week.

16
I would prefer to remain with ZH even If I were offered a comparable 1 2 3 4 5 6

job in another hospital.

Please indicate your level of agreement with each of the following Statements

1 9 3 4 5 6
17 ZH makes a good use o f human resources available.

18 In my work area the human resources available are used inefficiently. 1 2 3 4 5 6

19
ZH maintains effective partnership with other health care and Social 
services
providers for the benefits o f the community.

I 2 3 4 5 6

20 ZH conducts research that improves the quality o f patients care. 1 2 3 4 5 6

21 I have the equipment/tools I need to do my job. 1 2 3 4 5 6

22 The-equipment/tools I use are poorly maintained.
1 2 3 4 5 6

23 ZH has the latest equipment/tools in my field. 1 2 3 4 5 6

25 The quality o f my work suffers because o f my workload. 1 2 3 4 5 6

26 Overall, I feel physically safe when I am at ZH. 1 2 3 4 5 6

27 I am satisfied with the support I receive for my research activities. 1 2 3 4 5 6

28 I am satisfied with the professional practice support I receive at ZH. 1 2 3 4 5 6

Please indicate your level of agreement with each of the following statements

\ 29 ~~In my day-to-day work, I can have a direct impact on the success of ZH. | l  | 2 | 3  | 4 | 5  | 6
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30
In my work area, some o f the people do most o f the work while others 
do
Enough to get by.

1 2 3 4 5 6

31 At ZH we don't work together to solve problems and explore 
opportunities.

1 2 3 4 5 6

1 -Completely disagree 2-Somewhat disagree 3-Somewhat agree 4- Completely agree 5-Don't know 6- Not applicable

32 The people I work with put the team interests ahead o f their personal 
interests

1 2 3 4 5 6

33 In general, in my work I receive the collaboration of physicians.
1 2 3 4 5 6

34 In general, in my work I receive the collaboration of other health care 
Professionals.

1 2 3 4 5 6

35 I am treated with respect by the people that I work with.
1 2 3 4 5 6

36 . ZH functions as a bilingual hospital.
1 2 3 4 5 6

Please indicate your level of agreement with each of the following statements

37 My work makes poor use o f my skills and abilities.
1 2 3 4 5 6

38 My work provides me with a sense o f personal accomplishment.
1 2 3 4 5 6

39 My work contributes to improving the care patients receive at ZH. 1 2 3 4 5 6

40 ZH is valued by local community.
1 2 3 4 5 6

41 Good staff performance is recognized at ZH.
1 2 3 4 5 6

42 Weak staff performance is not dealt with at ZH. 1 2 3 4 5 6

43 I am satisfied with my involvement in decision making-about patient 
care.

1 2 3 4 5 6

Please indicate your level of agreement with each of the following statements

44 I have a clear understanding o f the overall goals o f ZH. 1 2 3 4 5 6
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45 I am generally informed on a timely basis about the important 1 2 3 4 5 6
developments and major decisions that affect me.

46 Overall, I have a little understanding o f what is happening at ZH outside 
my work area.

1 2 3 4 5 6

47 Outside o f my work area I am not interested in what is happing at ZH.
1 2 3 4 5 6

1-Completely disagree 2-Somewhat disagree 3-Somewhat agree 4- Completely agree 5-Don't know 6- Not applicable

Please indicate your level of agreement with each of the following statements My immediate 
supervisor:

48 Is responsive to my need to balance work load and personal 
responsibilities.

1 2 3 4 5 6

49 Motivate me to do my best.
1 2 3 4 5 6

50 Provides the training I need to do my job well.
1 2 3 4 5 6

51 Helps me understand what is expected o f me/my job.
1 2 3 4 5 6

52 Helps our work area function as a team.
1 2 3 4 5 6

53 Communicate in an honest and direct manner.
1 2 3 4 5 6

54 Treats all his/her staff fairly.
1 2 3 4 5 6

55 Consults with staff when making decisions.
1 2 3 4 5 6

56 Provides timely feedback on staff suggestions.
1 2 3 4 5 6

57 Shares important information regarding ZH and our working staff.
1 2 3 4 5 6

58 Helps remove barriers to the success o f our team.
1 2 3 4 5 6

59 Support the continuous growth and development o f staff.
1 2 3 4 5 6
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Please indicate your level of agreement with each of the following statements
Senior Management:

60 Makes good decisions.
1 2 3 4 5 6

61 Makes decisions in timely manner.
1 2 3 4 5 6

62 Is talking action necessary for ZH to succeed in the future.
1 2 3 4 5 6

63 Communicates in an honest manner. 1 2 3 4 5 6

1-Completely disagree 2-Somewhat disagree 3-Somewhat agree 4- Completely agree 5-Don't know 6- Not applicable

64 Understand the challenges staff face in delivering quality patient care. 1 2 3 4 5 6

65 Has a sincere interest in die satisfaction and well being of staff. 1 2 3 4 5 6

66 Is approachable. 1 2 3 4 5 6

67 Acts on suggestions and/or recommendations from staff. 1 2 3 4 5 6

68 Supports the continuous growth and development o f staff. 1 2 3 4 5 6

69 Has become more effective in the last year. 1 2 3 4 5 6

What is the one change that would most improve your satisfaction in your job (Please write
in the box)
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Additional questions only for physicians

Please rate your level of satisfaction with each of the following type of
resource/service

1 ? 3 4 5 6
70 The support you generally receive from other colleagues.

Dictation Services

71 Availability of dictation services. 1 2 3 4 5 6

72 Ease with which dictation services are accessible. 1 2 3 4 5 6

1 7 3 4 5 6
73 Availability of dictation results where/when needed.

Medical Records

74 Availability o f medical records where/when needed. 1 2 3 4 5 6

1 -Completely disagree 2-Somewhat disagree 3-Somewhat agree 4- Completely agree 5-Don't know 6- Not applicable

75 Ease with which the medical records are accessible. 1 2 3 4 5 6

Laboratory Services

76 Availability of laboratory services. 1 2 3 4 5 6

77 Ease with which laboratory services are accessible. 1 2 3 4 5 6

78 Availability of laboratory results where/when needed. 1 2 3 4 5 6

Diagnostic Imaging

79 Availability of diagnostic imaging services. 1 2 3 4 5 6

80 Ease with which diagnostic imaging services accessible. 1 2 3 4 5 6

81 Availability of diagnostic imaging results where/when needed. 1 2 3 4 5 6

Consults

82 Availability of consults. 1 | 2 | 3 | 4 | 5 |.6
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83 Ease with which consults are accessible. 1 2 3 4 5 6

84 Availability of results o f consults where/when needed.
1 2 3 4 5 6

Opentting Room

85 Availability of operating room time.
1 2 3 4 5 6

86 Ease o f the booking mechanism for operating room times.
1 2 3 4 5 6

87 Availability of personnel where/when needed.
1 2 3 4 5 6

88 Availability o f equipment where/when needed.
1 2 3 4 5 6

Clinic Time

89 Availability o f clinic time.
1 2 3 4 5 6

90 Ease o f the booking mechanism for clinic time.
1 2 3 4 5 6

1-Completely disagree 2-Somewhat disagree 3-Somewhat agree 4- Completely agree 5-Don't know 6- Not applicable

Nursing Support

91 Availability of nursing support.
1 2 3 4 5 6

92 Ease with which nursing support is accessible.
1 2 3 4 5 6

93 Continuity o f nursing care. 1 2 3 4 5 6

Workload

94 Frequency o f on call.
1 2 3 4 5 6

95 Frequency o f pages.
1 2 3 4 5 6

96 Clinical responsibilities.
1 2 3 4 5 6

97 Academic/administrative responsibilities. 1 2 3 4 5 6
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Tell us about yourself
W hich g roup  do  you  belong to ?

98

l Physicians
2 Nursing
3 Manager, Director
4 Administrative
5 Clerical

How on<3 have you worked at ZH?

99

1 Less than 5 years
2 5 to 10 years
3 11 to 15 years
4 1 to 20 years
5 21 to 25 years
6 Over 25 years

Are you

100 Male.
Female.

What is your age group?
Under 25
25-34

101 35-44
45-54
55-64
65+
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M y  primary work area is: 
Employees
Patients services-nursing

Medicine in-patients department
Medicine clinics (outpatient departments)
Surgery in-patient departments
Surgery clinics (outpatient departments)
Operation rooms

Psychiatry
102 O bstetrics/G ynecology (in-patient clinics)

Obstetrics/Gynecology (out-patent clinics)
Intensive care unit
Emergency
Palliative care
Rehabilitation
Other (specify)

Professional services
Infection control
Radiation safety/diagnostic imaging/health science technology

103
Laboratory medicine
Pharmacy

Nursing professional practice
Other (specify):

Support Services
Hotel services
Engineering & Operations
Development & Planning
Supply processing & distribution

104 Nutrition & food services
Health records

Adm itting, patient registration
Human resources
Other (specify):

Physitcians

105

Anesthesia Ophthalmology
Critical care Psychiatry
Emergency Diagnostic imaging
Family practice Surgery
Pathology & lab medicine Dentistry
Medicine ENT
Obstetrics & Gen ecology Other (specify):
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Appendix (C):

(Process Evaluation Forms)
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D e p t :  E m e r g e n c y  
A r r i v a l  T i m e : 
D a y s :

S h i f t  D u t y  M o r n i n g  P M  N i g h t

Weekday Weekend

P r o c e d u r e Start Time End Time

R e g i s t r a t i o n

T r i a g e

I n i t i a l  A s s e s s m e n t

F i n a l  A s s e s s m e n t  a n d  T r e a t m e n t

O b s e r v a t i o n

T r a u m a

A d m i s s i o n

D i s c h a r g e

X - R a y

X - R a y  T y p e Start Time End Time

R e g i s t r a t i o n

N o r m a l  X - r a y

U l t r a s o u n d

S p e c i a l  P r o c e d u r e s

M R I  S a f e t y  S c r e e n i n g

M R I

P r e p a r i n g  M R I  R o o m

C T  S c a n

L A B

D i v i s i o n :  S a m p l e  T y p e : Start Time End Time
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D e p t :  X - R a v  S h i f t :  M o r n i n g  P M  N i g h t

Arrival tim e: W e e k d a y  w e e k e n d  

P atien t type: With ap p o in tm en t o r  walk_ in

R e f e r r e d  f r o m : -

( - R a y

X - R a y  T y p e
S t a r t
T i m e

E n d
T i m e

R e g i s t r a t i o n

N o r m a l  X - r a y

U l t r a s o u n d

S p e c i a l  P r o c e d u r e s
M R I  S a f e t y  
S c r e e n i n g

M R I
P r e p a r i n g  M R I  
R o o m

C T  S c a n

A p p t  s e t t i n g T y p e  o f  X - r a y
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D e o t : O rtho  C linic S h if t : M ornina

Arrival Tim e: W eekday P a tien t type: A OR W

P ro ce ss S ta rt
Time

End
Tim e

Registration and Medical File Check

Medical file request

Initial Assessment

Final Assessment and Treatment

Procedures ( Technician ) , Casting, Dressing, Reduction etc

Appointment registration

Admission or discharge

X-RAY

X-ray Type S ta rt
Tim e

End
Tim e

Registration

Normal X-ray

Ultrasound

Special Procedures

MRI Safety Screening

MRI

Preparing MRI Room

CT Scan

Appt setting
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D e D t: Familv Clinic S h ift: Mornina

Arrival Time: Weekday Patient type: A OR W

Process Start
Time

End
Time

Registration &Medical File Check

Medical file request

Initial Assessment ( by Nurse)

Physician 1st Encounter

Physician 2nd Encounter

Appointment registration

Admission or discharge

X-RAY

X-ray Type Start
Time

End
Time

Registration

Normal X-ray

Ultrasound

Special Procedures

MRI Safety Screening

MRI

Preparing MRI Room

CT Scan

Appt setting

LAB

Division-: Sample Type: Start
Time

End
Time
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