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In these few notes we’ll cover a few elementary points on some common D&RA toolset applications.  Rather than 
focusing on equations and calculations, we’ll use graphics and examples to provide a short reference text and 
perhaps “demystify” some of the DA approach. 
 

Key Points  Definitions 

 
Sections 
 

1) Decision  and Risk Analyses 
2) Decision Trees & Expected Value 
3) Skewed distributions vs. standard distributions,  
4) Expected value vs. P50 value 
5) Interpretation of cumulative probability curves. 
6) Why expected value alone should not be used for decision making 
 

1) Decision Analysis (DA) is the discipline comprising the philosophy, theory, methodology, and 
professional practice necessary to address important decisions in a formal manner. Decision 
analysis includes many procedures, methods, and tools for identifying, clearly representing, and 
formally assessing the important aspects of a decision situation;  for prescribing the 

recommended course of action by applying the maximum expected utility action axiom to a well-formed 
representation of the decision, and for translating the formal representation of a decision and its 
corresponding recommendation into insight for the decision maker and other stakeholders. 

(The term decision analysis was coined in 1964 by Ronald A. Howard[1], who since then, as a professor at 
Stanford University, has been instrumental in developing much of the practice and professional application of 
DA.) 

 

Graphical representation of decision analysis problems commonly use decision trees and/or influence 
diagrams. Both of these tools represent the alternatives available to the decision maker, the uncertainty they face, 
and evaluation measures representing how well they achieve their objectives in the final outcome. Uncertainties 
are represented through probabilities and probability distributions.  

Decision analysis advocates choosing that decision whose consequences have the maximum expected utility 
(or which maximize the probability of achieving the uncertain aspiration level). Such decision analytic methods 
are used in a wide variety of fields, including business (planning, marketing, and negotiation), environmental 
remediation, health care research and management, energy exploration, litigation and dispute resolution, etc. 
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However, we’ll see that simply calculating Expected Value is not always enough to provide the 
decision maker with adequate data to support a potentially good decision aligned with corporate 
goals. 

2) Decision Trees & Expected Value  
 
Decision Tree Approach:  
 

A decision tree is a chronological representation of the decision process. It utilizes a network of two 
types of nodes: decision (choice) nodes (represented by square shapes), and states of nature (chance) 
nodes (represented by circles).  

 
We construct a decision tree utilizing the logic 
of the problem. For the chance nodes, ensure 
that the probabilities along any outgoing 
branch sum to one.  

In decision analysis, a “decision tree” — (and 
often the closely-related influence diagram ) 
— is used as a visual and analytical decision 
support tool, where the expected values (or 
expected utility) of competing alternatives are 
calculated. 

Decision trees have traditionally been 
initially created manually, as the example 
shown at right. 

In many cases the initial hand drawn 
decision tree may not be “all encompassing,” 
and may not be statistically correct in 
construction. 

Generally the decision analyses 
practitioner will construct a draft tree which is 
valid for modeling and will then have the 
project team, and subject matter experts, 
review the logic and edit the tree, probabilities 
and outcomes. 

This is an important part of the overall decision process, since it is with this methodology the 
project team and decision maker can feel comfortable with the input to the analyses.  It is also 
important to have the options, probabilities, and outcomes crafted by subject matter experts whose 
opinions and projections will be trusted and accepted by the decision maker(s). 
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A decision tree consists of 3 types of nodes:- 

1. Decision nodes - commonly represented by 
squares 
2. Chance nodes - represented by circles 
3. End nodes - represented by triangles 

 
Now, you may imagine driving your car; starting at 
the foot of the decision tree and moving to the right 
along the branches.  
 
At each square you have control, to make a decision 
and then turn the wheel of your car.  
 
At each circle, Lady Fortuna takes over the wheel 
and you are powerless. 

Drawn from left to right, a decision tree has only 
burst nodes (splitting paths) but no sink nodes 
(converging paths). Therefore, used manually, they can grow very big and are then often hard to draw fully by 
hand.  Fortunately there are several good software packages available to handle decision trees. 

 

The goal is to calculate the 
expected payoffs.  
 
 
 
 
 

A step-by-step description of how to build a decision tree:  
 

1. Draw the decision tree using squares to represent decisions and circles to represent uncertainty,  
2. Evaluate the decision tree to make sure all possible outcomes are included,  
3. Calculate the tree values working from the right side back to the left,  
4. Calculate the values of uncertain outcome nodes by multiplying the value of the outcomes by their 

probability (i.e., expected values).  
5. On the tree, the value of a node can be calculated when we have the values for all the nodes following it. 

The value for a choice node is the largest value of all nodes immediately following it. The value of a 
chance node is the expected value of the nodes following that node, using the probability of the arcs.  

 
 
By rolling the tree backward, from its branches toward its root, we can compute the value of all nodes 
including the root of the tree. This will give the Expected Value of a given option. 
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Expected value 
 
 The sum of all possible values for a random variable, each value multiplied by its probability of occurrence. 

Most decision processes in business, 
engineering and science can be 
modeled using the Decision Tree 
approach, the example tree right 
represents a simple model to decide 
whether to drill for oil or not.  

The key variables are drilling costs 
($-125,000), expected probability of 
striking oil (10%) and value of 
strike ($1,670,000). 

In this model, the decision is to drill 
for oil if based on Expected Value 
alone is $64,500. 

But what about the shape 
of the distribution of the 
outcomes?  

In the following section on Cumulative Probability Curves we’ll see the potential impact on decision 
making of analyzing and understanding details of the outcome distribution. 

Decision Tree Advantages 

Amongst decision support tools, decision trees have several advantages: 

Decision trees: 

 Are simple to understand and interpret. People are able to understand decision tree models after a brief 
explanation. 

 Have value even with little hard data. Important insights can be generated based on experts describing a 
situation (its alternatives, probabilities, and costs) and their preferences for outcomes. 

 Uses a white box model. (in contrast to a black box)  It is a subsystem whose internals can be viewed.   If 
a given result is provided by a model, the explanation for the result is easily replicated by simple math. 

 Can be combined with other decision techniques. Net Present Value calculations and distribution of 
expected outcomes. 
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3) Skewed distributions vs. standard distributions,  
 

In addition to calculating the Expected Value of a potential decision option, it is useful to analyze the 
distribution of the potential outcomes and to think 
about the potential impact of that distribution on 
decision making between options. 

As an example to lead in to a discussion on 
distributions: 

If a cost estimate is quoted as “x plus or 
minus 30%” this often assumes a symmetric 
distribution of cost outcomes, as shown in Fig 1.  

This is rarely the case. Most distributions of 
potential outcomes for Cost, NPV, IRR% are 
asymmetrical, or “skewed” as shown in Fig 2 

The median, also called 50/50 estimate (P50), is 
the value with equal probability (50%) that the 
cost will be higher or lower. In a symmetric 
distribution, the mode, median, and expected 
values coincide. This is not the case for an 
asymmetric distribution. 

When evaluating new investment projects, oil 
companies traditionally use the discounted 
cashflow method. This method requires expected 
cashflows in the numerator and a risk-adjusted 
required rate of return in the denominator in order 
to calculate net present value.  

The capital expenditure (CAPEX) of a project is 
one of the major cashflows used to calculate net present value. Usually the CAPEX is given by a single cost 
figure, with some indication of its probability distribution.  

In the oil industry and many other industries, it has been a common practice to report a CAPEX that is the 
estimated 50/50 (Median, also known as P50) CAPEX instead of the estimated expected value (Mean).  

The practice of using a 50/50 (median), when the CAPEX cost distributions are asymmetric, causes 
project valuation errors and therefore may lead to wrong investment decisions with acceptance of 
projects that have negative net present values. 

Before we consider Cumulative Probability curves. (sometimes referred to as Cumulative Distribution 
Function CFD) …  let’s step back and review some definitions for reference. 
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4) Expected value vs. P50 value  

 
The important values of these 4 shown above are MEAN = Expected 

Value and MEDIAN = P50 

Expected value 
1. The sum of all possible values for a random variable, each 
value multiplied by its probability of occurrence. 
2. The integral of the probability density function and a 
continuous random variable over its range of values. 

 
Average value of the possible payoffs of an investment decision, 

taking into account the likelihood of each payoff. An investor should buy 
a stock when its market price is significantly lower than its expected value; the greater this difference, higher the 
returns. Similarly, a firm should buy back its stock when it is trading below the expected value and so transfer 
wealth from the short-term stockholders to the long-term stockholders.  

Expected value is the best prediction of a variable’s value, and is computed by multiplying each outcome by 
the probability of its occurrence and then averaging them. Mathematically it is described as the probability-

Remember the terms:   

 Expected Value of X, 
 Mean Value of X, and 

 Average Value of X 
All mean the same thing! 
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weighted average values of all possible outcomes, and is a measure of central tendency of a random variable. also 
called mathematical expectation. 

Median (Also known as P50) 

A median is described as the numeric value 
separating the higher half of a sample, a 
population, or a probability distribution, from 

the lower half.  

The median of a finite list of numbers can be found by 
arranging all the observations from lowest value to 
highest value and picking the middle one. If there is an 
even number of observations, then there is no single 
middle value, so one often takes the mean of the two 
middle values. 

In a sample of data, or a finite population, there may be no member of the sample whose value is identical to the 
median (in the case of an even sample size) and, if there is such a member, there may be more than one so that the 
median may not uniquely identify a sample member. Nonetheless the value of the median is uniquely determined 
with the usual definition, 

5) Interpretation of cumulative probability curves. 

We have discussed the reasoning for focusing on the 
MEAN/ Expected Value for investment decisions rather 
than rather than the MEDIAN / P50.  

So far we have been looking at Probability Density 
Functions. 

However, when we are presented with competing choices 
it is very useful to have additional information. 

To compare choices it is effective to present the 
Probability Density Function as a Cumulative Distribution 
Function (Cumulative Probability Curve.) 

We can then read not only Expected Value on the 
Cumulative Probability Curves, but we can see the “shape 
of the distribution” of potential outcomes of competing 
choices. 

In the following 3 pages we show 3 distinct different 
examples of cumulative probability curves for 2 decision 
Options. Recognizing the differences in interpretation of 
these example curves will be useful to support discussion 
on decisions and on further analyses which may be 
required.
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Building on all the previous discussion we can see from the Cumulative Probability Curves presented above for 
Option “A” and Option “B” … the recommended decision appears somewhat clear.  

Since not only is the Expected Value for Option “B” significantly higher than the Expected Value for Option “A” 
… the worst case for Option “B” is also projected to be better than the best case for Option “A”. 

Given the projected inputs to the model of uncertainties, probabilities and outcomes have been verified by subject 
matter experts, we could reasonably expect the decision maker to select Option “B”. 

We say that Option “B” has Deterministic Dominance over Option “A” 
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In this case the Expected Value for Option “B” is higher than Option “A” 

We can see that the Cumulative Probability Curve for Option “B” is always to the right of Option “A” but is not 
Option “B” is not better in all cases than Option “A” 

Given the projected inputs to the model of uncertainties, probabilities and outcomes have been verified by subject 
matter experts, we could reasonably expect the decision maker to select Option “B”. 

We say that Option “B” has Statistical Dominance over Option “A” 
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6) Why Expected Value alone should not be used for decision making between choices. 
 
In this case the Expected Value for Option “B” is higher than Option “A” and we still say that Option “B” has 
Statistical Dominance over Option “A” 

However, while the Option “B” calculated Expected Value is higher … we can see that Option “B” 
has a significant “Tail” which projects an approximate 25% chance of being less than Option “A.” 

Additionally we see there is an approximate 10% - 20% chance that Option “B” could be “really bad.”  

We would expect the decision maker to perhaps question the input to the model and/or request analyses of actions 
to potentially mitigate the 25% downside of option “B.” 

Given the projected inputs to the model of uncertainties, probabilities and outcomes have been 
verified by subject matter experts, we could reasonably expect a risk adverse decision maker to select 
Option “A”. 

 


