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The Dynamics of Care

“Wolstenholme and McKelvie bring two lifetimes of award-winning experience in
applying system dynamics to health and care dynamics to the creation of this new
book. In spite of amazing advances in all areas of medical science with associated
increases in our ability to diagnose and treat complex medical problems, our
medical system as a whole is facing multiple crises. These problems arise not from
how we diagnose and treat patients on a one-on-one basis, rather from how com-
ponents of care are organised (or more often not organised) into a coherent overall
system of care. Our current dysfunctional system of care is the target of
Wolstenholme and McKelvie’s insightful analysis. Focused on flows and
throughput as key analytic concepts, this new book condenses and focuses insights
from over 80 empirical studies within a coherent analytical frame. All of us
interested in and concerned about the cost and quality of maintaining a health
population need to read and come to grips with the points that they are making in
this important new book.”
—David F. Andersen, O Leary Distinguished Service Professor,
Emeritus, Nelson A. Rockefeller College of Public Affairs and Policy,
University at Albany, State University of New York, Albany, New York

“This very welcome book offers the hope of sound and sustainable solutions to
persistent and serious problems that not only cause untold misery to millions but
also impose considerable costs in many societies. The exceptional work it reports
on illustrates that a fundamental new capability has been reached—it is now both
technically and practically feasible to simulate most management and policy
challenges we face. This is as true for small, local issues as it is for large problems
of wide scope. These working, quantified simulations are powerful because they
mimic the observable behaviour of the systems we want to better manage, not just
the performance outcomes of concern, but everything else of significance. They
therefore allow us to experiment, boldly and at trivial cost, with software facsimiles
of the real world, rather than (as we have always done until now) on the real world
itself. This potential is now recognised in the UK government report
‘Computational modelling: Blackett review’, which makes clear that every exec-
utive, advisor and policy-maker, in every field of endeavour, should understand
what such simulations can do and know how to implement and exploit them.”
—Kim Warren, Managing Director Strategy Dynamics, London, UK



Since its inception more than seven decades ago, the NHS has become one of the
great unchanging features of the British landscape. The flip side of such perma-
nence is its inability to move with the times in the way that has revolutionised other
industries.

In this timely book, Eric and Douglas peel back the mystique around care
delivery. They introduce two key concepts, feedback and flow, and show why any
attempt to modernise delivery will fail without carefully responding to these
underlying principles.

The strength of this book is the weight of examples culled over many years of
practical experience. It is a call to learn to build a better care system and it provides
some powerful clues as to how to change care delivery for the better, and in an
affordable way.

Happy reading!

—Terry Young, Professor Emeritus of Health Care Systems,
Brunel University, London and Director,
Datchet Consulting (https://datchet.consulting/)

“A recent report in the British Medical Journal (Global Health) addressed the
issue of health system modelling research, emphasising that models should capture
the dynamic interactions between the main health system components and
acknowledge constraints. This new book by Eric Wolstenholme and Douglas
McKelvie describes a methodology (system dynamics) which eminently satisfies
that call. Through a number of examples distilled from their extensive consultancy
roles in health and social care, they urge a move away from considering specific
departments, to a consideration of coupled health systems which transcend
organisational boundaries, where inter-connections, inter-dependencies, flows and
stocks become the new perspective instead. Those involved in planning for
improved service delivery in health and social care can now learn how to rehearse
their ideas in silico by deploying simulations which capture the nuances of health
systems and can leverage counter-intuitive policy responses.”

—Brian Dangerfield, School of Management, University of Bristol, UK
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Foreword

This new book by Eric Wolstenholme and Douglas McKelvie is a very welcome
addition and should find a wide audience. Both authors are well known in the field
of system dynamics simulation modelling and have been leaders of our field and its
UK contingent for many years.

Eric started his academic career in 1976 and taught at several universities
(Bradford, Stirling, where he was Professor and Head of the Department of
Management Science, Leeds Beckett University and London South Bank). He has
published two books before this one and many articles, and was Founding Editor
of the System Dynamics Review journal, President of the International System
Dynamics Society and winner of the Society’s highest honour, the Forrester Award,
in 2004. He has also been a system dynamics consultant since 1994. With Douglas,
as well as David Monk, he formed the consultancy, SymmetricSD, in 2005 to focus
on issues of health and social care.

Douglas started as a social worker in his home country of Scotland, serving
12 years on the front lines and 10 years in senior regulatory roles. He joined the
consultancy OLM in 2002, where he met Eric and David, and started his study of
system dynamics. By 2012, he had won the Gleave Prize for best real-world
application of system dynamics in the UK (on alcohol harm), and in 2016 and 2017,
he assumed leadership positions in the System Dynamics Society in the UK and
internationally.

It is fortunate for us that these two modellers and consultants, with comple-
mentary backgrounds and some 16 years working together on more than 80 projects,
have gathered those experiences together in writing this book (Some of this work has
been published previously, but most has not.). Their broad theme is how health and
social care systems—despite good intentions all around—are prone to behave
sub-optimally, providing less benefit and allowing more harm than they should, due
to perverse incentives or conflicting goals within or between organisations. Douglas
is not the first Scot to remind us that “The best laid schemes 0’ mice an” men/Gang
aft agley”.



vi Foreword

The authors describe how this theme plays out in two UK contexts they know
well, hospital care and mental health care. In both cases, persistent or “wicked”
problems have been made worse and harder to handle due to ageing of the popu-
lation. With regard to hospital care, the wicked problem is delayed hospital dis-
charges. A discharge does not take place in the UK until an appropriate
post-discharge destination is located that can provide the right level of continuing
health and social care. In the USA, the lack of such a destination might result in the
patient simply being sent home to fend for themselves. In the UK, the result is
instead a delayed discharge, which ties up capacity and increases the risk of a
hospital-acquired infection. Numerous attempts to solve such bottlenecking at the
hospital level have failed. The authors conclude that a more integrated approach is
needed in which social care spending is put in the proper balance with that of
hospitals. The need for such rebalancing is becoming even greater with population
ageing because of the more complicated post-discharge needs of the elderly.

With regard to mental health care, the wicked problem is lack of access to needed
specialty services, such as those for depression, dementia and alcoholism. Long
waiting times for such specialty services have persisted despite an understanding that
“stepped care”, employing intermediate resources for less complicated cases, is the
right solution. Although most agree on this desired end state, what has proved
challenging is the implementation problem—how to get from here to there. How,
during a period of transition, should one deal with existing and transitional backlogs
of patients, and how should funding be gradually reallocated from specialty to
non-specialty practitioners? These are not easy questions to answer without a model,
and trying to muddle through without a model is prone to “Gang aft agley”.

There is something universal in an approach to problems that boils things down
to flows, capacities and backlogs, and that identifies how attempts to deal with
backlogs will prove ineffective or counterproductive if the underlying cause is not
addressed. Operations researchers and system dynamics modellers have approached
many problems this way since the 1950s. Eric and Douglas are not the first to adopt
such a “flow perspective” (to borrow Eric’s term), but they surely have been the
most persistent and successful during their 16 years together in exploring its many
manifestations in the area of health and social care.

You should read this book whether or not you are familiar with system dynamics
or with care dynamics specifically. You will find rich description based on
real-world cases, logical structuring of the issue and clear presentation of the
results. You will also find a general introduction to the concepts of system
dynamics as applied to typical care variables such as admissions, discharges and
length of stay. Plentiful diagrams and behaviour-over-time graphs are used as
needed to help tell the various stories in this book, but no higher mathematics is
employed. This is the wisdom gained from hard work by a dedicated team plying
the care-modelling trade for 16 years together, and there is much to be learned here.

Barrytown, New York Jack Homer
August 2018



Preface

Unlike many collected works, this book is not an assembly of previously published
papers although some elements of some chapters have been published before.
Neither, like many systems and system dynamics texts, is it based on applications
spread across many disciplines and industries.

It is a focused story of practical consultancy projects' in system dynamics
modelling by the authors applied to one significant and topical domain: health and
social care. The motivation in writing it comes from a desire to reinforce a whole
system perspective to the worldwide debate on this topic and to bring the power of
dynamic modelling to a wider range of healthcare and social care professionals. To
this end, it has to balance the need to be sufficiently technical and rigorous with the
need to be sufficiently issue-driven and insightful.

This is achieved by dividing the book into parts. Part I describes simple but rich
generic modelling structures which are both important in their own right and
providing a glimpse of what is under the bonnet of later project models. While
introducing some elements of the languages used to map and describe models,
quantitative and mathematical skills are kept to a minimum. It is recommended that
all readers assimilated as much of Part I as possible to appreciate the workings
of the later project models and to appreciate the helpfulness of even simple models
to complex issues.

All our projects in the book are based on models, and it is worth an early
comment on this much misunderstood word for those unfamiliar with modelling
methods.

We would claim that everyone is a modeller without realising it, but that we do it
openly. Whenever people are faced with choice (which is all the time), we all try
our best to project and imagine the alternative futures involved. Our ability to think
through time, into the past and future, and to create internal simulations is perhaps
unique to our species, and our decisions are often based on such ponderings. What
we do in this book is to bring managers together around issues of concern to share
their implicit mental models and convert them into explicit models. This involves

1 .
Hence, some of the chapters contain few references.

vii
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them surfacing assumptions and agreeing their different perspectives on how the
world around them works and, where ever possible, quantifying it. The aim is to
improve understanding and learning, rather than to achieve prediction, and often
models still contain judgements. Explicit models may still be difficult to validate but
are considerably clearer than mental ones which are almost never subjected to
validation (Epstein 20082).

Most models in the book have been created by a facilitation process, and in the
course of doing this, we have developed our own understanding of the topics
covered. So, a few of our chapters contain models which grew out of projects but
were developed out of our own interest. It goes without saying that all views,
insights and conclusions are quoted throughout the book and are those of the
authors and not any particular organisations or clients.

Like most system-based work, the book will appeal more to people who think
visually, spatially and temporally rather than in words. This is because it is hard to
see a system or describe it in a sequence of words, and diagrams are an essential aid
in helping to make systems and feedback visible. Diagrams provide an invaluable
“structure” on which to hang data which is missing in many formal statistical
models and from most mental models. Mismatches between structure and data
provide an important check on the validity of data, and learning from models comes
from understanding mismatches between how people think a structure will behave
over time and how it really behaves when subjected to computer simulation. System
dynamics models are a very inexpensive approach to policy analysis compared with
experimenting on real organisations, and hence, the value added can be huge.

In many ways in a digital age where models can be brought to life on computer
screens, it might seem a clumsy and perhaps backward step to write a book about
them. We agree that there is no real substitute for “playing” with models. The
power and impact of digital models and resultant learning can only really be
appreciated by personally experimenting with alternative structures and policies and
watching output graphs unfold while you watch. However, it is also important to
understand the place of models in the world which is what we try to do here.

We know a few people who say that they simply ignore diagrams and graphs (or
anything mathematical) when they occur in texts. Well they have an opportunity
here to flip past over 100 such figures. However, we would recommend that they
pause a while on some of them and try to understand the rewarding language of
stocks and flows and causal maps underpinning them. And for those other who
wonder about the relevance of mathematics to everyday life, it is important to point
out that, although they do not need to know it, the modelling we do is actually a
numerical approach to calculus.

Some of the models from the book and elsewhere are available to run on Web
browsers, and these can be accessed via www.symmetriclab.com/models. We
cannot provide every model in the book because some models are covered by client
confidentiality, some are too big to run in a browser, and several were built using
earlier versions of the software that either no longer run or cannot readily be

2 Epstein JM (2008), Journal of Artificial Societies and Social Simulation vol. 11, no. 4 12.
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converted to a browser-based version. Additionally, our axiom has been that any
project model represents only the perspective of the modelling team at the time
of the project. We provide training and consultancy for professionals wishing to
develop their own models.

Finally, the problem with good system modelling is that when it is carried out
well, its insights appear retrospectively obvious. In fact, obviousness is our measure
of success. However, to pre-empt such insights is often impossible, which makes
applying system thinking a journey of abiding discovery and surprise, but often one
which is underrated. Likewise, when good system thinking is implemented, it is
largely invisible since little goes wrong. A little like taking pain away, solutions are
not instantly perceived. When it comes to asking the question have we created
benefits, the answer is undoubtable yes in respect of both efficacy and finance.
However, quantifying this would involve knowing what would have been incurred
without our interventions.

Edinburgh, UK Eric Wolstenholme
January 2019 Douglas McKelvie
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Chapter 1 )
The Challenges Facing Health sk
and Social Care and the Relevance

of Dynamic Models

Chapter Summary
This Chapter outlines the challenges facing health and social care in many countries
and the approach and scope of the methods used by the authors to address these
issues. The background to and appropriateness of system dynamics models is
discussed along with the current state of health and social care worldwide, with a
focus on problems which habitually reoccur despite best efforts to contain them.

The Chapter provides an overview of the book, from the early Chapters designed
to familiarise readers of the approach by presenting simple but insightful models to
issues such as performance measurement; to later Chapters selected from over 80
projects undertaken by the authors. These chapters cover hospital delayed transfer
of care (delayed discharges) and the move towards integrated health and social care;
a potential theory of how hospitals cope in times of crisis; implementing stepped
care for depression; expanding cognitive behavioural treatment capacity; alcohol
harm reduction; planning diagnosis capacity in dementia services; enhancing pre-
dictive risk tools and developing workforce strategies. Each chapter might be
considered as a taster of what is possible by adding flow dynamics to conventional
thinking in these areas.

The projects described were carried out in the UK but many of the messages and
conclusions are applicable to a wide international audience, particularly those with
state provided services.

1.1 Overview

Health and Social Care are vast social, economic and political global industries with
multiple, autonomous stakeholders, many millions of customers and both public
and private responsibilities.
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So, it is little wonder that these industries have more than their fair share of
serious issues.

The methods of System Dynamics and its associated Systems Thinking used in
this book are very apposite to health and social care situations since they are most
useful when:

e issues are strategic, complex, fragmented and persistent over long periods of
time

e the devil is in the inferconnections not the detail

e issues are made worse by the use of adaptive, unilateral, informal, short-term
solutions by powerful players
obvious solutions are likely to have severe unintended consequences
good solutions are likely to be counterintuitive and separated in time and space
from the symptoms of an issue—and usually on someone else’s patch

e it is vital to generate shared learning and understanding between multiple
owners of issues

e policy testing needs to be carried out quantitatively by multiple-agency teams in
a risk-free environment

e it is required to identify balanced, high leverage interventions as a precursor to
applying more tactical tool sets.

1.2 Case Study—MTrs. Jones

We all know Mrs. Jones. Now in her 80s, Mrs. Jones lives on her own in North-East
England. She was diagnosed with a long term neurological health condition over
20 years ago, although in retrospect she could see that there was evidence of this
much earlier in her life. This condition had taken a turn for the worse over recent
years and her situation had not been helped by the sudden death her husband and
carer and the development of a muscle wastage condition. However, with help from
a range of health and social care services and medication she had gained some
stability in the recent past. Her situation became more of an issue 6 months ago
when the muscle problem began to progress much more rapidly. Three months ago,
she became an emergency admission to hospital.

Unfortunately for her, this personal crisis coincided with a winter admissions
crisis at her local hospital. She encountered a long wait for an ambulance and a long
wait in the ambulance at hospital. When eventually taken into the emergency
department at the hospital she spent a full day on a trolley in a busy corridor, due to
bed shortages. She was amazed to find that, over the 2 days it took to be admitted to
a ward, she had developed very unpleasant pressure sores. Further, her admission
was not to an appropriate medical ward, but to an overcrowded surgical ward,
where she arrived without her medical notes. By the time her medical team locating
her, the medication regime vital to her condition had been severely disrupted and
she and her family were understandably distraught and very confused.
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What should have been a 3-day length of stay to assess her and adjust medication
had already reached 6 days when she acquiring a hospital infection. Finally, due to
her worsening condition she encountered trouble finding a suitable post hospital care
package apposite to her needs and affordable and acceptable to her family. Even
when all this was sorted she underwent further discharge delays resulting from
pharmacy provision and transport problems. Her total length of stay in hospital
turned into 20 days, in other words she became a very long stay patient—or ‘super
stranded’ to use the jargon of the day.

1.3 The Challenge

It may seem an exaggeration, but the story of Mrs. Jones is only too typical of the
experiences of many older people with multiple conditions needing emergency
hospital treatment (Healthwatch UK 2017) and follow-up care. Despite the best
intentions to provide the best treatment, in recent years many emergency patients
have had to wait in ambulances outside hospitals and in corridors before being
accepted into hospital. At the same time many other, particularly frail older people
with co-morbidities, have been admitted to inappropriate wards and suffered severe
delays in discharge and their problems complicated by infections.
So, it is a challenging time for health and social care services, facing;

e An ageing population, living with multiple long-term conditions and growing
levels of complex need

e Growing levels of expectation about service access and provision

e Reduced levels of informal carer support, putting more pressure on formal
services

e A background of increasing financial pressures.

These challenges manifest themselves in growing hospital waiting lists, delayed
hospital discharges and failure to meet waiting time targets in accident and emer-
gency (A&E); and in poor quality experiences for service users and their families.

1.4 'What to Do?

Some would pursue more rationing as an option and much work has been done to
look at methods (Maybin and Klein 2012). Rationing means using eligibility cri-
teria to match the level of need to the level of service and is applied worldwide,
including insurance-based systems. For example, in USA people have different
levels of coverage, and the question is ‘will my health plan pay for this type of
treatment?’. Some would seek to press for more funding. In the UK the NHS no
longer meets the European % GDP average spend and, since the 2008 crisis, Local
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Authorities have been dealing with significant cuts in resources (Bounds 2017). So,
there would seem to be a good case for allocating additional funding. In the UK
additional money has been promised for health in England in the 2019 NHS Long
Term Plan (www.longtermplan.nhs.uk). However, many people feel this to be
totally inadequate and doing little to address the imbalance between health and
social care (Stoye 2018; Rawnsley 2018; Rajeev and Campbell 2018; Campbell
2018). Further, it is estimated that about a quarter of this additional money would
be necessary to just pay off current accrued deficits (Campbell 2019).

1.5 A Way Forward—From Mrs. Jones to Dynamic
Models

At its basic, balancing growing levels of predictable demand with available
resources is not a new proposition for any health and care services. Whilst perhaps
currently the pressures are more acutely felt, they are not new and perhaps we can
learn from prior experience.

This book describes work we have undertaken over the course of more than 80
projects in Health and Social Care in the UK, to examine the aggregate conse-
quences of individual journeys like that of Mrs. Jones as she navigates her way
through the pathways of health and social care services.

We have used an approach that recognises the subtlety of the relationships
within and across the services and so employs a whole system perspective. It also
takes account of broader changes over time. Working with front line staff, managers
and academics we have been able to take the basic experience of using the service
—the flow through the service—and construct computer-based models to represent
them. We can then simulate changes—population, dependency, demand or perhaps
the impact of introducing new approaches—and look at the net results within the
models.

The models are constructed using System Dynamics (SD) and its associated
Systems Thinking (ST) principles. These allow for some of the complexity, inter-
dependence and change over time that, regardless of resources, will always chal-
lenge health and social care systems. Running the models using real data enables
local, regional or even national conclusions to be drawn.

Each project has been specific to its brief, but, in general we have used mod-
elling to;

e Better understand the potential impact of service change without having to wait
for the results of its implementation

e Make more informed cases to improve services—understanding the cost of
making those changes and of not making them

e Understand the impact of change across the system, and so avoid cost shunting

e Use the process of developing the model as a way of improving mutual
understanding of the system amongst its key actors.
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The work reported is focused on increasing the visibility of patient flows at a
relatively strategic level across the many different domestic, departmental and
agency boundaries.

Patient flow and congestion is a growing area of study in health and social care
(Rutherford et al. 2017; Karakusevic 2016) and we build on this by taking a
systemic and dynamic perspective of flows to identify the best levers or intervention
and improvement.

Unlike industrial systems, where materials mostly flow in one direction, in health
and social care people flows are complex and people move in multiple directions,
miss out some stages and perhaps repeat others. The same service capacity might be
used for different purposes; for example, an ‘intermediate care’ service which has a
single capacity, might be used both as an alternative to hospital admission and to
facilitate hospital discharge. In the same system, some people might be waiting in
hospital to be discharged to an intermediate care setting at the same time as other
people in an intermediate care setting now need hospital admission, perhaps
because their condition has deteriorated. Alternatively, people might be admitted to
hospital having been users of a home care package, losing that package on or
shortly after admission, then, several weeks later, cannot be discharged from hos-
pital until another, identical or more intensive, home care package can be procured.
Such eventualities are not only possible, but common.

The work also relates closely to productivity enhancement (Appleby et al. 2014),
the many quality and efficiency improvement initiatives being taken in health
worldwide (The Health Foundation 2016) and the moves towards Integrated Care
between Health and Social Care (Ham 2018).

The projects described were carried out in the UK but many of the messages and
conclusions are applicable to a wide international audience.

1.6 The Scope and Insights

The book covers a wide range of example modelling projects. These range from
improving basic understanding of the fundamental relationships between variables
in treatment and condition pathways to delayed hospital discharges and integrated
care. They continue through the coping strategies employed by hospitals in periods
of high demand to improving mental health provision, to alcohol-related harm, to
dementia, to workforce planning and predictive risk. Whilst many of the projects
focus on treatment some do impinge on prevention and complement other work in
this latter area in the USA (Jones et al. 2006; Hirsch et al. 2014; Homer et al. 2007,
2016; Milstein et al. 2010, 2011).

Many insights are derived and, because of the systems nature of the work across
whole patient pathways, they are generic to many of the topics covered. These
insights are listed as a set of messages in the conclusions. Like all good systems
messages they are reassuringly obvious in hindsight but elusive to remember and
apply to new problems.
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Perhaps the most important single message is that much more emphasis needs to
be placed on flows and flow data. It is suggested that improving throughput rather
than capacity is the dominant way to improving the performance of health treat-
ment, whereas increasing capacities rather than throughput is the dominant way to
improve the performance of social care by retaining independent living. Further,
that balancing health and social care capacity is a win-win scenario for both and
better for patients, staff and costs than not doing so. This is because it eliminates the
many risky and costly fire-fighting strategies hospitals have to undertake when
faced with high demands.

Perhaps the key meaning in the last paragraph is that much-needed systemic
solutions and whole system thinking can never be successfully implemented until
organisations are recognised as complex entities and are allowed to articulate and
dismantle their most extreme and costly coping strategies and return to working
within best practice capacities. This is the ultimate new way of working. Such
elimination releases hospitals to realise the full potential of investment and inno-
vation and to enable them to manage the increase in longevity their success creates.
However, before such a state can be truly realised money must be found for
situations in which large debts have accrued from long periods of not coping. Not
understanding this would result in it appearing that future balanced spending was
not succeeding.

These messages are followed very closely by the messages that the performance
of health services is dependent on better understanding of the dynamics of popu-
lation ageing, the dynamics of health conditions, particularly the bi-direction of
patient flows between different states of heath conditions.

A better understanding of strategic patient flows can also assist with designing
information systems and the targeting and realism of more operational performance
improvement techniques and health economics studies. It can also assist with
highlighting the arbitrariness of many performance targets.

We do not claim that using a systems perspective and dynamic modelling can
create more resource; but, time and again, our work has shown that it will help
maximise the impact of all resources across the Health and Care system.

1.7 System Dynamics

System dynamics combines two familiar words that are already used extensively in
social care, sometimes in combination (for example, when describing the inter-
connections underpinning family dynamics), and uses them in a particular way.
System dynamics in the context here describes a specific approach to dynamic
modelling that originated in the 1950s, invented by JW Forrester, an engineer and
pioneer of digital computing, at the Massachusetts Institute of Technology (MIT). It
can best be described as a way of applying ideas from control engineering to
socio-economic and management systems.
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Jay pioneered his ideas in industry (Forrester 1961, 1969) and most prominently
by his development of world models for the Club of Rome (Meadows et al. 1972,
2004). He was one of the first people to explore the finite nature of the planet and
question the implications of the growth of the human footprint. His models
demonstrated the major issues of population growth, resource depletion and pol-
lution being borne out today.

In health and social care, System Dynamics is a means of translating mental
models of patient flows into computer simulation models using the language of
stocks (accumulations) and flows. This notation allows patient pathways to be
visualised for the purpose of sharing and communicating how existing pathways
work and to redesign new ones. The pathways can then be modelled and their
behaviour over time studied in a risk-free laboratory environment, rather than by
disrupting the real activity.

Simulation has become an established tool of research, investigation and training
for environments where experimenting with the real situation is difficult and risky.
It has applications ranging from space exploration to pilot training to managerial
and climate policy testing. System dynamics is applicable to any dynamic system
characterised by interdependence, information feedback and circular causality
(System Dynamics Society Website 2018) and is in use across a wide range of
disciplines.

The importance of computer simulation lies in the benefits it brings to thinking.

Humans excel at innovation and action but are not at all well adapted to thinking
about the outcomes and consequences of their actions over time. Our internal
simulation competence is very limited even in the simplest situations and those
people who aspire to prominent positions are often the ones most adept at temporal
processing. Computers are the opposite. They are morons but as such have an
amazing ability to carry out boring and repetitive calculations without complaint.

The right mix of people-based ideas and computer-based interpretation over time
is a powerful combination and software to bring a simulation dimension to more of
us is improving all the time. Forrester perceived this nearly 70 years ago and was
his motivation for helping to develop digital computer technology. Today we have
the capability to capture the essence of complex systems and, when calibrated with
the best data, to emulate their behaviour over time. Note the use of the word
emulate here—not to mimic or copy but to match or even out do. The quantitative
nature of system dynamics ensures a degree of rigour to minimise ambiguity and
focusses attention on the laws of physics underlying many of today’s problems
which many fields of analysis ignore.

For major texts on system dynamics, see Sterman (2000), Vennix (1996), Maani
and Cavana (2007), Ford (2009), Morecroft (1994, 2007), Wolstenholme (1990),
Warren (2008) and Richardson and Pugh (1981), Richardson (1999, 1996).

For worldwide review texts on system dynamics in health see Homer and Hirsch
(2006), Hirsch et al. (2015), Hirsch and Homer (2016), Wolstenholme (2015) and
Dangerfield (1999).

For selected specific papers on health projects see Homer (2012, 2017) for the
USA, Todd (2018) and McDonnell (2018) for Australasia and Wolstenholme
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(1993, 1996, 2008), Dangerfield et al. (2001), Lane et al. (2000), McKelvie (2018)
and Lacy (2018) for the UK. A comprehensive bibliography of system dynamics
publications across all fields is available on the System Dynamics Society website
(www.systemdynamics.org) and on the UK Chapter of the System Dynamics
Society website (http://systemdynamics.org.uk).

1.8 Systems Thinking

There are many schools of Systems Thinking (Checkland 1981; Checkland and
Scholes 1990/1999; Flood and Jackson 1991; Beer 1989; Richardson1999; Lane
and Jackson 1995; Senge 1990; Sherwood 2002; Stroth 2015).

Systems thinking as used here is a means of analysing the feedback structures at
the heart of system dynamics models. It can assist with conceptualising models and
with understanding and communicating their insights. Feedback loops exist when
actions travel through a system and eventually return to their origins to influence
future action. If the tendency of the loop is to reinforce the original action, the loop
is referred to as a positive or reinforcing feedback loop. If the tendency is to oppose
the initial action the loop is referred to as a negative or balancing feedback
loop. The sign (positive or negative) of the loop is called its polarity. When
feedback loops of different polarities work in combination they give rise to many
interesting modes of behaviour over time.

Specific combinations of loops responsible for specific types of system beha-
viour over time are referred to as system archetypes (Senge 1990). These are made
up of intended consequence loops and unintended consequences loops
(Wolstenholme 2003). They explain how intended actions often fail due to the fact
they encounter or trigger reactions which counter them. The consequences usually
only become apparent after significant time delays. Also, they can be hidden from
consciousness by natural or organisational boundaries. Their appearance can take us
by surprise and cause us to react further. Good systems thinking is about antici-
pating unintended consequences and taking them into account when designing
intended actions.

The side effects of treatments and medications are specific examples of the
unintended consequences of well-meaning actions and it is well understood in
health that the side effects of treatments can be worse that the disease itself. It is
perhaps less well understood that the side effects of clinical and management health
policies can also be worse that the problems they are intended to solve.

Systems thinking is a powerful method of visualising feedback in systems.
However, on its own it is essentially qualitative and where ever possible feedback
structures should be quantified and tested using computer simulation.
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1.9 Systemic Versus Systematic Thinking

The emphasis in system dynamics and system thinking is on the word systemic,
which is not to be confused with the word systematic, although clearly there is a
stepwise sequence involved in applying them.

The power of system dynamics and systems thinking are that they attempt to
examine organisations as a whole to help communication, learning and under-
standing of the real causes of apparently complex issues. They emphasise the notion
that the root causes of problems are often contained within the system itself. Of
particular interest in health and social care are the interactions between patient
pathways and the structure and boundaries of autonomous agencies which operate
them.

Being systemic requires the definition of an appropriate view of patient pathways
in both space and time and this is determined by the agreed purpose of a study.
Spatially, the movement of every individual patient could be modelled and at the
other extreme the aggregate of all patients. Temporally, we could model in time
increments and over horizons from minutes to years.

In practice, both perspectives must be sufficient aggregate to help simplify
complex situations, whilst being sufficiently detailed to be meaningful. Being
systemic is finding a useful balance between a ‘complete world’ view and a ‘re-
ductionist’ view. The aim is to reduce detailed complexity (the number of elements
in a situation) whilst retaining dynamic complexity (the number of interconnections
in a situation). In practice, finding the right perspective for a model generally
requires starting at a reasonably high level of abstraction followed by some
expansion and contraction. This might be summed up by saying that we need to see
the situation of interest as a composite whole, since ‘wholes have integrity’.

1.10 Systems Messages

There are many important systems messages arising from many modelling studies
across many disciplines and these are very appropriate to the situation health and
social care find themselves in across the world.

Despite valiant attempts at transformations to make health and social care more
joined-up, one prime characteristic of health and social care delivery is that it is
remains very fragmented. There are cultural, budgetary and information system
boundaries between primary, secondary and community-based health services and
between these and social care services. Patient flows across such boundaries are
fraught with difficulties.

Further, many transformations are often reactions which have unintended con-
sequences and lead to many of today’s problems being yesterday’s imperfect
solutions, since ‘fixing’ a problem to satisfy short-term needs does not make a
problem go away in the long-term. A major issue inhibiting our thinking over time



