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	Monte Carlo Simulation



Monte Carlo methods were invented by a number of prominent physicists who were working in the Los Alamos National Laboratory in the 1940s while developing the atomic bomb. According to the literature, one of the physicists, Stanislaw Ulam, named the simulation method after the famous casino in Monaco where his uncle used to gamble.

Monte Carlo simulation relies on the use of random samples of inputs. At the Los Alamos Labs, the scientists faced complex analyses with the earliest computers which were very slow. The Monte Carlo methods were proven to be effective in finding solutions in a faster more efficient manner.

Monte Carlo methods can be used in a variety of ways to address the analytical needs for problem solving in scientific and business environments. In general, if you are trying to make a decision where uncertainty is an issue, these methods are proven to be useful in helping to build a model that allows you to evaluate different conditions numerically.

There are a variety of software tools on the market that are readily available and easy to use. There is some basic knowledge required in understanding the statistical sciences. These tools can help significantly and increase an organization’s success in business. For example, they help with forecasting and managing processes that have great uncertainty.

Below is an example scenario to help illustrate the use of Monte Carlo simulation.






















SCENARIO

A hospital is interested in improving inpatient flow. Specifically, they would like to reduce the time it takes for patients to go through the initial steps from admission to the time that a Plan of Care is completed. A project team has identified specific changes, and has estimated the amount of time that can be shaved off from each process step. The goal is to have 95% of patients complete steps 1 – 4 within 12 hours.
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STANDARD ANALYSIS

The team collects current state data, and subtracts off the time savings for each step to arrive at the future state time estimates.

In a standard analysis using only averages, the primary conclusion that can be drawn is that the average number of total hours from start to stop is expected to decline from approximately 16 hours to 8 hours. This is useful, but tells us nothing about the distribution of time around this average. For example, what percentage of patients can we expect to be within the 12 hour target maximum?
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MONTE CARLO ANALYSIS

By gathering and analyzing data that allow even a rudimentary understanding of the distributions, we can obtain a much clearer picture as to the current and future states. Monte Carlo simulation helps by repeatedly sampling patients from the individual distributions for each process step, and visually displaying the expected results. With Monte Carlo, much more information is obtained.

In addition to knowing that the expected average time will decline from approximately 16 to 8 hours, we now can make statements such as:
· In the current state, 90% of patients take between 9 and 25 hours to complete the process steps. In the future, 90% will take between 4 and 11 hours.
· In the current state, only 22% of patients experience times that are within the target 12 hour maximum. In the future, we can expect 99% of patients to meet this goal.

We also can see that the shape of the distributions is expected to change, which may provide additional insights for improvement.
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Step Start Stop

Estimated 

Time 

Savings 

(hours)

1 Admit Order Bed Assignment 1.0

2 Bed Assignment Patient in Bed 1.0

3 Patient in Bed Initial Nurse Assessment 2.2

4 Initial Nurse Assessment Plan of Care Completed 3.6

1-4 Admit Order Plan of Care Completed 7.8

Process Step Start / Stop
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Step Start Stop

Current 

State

Future 

State

1 Admit Order Bed Assignment 1.5 0.5

2 Bed Assignment Patient in Bed 1.2 0.2

3 Patient in Bed Initial Nurse Assessment 2.8 0.7

4 Initial Nurse Assessment Plan of Care Completed 10.7 7.1

1-4 Admit Order Plan of Care Completed 16.2 8.3

Average Time 

(hours)

Process Step Start / Stop
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Step Start Stop Min Mode Max Average Min Mode Max Average

1 Admit Order Bed Assignment 0.05 0.15 4.20 1.5 0 0.5 0.88 0.5

2 Bed Assignment Patient in Bed 0.25 1.10 2.20 1.2 0 0.18 0.275 0.2

3 Patient in Bed Initial Nurse Assessment 0.30 1.00 7.20 2.8 0 0.9 1.1 0.7

4 Initial Nurse Assessment Plan of Care Completed 1.20 8.30 22.50 10.7 1 9.2 11 7.1

1-4 Admit Order Plan of Care Completed 1.8 10.55 36.1 16.2 1 10.78 13.255 8.3

Process Step Start / Stop

Current State Time (hours) Future State Time (hours)
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