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Decision Making Under Risk

Probability
Objective
Subjective

Expected (Monetary) Value
Expected Value of Perfect Information

Expected Opportunity Loss
Utility Theory

Certainty Equivalence
Risk Premium



Probability

A probability is a numerical statement about the likelihood that an event 
will occur.
The probability, P, of any event occurring is greater than or equal to 0 and
less than or equal to 1:

0 ≤ 𝑃 𝑒𝑣𝑒𝑛𝑡 ≤ 1

The sum of the simple probabilities for all possible outcomes of an 
activity must equal 1



Probability

Measures the opposite of uncertainty
Logic represents uncertainty by disjunction but cannot 
tell us how likely the different conditions are.
Laws of probability and chance developed through 
discussions of gambling problems
Gamble to maximize expected monetary gain
Probability theory provides a quantitative way of 
encoding likelihood



Foundations of Probability

Frequentist
Probability is inherent in this 
process
Probability is estimated from 
measurements

Probs can be wrong!

Subjectivist (Bayesian)
Probability is a model of your 
degree of belief

Probs can be inconsistent!



Objective Probability

Determined by experiment or observation:
Probability of heads on coin flip
Probability of spades on drawing card from deck

𝑃 𝐴 = lim
0→3

𝑛 𝐴
𝑛

Probability of occurrence 
of event A

Number of times that event A occurs

number of independent and identical 
repetitions  of the experiments or 

observations



Subjective Probability

Determined by an estimate based on the expert’s
personal belief,
judgment,
experience,
and existing knowledge of a situation.



Axioms of Probability

𝑃: 𝑒𝑣𝑒𝑛𝑡𝑠 → 0,1

𝑃 𝑡𝑟𝑢𝑒 = 1 = 𝑃 𝑈

𝑃 𝑓𝑎𝑙𝑠𝑒 = 0 = 𝑃 ∅

𝑃 𝐴 ∨ 𝐵 = 𝑃 𝐴 + 𝑃 𝐵 − 𝑃 𝐴 ∧ 𝐵 U

A B

𝐴 ∧ 𝐵



A question

Jane is from Berkeley. She was active in anti-war protests in the 60’s. She 
lives in a commune.

Which is more probable?
a) Jane is a bank teller
b) Jane is a feminist bank teller



A question

Jane is from Berkeley. She was active in anti-war protests in the 60’s. She 
lives in a commune.

Which is more probable?
a) Jane is a bank teller à 𝐴
b) Jane is a feminist bank teller à 𝐴 ∧ 𝐵



𝐸𝑉 𝑑+ =T
-
𝑃 𝑠- ×𝑉+-

𝑃 𝑠# = 80%

Expected Value

Decision 
Alternative

Strong 
Demand 

(𝑠!)

Weak 
Demand 

(𝑠!)

Expected 
Value

Small 
complex 

(𝑑!)
8 7 7.8

Medium 
complex 

(𝑑")
14 5 12.2

Large 
complex 

(𝑑#)
20 -9 14.2



Define the problem
Structure / draw the decision tree
Assign probabilities to the states of nature
Calculate expected payoff (or utility) for the  corresponding chance node 
– backward,  computation
Assign expected payoff (or utility) for the  corresponding decision node –
backward,  comparison
Represent the recommendation



Small (𝑑!)

Medium (𝑑")

Large (𝑑#)

8

7

5

14

20

-9

Strong (𝑠!)
𝑃 𝑠! = 0.8

Weak (𝑠")
𝑃 𝑠" = 0.2

Strong (𝑠!)
𝑃 𝑠! = 0.8

Weak (𝑠")
𝑃 𝑠" = 0.2

Strong (𝑠!)
𝑃 𝑠! = 0.8

Weak (𝑠")
𝑃 𝑠" = 0.2



Small (𝑑!)

Medium (𝑑")

Large (𝑑#)

𝐸𝑉 𝑑! = 0.8 8 + 0.2 7 = 7.8

𝐸𝑉 𝑑" = 0.8 14 + 0.2 5 = 12.2

𝐸𝑉 𝑑# = 0.8 20 + 0.2 −9 = 14.2



Expected Value of Perfect Information

A consultant or a further analysis can aid the decision  maker by giving 
exact (perfect) information about the  true state: the decision problem is 
no longer under  risk; it will be under certainty.
Is it worthwhile for obtaining perfectly reliable  information: is EVPI 
greater than the fee of the consultant (the cost of the analysis)?
EVPI is the maximum amount a decision maker would pay for additional 
information



If 𝑠#, select 𝑑% and receive a payoff 
of $20 million.
If 𝑠$, select 𝑑# and receive a payoff 
of $7 million.
Expected value of this strategy:
𝐸𝑉𝑤𝑃𝐼 = 0.8 20 + 0.2 7 = 17.4

𝐸𝑉𝑤𝑜𝑃𝐼 = 14.2
𝐸𝑉𝑃𝐼 = 𝐸𝑉𝑤𝑃𝐼 − 𝐸𝑉𝑤𝑜𝑃𝐼 = 3.2

Expected Value of Perfect Information

Decision 
Alternative

Strong 
Demand 

(𝑠!)

Weak 
Demand 

(𝑠!)

Expected 
Value

Small 
complex 

(𝑑!)
8 7 7.8

Medium 
complex 

(𝑑")
14 5 12.2

Large 
complex 

(𝑑#)
20 -9 14.2



Choose the alternative with the 
minimum weighted row average of 
the regret matrix

𝐸𝑂𝐿 𝑎+ =T
-
𝑟+-𝑃 𝜃-

Expected Opportunity Loss

Decision 
Alternative

Strong 
Demand 

(𝑠!)

Weak 
Demand 

(𝑠!)

Expected 
Opportunity 

Loss

Small 
complex 

(𝑑!)
8 | 12 7 | 0 9.6

Medium 
complex 

(𝑑")
14 | 6 5 | 2 5.2

Large 
complex 

(𝑑#)
20 | 0 -9 | 16 3.2



Class Work

Very Good Market Good Market Average Market Poor Market

Probabilities 20% 25% 35% 20%

Signature Coffee 
House 60 40 20 -40

Large Coffee
House 80 50 35 -50

Boutique Coffee 
House 100 70 30 -60

Do Nothing 0 0 0 0

All payoffs are x1000$



Risk Analysis



Sensitivity Analysis



«Deal or no Deal» TV Game Show

The game revolves around the opening of a set of numbered briefcases 
(or boxes), each of which contains a different amount of cash.
The contents (i.e., the values) of all of the cases are  known at the start of 
the game, but the specific location of any prize is unknown.
The contestant claims (or is assigned to) a case at the begining of the 
game.
The case's value is not revealed until the conclusion of the game.



«Deal or no Deal» TV Game Show

The contestant then begins choosing cases that are to be removed from 
the game.
The amount of money inside of each chosen case is immediately revealed.
Throughout the game, after a predetermined number of cases have been 
opened, the banker offers the contestant a prize money to quit the game
The offer is based roughly on the amounts remaining  in play and the 
contestant's demeanor; the bank tries to 'buy' the contestant's case for a 
lower price than the percieved probability of what's inside the case.



«Deal or no Deal» TV Game Show

The player then answers "Deal or no deal" question,  choosing:
"Deal", accepting the offer and ending the game
"No Deal", rejecting the offer and continuing

This process of removing cases and receiving offers continues, until
either the player accepts an offer to 'deal',
or all offers have been rejected and player wins the cash  inside her/his case.

To lengthen the game, the banker's offer is usually less than the expected 
value, particularly early in the  game



Sequential Decision Tree

A sequential decision tree is used to illustrate a  situation requiring a 
series of decisions (multi-stage  decision making) and it is used where a 
payoff matrix  (limited to a single-stage decision) cannot be used



Decision Analysis with Sample Information



Sample Information

Prior probabilities à Sample information à Posterior probabilities



Complex Size

Demand

Profit

States of Nature:
Strong (𝑠!)
Weak (𝑠")

Decision Alternatives:
Small complex (𝑑!)
Medium complex (𝑑")
Large complex (𝑑#)

Consequence:
Profit



Complex Size

Demand

Profit

Research 
Study 

Results

Research Study



Branch probabilities

If the market research study is undertaken
𝑃 𝐹𝑎𝑣𝑜𝑟𝑎𝑏𝑙𝑒 𝑅𝑒𝑝𝑜𝑟𝑡 = 0.77

If the market research report is favorable
𝑃 𝑆𝑡𝑟𝑜𝑛𝑔 𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑎𝑣𝑜𝑟𝑎𝑏𝑙𝑒 𝑟𝑒𝑝𝑜𝑟𝑡) = 0.94

If the market research report is unfavorable
𝑃 𝑊𝑒𝑎𝑘 𝑑𝑒𝑚𝑎𝑛𝑑 𝑢𝑛𝑓𝑎𝑣𝑜𝑟𝑎𝑏𝑙𝑒 𝑟𝑒𝑝𝑜𝑟𝑡) = 0.65



20

-9

14

5

8

7

20

-9

14

5

8

7

20

-9

14

5

8

7

Strong (𝑠!)

Weak (𝑠")
Small (𝑑")

Medium (𝑑#)

Large (𝑑$)

Small (𝑑")

Medium (𝑑#)

Large (𝑑$)

Small (𝑑")

Medium (𝑑#)

Large (𝑑$)

Strong (𝑠!)

Weak (𝑠")

Strong (𝑠!)

Weak (𝑠")

Strong (𝑠!)

Weak (𝑠")

Strong (𝑠!)

Weak (𝑠")

Strong (𝑠!)

Weak (𝑠")

Strong (𝑠!)

Weak (𝑠")

Strong (𝑠!)

Weak (𝑠")

Strong (𝑠!)

Weak (𝑠")



Class Work
Let’s say that DM has two decisions to 
make, with the  second decision 
dependent on the outcome of the  first.
Before deciding about building a new 
plant, DM has the option of conducting his 
own marketing research  survey, at a cost 
of $10,000.
The information from his survey could 
help him decide whether to construct a 
large plant, a small plant, or not to build at 
all.
Before survey, DM believes that the 
probability of a  favorable market is exactly 
the same as the probability  of an 

unfavorable market: each state of nature 
has a  50% probability.
There is a 45% chance that the survey 
results will indicate a favorable market
Such a market survey will not provide DM 
with perfect  information, but it may help 
quite a bit nevertheless by  conditional 
(posterior) probabilities:

78% is the probability of a favorable market 
given a favorable result from the market survey
27% is the probability of a favorable market 
given a negative result from the market survey







Class Work

A manager has to decide whether to market a new product  nationally and 
whether to test market the product prior to the  national campaign.
The costs of test marketing and national campaign are  respectively 
$20,000 and $100,000.
Their payoffs are respectively $40,000 and $400,000.
A priori, the probability of the new product's success is 50%.
If the test market succeeds, the probability of the national campaign's 
success is improved to 80%.
If the test marketing fails, the success probability of the  national 
campaign decreases to 10%.



Expected Value of Sample Information

𝐸𝑉𝑆𝐼 = 𝐸𝑉𝑤𝑆𝐼 − 𝐸𝑉𝑤𝑜𝑆𝐼

Efficiency rating:

𝐸 =
𝐸𝑉𝑆𝐼
𝐸𝑉𝑃𝐼

×100

DM could pay up to EVSI for a survey.
If the cost of the survey is less than EVSI, it is indeed worthwhile



Management experience or intuition
History
Existing data
need to be able to revise probabilities based upon new data



Example

Market research specialists have told DM that,  statistically, of all new 
products with a favorable  market, market surveys were positive and  
predicted success correctly 70% of the time.
30% of the time the surveys falsely predicted  negative result
On the other hand, when there was actually an  unfavorable market for a 
new product, 80% of the  surveys correctly predicted the negative results.
The surveys incorrectly predicted positive results the remaining 20% of 
the time.



Market Survey Reliability

State of Nature
Market Research

Favorable, 𝐹 Unfavorable, 𝑈

Strong demand, 𝑠! 𝑃 𝐹 𝑠! = 0.90 𝑃 𝑈 𝑠! = 0.10

Weak demand, 𝑠" 𝑃 𝐹 𝑠" = 0.25 𝑃 𝑈 𝑠" = 0.75



Calculating Posterior Probabilities

𝑃 𝐴 𝐵 =
𝑃 𝐵 𝐴 ×𝑃 𝐴

𝑃 𝐵 𝐴 ×𝑃 𝐴 + 𝑃 𝐵 𝐴4 ×𝑃 𝐴4



Calculating Posterior Probabilities

𝑃 𝐴 𝐵 =
𝑃 𝐵 𝐴 ×𝑃 𝐴

𝑃 𝐵 𝐴 ×𝑃 𝐴 + 𝑃 𝐵 𝐴4 ×𝑃 𝐴4

Any two events
Complement of A



Calculating Posterior Probabilities

𝑃 𝐹𝑀 𝑆5 =
𝑃 𝑆5 𝐹𝑀 ×𝑃 𝐹𝑀

𝑃 𝑆5 𝐹𝑀 ×𝑃 𝐹𝑀 + 𝑃 𝑆5 𝑈𝑀 ×𝑃 𝑈𝑀

𝑃 𝑈𝑀 𝑆5 =
𝑃 𝑆5 𝑈𝑀 ×𝑃 𝑈𝑀

𝑃 𝑆5 𝑈𝑀 ×𝑃 𝑈𝑀 + 𝑃 𝑆5 𝐹𝑀 ×𝑃 𝐹𝑀



Probability Revisions
Based on a Favorable Market 
Research Report

States of 
Nature
𝒔𝒋

Prior 
Probabilities

𝑷(𝒔𝒋)

Conditional 
Probabilities

𝑷 𝑭 𝒔𝒋

Joint 
Probabilities
𝑷 𝑭 > 𝒔𝒋

Posterior 
Probabilities

𝑷 𝒔𝒋 𝑭

𝑠! 0.8 0.90 0.72 0.94

𝑠" 0.2 0.25 0.05 0.06

0.77

Based on an Unfavorable Market 
Research Report

States of 
Nature
𝒔𝒋

Prior 
Probabilities

𝑷(𝒔𝒋)

Conditional 
Probabilities
𝑷 𝑼 𝒔𝒋

Joint 
Probabilities
𝑷 𝑼 > 𝒔𝒋

Posterior 
Probabilities
𝑷 𝒔𝒋 𝑼

𝑠! 0.8 0.10 0.08 0.35

𝑠" 0.2 0.75 0.15 0.65

0.23




