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ABSTRACT

Teaching management science to undergraduate students requires that the instructor attempt to bring the material to life by offering examples to which the students can relate.  This is particularly important in a heavy topic such as game theory.  In this paper, the author presents one such example drawn from the current popularity of on-line and televised poker tournaments. Through computer graphics and animated PowerPoints, the highly visible example allows students to appreciate the applicability of such issues as likelihood of outcomes, expected value, competing strategies, and optimal strategies in a zero-sum two-person game.
INTRODUCTION
Game Theory is one of the more challenging subjects to teach in an undergraduate management science course.  The first challenge is that as a required course students feel as though they are being held prisoner in the classroom and are being dealt with in cruel and unusual ways (e.g., algorithms, heuristics, simulations, etc.).  The second challenge is that there doesn’t seem to be any fun in this topic called “game” theory.  Students ask such intriguing questions as: “Who are we playing against?”, “What do we win?”, “How do we play this game?”

As with other topics is such a class, it is necessary to engage the students by presenting application scenarios to which they can relate.  In teaching linear programming, for instance, I describe the need for a pizza shop owner to determine the optimal production schedule in order to maximize profits given the existing inventory of ingredients.  In teaching queuing theory, I allow students to vent about the long lines in the school delicatessen and we discuss how the waiting times might be shortened by adjusting the service rate or the line layout.  But for game theory I wanted to go beyond the typical applications suggested in the textbooks.  These guides usually describe a “game” between two super marketers, such as Coke and Pepsi, who are waging an advertising war against each other and are searching for the optimal strategy for reacting to the other’s promotional campaigns.  Even though many of the students are marketing majors, these examples only seem to illicit yawns from the students.  Showing a snippet of A Beautiful Mind (the movie about the developer of game theory John Nash) doesn’t really work anymore as most students never heard of the film released way back in 2002. What is needed is a demonstration of how the theories of John Nash [1] and von Neumann & Morgenstern [3] could be applied to something in the students’ life. 
FINDING A RELEVANT APPLICATION
One day I was reading about a new scholarship being offered to college students.  The $25,000 scholarship package is awarded to the winning applicant. Applicants must be 18 years of age and be attending one of the 100 participating U.S. colleges.  The winner is the applicant who accumulates the most chips in a free no-limit Texas Holdem poker game to be played in Cancun, Mexico [4].  That’s right, the “First Intercollegiate Poker Championship”.  Now this is a relevant example my students would be interested in.  I know many students spend their spare time watching poker on TV or spending their parent’s spare (?) money playing online poker.  
Developing a game theory demonstration based on a poker game would not only stimulate students to learn how to develop an optimal game strategy and determine the game’s value but would reinforce such earlier learned topics as probability, odds, decision theory and expected value.  While such a game would focus on a zero-sum situation, it would still be much too complex to use in this class.  There are too many players and too many uncertainties to come to an optimal strategy using only a basic understanding of probabilities and expected value.  What is needed is a simplified version that would limit the student’s attention to only the most basic issues while still allowing them to appreciate the process for developing an optimal strategy.  The simplified version would consist of only two players at a table playing “low ball” poker.  One such situation is presented in Sklansky’s [2, pp. 180-186] leading work on poker theory where Sklansky describes a two-person game of low-ball poker.
EXAMPLE GAME DEMONSTRATION
The example described here will be demonstrated during the paper session.  In low-ball poker the participants are dealt five cards face down with the goal of having five distinct cards with a lower high card than their opponent (the best hand would be A-2-3-4-5). Once receiving their cards, each player is allowed to discard one card (normally the highest one) and draw a new card.  After obtaining the replacement card, the player must decide whether to: (1) bet, (2) call a previous bet, (3) raise a previous bet, or (4) fold.  The player makes a decision by estimating the expected value of each decision alternative and selecting the decision with the best expected value. The expected values are computed by taking the anticipated gain (or loss) resulting from their action times the probability of their action resulting in a winning or losing hand.

By way of animated PowerPoint slides I have created a simulated low-ball poker game between two combatants: the students and an opponent.  The scenario begins with each player putting in the required ante and receiving their cards.  The opponent decides to keep their hand, while the students (whose lowest high card is a king) decide to discard the king in hopes of receiving a card lower than their opponents highest card.  At this point, all cards are exposed so we can discuss possible outcomes and strategies (see Figure 1).
FIGURE 1: GAME TABLE
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Discussion revolves around what cards the students might draw and the likelihood of drawing a winning card versus a losing card.  In the demonstration, the probability of drawing a winning card out of the remaining 42 cards is determined to be 42.86%.  Not a very favorable outcome.  Once the probabilities have been determined discussion moves to strategy options, that is, how the students should bet in order to raise the value of the game to the highest level.  In the demonstration, students consider several options: (1) fold, (2) bet no matter what card they draw, (3) bet only with a winning card, or (4) bet with a winning card and sometimes bluff with a losing card.  Discussion then focuses on the possible reaction of the opponent to these strategies.  Probabilities and outcomes are discussed for the various scenarios. 
The session concludes with an analysis of how to determine the optimal strategy without testing each possible scenario.  This discussion involves the issue of pot-odds versus odds of winning.  As described in the demonstration, if the students place a bet of $100 there will be a pot of $300 including the two $100 antes.  Therefore, when the opponent considers what to do after the student bets they must take into account that the pot odds (the ratio of money in the pot to the amount of money needed to call the bet) are 3-to-1.  When the students are willing to bet with a winning hand or up to five random losing hands, the odds of the students not bluffing (the odds that the opponent will lose) are greater than 3-to-1.  Thus, in these cases the opponent would be wise to fold.  If the students are willing to bet with a winning hand or with seven or more losing hands, the odds that the opponent will lose fall below 3-to-1.  This now leads the opponent to call the student’s bet.  But if the student only bets with a winning hand or exactly 6 random losing hands the odds that the opponent will lose is exactly equal to the pot odds.  At this equilibrium point, the opponent could bet or fold, it would make no difference.  In fact, the expected value to the students under this strategy is identical no matter which action the opponent takes.
LESSONS LEARNED
Several points are brought home during this demonstration.  First, the students gain an appreciation for analyzing potential outcomes and their expected values.  Second, students learn how to evaluate competing strategies and ultimately how to select the optimal strategy using probabilities and game value.  A third point, unexpected by the students, is that through the adoption of an optimal strategy, the likelihood of the students winning the game has shifted from 18/42 to a more impressive 24/42, a complete reversal.  Such a salient demonstration should leave students eager to try their hand at the more traditional game theory exercises.
CONCLUSION
This in-class demonstration serves as an excellent tool to assist the instructor in getting students turned on to the subject of game theory.  It takes them through a situation they can relate to and exposes the benefits of using game theory to better their situation over their opponent.
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