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Preface

As healthcare systems worldwide face the challenge of delivering quality ser-
vices while maintaining control over escalating costs, there is growing support for
the view that conventional approaches to the organization of healthcare systems
are failing. The questions arising are extremely complex, and in most cases it is
not acceptable to rely on simple intuition to answer a given question. In order to
develop solid, defendable, evidence-based answers to the complex questions aris-
ing in modern healthcare, modelling is being increasingly applied. Yet, to many
healthcare policymakers, the development, tuning, testing, validation, and eventual
application of a model are considered a foreign art.

A model is a simplified representation of a real-world situation used to help
answer a specific question. The main role of a model is to help steer decisions
in the right direction. In most cases a model cannot give the “right” answer to
a problem, but it can be a useful tool in characterizing the problem and finding
ways to resolve it. In this book we provide a look into the world of modelling, with
particular focus on modelling in healthcare. We provide this as it is our belief that
decision makers and modellers must share a certain level of knowledge to maintain a
healthy relationship. Modellers working on healthcare problems cannot be blind to
the less mathematical issues of healthcare, and decision makers engaging modellers
should not view models as mystical crystal balls from which answers emerge. As
the Complex Systems Modelling Group, we have worked extensively with healthcare
policymakers and have developed expertise in developing and analyzing healthcare
models and in explaining models and modelling to those unfamiliar with the subject.
With this book we hope to use this expertise to help strengthen the bonds between
the worlds of modelling and healthcare.

This book is by no means a complete text on the subject of modelling in
healthcare. In fact each chapter in this book (with the exception of the introductory
chapters) could easily be extended into a complete textbook. We hope readers will
view this as a handbook of modelling in healthcare and use it to provide themselves
with a broad overview of how modelling works and what it is capable of.

As a handbook of modelling techniques, each chapter of this book has been
written in a self-contained manner. Any given chapter can be read without having
read previous chapters (although we strongly recommend reading the introductory
chapters before tackling other chapters). Any text cross-reference to a section
(or subsection) refers to that section (or subsection) in the current chapter unless
otherwise specified. With the exception of the introductory chapters, each chapter
focuses on a particular style of modelling that is applicable to healthcare. To keep
the book as self-contained as possible, most chapters contain enough background
that they are accessible to anyone with a solid high school level of mathematics. To
ease reading, most chapters are written using the same basic template consisting

ix



x PREFACE

of Model Overview, Common Uses, Model or Mathematical Details, Examples, and
Related Reading. Readers can quickly scan the model overview and common uses
sections to determine if a model is applicable to the problem they are interested
in and can study the mathematical details and examples sections if more detail is
desired. The related reading section points readers to further literature of interest.

It is our hope that this book will provide a stepping stone for people interested
in the world of modelling in healthcare, while remaining an excellent reference
guide for those more familiar with the subject. As such, this book should be of
use to anyone, academic or professional, who is interested in broadening his or her
knowledge regarding modelling in healthcare.
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data quality, 29

degree of separation, 34, 35

demand-access-utilization chain, see also
influence diagram

descriptive statistics, see also statistics,
descriptive

differential equation, 97

discrete (model), see also model, discrete
discrete event simulation, see also

model, simulation

disease, definition, 9, 66

doctor-patient interaction, 19, 116, 120, 142

dominance (in game theory), 117

double blind, see also blind clinical trial

duality theory, 186

dual problem, 186

edge (in graph theory), 126, 127
directed, 127

weighted, 127

electronic health record, 29

endogenous, 109

epidemic model, 130

equidispersion, 41

equilibrium, 96, 98
evolutionary algorithm, 189

exact solution method, 188

exogenous, 109
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expected value, 38, 39
explanatory variable, see also

predictor variable

feedback loop, 94, 102, 105, 154
flow, 152, 154

game theory, 113–115
Gauss-Markov theorem, 55
generalized impact fraction, see also

potential impact fraction

generalized linear regression, see also
regression, generalized linear

generalized method of moments, 60
genetic algorithm, see also

evolutionary algorithm
global minimum, 187

gradient function, 119
graph, 127
graph theory, 98, 125

healthcare demand
behavioural models, 19
global models, 20
operational models, 20

population models, 19
health outcome, 65–67, 70
health stock, 115, 119, 122
heuristics, 189

hierarchical linear model, 61
human capital model, 113, 114, 119

influence diagram, 102, 106, 107

integer program, see also
optimization problem, integer

integral equation, 97
intervention

education-based, 82, 84, 85, 87

policy-based, 81, 82, 84
primary versus secondary, 148

latent variables, 109

least squares, see also
ordinary least squares

lifetime utility function, 122
linear regression, 58
linear algebra, 97

linear function, 97
linear minimax problem, 118
linear program, see also

optimization problem, linear
linear regression, 58, 62

link function, 57
local minimum, 187
logistic curve, 55, 59
logistic regression, see also

regression, logistic

Markov
assumption, 135, 137, 144, 145

chain, finite state, 136, 138, 142

chain, infinite state, 141

decision process, 141

order of model, 137, 139, 140

process, 141

semi-Markov process, 141

state space, 136

maxi-min criterion, see also
mini-max criterion

maximum likelihood estimation, 56, 57, 182

MDP, see also Markov, decision process

mean, 33, 35

median, 33, 35

mini-max criterion, 117

mode, 33, 35

model

behavioural, 101, 105, 106

conceptual, 16

continuous, 15

definition, 4, 8

deterministic, 15

discrete, 15

dynamic, 15

epidemiological risk, 67

guiding principles, 11

health belief, 101, 103, 107

hierarchical linear, 62

implementation, 99

Markov, 131, 135

mathematical, see also
model, quantitative

mover-stayer, 146

multi-level, see also
model, hierarchical linear

network, 126

process, 12

psychosocial, 19

psychosocial risk, 81, 107

qualitative, 9, 14, 94, 154

quantitative, 8, 14, 16, 94

queue, see also queueing theory

random field Ising, 132

simulation, 17, 99

continuous, 99

discrete event, 20, 99, 176

static, 15

statistical, 49

stochastic, 15

system dynamics, 127

types, 13

validation, 14, 17, 18

model function, 49, 51

mutually exclusive events, 37

Nash equilibrium, 113, 116, 121

network, 127

network theory, 125

Newton’s method, 187
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node (in graph theory), 126, 127
degree of, 127

normal distribution, see also
probability distribution, normal

normal linear regression, see also
regression, normal linear

numerical analysis, 18, 98

objective function, 181, 183
odds ratio, 66
online algorithm, 191
optimization, 18, 98, 181

optimal behaviour, 18
optimization problem, 182, 184

combinatorial, 188
continuous, 184, 185
differentiable convex, 186
differentiable non-convex, 187
discrete, 184, 188
dynamic, 190
integer, 188, 193
linear, 185, 191
non-differentiable, 188
quadratic, 55, 186
scheduling, 191

semi-definite, 186
ordinary least squares, 53, 55, 182
overdispersion, 41
overfitting (a model), 74, 75

path, 126, 127
connected, 126, 127

patient-doctor interaction, see also
doctor-patient interaction

payoff function, 113, 115, 122
payoff table, 117
pdf, see also probability density function
perceived barriers, 104
perceived benefit, 103
perceived efficacy, 82, 84, 104
perceived risk, 82, 84, 87
perceived severity, 104
perceived susceptibility, 103
player (in game theory), 113, 117

potential impact fraction, 71
potential impact fraction, 66, 67, 71, 77
predictor variable, 49–51, 53, 55, 56, 58, 59
prevented fraction, 66–69
PREVENT model, 77
primal problem, 186
Prisoner’s Dilemma, 115, 120
probability, 33, 35, 36
probability density function, 39, 50
probability distribution, 34, 37

continuous, 38
empirical, 39
exponential, 40
finite, 38
multinomial, 39

negative binomial, 41

normal, 34, 36, 39, 55

Poisson, 38, 40

probability distribution function, see also
probability density function

psychosocial, see also
model, psychosocial risk

publication bias, 74

publication bias in situ, 74

quadratic program, see also
optimization problem, quadratic

queue, see also queueing theory

queueing theory, 14, 20, 165

arrival pattern, 166, 168

arrival rate, 172, 176

balking, 170

blocking, 20, 169

drop-off, 170, 176

equilibrium state, 167, 170, 172

impatience, 167

Jackson Network, 175

jockeying, 170

length, 167

multistage, 169

reneging, 170

server, 165, 168

service channel, 166, 168

service pattern, 166, 168

system capacity, 166, 168

traffic model, 165–167

wait time, 20, 165

queue discipline, 166, 169

first in first out (FIFO), 166, 176

last in first out (LIFO), 166

priority schema, 166

service in random order (SIRO), 166, 176

rational addiction theory, 122, 123

recovery curve, 61

recovery rate, 61

regression

generalized linear, 53, 56

logistic, 53, 55, 57, 62

normal linear, 53, 55, 57

regression analysis, 50, 51

regression coefficient, 54, 55

relative risk, 66–69, 72

representative agent, 114

response variable, 49, 51, 53, 55, 56, 58, 59

risk, definition, 9

risk behaviour, 65, 82

risk factor, 51, 65, 67, 69, 75, 77

risk ratio, 66, 87

scheduling problem, see also
optimization problem, scheduling

self-efficacy, 104, 107
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semi-definite program, see also
optimization problem, semi-definite

sensitivity analysis, 18
server, see also queueing theory, server
simulated annealing, 189
simulation, see also model, simulation
single blind, see also blind clinical trial

SIR model, 131, 135
six degrees of separation, 125
small-world property, see also

six degrees of separation
social interaction, 125, 129
social network, 19
standard deviation, 34, 35
standard error, 36, 41
state space, 136, 137
statistical analysis, 49, 97
statistical significance, 41
statistics, 33, 35

descriptive, 33–35
summary, 34

steepest descent, 186
stock, 152, 154
systems thinking, 151, 153, 154
system dynamics, 151–154, 156

tabu search, 190
traffic models, see also queueing theory
transition matrix, 141
transition probability, 135, 137, 139, 141
transition rate, see also

transition probability
trend impact fraction, 77
triple blind, see also blind clinical trial

underdispersion, 41
utility function, 113, 114, 119, 120, 122

expected lifetime, 122

validation, 50

variance, 35
vertex (in graph theory), 126, 127

waitlist, see also queueing theory
wait time, see also

queueing theory, wait time
Wiener process, 141

zero sum, 117
zero sum game, 119
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