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Read this first…….
This good practice guide sets out to provide answers to the following two questions:
1. What are the distinctives of System Dynamics, and therefore when should I consider
using it rather than other modelling approaches?
2. What does good practice in System Dynamics look like, and therefore what might I
expect when undertaking or commissioning this type of work?
Our comments and recommendations are based on more than 20 years of experience built
up by Peter and the WSP team. They are refined through engagement with clients but
rooted in the disciplines and practice of the wider System Dynamics community – both
academic and practitioner. We hope that this guide will at least clarify for people using or
considering the use of System Dynamics whether that use is merited and of good quality.
If you are a senior manager or policy maker then you might like to read the Executive
Briefing. If you are have more technical skills or responsibilities, or wish to dig deeper,
then the full guide should be of interest to you. It is split into two further sections covering:
A discussion of how System Dynamics ‘fits’ within the wide range of modelling and
simulation approaches that are available;
A description of how System Dynamics is best delivered in the context of strategic change.
For those who want to explore systems thinking then in our opinion probably the best
introductory and relatively non-academic primer has to be Donella Meadows book, ‘Thinking
in Systems’. This and other material referenced in this good practice guide can be found at
this link on the WSP website (and in the short bibliography at the end of this document).
What this document does not do is to provide a ‘text book’ or a ‘do it yourself’ manual for
the development of System Dynamics models. Training courses and supporting material is
available from a number of software venders and WSP provide their own 2-day training
workshop, normally twice a year.
About us:
The Whole Systems Partnership has a long track record of using
System Dynamics in its consultancy work. Over the past 15 years
something like 100 projects have been completed using System
Dynamics in part, or as the foundation of a project. Its suitability
in areas of complex, inter-agency strategic challenges means that WSP’s work in population
health, service redesign and strategic workforce planning has been warmly welcomed.
WSP now has a growing team with a mix of strategic consultancy, systems thinking and
modelling, and analytical and technical skills. We are closely linked with, and are an active
member of the International and UK System Dynamics Society and keep abreast of the
research and applications of System Dynamics across the world. Peter Lacey, founder and
Director of WSP, has presented papers at the SD Society conferences in the UK and abroad
and has been an invited speaker at a number of gatherings.
Please feel free to contact us with feedback or for further information either directly to
peter.lacey@thewholesystem.co.uk or by registering on our website to receive updates on
our work.
Visit us at www.thewholesystem.co.uk

1
1.1

Executive briefing
The world of systems thinking
Systems thinking is a way of positioning yourself relative to an issue – you keep one eye
on the big picture and one eye on the detail recognising how actions in one part of the
system can impact on other parts, producing patterns of behaviour over time.
We all think in this way to some extent, although we often puzzle over exactly how we might
extract ourselves from seemingly endless spirals and repeated misfortune. Take an
example – someone makes a mistake at work, and you want to avoid it happening again.
So you tighten up the rules, which makes it easier to make a mistake because there are
more rules to break! Or perhaps you’re very busy, which makes you tired, which means
you aren’t as productive as you’d like to be, which means work piles up, which makes you
even more busy.
We’re often faced with these seemingly
intractable problems – they come back to
haunt us. However hard we push we get the
same result. In fact, the resultant downward
spiral can sometimes feel like it’s
accelerating – until we take action and
correct things. That is, until the next time!
Recognising these patterns is a crucial skill
in managing complex systems. Being able
to draw them together also helps, because it
lays out the steps and can suggest ways to
break the circle, for example by taking a
holiday, getting some help or taking a more
constructive approach to mistakes!
An example of this sort of picture (an influence diagram) is shown above. The ‘R’ says it’s
re-enforcing, and the ‘s’ at each connection indicates a ‘same direction influence’, i.e. if the
former goes up the latter will as well. The second diagram below introduces the ‘o’ as an
opposite direction influence (the former goes up and the latter goes down, and vice-versa)
and the ‘B’ signifies a
balancing loop. At the
centre of the system is
the vicious circle of being
busy (two ‘o’s in this
diagram cancel each
other out).
The two
additional
strategies,
taking a holiday and
getting help, both put the
brakes on – and can even
turn a vicious circle into a
virtuous one.
System Dynamics is a
complementary set of tools for the systems thinker. System Dynamics helps to quantify
and experiment with complex systems that contain feedback and delay – without the risk of
messing up the real world! The rest of this good practice guide describes when and how
System Dynamics can be used with particular reference to the world of health and social
care.
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1.2

System Dynamics – an introduction
1.2.1

A simple System Dynamics model

So, what is a System Dynamics model? As an ice-breaker consider a simple system in
which there are referrals and treatment rates, with a waiting list holding people until there is
capacity to treat:

In a System Dynamics model you control the numbers waiting by varying the in or outflow
rates – just as you would control water in a bathtub through the taps and the plug-hole. In
simple model created to illustrate the dynamic nature of the system above we have
simulated two feedback loops arising from an increase in the number of people waiting
following a temporary reduction in treatment capacity:
1. An increase in waiting time can feedback to reduce referral rates as GPs adopt more
of a wait and see approach – this is a classic balancing loop.
2. An increase in people waiting which increases the risk of urgent treatment, which
further reduces treatment capacity for people on the waiting list – this is a classic
reinforcing loop and can, without any balancing loops, lead to a run-away system.
This simple simulation has been provided as a resource on our website at this link. You
can explore the structure and dynamic behaviour over time to get a feel for what a System
Dynamics model looks like. Other examples of System Dynamics models, and associated
client reports, are also available on the WSP website.
1.2.2

Quantitative v’s qualitative

Initial expectations of any modelling approach are that it is an entirely technical and highly
quantitative exercise. Whilst there needs to be due regard to technical expertise a key
distinctive of System Dynamics is that it does not ignore soft variables where these are
known to have a causative influence on the system, for example where staff morale plays
a part in the uptake of a new way of working. WSP are taking a highly innovative lead in
this area through a Knowledge Transfer Partnership with Leeds University School of
Healthcare Studies where a two and half year project is looking to develop and apply ways
of measuring the seemingly intangible, but critically important, relational values within a
system.
Because of SD’s ability to be transparent in relation to the system structure being modelled
it can also make a significant contribution to the learning process with regard to the issue
being explored. This ‘qualitative’ dimension of SD implementation requires skills of
engagement and the embedding of SD into the decision making processes of an
organisation, rather than it being a technical, ‘hide-away’ task for experts.
1.3

When to use System Dynamics – a summary
System Dynamics is an example of ‘modelling’; slightly more helpful is to say that it is an
example of mathematical modelling; and further, that it focusses on the investigation of
information feedback that impacts on system behaviour over time. Drilling down like this
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resembles a decision tree – which is exactly what should be encouraged when asking the
question ‘what modelling approach should I use for what kind of problem’.
This guide recommends the use of System Dynamics in situations where the scope of an
issue is strategic rather than operational; where you are looking to understand the
aggregate behaviour of large numbers of people rather than the decisions that individuals
make; where ‘control’ within a system is exercised by influencing flows (turning the tap on
or off); and where timescales are relatively long. This has emerged as the settled academic
view (see Brailsford, 2014) as well as the outcome from a wide range of practical examples
found in the System Dynamics literature.
Many of the challenges facing senior managers and policy makers in health and care
services bear a strong resemblance to these characteristics. Public Health or population
health modelling for specific conditions, and particularly where people’s needs are complex,
is a good example. However, there are plenty of examples where other modelling tools are
applied resulting in either significant additional work for limited added value and/or the lost
opportunity to derive the insights necessary to address the problem at hand.
It is therefore important to understand what should be used and when, for example:

Predictive modelling selects those most at risk of hospital admission in order to
effect an intervention that one hopes will reduce this risk – it does not answer
questions about the likely scale of impact and the consequences for other parts
of the system were these interventions successful;

Spreadsheet modelling can provide a forecast of costs or capacity requirements
in a non-complex environment, often based on the extrapolation of current
trends – if, however, there are knock-on effects, delays or feedback in the
system a spreadsheet will struggle to factor these in;

Discrete event simulation will provide a good environment for exploring
operational ‘what-if’ scenarios in circumstances where statistical variation is an
important characteristics of the entities under investigation – but it struggles in
terms or data requirements when large populations are being considered and
has limited ability to factor in feedback in the way that System Dynamics does.
So in summary, if you want to identify individuals at risk of hospital admission then data
modelling using risk stratification is required; if you need an ‘industrial strength calculator’
then reach for your spreadsheet; if you need to make decisions about optimising a system
in the light of natural variation then Discrete Event Simulation is best; and if you need to
explore complex systems where feedback and delays make policy decisions tricky then
System Dynamics has a proven track record for throwing light on the direction of travel and
the scale of change necessary.
The final point to make is about complementarity in the selection and use of modelling tools.
Predictive modelling outputs, if aggregated to a population cohort level, can provide a useful
starting point for System Dynamics. Equally, good analysis and mathematical projections
can provide a ‘do nothing’ baseline against which other modelling approaches taking a more
systems perspective can be compared. And finally, combining Discrete Event and System
Dynamics to address different ‘levels’ of problems within the same system can be extremely
helpful, for example in looking a population health needs for Urgent Care whilst also
optimising A&E in the light of targets for waiting times.
1.4

What does a good System Dynamics intervention look like – a summary
Having selected an issue that is appropriate for System Dynamics, what does a good project
or engagement look like? The first, and perhaps most important response to this question
is to ensure that the System Dynamics contribution to strategic change is embedded in that
change process rather than positioned at a distance, to be undertaken by technical or
specialist analysts. There is a wealth of material, and practical experience, that points
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toward System Dynamics being a companion to strategic change and innovation. It is a
natural learning tool.
Second is the importance of System Dynamics retaining a focus on a particular ‘issue’ rather
than setting out either to model available data or the ‘whole system’ without regard to the
part of the system that needs addressing. An issue focus might, for example, be ‘how many
new medical trainees should we commission each year in the light of future demand?’ A
question like this requires careful thought as to the scope and levels of detail involved in
answering the question, but settles at the point where this scope and level of detail is
material to the issue.
This good practice guide sets out an approach that describes a cyclical four stage model
development process that is embedded in a wider cyclical four stage strategic process. The
‘4’ in each case have blurred edges and may be iterative but the process provides a guidemap or a set of safety rails that inform the progress and use of a System Dynamics
contribution to strategic change. The four stages of the System Dynamics cycle are set out
as:
1. Conceptualisation: which requires appropriate local stakeholder engagement to
bring a focus to the issue and during which phase initial insights are derived through
the sharing and alignment of language and perspectives on the system. This stage
can make use of a number of tools including influence diagrams, flow maps and
behaviour over time graphs. Occasionally, this stage is sufficient to unlock barriers
to progress and undertaking mathematical modelling becomes unnecessary.
2. Development: where a model prototype, pinned clearly to the issue in question, is
developed and shared with stakeholders and where ideas about how the system
behaves and might change are tested. The model is often refined in the light of
feedback and benefits from alignment and scaling appropriate to the local situation
and experience. It is normally at this stage that more precise data requirements and
specifications are identified.
3. Refinement: the model will need to be fine-tuned to address the key issue, for
example through further testing and data gathering. In addition it is often at this
stage that an intuitive and engaging interface is developed for the model to allow it
to be used by decision makers – preparing the model to be ‘put in the hands’ of
decision makers is an important stage that ensures ownership and ultimately an
appropriately level of confidence in the model outputs (appropriate, that is, to the
quality and nature of the data inputs and the extent to which local engagement has
informed and influenced the model build).
4. Validation and use: we stress the ongoing nature of validation through engagement
that is typical of a System Dynamics approach, although clearly technical validation
should also take place. Transparency of data sources and data quality is critical in
an informed decision making process.
1.5

Preliminary conclusion
This short Executive Briefing should have provided senior manages and policy makers with
a feel for the nature, suitability and good practice in the use of System Dynamics. We would
recommend that the rest of this document is used to inform those who may have direct
engagement with the commissioning or deployment of System Dynamics solutions. This
need not be, and on occasion may not be best being, a technical analyst as the deployment
and management of such projects requires sufficient breadth of skill to build a bridge
between the communities of technical, operational and strategic thinkers. We trust that this
guide has helped to explain why this might be the case.
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2
2.1

Making the right choice of modelling solutions
Introduction
There are different ways of categorising and understanding the modelling approaches
available. Brunel University identified 28 different techniques that are commonly applied in
industry1. These were described in categories of:


Problem structuring
methodologies;



Conceptual modelling including flow diagrams and influence diagrams;



Mathematical or statistical modelling including markov modelling2;



Simulation approaches including Discrete Event Simulation (DES) and System
Dynamics (SD).

approaches

including,

for

example,

soft

systems

The primary purpose of using any modelling approach is clearly to support decision-making.
It is therefore fundamental in making a judgement about the use of different modelling
approaches to determine the nature of the decisions to be made, the risks associated with
making wrong decisions and the available time and resource to inform this decision making
process.
Decisions emerging from modelling approaches are also typically implemented in a variety
of different ways; either by individual managers or practitioners or through concerted effort
across a system where to make the desired impact requires joint working by a range of
individuals and organisations. All these factors will influence the selection of an appropriate
approach or approaches in any given situation.
2.2

System Dynamics
System Dynamics has been defined as "the investigation of the information-feedback
characteristics of systems and the use of models for the design of improved organisational
form and guiding policy". System Dynamics is therefore a method for studying the world
around us with the main concept being to understand how all the objects in a system interact
with one another. A system can be anything from a car engine, to a bank account, to a
health economy.
The objects and people in a system interact through "feedback" loops, where a change in
one variable affects other variables over time. What System Dynamics sets out to achieve
is to understand the basic structure of a system and therefore understand the behaviour it
can produce. Fundamental to a systems approach is to recognise that improving the
performance or changing the characteristics of one part of a system will have limited positive
benefit, and can sometimes even have negative effect, without these changes being
understood in the context of their relationships to other parts of the system and to the overall
purpose of the system under investigation.
The Brunel work describes the type of circumstances in which System Dynamics
approaches are best used as being at policy and strategic levels, and being “particularly
useful and suitable to study systems where a dynamic behaviour is apparent over time and
therefore a continuous, time-related analysis is needed.” Undertaking a System
Dynamics approach to support decision making will therefore require investment in
time, expertise and the engagement necessary to properly align peoples

1

Modelling and Simulation Techniques for supporting healthcare decision making. RIGHT project (2008).
A Markov chain is a statistically random process where a person or object status on the next point of a
pathway is determining solely on the basis of their current state. An example of the use of this approach
can be seen in the NAO report on ‘The potential cost savings of greater use of home and hospice based
end of life care in England (2008).
2
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understanding of complex systems. People with the responsibility to implement change
will then have been involved in understanding the current system and the significance that
their own sphere of influence has on the system.
Data requirements are less intense than comparable mathematical approaches, with any
loss of precision made up for through informed clinical or professional judgements
generated through the engagement process. In areas where data is known to be sparse or
unreliable this balance of system design, professional insight and understanding, local data
and national benchmarks or good practice from elsewhere provide a sufficiently robust basis
for the decisions being considered.
The benefits from such an approach are typically realised through the engagement process
in generating the best possible joint understanding of a system’s behaviour, and the impact
of intended interventions. A System Dynamics model provides an indication of the likely
timing and scale of impact on a given system and provides the basis for ongoing learning,
refinement of assumptions and the identification of key areas of performance within the
system.
2.3

Current approaches to modelling in healthcare
In our experience System Dynamics modelling is one of a range of approaches that are
receiving increased attention in the health and social care sector. These include:


Process improvement frameworks such as Lean Thinking, Six Sigma and the
Theory of Constraints;



Discrete event simulation;



System Dynamics approaches;



Predictive modelling of risk.

The distinctives of a System Dynamics approach will be to explore a complex set of
relationships within a system where people or resources within that system are represented
by ‘populations’ or cohorts. ‘Average’ behaviour, albeit with the ability to reflect variation in
these averages over time, is used to drive the system under investigation. This is distinct
from a discrete event simulation, which will start from the individual characteristics of each
person or resource within a system. A discrete event simulation will therefore run on the
basis of the individual decisions made by people within this system based on their allotted
characteristics (see section 2.6 for a more detailed discussion of DES and SD).
The results of these two approaches can be very similar, although data requirements can
be more significant for discrete event simulation, and the learning environment created by
each may have a different focus. There are also increasing attempts to link different
approaches and therefore gain benefit from different methodologies at different stages of
understanding and solving problems. It has long been accepted good practice to use
problem structuring, soft systems modelling or influence diagrams as a precursor to more
detailed mathematical or simulation approaches.
2.4

System Dynamics modelling and predictive modelling
A further potential area of synergy between modelling approaches can be identified
between System Dynamics and Predictive Modelling techniques. The latter is an approach
pioneered by the Kings Fund and now available commercially through a range of providers.
It extracts data from different health care settings, associates this data with individuals, and
then risk scores these individuals against the likelihood of a hospital admission in the next
12 months. These approaches have been shown to provide statistically significant accuracy
in such predictions and therefore form the basis of interventions for community nurses that
are aimed at minimising the risk of hospital admission.
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The emphasis in this approach is therefore the predictive rather than the modelling element,
with a focus on addressing potential risks at an individual patient level. The issue being
addressed (how do we identify those for whom an intervention might successfully avoid
future escalation of need) is fundamentally different from the questions addressed in this
report using a System Dynamics approach (what interventions are most effective at a
population level to improve health and minimise escalation of needs, with consequent
impact on resource utilisation).
Despite these differences there is significant potential for synergy between the approaches
in that a System Dynamics approach will inform the overall scale and priority of different
approaches (including case finding as exemplified by predictive modelling) whilst also
potentially benefiting from the additional intelligence about the segmentation of need within
a given population. There is therefore significant potential for predictive modelling and
System Dynamics modelling approaches to work in complementary ways within one health
and social care system.
Recent work by the Nuffield Institute to replicate the predictive modelling approach to the
risk of escalating social care costs has been undertaken but has not been shown to be as
statistically reliable as that for identifying the risk of hospital admissions. Retaining and
developing a System Dynamics approach in areas where health and social care need to
work closely together is therefore important and of significant benefit.
2.5

When is System Dynamics better than a spreadsheet?
Spreadsheets are ubiquitous, (almost) everyone can use them to create simple models,
and more advanced models can make forecasts based on trends and statistical
relationships. For example, we use spreadsheets to translate demographic projections into
forecasts of how many people with dementia there might be in a given population in the
future. We can also run simple ‘what if’ calculations in such models – what if the incidence
rates change or a new drug becomes available. These can be very helpful in forecasting,
but have their limitations:
1. Spreadsheets only operate in one direction when it comes to time! There is no
capability to incorporate feedback.
2. Spreadsheets also handle delays poorly.
3. Spreadsheets are unsuitable for incorporating qualitative components of a system.
4. Complex systems have multiple feedback and relationships that are made more
transparent when using a System Dynamics representation.
5. They are less useful if the model user wants to ‘tell a story’ about possible future
scenarios and show outputs in a comparative way.
Put simply, spreadsheets are powerful calculators that give you an instant response to a
set of mathematical assumptions. A System Dynamics model performs a rolling set of
calculations that are constantly taking account of the state of the system and responding to
a range of interconnected elements within the system, giving constant feedback to the
model user, who has the power to intervene to identify alternative scenarios from which they
can extract learning and insight.
A challenge – in section 1.2 of this good practice guide a simple System Dynamics model
is described with a web link to the model, including some details about the logic and
assumptions underpinning it. If you are able to replicate the behaviour of this model using
a spreadsheet I’d love to know. This is a genuine challenge so, as they say, ‘answers on a
postcard’ to peter.lacey@thewholesystem.co.uk.
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2.6

System Dynamics and Discrete Event Simulation
Early in 2014 Wiley published a seminal work entitled ‘Discrete-Event Simulation and
System Dynamics for Management Decision Making’. It contains a collection of papers by
leading academics and practitioners in the field of DES and SD, edited by Prof Sally
Brailsford (Southampton Business School), Leonid Churilov (Melbourne, Australia) and
Brian Dangerfield (Salford Business School). The examples used in this work are taken
extensively from the field of healthcare. Reproduced here are key distinctives and
comparisons between SD and DES. They are drawn directly from this publication with
author and page numbers noted.
2.6.1

Underpinning paradigms

DES treats its subject matter from the
perspective of ‘interconnected randomness’
(Robinson, p21). Entities (for example,
people) are given attributes (for example, a
long term condition), that are moved from one
activity to another (stages in a pathway, for
example). Here they use system resources
and may be held up in a queue, were these
resources not available. Critical to the DES
paradigm is that the presentation of an entity at
a point of activity is driven by random number
generation across a particular distribution.

SD considers aggregates and not individual
entities (Dangerfield, p27). It seeks to
understand endogenous causes of system
behaviour, for example through information
feedback; it uses flow rates (e.g. new
diagnoses of a particular condition) and stocks,
or accumulations of aggregates (e.g. people at
a certain stage of a condition); and does not
ignore soft variables where these are known to
have a causative influence on the system (e.g.
morale or reputation).

To quote Brailsford (p111) “Very crudely put, an SD modeller sees the world as a holistic
synthesis of system elements which are dynamically connected, and takes a helicopter view
of the world, whereas DES modellers take a microscope to the world and look at the system
in detail, paying attention to the variability between individual components.”
2.6.2

Suitability and application

Whilst the publication provides a couple of tabular comparisons between DES and SD in
response to the question ‘which to choose?’ the following example is reproduced as
perhaps the simplest (Brailsford, p120):

Scope

Discrete Event Simulation

System Dynamics

Operational, tactical

Strategic

High

Low

Importance of variability
Importance of tracking individuals

High

Low

Number of entities

Small

Large

Holding (queues)

Rates (flows)

Short

Long

Decisions: optimisation,
prediction and comparison

Policy making: gaining
understanding

Control
Relative timescales
Purpose
Table 1

2.6.3

Suitability of DES and SD approaches

Future direction

There is considerable interest in the academic world, with some examples of practical use
emerging, of combining simulation approaches so that each tool does what it is best at,
whilst also being linked to provide a suite of modelling tools that are fit for purpose and
complementary. As the distinctives and suitability of DES & SD (and other approaches
such as Agent Based Modelling covered briefly in this publication) become clearer it would
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be hoped that greater benefit, and therefore greater uptake, from the use of modelling and
simulation can be achieved.
2.7

Models and complexity
Pitt et al 3 identify the risks of developing unnecessary complexity stating that “simple,
accessible and well-presented solutions are almost invariably more effective than complex
and opaque models. The role of models for visualisation, understanding and as a basis for
shared dialogue is also important.” This message can run contrary to a dominant belief that
data and assumptions need to be precise and at the smallest level of disaggregation if the
simulation tool to be developed is to have validity.
A systems approach brings a balancing set of expectations and ‘beliefs’ that the behaviour
of a system cannot be understood using a dominant reductionist approach and stresses
relationships between elements within a system as being the key driver for system
behaviour. This focus on inter-relationships therefore requires equal focus with data
gathering and validation. An example might be in the modelling of health needs where
higher levels of need do not necessarily translate into greater access to healthcare (as
would be assumed were a purely scientific approach applied) but that access is also
determined by a whole set of relationships within a system, including qualitative issues such
as cultural expectations.

2.8

A note on System Dynamics software
If you have decided that System Dynamics is right for the issue you are addressing then
there are a number of software packages, the most popular being (in alphabetical order)
ithink, powersim and vensim. Other packages that combine SD with other approaches
include anylogic. A simple web search will find the home pages of these products.
Whilst consultants or clients become familiar with particular packages the fundamental
philosophical and practical foundations are the same. Some packages are preferred in
different sectors but this can be down to practical as much as functional differences. You
might liken it to a stable of horses – which one you take to the races and how well they
perform will be down to ‘the going’ (i.e. the context) and the jockey – but they’re all
racehorses and not shires!

3
3.1

The practice of System Dynamics
Setting the scene
3.1.1

An issue focussed approach

WSP has developed its approach to the use of System Dynamics based on best practice
within the field and its own extensive experience. System Dynamics applications use
modelling to address an identified issue rather than to produce an answer to a complex set
of mathematical calculations, SD models the issue not the data!
The information used in a System Dynamics model therefore includes a range of data,
research evidence, informed judgement and, where any of these are missing, reasonable
assumptions that can be tested for sensitivity in the modelling environment. This is why we
believe that every model is wrong – but that some are useful! It also encourages continuous
improvement in both data quality and evidence of cause and effect that underpins the
dynamic behaviour of the system.
The ‘issue focussed approach’ is illustrated in our strategic workforce modelling where the
key issue is ‘how many new trainees should we commission’. To inform how this question
3

The potential for operational research, Pitt et al, British Journal of Healthcare Management, (2009) Vol 15
No 1 pp346-351
9
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is answered we need information about demand for and supply of the current workforce but
also information about trends in participation rates, likely retirement rates and NHS and nonNHS markets, for example. However, this data is only collected at the level of granularity
and detail that is material to the issue – any additional level of detail must be justified in
terms of appropriate and corresponding increases in precision required to make
informed decisions.
3.1.2

System Dynamics place in strategy and implementation

During the 1990’s Peter Senge championed the use of systems thinking, and System
Dynamics as a learning tool. He emphasised the importance of recognising system
archetypes (behaviour over time arising from inherent system structure) and embedding
this into strategic problem solving. Many other authors have seen SD as a tool in the overall
strategic decision making process (see bibliography for these references).

Figure 1

Embedding System Dynamics in the strategic process

Figure 1 illustrates the way in which WSP sees this embedding of System Dynamics in the
visioning, strategy, implementation and evaluation cycle. System Dynamics is not, in this
view, an add on, parallel or distinct set of activities undertaken by ‘experts’ but rather an
integrated element enhanced by the skills of experts – but in one way or another (as
witnessed in our regular training sessions) we are all systems thinkers.
3.1.3

The development cycle for a System Dynamics model

Having established:


The core function of a System Dynamics model as an issue focussed approach
seeking to generate learning and insight;



The role of data and intelligence to populate these models using a variety of sources
at a level of detail that is ‘fit for purpose’; and
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The contribution that such models play in the strategic process to add intelligence
rather than to give us the answer….

…it is time to unwrap the framework for model development.
Figure 2 illustrates four interlocking elements that normally follow sequentially, although
retracing your steps or revisiting the whole cycle as new learning emerges is not untypical
and should be encouraged.
1. Conceptualisation through engagement and issue definition.
2. Development through initial specification and prototyping.
3. Testing through engagement and refinement of data requirements.
4. Validation and use – to deliver insights, act as a back-cloth to implementation
monitoring, and to be the potential starting point for further learning and
development.

Figure 2
The learning cycle inherent in the
development of a System Dynamics model

3.2

Model conceptualisation
The purpose of this initial stage of model
conceptualisation is to pin down the key issue
that is being addressed. Before building a
model we need to know:
1. What is the
addressed?

key

issue

being

2. What are the behaviours over time that
we observe and that we might expect for key measures in the system?
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3. How do we understand the relationship between different parts of the system?
4. What level of detail is necessary to address the key issue?
5. What are the data, local intelligence and other knowledge, proxies or evidence from
elsewhere would be necessary or helpful in quantifying this system?
Answering these questions is never simply a ‘technical’ task, but rather one of extensive
engagement with the issue ‘owner’ and the key stakeholders in the system under
consideration. Our own practice is to undertake this stage through both individual and small
group discussions and typically a workshop event aimed at facilitating consensus on these
initial questions.
It is a regular experience that this model conceptualisation generates new learning and
insights about the system and about the root cause of certain unwelcome system behaviour.
On a small number of occasions a full System Dynamics modelling project has been aborted
at this stage, and for very good reasons. Either sufficient learning has been generated to
enable partners to progress and/or the amount of speculation concerning the data that
would be required to develop such a model would be too great – although in the latter case
this should ideally lead to improving local data and intelligence gathering.
A number of tools can be used to support this stage of the model development process,
including:
Influence diagrams: a simple example of this has been used in section 1 of this good
practice guide. It is normally necessary to provide people with some training in the simple
rules for the development of influence diagrams, and practice certainly does help. It is
also sometimes the case that the causal relationships within a system only become
apparent after developing a model, in which case the influence diagram will be a good
way of describing what has been found retrospectively.
Behaviour over time graphs: having identified a key issue it is normally possible for
people to be able to describe an expected and a desirable trajectory for key variables in a
model. For example, participants in a project might describe a ‘do nothing’ situation where
costs associated with increased need in healthcare escalate over time and a second line
shows the impact of what people plan to do about these rising costs. Other entities within
a model might also be sketched such as changes in capacity or waiting times or utilisation
rates. These ‘behaviour over time’ graphs then act as a reference point for model
simulations and can generate insight when comparing expected and actual profiles.
Flow maps: it is often helpful to sketch out the flow of different entities within the system.
Attention here should be given to the predominant progression routes rather than the
minutiae of every possible pathway. This can be extremely helpful in structuring the
eventual model.
This process, in particular the process maps and influence diagrams, will typically force
discussion around language and terminology. Improving the alignment of language as it
relates to the system being explored is a critical stage in any System Dynamics process.
Documenting the consensus, and any minority views, that emerge from this process is
critical, both as an audit trail and to enable any revisiting of the assumptions and
understanding generated in this first stage.
An example of the type of material used at this stage of model conceptualisation is shown
in Figure 3 where:

An influence diagram shows a simple balancing feedback loop representing the
logic of trainee recruitment;

The first building block of a System Dynamics model is shown;

The behaviour over time of that system is demonstrated with the model output.
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Further developments in this modelling work, particularly during prototype development,
demonstrated more complex system behaviour in response to further feedback from the
workforce model sector where longer term delays in the impact of factors such as the rate
of feminisation, changes in retirement rates and other factors all came into play.

Figure 3

An early stage of model conceptualisation for medical workforce planning

In this example a range of other important foundations for the strategic workforce modelling
that has followed were laid down including, for example, the timescale over which models
were run, the level of detail and granularity required to address the issues being explored
and the key building blocks of the model. Whilst there have been iterations and
developments in this modelling work over a couple of years these foundations remain fairly
robust.
3.3

Model prototype
The goal of this second stage is to develop
a prototype model that:
1. Reflects the consensus emerging
from the model conceptualisation
stage.
2. Is grounded in local data and
intelligence.
3. Exhibits behaviour that is rooted in
the model structure.
At this stage it will be important to ensure
clarity between ‘rates’ and ‘stocks’ within the model, with the former being the focus of
potential action or leverage. The development of a prototype will also often reveal the extent
of delays and feedback within the system. These can challenge some of the original model
13
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specification as people realise that it can often take a lot longer than expected for a system
to fully respond to the changes made.
It is typical at this stage for stakeholders to begin to form a view about the level of confidence
they can place in the model with regard to it being a ‘predictor’ of certain outcomes.
However, even where these levels of confidence are not high, attention should be given to
improving data quality and learning from system behaviour in a balanced way. Waiting for
‘perfect knowledge’ can result in expectations of spurious levels of accuracy – a balance
between being broadly right, and taking informed action, or precisely wrong, and resisting
change, needs to be maintained at all times.
It is good practice at this stage, if there is data and intelligence to support it, to build a
retrospective element into the model. This past behaviour could arise from the system
structure or be ‘hardwired’ with the intention of testing whether trends are continued when
the model runs. Both these approaches are valid and can strengthen ownership of model
outputs.
On some occasions a model will be developed to replace a spreadsheet model. Reasons
for this might be to enable the end users to explore ‘what if’ questions in a more dynamic
environment than available in a spreadsheet and/or due to other added value opportunities
outlined earlier. In our experience there are circumstances where a direct initial replication
of a spreadsheet model is possible in System Dynamics. However, if this replication is
possible then adding feedback and delays, or modifying pathways to better reflect the
system under investigation can, and most likely will, start to produce different ‘answers’ to
spreadsheet models.
In summary, this stage of model development will consist of:


Exploring and replicating the anticipated system behaviour, whilst learning where
system structure reveals counterintuitive behaviour;



Scaling to the local situation to give an appropriate sense of scale and local
application;



Testing initial data assumptions (nothing is taken for granted) and eliciting further
intelligence through on-going dialogue;



Maintaining the audit trail to people’s mental maps, and using insights to challenge,
refine and align this thinking to facilitate strategic change.

As an example of model conceptualisation Figure 4 shows an approach to re-thinking
population health needs that challenges the traditional focus on long-term condition
pathways. The model has emerged from a round table discussion with senior managers,
academics and policy makers and has been reproduced for local CCG populations as a
‘concept model’ to facilitate local thinking about population cohort needs and service
integration. Learning from this conceptualisation phase of model development has, in this
case, highlighted data gaps that are slowly being filled by new methods of data linkage and
stratification. As such, the modelling approach is making a significant contribution to
rethinking an important area of policy and service redesign.
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Figure 4

3.4

Model conceptualisation for frailty last year of life (lyol) and multi-morbidity

Model refinement
Stages 2 and 3 of the model development
process (prototype and refinement) can be
iterative within the overall process. As data
and intelligence is gathered and the model
refined new insights will emerge, which may
require the prototype to be revisited. Apart
from good version control and on-going
conversations with the issue owner the gradual
movement from prototype to fully working
model will be characterised by careful
judgements that take account of:


The extent to which strategic decisions are reliant on the findings of the System
Dynamics model, i.e. is it one contribution or the sole means of arriving at a
consensus;



The ‘gap’ between stakeholders perspectives, including the handling of political
imperatives and interests;



The purpose to which the model is being put, i.e. whether the modelling exercise is
designed to change behaviours or build a business case;



The extent to which learning and changed behaviours have already been realised
through the process;



Whether a ‘pause’ whilst data quality or improved evidence is being sought would
be beneficial.
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The model refinement process also needs to ensure a clear audit trail and referencing for
all data and assumptions contained within the model. A data dictionary is also recognised
as good practice so that future model updates can be made consistently and in a way that
draws out system behaviour rather than changes in data inputs.
It is often at this stage that particular attention is paid to the model interface, i.e. where end
users will engage with the model in ‘flight simulation’ mode. The use of appropriate input
and output variables will need to be provided to enable a range of scenarios to be explored
and compared. An example of such an interface is provided in Figure 5.

Figure 5

An example of a model interface designed to facilitate use

Finally, every model is ‘work in progress’ in that we should expect new learning to emerge
from decisions made in the light of the model. This includes, for example, new insights,
improved evidence and better data quality, which can all contribute to further refinements.
The model represents something of a corporate memory within the local system that can
outlast any individual and will benefit from regular exposure, testing and refinement.
An example of the model refinement process can be seen in the strategic workforce
modelling work in Local Education and Training Boards (LETBs) supported by WSP. The
Workforce Modelling Collaborative has developed an approach that sees model
conceptualisation and prototyping undertaken by one (or possibly two) LETBs, with the
models then being share with other LETBs who can ‘confirm and challenge’ both the model
and the data assumptions.
This has a number of advantages including further opportunities to improve data quality,
suggesting alternative ways of representing or calculating some elements within the model
and identifying ‘snags’ in the model that are exposed when assumptions for a different
location are used. This process of model refinement has been made possible in this
example through the training and development opportunities provided to senior analysts
within the LETBs.
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3.5

Model validation and use
Model validation in System Dynamics is in part
an on-going process that starts from the point
at which the prototype is developed. The very
process, particularly in the development of the
prototype and subsequent refinement through
stakeholder engagement, embeds validation
within the process. The retrospective task of
ensuring accuracy and completeness remains
important but validation should be seen as
integral to model development.
If a model is developed in isolation from the
issue owners, perhaps having set the
specification and then left the modeller to produce the tool, then there will be greater reliance
on retrospective and technical validation approaches. The example used above to describe
one approach to model refinement by sharing a model with new users that have the same
core issues is a case in point.
The validation process should also not be seen as a black and white process – even with
complete confidence that data, relationships and assumptions are ‘correct’ the validation
process should ideally either explicitly or implicitly reflect the confidence and sensitivity that
can be placed in model assumptions. A helpful approach is to RAG rate (red, amber, green)
the confidence we have in data accuracy and the extent to which the model is sensitive to
variation in each variable. Where both data quality and model sensitivity are ‘red’ there is
a strong case for prioritising such items for review.
However, the question as to whether a model is ‘valid’ remains a mix of data quality and a
reflection on the objective and use to which the model will be put. Confidence in the model
is therefore built through an appropriate balance between engagement and the use of
relevant, good quality, validated data.
Suitable questions that should be asked as the model is put to use include:
1. Does the model reproduce recognisable historic behaviour?
2. Is there reasonable confidence in the quality of those data items to which the model
is particularly sensitive?
3. Is there a clear ‘audit trail’ between people’s conceptualisation and understanding
of the system and its behaviour and the final model structure, relationships and
outputs?
4. Are there reasonable explanations arising from the insights derived during the model
development process that account for differences between model outputs and
expected system behaviour going forward?
5. Are the model outputs robust when reproduced in different situations or localities?
6. Has the development of a systems model effected positive change?
7. Has the process enabled some previously unexpected, negative outcomes to be
avoided?
There are, however, limitations in model validation that might be considered ‘gold standard’,
i.e. does what the model ‘predict’ what actually came to pass? Whilst not seeming to evade
this obvious question the following considerations need to be taken into account when
posing this question:


System Dynamics models have a key role to play in facilitating change, and this
change will inevitably create a new system where relationships of cause and effect
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are less well understood – therefore System Dynamics done well may not be a good
‘predictor’ of the future;


A System Dynamics model should ‘go the journey’ with the implementation of
change in order to continue to reflect and learn from system behaviour – therefore
to ‘freeze frame’ a model and use it as a benchmark for future validation will weaken
the benefits derived from using the model as a learning tool;



Strategic challenges, to which System Dynamics are particularly suited, are also
characterised by long timescales. This means that no expectation of ‘control’, in the
sense of a scientific experiment, can reasonably be held, and therefore looking to
validate a model in this way becomes very difficult;



A further reason to challenge the expectation that System Dynamic models should
be shown to accurately ‘predict’ the future is that often waiting for this validation
means that the horse is already bolted! Again, a System Dynamics approach is
typically designed to prevent certain futures rather than to predict them.

With such caveats in mind, an example of model validation that arose through WSPs work
with a client over a number of years did enable previous assumptions about the impact of
community based intermediate care services on hospital admissions to be validated 2 years
later when new hospital based diversion schemes were being considered. Being able to
build in to the model the historic effect of these services, previously anticipated by earlier
modelling work, significantly added to the validity of the new model.
3.6

FAQs
3.6.1

What is a model’s shelf life?

A supplementary question with respect to model validation is for how long any model
remains ‘fit for purpose’. There is no simple answer to this and our experience suggests
that the full range of possible answers is possible: from having no ‘shelf life’ – the model
has done its job, the system is changing, and any further modelling would require starting
again because of these changes; through to expecting and planning for a ‘shelf life’ of
several years. Some issues remain relevant but the context in which they need answering
changes, which again requires a judgement on ‘shelf life’. If the expected ‘shelf life’ is long
there is a corresponding need to continue the refinement and learning process as outlined
above.
3.6.2

What about training – who needs to know or do what?

This question impinges on a further question as to whether modellers are ‘experts’ that are
to some degree isolated from the issues, and whose craft is primarily of a technical nature;
or whether modellers are embedded in the issues that are being explored. Our own
experience points strongly toward a bias to the latter approach, whilst ensuring that
technical skills are developed. So, we focus on providing an appropriate mix of training and
awareness within an organisation seeking to use System Dynamics that includes:
1. Ensuring that questions amenable to a System Dynamics approach can be
articulated and presented in an appropriate way by senior managers and policy
makers. This requires a growing awareness of the use to which System Dynamics
can be put, and is in part the purpose of this good practice guide.
2. Training ‘expert users’ of System Dynamics tools in order that the benefits from their
use do not rely on technical experts (who may also not be the best communicators
of system behaviour).
3. Providing sufficient training in the actual model building process to give some end
users the confidence to go ‘under the bonnet’ and challenge model structure and
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assumptions whilst not necessarily expecting these users to build models from
scratch has been extremely important in a range of projects run by WSP.
4. Developing in-house capacity and capability in System Dynamics modelling should
remain an aspiration where either the issues or the scale of that organisation merit
such development.
We recognise the challenge of maintaining skill levels in System Dynamics when its use is
not frequent, hence the need to complement in-house skills with external expertise and
coaching. However, there are examples of where this has been achieved particularly in
the work already noted above in supporting the LETB Workforce Modelling Collaborative.
Each of the four elements described above are in place resulting in a strong and sustained
‘systems’ approach to challenging and complex strategic issues.
3.6.3

Can System Dynamics be used as part of, rather than the focus of, work

The embedding of System Dynamics in a strategic change process, as illustrated in Figure
1, already suggests that isolating the model build process from the ‘real world’ is suboptimal. Equally, we have argued, always turning to System Dynamics when other
modelling tools are equally or better equipped should be avoided. However, there are times
when a basic knowledge and application of system thinking and System Dynamics
modelling can add insights as a complementary rather than core discipline.
Examples from our own work where a small System Dynamics component has added value
without being the focus have included evaluation studies where it has been useful to take
the lessons from an evaluation and either allow them to be applied to other locations or to
project forward on the basis of historic evidence of impact. An evaluation of an electronic
system for end of life care (EPACCS) is one such example.
3.6.4

When does System Dynamics go wrong?

In our experience System Dynamics applications can go wrong, or perhaps more kindly, be
sub-optimal as a result of either poor delivery or inappropriate expectations – or a
combination of the two. Warning signs include:
1. The ‘cold flannel’ moment when introducing a System Dynamics project (“send for
the analysts and tell me it’s all over”) is a sure sign that engagement will not be
sufficient to optimise value from the process.
2. An approach that over-specifies either data requirements or model outputs before a
thorough issue identification process could lead to more work being done than is
necessary and a model that is biased toward the data we have rather than the issue
that needs attention.
3. Using System Dynamics when spreadsheet modelling, Discrete Event or other
methods would be more suitable (see section 2 above).
4. An insistence on quantifying a perfectly good and insightful set of influence diagrams
or similar outcomes from the initial phase of work when the decisions have been
effectively made without this.
3.7

Added value – the online environment
System Dynamics models provide a learning environment and facilitate the sharing of ideas.
This good practice guide has described this process in the context of a local application.
However, despite the focus on learning through the process there is further added value
that can be facilitated through comparing model outputs, for example between different
locations.
This has been our experience particularly in the cases of population health modelling for
dementia and in strategic workforce modelling. In both cases each application of a System
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Dynamics solution has been supported by engagement and training. Without this we risk
hollowing out the process and presenting a ‘black-box’ solution in which people can quickly
lose confidence. However, given such engagement and training, and an issue that faces
more than one group of decision makers, the hosting of models in an online, comparative
environment is bringing significant benefit, including:


The opportunity to facilitate discussion and debate on a key issue;



The need to recognise variation in solutions – what we call ‘assisted wheel
reinvention’;



The opportunity to share decisions and learning that arise from the modelling
exercise;



A further opportunity to focus on data quality.

WSP have recently launched a Collaborative Simulation Platform that works in conjunction
with the ithink software. This can be hosted by WSP or deployed on an organisations own
server and provides the opportunity to build collaboration around model use as a core part
of the on-going learning process. Figure 5 reproduces a couple of screen shots of the
system in use.

Figure 6

4

Screen shots of the WSP Collaborative Simulation Platform

Conclusion
This good practice guide has sought to advise senior managers and policy makers about
the potential contribution that System Dynamics modelling can make to strategic decisionmaking in health and care situations. Its emphasis has not been on technical issues but
rather on the way that System Dynamics can contribute to particularly types of complex
strategic decision making as part of a toolset. There is always a danger that enthusiasts of
one approach or another over-step the mark when it comes to promoting a particular
methodology or tool. We hope we have avoided this pitfall, but would welcome feedback if
this is not the case.
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Short Bibliography
Our website contains a short bibliography of useful reading that is reproduced
below (link). In addition, there are some other useful websites you could visit
including:
The International System Dynamics Society:
http://www.systemdynamics.org/
The UK Chapter of the System Dynamics Society:
http://www.systemdynamics.org.uk/index.php?id=1
The Cumberland Initiative (promoting modelling and simulation in healthcare):
www.cumberland-initiative.org
MASHnet (Modelling and Simulation in Health):
www.mashnet.info
These are just some of the books and publications that we have found
interesting and useful.
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