
Environmental Principles and Systems  

 

Decision Making 

Game Theory  

What is game theory? 

Game theory is a study of strategic decision making. It is a study of how to mathematically 

determine the best strategy for given conditions in order to optimise the outcome. It is 

also called ‘interactive decision theory’. It is used in economics, political science, 

psychology and engineering.  

What are the difference types of ‘game’ in game theory? 

• Sequential vs. simultaneous moves: 

o Simultaneous: each player has to decide what to do before they find out what the 

other player has decided to do – must guess what the other player will do e.g. 

rock paper scissors 

o Sequential: each player takes turns; advantages lie in who makes the 1st/2nd 

move 

• One off vs. repeated games 

• Zero vs. non-zero sum: 

o A zero-sum game is where the winnings of one person is equated by the losses 

of the other (win vs. loss e.g. gambling) - conflict 

o A non-zero sum game is where the combined payoff of all parties differs 

depending upon what they do e.g. international trade (mutually beneficial 

outcome) – opportunity to work together  

• Perfect (chess) vs. imperfect information (cards): 

o Actions that reveal information or intensions are called signals  

• Cooperative vs. conflict  

Pay-off matrices: display choices and outcomes for participants under particular 

circumstances  

Dominance: a dominant situation is where one of the choices for one player is better or 

equal to one of the other choices  

Pareto optimal: an outcome that cannot be improved upon without hurting at least one 

player  

What is the difference between pure vs. mixed strategy? 

A pure strategy occurs when one party always makes the same decision while a mixed 

strategy involves randomly selecting from two or more options available. 

Saddle point: if there is one outcome that is always best for both parties  

What is the process for decision making? 

1. Identify all alternative courses of action 

2. Determine the consequences of each alternative 

3. Compare and evaluate the consequences on the basis of some suitable criterion  

 



What are the types of decision models? 

• One-off: decisions that are made once and are not likely to be repeated 

• Many-off: decisions that are repeated many time 

• Single stage: only one decision needs to be made 

• Multi-stage: a sequence of decisions need to be made, typical in design situations 

• Certainty in decision making: you know what will happen no matter what the outcome 

of your decision 

• Uncertainty in decision making: possible outcomes are known but there is no 

information of likelihood of occurrence 

• Risk in decision making: possible outcomes are known and an estimate of the 

probability of each outcome occurring can be made 

• Competition decision making (gaming approaches): where the decision outcome is 

affected by the actions of an opponent  

What is the framework of decision analysis? 

1. Decision alternatives: all possible alternative courses of action that the decision maker 

has available 

2. States of nature: a list of possible future events that might influence the outcome of 

each alternative. The state of nature that will occur is not under the control of the 

decision maker, it depends on chance or nature. 

3. Payoff: the result of the interaction of a decision being made and then having a state of 

nature occur.  

What is the difference between uncertainty and risk? 

In uncertainty the probabilities are not known whilst in risk they are 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Criteria for decision making under uncertainty 

 

Explain the following: 

• Maximin: select the action with the largest minimum payoff. In the above example 

maximin decision makers would develop the small subdivision. This is a conservative 

or pessimistic criterion.  

• Maximax: optimistic approach/gambler. In the example they would develop a large 

subdivision.  

• Minimax: regret criterion – a conservation criterion that uses an opportunity loss table 

to determine the maximum opportunity loss (regret) that could occur from each 

decision and selects the minimum of the maximum regret values. Regret is given by 

maximum payment minus payoff associated.  

e.g. opportunity loss table 

Hence the medium subdivision would be chosen. 

Criteria for decision making under risk:  

Explain the following: 

• Expected monetary value (EMV) criterion: If we assign probabilities to the n states of 

nature, we can calculate a weighted average payoff for the decision makers action. 

Once the expected value for each action is calculated, the decision with the largest 

expected value is chosen.  

o E.g. if the probability of low demand is 0.8, moderate demand is 0.1 and high 

demand is 0.1 – choose small division  

• The Expected Opportunity Loss (EOL) criterion:  parallels the relation between 

minimax regret and maximin. The expected values of the opportunity loss for each 

decision alternative is calculated and the minimum is chosen. 


