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Lecture 13
Lecture Topic: Choices Under Uncertainty and Game Theory
Lecturer: Dr. Daniel Kungu Njau
Lecture Learning Outcome
i) Understand the workings of risk and uncertainty in managerial economic decision making.
ii) Understand the relevance of game theory in economic theory.
iii) Determine the Nash equilibrium, minmax and maximum strategies.
iv) Grasp the application of game theory concepts in managerial economics

13.1 Introduction to Game Theory
We all have spent substantial time playing games. Games are interesting and fun and the beauty of it is that we do not know the outcome of the game. However, with calculated strategies and smart moves we can reasonably predict the outcome of the game, although not with 100 percent certainty. However much we may take strategic moves the outcome of the game still remains uncertain, and there is an element of chance, and that’s what makes games interesting.
With games in mind, we can map them into similar decisions that management have to make with regards to the direction the firm will take. Managers have to make critical decisions under a lot of uncertainty. So, there is an element of chance in these decisions, and the only way is for the manager to make the decisions a strategic as possible, to achieve a desired outcome. This is the reason why we need to study game theory because we can apply some of its concepts in decision making under managerial economics.

13.2 Decision Making Under Risk and Uncertainty
The element of uncertainty on the outcome of a decision creates a form of risk that any decision has to suffer. Therefore, we can comfortably say that risk and uncertainty usually go hand in hand. We can therefore define risk as the amount of uncertainty that a decision has. The higher the level of uncertainty the higher will be the risk level. Managers usually try to quantify risk using mathematical probability in order to measure how much of it can be absorbed in case a decision does not yield the desired outcomes. Risk can also be defined as a case where there is a possibility of more than one outcome and each of the outcome can be quantified.

13.3 Understanding Game Theory and Its Structure
Game theory is recognized as an arithmetic tool that assists managers in analyzing strategic option and choosing the one with the most desirable options.  It can also be defined as a strategic tool that assists players in the game to arrive at a desired outcome, based on probable predictions on what other players in the game will decide or react to certain decisions.

In practice games are characterized by different players who may make different decisions and take certain actions which cannot be reasonably foreseen. Every player and team attempt to make a sum of good decisions that will result in a win. The opponent team also attempts to do the same and a mutually agreed set of rules. In the end only one winner will be recognized.

13.4 Assumption Under Game Theory

There are a number of assumptions that are observed under game theory in order to use it for a managerial decision making. Firstly, each decision maker is assumed to have two or more choices. Secondly there are various approaches to playing the game and the outcome Can either be a win a loss or a draw. Thirdly, a specified payoff for each player is associated with each end. This can be zero sum, constant sum or non-zero sum. It is also assumed that a player has perfect knowledge of the game which includes the rules and the payoffs from all other players. Lastly, it is assumed that all players are rational and each player will select an outcome or a decision that gives the desired or the greatest payoff.

13.5 Strategy and Structure in Game Theory
A game is usually structured to have players who also decide on the best strategy to follow. The players may include individuals’ firms, governments or any entity. The key underlying assumption is that every player is rational and will seek to maximize the benefits or achieved the highest payoff available for the game. When clears are playing together, they can adopt a common strategy. A strategy is a set of objectives only known to the players of one team, which are followed in order to achieve the hugest payoff. A payoff is the net outcome of a successful strategy that has been implemented. Additionally, an outcome may reach a point of equilibrium. This is a point where no player can take any action that will increase their payoff, and the players in the game continue following their optimal strategies.

Types of Strategies
These are the different approaches that players can adopt to achieve a desired outcome. They can be categorized as follows.

Pure and Mixed Strategies.
A strategy is considered to be pure if it has defined action points at each point in the entire game. Although appeals strategy is good when a player specializes in it, it has the downside of being too predictable to the opponents. For example, there are some football teams who encourage their players to lift weight and eat proteins in order to build strength. The pure strategy of this team is to use their muscle to overran opponents. If the team continues to only rely on this strategy, Opponents will be able to devise a new strategy to counter it. 

Mixed strategy involves combination of various strategies such that not even one of them dominates. For example, a football team may decide to have players with muscles and also some who can be able to run fast. The mixture of these strategies makes the team unpredictable to its opponents and makes it harder for these opponents to figure out a counter strategy.

Dominant versus Dominated Strategy
A dominant strategy is the most optimal strategy that a player can take which maximizes the possibility that the player will have the most desirable outcome. The dominant strategy can also be regarded as the one with the best payoff regardless of what strategy the opponents adopt. The dominated strategy is the one where a player sits back and awaits the dominant strategy to take over with the hope that there is a chance it will fail. If one player adopts a dominant strategy, all other subsequent strategies in the game are considered to be dominated strategies.

Maxmin versus Minmax Strategy
Also known as the safety-first strategy, the maximin strategy is a strategy adopted to minimize the worst-case potential loss. A player considers all the best opponent responses to his strategy and selects the strategy that will maximize the minimum payoff of a player. It also involves maximizing a player own minimum payoff. 
A minmax strategy is the one which a player minimizes the best-case payoff of their rivals. A player will consider all the best responses and opponents can come up with and select the strategy that the opponents-based strategy gives a payoff.

13.6 Concept of Nash Equilibrium
The Nash Equilibrium strategy is the collective strategy in a game involving two or more players where no player has anything to gain by changing his strategy. It assumes that all the strategies are fixed and do not change in the near future. This equilibrium is mostly applicable in Cournot’s theory of oligopoly behaviour. Each firm chooses how much output to produce in order to maximize profit, and the output of one firm depends on the output of others firms.

13.7 The Prisoner Dilemma
In the prisoner’s dilemma two players acting in their best interest arrive at a common suboptimal outcome. For example, let’s imagine we have prisoner X and Y. They are both arrested and interrogated separately. The authorities offer them the following options. If player X confesses and Y does not, player X will be released and Y will be locked for 5 years. The vice versa also applies. If both of them decide not to confess, they will be locked in for 1 year each. If they both confess, they’ll be locked in for three years each. Looking at these options it becomes desirable for each of the players to confess and receive the maximum three years rather than one of them deciding to keep quiet and either confessing and being locked for five years.

The prisoner’s dilemma is applicable in the economy where each individual decision maker decides to behave in a way that makes all the players collectively was off. They do so because they do not have the expectation that fellow players will make decisions that are cooperative in nature. The dilemma is also applicable to potential cartel members who decide to enrich themselves by restricting output. However, if a cartel member decides to cheat and produce more than they start to gain individually.






13.7 Types of Games
Between players in a game there are various types of games that can be played and each player concentrates on a game that will give him the best possible outcome.

Cooperative versus non-Cooperative games
Cooperative games are those which involve and require cooperation among the players. In practice cooperation among firms is considered illegal because it raises and anti- trust issues. Non corporate games are those that involve zero possibility of players collaborating and there is usually intense competition among the players.

Simultaneous Games versus Sequential Move games
In a simultaneous game both players in the game act at the same time. For example, two forms operating in an oligopoly may decide to launch a product at the same time and the launching becomes simultaneous or a coincidence that no firm had a foresight of. In a sequential game one player makes a move and other players are able to watch and decide what move to make based on the first players move. This is similar to a game of chess. Sequential moves also explain the nature of competition between firms in an oligopoly where one firm makes a move that is closely monitored and counteracted by the competing firms.

Constant Sum, Zero Sum and Non-Zero-Sum Games
Constant games are a case where the total benefit of the player under each strategy is constant and players have to share the profits. For example, in a game of cards where the cards are distributed equally, if one player is winning it is intuitive that the other player is losing. In a zero-sum game the total benefit of the players under each strategy is equal to zero. Without a doubt the gain of one participant is always equal to the loss of another. This is mostly applicable in sporting events where gains by one player are contracted by losses by the other player. In practice if a company decides to add the wages of its employees, this will increase the cost of production for the firm. 

For non-zero-sum game, the total benefit of all the players summed up together under each strategy are more than zero and also constant. In this case there are wind weight or lose lose situation. For example, if a company decides to increase the wages of its workers, the workers will be happy and they may be motivated to work more which increases the overall productivity of the firm. This results too are mutually beneficial decision between the two parties.
Symmetric versus Asymmetric Games
In symmetric games the payoffs are dependent on the strategies adopted in the game and not on the players. If the players are rotated and the strategies remain the same, the outcomes will be different for the new team. Asymmetrical games will have different strategies in players. A strategy that worked in the first instance may not work in subsequent instances.

Application of Game Theory in Managerial Economics
Game theory is critical in economics as it is applied to explain the resultant behaviour and decision of firms operating in the economy. The main areas of application are as follows.

Perfectly Competitive Markets and Oligopoly
In a perfectly competitive market firms will not pay a lot of attention to the competitor action. It will be more of learning, from other firms, what is the effective strategy and what is not. However, for oligopoly firms, they may follow the prisoner dilemma, cournot competition or Bertrand model. Firms may decide to cooperate by setting high prices or former cartel by deciding how much quantity to produce. They may also decide on prices according to the Bertrand model.

Negotiations and Bargaining
When firms are trying to reach a deal between themselves, they try to estimate what the other party wants and how much compromise each party is willing to make. The Nash equilibrium explains the positions the firms face.

Provision of Public Goods
Game theory is applied to understand the level of cooperation between entities where the society needs to achieve a public good. For example, where individual and firms desire a clean environment, the question is whether firms are incentivized to adopt greener technologies which may be more expensive keeping in mind that firms which stick to dirty energy sources may have a lower cost of production.
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