Spreadsheet Projects

Chapter 15: Game Theory: The Mathematics of Competition

Using Spreadsheets 

1. Example: Modeling Mixed Strategies

Spreadsheets allow the analysis of mixed strategies. For example, a mixing of fastballs and curveballs for pitcher and batter can be modeled by the spreadsheet below.
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The four decimals in the upper left corner indicate the probabilities that the batter will make a hit when the batter expects a fastball or curveball and the pitcher throws a fastball or curveball. Entries D2 and D3 contain the probabilities that the pitcher will throw a fastball and a curveball. In the situation modeled in the spreadsheet, the pitcher throws about times as many fastballs as curveballs. Similarly, entries B4 and C4 model the situation where the batter anticipates about twice as many fastballs as curveballs. Each pair of entries must sum to 1. For this reason, entry D3 can be defined as =1-D2 and entry C4 can be defined as =1-B4. The pitcher wants to mix the throws to minimize the overall batting average; the batter wants to mix her anticipations to maximize the average. In this chapter we found these optimal mixes by solving for the intersection of lines. Using spreadsheets, we can immediately see the effects of various mixes by pitcher and batter. 

The batter’s expected values for anticipating a fastball and a curveball are computed using the formula =B2*B4+C2*C4 in entry E2 and the formula =B3*B4+C3*C4 in entry E3. Formulae for the batter’s expected value of pitching a fastball and a curveball are computed in entries B5 and C5 using the formulae =B2*D2+B3*D3 and =B2*D2+B3*D3. An optimal mixed solution produces the same expected value in each of these four locations (ignoring slight rounding variations). In this scenario, the pitcher’s 3-to-1 mix and the batter’s 63% to 37% mix is expected to yield an overall hit average of about .212 .

2. Task

Suppose the batter works hard on hitting fastballs, and improves her hit record for fastballs, when anticipated, from .250 to .350. Recompute the pitcher’s mix and batter’s mix which solve the resulting mixed strategy. How does the batter’s overall hit average change?

3. Task

Suppose the batter has a goal of raising her overall hitting average to at least .270 . Assuming her fastball hit record (when anticipated) is .350, how high must she raise her curveball hit record (when anticipated) from its present .400 in order to achieve this goal? (Remember that the pitcher’s and batter’s ratios should change when the .400 is raised.)

4. Example

Spreadsheets can easily be adapted to model situations with more than two alternatives. The spreadsheet below models a situation in which the batter and the pitcher choose among three different types of pitches. 
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As before, each expected value for the batter is a sum of products. For example, entry F2 , computed as =B2*B5+C2*C5+D2*D5, is the expected value of anticipating a fastball Likewise, the pitcher’s expected value for throwing a fastball, entry B6, is computed as =B2*E2+B3*E3+B4*E4. For the model shown in Spreadsheet 16.2, the mixed strategy leads to an overall hitting average of .180. 

5. Task

In the model shown in Spreadsheet 16.2, what mix of pitches solve the mixed strategy? What mix of throws does the batter anticipate? 

6. Task

Suppose the batter improves her ability to hit curveballs (when anticipated ) so that the average rises from .200 to .400. Find the optimal mixes for pitcher and batter in this situation. 

7. Exploration

For the model of Spreadsheet 16.2, suppose the batter notices that the pitcher never throws knuckleballs, and switches to a 50-50 mix of fastballs and curveballs. How will the pitcher change his mix of throws? Assuming the batter notices the pitcher’s new mix, how might the batter change her mix? 
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