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An introduction 
to simulation
A simulation is a computer model that looks and acts just like real life 
processes. You can simulate anything - from the flow of patients through 
an Emergency Department, the staff schedule for an Operating Room 
suite, or the way in which patients with particular conditions use health 
services from primary care to community and hospital services.

The point of a simulation is to test out how 
your current system works and how it would 
behave if a change were to occur. For example, 
population growth increasing demand for 
services, a new treatment for patients or 
a restructuring of the patient pathway. 

Testing a change in a virtual environment 
has no risk to the real system and provides 
you with operational evidence to underpin 
decisions. Once a decision has been made, 
the simulation can continue to monitor 
implementation and provide insight into areas 
which are performing better than expected, 
as well as those that might need attention.



You draw your process, just like a flowchart, and then enter key input data around 
variables such as when patients arrive and how long it takes for staff to carry out 
tasks. Running the simulation allows you and your stakeholders to visualize the 
process, while the results measure how the process will perform in the real world. 

Simulation builds in real life randomness so your model reflects the performance of the 
actual process. For example, patients don't always arrive to their appointments on time and 
some will need more time with the doctor than others. Building this real world variation into 
the simulation ensures that the model behaves in the same way as it would in real life.

Once your model reflects current performance, you can start to 
experiment with “what if?” scenarios to test out possible changes 

to the assumptions or the process itself. For example:

WHAT IF...

...demand 
increased?

...staffing levels 
or schedules 

changed?

...we invested in 
equipment?

...a new treatment 
or pathway was 

developed?

How 
simulation 
works



Test ideas in a risk-free environment 
Experimenting in real life can be costly. Simulation allows you to test the impact of a change to the 
current system - without any risk to patients or committing to expenditure. If the change doesn’t show 
the expected benefits you can quickly experiment with another scenario using your simulation.

Helps guide thinking and communication
Simulation provides a vehicle for discussion about all aspects of a process. The process 
rules and data collection encourage you to consider why elements work in a certain way 
and if they could work better. Simulation also brings to the surface inconsistencies and 
inefficiencies, especially between different parts of a process that work independently.

Get rapid, accurate results 
A simulation automatically collects performance measures as it runs so that you 
get quick access to accurate numerical results. It allows you to take predictive 
analysis to another level, making better and more informed decisions. 

Visual and engaging 
Simulation is visual, making communication of your proposed ideas to other 
stakeholders much easier. It helps to convince people of the end results 
and builds buy-in by demonstrating how these were arrived at. 

Create transparency and build trust
With a simulation model, you are required to input each individual assumption about demand 
levels, arrival patterns, resource capacity, how long steps take – everything must be quantified.  

As a result, if a stakeholder is unsure about the validity of the model or questions how 
you came to the conclusion that you did, you can review the assumptions/inputs together 
to understand where you may differ in how you believe the system works. 

With this kind of transparency, the focus is on the validity of the model and the assumptions 
that were made, rather than the particulars of an interpersonal or group dynamic.

Get answers now 
Simulation enables you to try many ideas in just a few minutes as it runs much faster than 
real life. With simulation you can run 2, 10 or even 100 years into the future in seconds. 

Better decision making 
By using simulation, your decisions will be evidence-based. Multiple scenarios can be considered 
at all possible angles. As a result, you will know your process inside out, and be confident in 
making important decisions.  With such as short turnaround time for each scenario’s results, 
you can also test scenarios that you otherwise wouldn’t risk in a live test or pilot.



High Impact Change 1:

Variation
We know that every day is different in healthcare.
• Patients are all individuals with differing needs
• They arrive in healthcare services at different times of 

the day and this changes by day of the week

This variation creates an uneven demand on services and requires the right resource at the right 
time to ensure a smooth flow of patients with fewer delays to assessment and treatment. Delays 
create poorer outcomes for patients and difficult working environments for clinicians. 

Simulation can model this variation to better reflect the current state in order to understand why 
the system behaves the way it does. This provides much needed insight to the staff working within 
the system. Testing “what if?” scenarios based on the current state enables better decisions to be 
made. Spreadsheet models based on fixed values just can’t produce these kind of results.

With thanks to Hamad Medical Corporation for allowing us to share this simulation.
https://www.SIMUL8Healthcare.com/IHIQatar-resources1

This example shows a typical week on a ward. 
Demand exceeds capacity towards the latter 
part of the week. Research demonstrates 
that a patient who does not get a bed in the 
ward matching their specialty will be twice 
as likely to die in hospital and will have at 
least one additional day’s length of stay – 
not to mention the scheduled procedures 
that need to be canceled if emergency 
patients are placed on surgical wards.

Try this for yourself. In our online example, patients are visiting an outpatient clinic. In the 
baseline scenario patients arrive at fixed intervals and the clinician appointment is 10 minutes. 
All patients are seen within 15 minutes. But when you add some variation to the arrivals and 
the time the clinician spends with a patient, how many are now seen within 15 minutes?



High Impact Change 2:

Resource utilization
Whether your resources are beds, staff or equipment, you will have 
questions about how efficiently they can be deployed to meet patient 
need, minimize waiting and reduce any waste. Simulating varying demand 
and constraining it by the resources available gives you the evidence you 
need to meet waiting time targets and make the best use of resources.

Try our online example. This allows you to experiment with bed occupancy 
levels and waiting times to find the optimum number of beds.

https://www.SIMUL8Healthcare.com/case-studies/improving-stroke-pathways

This example shows patients arriving 
every 7 minutes to spend an average of 10 
minutes with a nurse. Only one nurse is 
available, working flat out with no breaks, 
and patients are waiting an average of 5 
hours. Bring in a second nurse and 81% 
of patients are seen in 10 minutes with 
the nurse’s time now utilized only 70%.

NHS Cornwall used simulation to 
determine the capacity of stroke acute 
and rehabilitation beds, taking into 
account the likely demand for stroke 
services and the need for patients to 
access these within clinical treatment 
guidelines, and the patient location. 
They successfully determined the 
number of acute and community 
beds required by location to ensure 
a bed was available in the patient’s 
place of choice 95% of the time.

http://clahrc-peninsula.nihr.ac.uk/
research/penchord-cornwall-acute-and-
community-stroke-bed-capacity-modeling



High Impact Change 3:

Reducing handoffs
Many healthcare errors can be traced back to problems at handoffs. Whilst 
studies have demonstrated that improved communications at handoffs can 
reduce errors, there are also system solutions which can improve the flow of 
patients through system and can further improve the rate of adverse events.

Emergency departments that have a consultant at the front of the process find this actually 
helps to reduce the waiting times and overcrowding as decisions about patient care 
happen quickly, allowing the department to focus on the most acute patients.   

It’s not hard to see why.  In the example above we have sent half the patients through to a nurse triage 
service and half to a doctor. The nurse has to get authorization for diagnostics and can’t make the final 
treatment decision. A doctor on the other hand can give immediate advice and send, let’s say, 35% of patients 
home, and can authorize diagnostics directly. Assuming that each of the processes in this example take an 
average of 10 minutes, the doctor’s route takes just under 20 minutes less to get to a treatment decision. 

NHS 24 used simulation to test the most efficient way of managing call center demand over busy 
periods. When an urgent call is received by NHS 24 it is answered by an initial call handler, who either 
passes the call to the emergency ambulance service, or to an internal nurse adviser where one is 
available. If no nurse adviser is immediately available, arrangements are made for one to call back 
within a certain period, based on an initial assessment of the importance of the call. The process of ‘call 
back’ had at peak times resulted in some patients waiting more than an hour to be called back.

Simulating the process and testing improvements to reduce the handoff process allowed NHS 
24 to quantify the most appropriate resource and skills mix, identifying the level of demand that 
could be handled by all stages in the process and reducing the reliance on ‘call backs’.



High Impact Change 4:

Change over time
A typical healthcare process is that patients are diagnosed with a condition 
and visit a healthcare facility for treatment. If a series of treatments is 
required, they will return at regular intervals to complete the process.

Calculating this using a spreadsheet methodology would look something like the following:

In reality, patient 1 will be diagnosed in April, and patient 105 will be diagnosed in October. 
Patient 1 will complete treatment in 2016 and patient 105 and all other patients diagnosed 
after them will not complete treatment until the financial year 2017-18.

In many cases this is complicated by the fact that on some occasions patients 
will not be well enough for treatment and will need to be recalled.

Simulation allows you to take into account the passing of time as well as individual 
patient complications which can delay treatments to produce a more robust 
prediction of likely activity, cost and resource requirements in the future.

Time to diagnosis was a crucial factor in Shout It Now’s work in HIV and Aids in South Africa. Shout 
It Now set up pop-up street diagnostic clinics with the aim of providing very quick diagnostics 
and counseling to young South Africans. Any delay in the process meant that the individual might 
hesitate to go forward with the diagnosis, and delaying access to treatment. Shout It Now simulated 
the diagnostics process to ensure minimum delays and this doubled the number of people 
diagnosed. Effective counseling meant that 95% of those diagnosed would go for treatment.

With thanks to Bruce Forgrieve and the Shout it Now team for allowing us to share their story.

https://www.SIMUL8Healthcare.com/case-studies/shout_it_now

In 2016 200 patients 
are diagnosed with 
condition X

This requires 9 monthly 
treatments which 
cost £500 each

Total cost of treatment =
200 x 9 x £500 = £900k



High Impact Change 5:

Identifying bottlenecks in a 
complex environment
When there are long waits in an emergency department, 
what is the best way of improving the situation?

Long waits can be caused by:

Simulation can help to work out whether it is the lack of emergency medicine physicians, 
the lack of beds, or community facilities for discharge that is the problem. 
A London-based hospital tested several improvement scenarios to try 
and reduce emergency admissions and readmissions.

They considered:

•   Focus on support for care homes 
•   Increased primary care services
•   Increased ambulatory care
•   Increased ambulance see and treat services 

They also tested the impact of the scenario in the light of an increasing population over the next few years 
and the likely increase of activity from a local hospital which was reducing some emergency specialties.
They found that, of all the options, increasing ambulatory care had the biggest impact on 
admissions, with ambulance see and treat services coming second. With demand at current levels, 
this would mean that inpatient beds could be reduced by between 20 and 50 depending on the 
scenario selected, but as demand increases, some of those beds would be needed again. 

Internal factors

• Medical decision-
making delays

• Diagnostic 
bottlenecks

External factors:

• High level of demand

• High level of 
complex patients

• Lack of beds

Each of these factors can play a part in 
causing wait times, and it is hard to know 
which one to tackle first to make the biggest 
impact. Some factors may make a big 
difference, but require a long negotiated 
lead time with multiple organizations, others 
can be quickly implemented making an 
immediate if smaller difference. Simulation 
can provide evidence to demonstrate which 
improvement scenario will be most effective.



High Impact Change 6:

Population health, reducing obesity
Simulation allows the modeling of population and prevalence over time to 
mimic demand. As the population ages it takes on the characteristics of the 
next age and gender group and you can predict likely need for services.

With thanks to David Gilding, Nottinghamshire County Council Public Health for allowing us to share this example.

As people move through a pathway of care, 
the likely outcomes can be modeled at each 
stage over time to enable effective prediction 
of services and costs on an annual basis.

Obesity is growing and having a serious impact 
on the health outcomes of the population. 
Interventions to reduce the trend include 
public health and lifestyle, as well as clinical 
interventions described as the four tiers here.

Nottinghamshire County Council 
used simulation to contract for 
obesity and weight management 

Nottinghamshire was able to use this evidence to commission obesity 
and weight management services with confidence.

 �Adults and 
Children and 
Young People: 
length of time 
in service

services for the region. They needed to understand the number of people requiring 
intervention, the level of services required at each tier and the annual cost.

Based on a NICE compliant pathway, they could predict how long patients would stay in each 
tier and therefore how many would need a service and the length of stay in that service.



High Impact Change 7:

Supporting patients in ‘out 
of hospital’ settings
In planning services from a population perspective, as an Accountable 
Care Organization does, the first thing to understand is how the population 
currently uses services and how that might change in the future.

Analysis of your population against service utilization will enable you to identify 
patient groups and how they behave, and form the beginnings of discussions on how 
and where in the healthcare system, the interventions should be made.

Simulation can predict the demand on the system as the population ages using population projections. 
Patients follow different pathways through the system depending on their needs and these can be simulated 
as a dynamic process flow, costing each part of the service and showing any bottlenecks as the simulation 
runs over time. Flows can be “layered” to simulate how different cohorts use the system concurrently.

 

The simulation supported stakeholder understanding about their system and engaged all in the change process. 
It produced operational evidence for financial decision-making about the most effective interventions to fund.

Health System C saw that their population 
was aging and wanted to focus on people 
with dementia and the need to plan 
effectively for services for the future.

Thanks to the SIMTEGR8 for allowing us to share this simulation

https://simul8healthcare.com/case-studies/simtegr8-simulation-to-evaluate-great-care

Health System A found that their growth in ED visits actually came from their 0-30 population rather than their 
aging population. Whilst the aging population was clearly more complex, the strategy for reducing demand 
to the ED needed to focus on the younger age group who were not connecting with primary care services.

Health System B found that the majority 
of their long stays in hospital were in the 
70+ group and a proportion of that group 
could have avoided the admission in the first 
place with better community support.

In this Leicestershire example, a night nursing service is 
being evaluated for impact on emergency admissions 
for people who could have been cared for at home. 
The before scenario demonstrates how patients 
currently use services and the after scenario shows 
the impact of nigh nursing as well as the additional 
capacity required to meet need. The SIMTEGR8 project 
with Loughborough University used simulation to 
show how effective the new service was, and how 
additional capacity and continued investment 
would provide value to the systems by reducing 
emergency attendance and admission and providing 
a better experience for patients and their families.



High Impact Change 8:

Managing care for people with 
long term conditions
As our population gets older, more people are living with chronic disease. 
Research demonstrates that people over 65 are more likely to have more 
than one long term condition than only one. Health services tend to 
plan care by specialty, but what if this changed to a more person-centric 
care model? Would it result in a reduction in hospital visits and costs, or 
would it fund more community based support whilst hospital costs stay 
the same? As the population ages, and this group increases, will there 
be enough community nurses to support people outside hospital?

This simulation is available at https://www.simul8healthcare.com/nhs-england

NHS England has been encouraging pilots of this 
approach to care for some time. They have used 
simulation to build models that reflected the 
experiences of the early implementers so that 
they could be easily shared to support adoption. 
A recent successful model of extensivist care 
from Fylde Coast has been adopted in London 
and East by using local data in the simulation 
to test the impact of implementation.

In this simulation, target patients in a health system 
are identified through risk stratified profiling. Users 
can segment the population into groups representing 
different types. Some choose to group people by 
numbers of long term conditions, others include 
further characteristics such as whether the person 

wish to implement and can test the 
impact of these on cost and capacity 
before deciding to move forward.

The simulation is used as a way of 
disseminating new models of care, and 
allows others to experiment with the 
impact of adopting them in their area. 
It allows change to be implemented 
over time to understand the cost of 
the new model of care against the 
likely savings from reducing hospital 
admissions and whether this is 
an affordable option over time.

lives in a residential care setting. Each group has a 
different probability of accessing a service during the 
year, and the full range of services is included: primary 
and community, hospital and acute, mental health, 
social care. A frequency probability is applied so that 
each person may access a service multiple times, 
and a cost and a resource linked to each service. The 
simulation transitions people between the groups as 
their conditions change. The simulation runs forward 
over a number of years from the current state and 
results predict the annual cost of service by person and 
category of service for each group and the numbers 
of staff, beds or other resource required. Cost and 
capacity requirements are shown for each year to 
support planning decisions. Simulation users can 
also experiment with the new models of care they 



High Impact Change 9:

Reconfiguring services
Drives for efficiency and merging of organizations often result in a restructuring 
of services. Simulation can help planning for the restructure to ensure that 
demand can be catered for without delay, staff and facilities are available 
and procedures scheduled to make the most efficient use of resources.

The starting point in this case is to identify the current activity being handled by all labs. Some labs 
handle more PCIs than others, if all the activity is brought together, what is the knock on impact on 
capacity and what would be the most effective schedules? Take into account the growing population 
in the area and the likelihood that labs are going to need to manage more activity over time.

What is the current process flow? How are patients managed? In one lab, it was the same nurse 
who would bring the patient back to the ward from recovery, as would bring the next patient 
to the lab. Even taking into account time to clean the operating room, the surgical team would 
often wait for the patient, impacting the schedule and creating delays and  cancellations.

Memorial Health System simulated the design of their new state of the art $31m OR suite expanding 
to 22 ORs to meet a 3-5% annual increase in surgeries. They used simulation to identify any process 
bottlenecks and found that the two elevators planned would delay transportation of patients and 
increase cancellations. The cost of another elevator when compared with the loss of revenue meant 
that it would pay for itself in a few weeks – compelling evidence for the management decision.

For example, an organization has two sites and Cath Labs on both which are not fully 
utilized. What would be the impact of bringing the labs together on one site? 

Read the full Memorial Health System case study at https://www.simul8healthcare.com/case-studies/memorial-health-or-expansion



High Impact Change 10:

How many hospital and community 
beds do you need?
Ensuring that the right bed is in the right place when it is needed 
for patients, given the fluctuating demand every hour of the day, is 
a challenge. For the best patient outcomes and the lowest length 
of stay, it needs to be the right bed in the right specialty too.

The job of planners is to ensure that the right number of beds for each specialty are in place on 
an annual basis, and that there is sufficient capacity to cope in times of higher demand during 
the winter. Their constraints are cost, space and staff and commissioner’s expectations. Can 
they make the planning decisions that reduce the day-to-day crisis management?

NHS Isle of Wight used simulation to create a replica of emergency and elective demand and bed 
capacity by specialty on an hourly basis over a year. Their results revealed that in some specialties 
they were over capacity for elective demand and under for emergency. As they demonstrated 
their results to staff and commissioners, they were able to get buy-in for changing the use of 
beds which gained 17% additional capacity for medical inpatients within their existing bed 
base. They used the same simulation to test the impact of discharges, and reduced length of stay 
scenarios on community bed requirements to help inform commissioning decisions on beds.

Learn more about using simulation to identify bed requirements at https://www.simul8healthcare.com/bed-management

A bed simulation needs to take into account:

• Admissions by specialty by hour of the day, 
day of the week and month of the year

• Length of stay by number of midnight stays
• Beds available by specialty or 

groups of specialties
• Discharge profile by hour of the day

Simulation allows you to mimic the flow of 
patients through hospital wards and produces 
results which show at what point in time patients 
are unlikely to get a bed in their specialty area, 
and the impact on waiting times. In practice 
patients will be placed in another specialty area 
if there is a bed available. “Outlier” patients are 
more likely to have a longer stay and have an 
increased likelihood of in-hospital mortality.



From numbers to decisions:

Using simulation as part 
of the change process
The purpose of the simulation is to answer a question and make a decision. 
Facilitating the use of simulation to enable the engagement of stakeholders 
in the decision-making process, drawing on their insights to understand 
how the current system operates and encouraging their views on what 
needs to be improved, is all crucial to a successful simulation project.

We have outlined the simulation project process and how 
we have found this works most effectively.



Step 1: Agree initial question
Often the problem is presented at a high level: “we need to reduce costs”, “we need to manage 
capacity more effectively”. The simulation expert as the facilitator needs to ask questions to help 
the problem owner understand what part of the process they need to focus on, define the key 
question the simulation should answer and the main results required for decision-making.

As part of this step, the process map is drawn out and the focus of the simulation becomes clear.

Step 2: Build a preliminary simulation and test out with stakeholders
Start sketching out the simulation – build the process flow, clarify how to define 
your patient group and at which point they “arrive” in the simulation.  

Look at easy to access data for key points of the simulation:
•   Patient numbers
•   ED attendances

Test the simulation so that it produces results at a few points which can be validated against real data. 
This is the simulation you will use to engage with stakeholders, gain their insight into the process, 
the problems they face, the solutions they would like to try. Aim to run a workshop with stakeholders 
to agree that the process is broadly right and any refinements and results they need to see. Define 
the “what if?” change scenarios to be tested. Identify who can help with any data questions.

Step 3: Refinements and scenarios
You may need to go through a few workshops with refinements and revalidation and your initial 
question may evolve as a result. Identify the learning that stakeholders are taking from this. “Remember 
we started this project thinking that hospitals beds were the problem, but it turns out that it’s weekend 
staffing”. The simulation is providing immense value by allowing stakeholders from different parts 
of the process to evaluate the problem from all angles and use the simulation results as evidence to 
develop better questions prior to making a decision. Compare the current state results with scenario 
results to allow stakeholders to understand which improvement strategy will be most effective.

Step 4: The final workshop
Once all the iterations have been completed, take the final simulation and its results to a decision-maker 
workshop. This is where you outline the process and compare the current state results with the best 
improvement results. Ask decision-makers to recommend the solution from the simulated evidence. 

Step 5: Implement
When approval is given, you will need to document the simulation, inputs, outputs and 
data sources and any analysis for the final business case. It is advisable to document this as 
you go along so it is easy to pull together. For some, the simulation work stops there with 
mission completed, others continue to use the simulation with refreshed data to monitor 
implementation and pinpoint parts of the process that could be further improved.



Simulation tips
We asked our expert users their advice on what not to do when 
using simulation – here are their top 10 recommendations:

1. Build a simulation without knowing the question it needs to answer for a 
decision to be made. The decision, not the simulation, is the goal.

2. Build a model in isolation – it should be part of a change process, informing the transformation 
and being informed by it. It is likely to be iterative, as insight grows, better questions develop 
and the simulation will change.  Engage stakeholders at each step – they need to be able to 
validate at multiple steps in the build process and bring their insights and approval.

3. Build a simulation around the data you have, gather the data around the simulation you need.

4. Get stuck because of lack of data – your stakeholders can provide process insights and peer reviewed 
literature will have useful proxies to allow you to develop a simulation that has validity. Focus on the patient 
arrival data as a priority and back up your assumptions with stakeholder validation or published evidence.

5. Make a simulation more complicated than it needs to be – define your question at the outset and build it 
to answer that question. Build a model that can help you make a good decision (enough but not everything).

6. Try to model an entire hospital in detail all at once.  Start with your first question and 
build the simulation out incrementally over time, gaining value along the way.

7. Try and answer several questions at once - focus on one and then expand if needed

8. Start building until you have conceptualized your flow.  This will give you great insight into your 
current flow and may even highlight areas that need improving that you hadn’t thought about.

9. Make your decision based on the results from one run. Use the trial functionality to run the 
simulation multiple times, sampling from the distributions in the model which represent day-to-day 
variability. This will produce confidence intervals and give you an idea of the likely range of results.

10. Think you have got it wrong if, after the first iteration, the question changes. This 
is an indication you have got it right. You have engaged stakeholders to the extent that 
they now see the problem differently. This is proof of the value of simulation.

DON’T
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Simulation enables healthcare systems 
and processes to be tested in a safe, virtual 
environment without risk to patients 
and staff – supporting organizations to 
make better decisions, improve systems 
of care and maximize resources.

Make fast, confident decisions 
with simulation


