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From Statistics to Simulation: How is data turned into useful information? The answer has substantially 

changed with the advent of modern computers with enormous power and low cost that facilitates 

tackling problems in ways that would have previously been intractable or unaffordable.   The gold 

standard for classic medical research is the randomized controlled trial.  A common use case is 

determining if a new medication or treatment is, in fact, superior to the currently accepted approach.  

Does it prolong survival in a cohort of cancer patients?   Does it produce fewer or less severe side 

effects?  Increasingly we are asking is it “clinically effective” – is its cost more than justified by its clinical 

benefits? 

In such a study a group of similar patients is assigned by lot to one of two groups – a study group that 

gets the new treatment and a control group that gets the current treatment (or, in some cases, gets a 

placebo, no treatment at all).  Data is carefully and systematically collected by researchers who are 

ideally blind to which group each patient has been assigned.   Data is then analyzed statistically to 

answer the questions that were posed at the outset of the research.  It is also analyzed to see if any 

unexpected, but statistically significant, differences occurred between the study and control patient 

groups. 

Suppose, however, that a different kind of question is being asked.  Given a specific set of clinical facts 

what is the optimal treatment strategy?   If a particular chronic care model were changed in a specific 

way what would the outcomes be on clinical quality and cost?  Here, as opposed to these classic 

research questions, we are asking a question in the first case that would require many alternative 

experiments – trying every possible treatment strategy on groups of similar patients.  In the second case 

an experiment could be conducted by changing the clinical process in half of the clinic and comparing it 

to the other half that is operated as before.  However, this would often be too costly and complex to do.  

These are the types of questions best answered through modeling and simulation – questions that “can 

help inform and possibly persuade decision makers to make the best decisions possible.”  (Stahl JE 2008) 

The quote is from James E Stahl, in a paper I would recommend you read if you can access it. He goes on 

to say that “We create models and simulations (i) when direct experimentation is impossible; (ii) in 

order to better understand and predict the world or system (real or strategy or structure of the system 

being studied, the hypothetical) that we are examining in terms we can comprehend; and (iii) to aid in 

decision making.” (Stahl JE 2008) 

Many, if not most, of the strategic challenges facing healthcare will only be resolved if we make better 

decisions:  earlier and more accurate diagnosis of chronic diseases so they can be more easily and 

inexpensively managed; better, more clinically effective treatment choices; more effective and efficient 

designs for care delivery systems, for the IT systems that support them and for the spaces in which they 

operate; policies and financial incentives that cause the healthcare system to operate as we would want 

it to rather than according to the unpredictable results of decisions made within a complex adaptive 

system. 
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For the rest of this chapter we will look at some real world examples of modeling and simulation as they 

are being used to tackle problems like these.  First, we need to briefly and non-technically discuss the 

common approaches used to modeling and simulation so the terminology and experimental design will 

be clearer.  Before that we need to define the terms modeling and simulation.  Stahl defines modeling as 

“a simplified representation of reality that captures some of that reality’s essential properties and 

relationships (e.g. logical, quantitative, cause/effect)”.  Simulation, on the other hand, is “a model in 

which an actual or proposed system is replaced by a functioning or interactive representation of the 

system under study as opposed purely conceptual models such as mathematical formulae”. (Stahl JE 

2008) 

Stahl lists several methods for computer-based simulation and these are most often applied in 

healthcare:   

Decision trees: These are directed graphs without recursion (e.g. one-way) that consist of decision nodes 

(the moment in time when a decision is made), some representation of the strategy by which the 

decision is made and outcome nodes that represent the value of the outcomes of the strategy.  In a 

healthcare scenario this might be life expectancy, cost or some representation of clinical effectiveness.  

Importantly a specific time frame is assumed over which the scenario plays out but time is not explicitly 

represented. 

Markov models:  Unlike decision trees, Markov models do explicitly use recursion (events can repeat) 

and represent time.  In fact, the entities being modeled change from state-to-state from cycle-to-cycle 

as the model is run based on the knowledge and relationships embedded in the structure of the model. 

Markov models are ideally suited to many of the questions we just posed for healthcare where, for 

example, patient risks can change over time.  They require that the entities being modeled exist in only 

one state at a particular moment in time and these states may not overlap.  For example, if patients with 

a specific medical condition are being modeled, a list of the possible clinical states of that condition 

must be developed and must clearly delineate all the possible clinical states into discrete, non-

overlapping groups.  Moreover, the models have no memory so each transition to the next state is 

based solely on the status of things at the current state (although there are variations to the classic 

Markov approach that introduce memory).  There are several sub-types of Markov models with the 

Markov Decision Process (MDP) being of particular interest in what follows. These are a series of 

probability-driven decision trees where the output of each is the input to the next.  The goal is to define 

the strategy that optimizes the cumulative value (called “utility”) of the results gained along the way.  

The decision rules can be preprogrammed to change over time or based on the reward at the end of 

each cycle so, for example, treatment strategies might change over time.  It should be clear that the 

Markov approach has many attractive characteristics for modeling the behavior of healthcare. 

Discrete-event simulation (DES): The key concepts here are entities, attributes, queues and resources.  

Entities can be physical objects, people or even information such as emails.  Attributes define the 

specific characteristics of an entity (e.g. demographic factors, medical problems).  Queues are where 

entities wait for resources if they are otherwise occupied.  Queues have logic so that, for example, an 

emergency room will see the sickest entities in the queue first.  Unlike Markov models, DES models can 
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have a memory such that the attributes of an entity can change over time to represent changes in their 

state.  This is in contrast to a Markov model where this information must be embedded in the structure 

of the model itself.  The net result is that entities are more fluid with respect to moving about in the 

system represented by a DES model. 

Agent-based simulations:  these are similar to DES but agents have a richer set of attributes that allow 

them to make decisions about how to communicate or interact with each other and their environment.  

Agents can also be grouped hierarchically to create, for example, a cohort of patients or even social 

groups or entire institutions.  According to Stahl, the key use of agent-based modeling is exploring “the 

influence of agents on each other and the influence of the environment on agents”. 


