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In general, the structure of the R model is very similar to the Fzcel model. We start
by again providing the input parameters for Games and BatAvg, but additionally pro-
vide Paths, which determines the number of iterations R will execute the model. A
cumulative table representing the probability of player ABs in a game is again used,
but coded with else if statements. A random number is again generated for the
Monte Carlo simulation portion, but now using R’s runif(n, min=0, max=1) com-
mand. This will generate n- Uniform(0,1) random numbers, which are then compared
to the cumulative table’s thresholds and produce the number of AB for each game.
Some minor housekeeping is required to construct arrays to track the statistics of
interest; for this model only the longest hitting streak (in games) and the number of
games in a season with a hit are included, but others could easily be added using a
similar tochnique A compar able method is used to determine whether the outcome
oi each AB in each game is a “hit” or a “miss”. The statistics of interest for that

“season” are then stored and the large, outer loop repeats the process a specified num-
ber of times. Then, using the graphical capabilities of R, a histogram is generated
representing the longest hitting streak in each of the simulated seasons. Similarly,
we construct an Empirical Cumulative Distribution Function (ECDF) (see Figure 2).
The location of a 56-game hitting streak is annotated on each plot by a dashed, red
line.

Results and Analysis

We ran both the Excel and R Monte Carlo simulations for 32,500 iterations with five
1(—‘1)11cat1011b 9 A summary of the descriptive statistics for the maximum consecutive
games hitting streak is provided in Table 2. A quick visual inspection finds little
difference between the measures of the mean, standard deviation and minimum for
Excel and R. There does appear to be a difference between the maximum value for
the two approaches. The wide spread found in the data may be explained due to this
parameter residing in the right-hand tail of the distribution. Creating empirical dis-
tributions from the data will allow us to examine the probability of a battel achieving
a specific number of consecutive games with a hit.

Euxcel R

Trial # L 2 3 4 5 1 2 3 4 5]
Mean 18.93 | 18.97 | 19.00 | 18.90 | 18.94 || 19.00 | 18.93 | 18.93 | 18.94 | 18.94

Std Dev | 5.74 | 5.75 | 5.81 h.76 | 579 5.81 | 575 | 5.79 | 5.78 | 5.74
Min 6 7 7 7 i 8 4 7 7 T
Max G4 68 74 71 62 66 83 74 89 60

Table 2: Descriptive Statistics for Fxcel and R Iterations

One method of capturing the probability distribution is to use an Empirical Distribu-
tion Function(EDF) or Empirical Cumulative Distribution Function (ECDF). Devore
[7] provides the following definition of an EDF: Let z;, 2y, ..., z,, be a random sample.
The empirical distribution function F,(x) is a function of = whlch equals the fraction

9T he 32,500 number was based on a size limitation encountered when using the VBA code in the Ewncel spreadsheet.
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of X;s that are less than or equal to « for each z, —oo < z < oco. Simply put, the
EDF or ECDF represents the accumulation of actual sample data.

observations < x

Fo(@) = ( ) (:

T

[E]
A

For each simulation replication we used the ECDF function in R to calculate the
predicted probability of a 56 game consecutive hitting streak, Fss;. In our case we
find the average fs¢ for both models to be between 0.9998277 and 0.9998954. It is
apparent that this is a rare event, but to quantify exactly how rare it truly is requires
two things— simulating a sufficient number of seasons (32,500 in this case) and then
repeating it some number of times (5 in this case) to get a good representation of
the true population distribution. As shown in Table 3, a 56-game hitting streak by
a .357 hitter only occurs about 1 out of 5,000 (since 1 — 0.9998277 = 0.0001723, this
equates to approximately 2 out of 10,000 or roughly 1 in 5000) seasons. Note that
simulating only 1000 seasons would likely result in an estimate of 1 for the ECDF
(i.e., no occasions in 1000 seasons), since it is more rare than 1 in 1000. By modifying
our simulation, we could easily perform sensitivity analysis if our batter was instead
a 400 hitter (a more unlikely event) or a more average .250 hitter. The resulting
histograms and ECDFs are provided for the first 32,500 iteration of hoth models. On
all the graphs, the likelihood of a 56 game consecutive hitting streak is indicated with
a dashed, red line. Both sets of graphs provide very similar results.

1 Langast Wilfing Slreah Excal ECOF of Langsst hitiing Strazs R Distribution of Langast Hitiing Sireat FECOF of Longest Hating Strens

8w W e " " m "

Lomyean Hitng Sk Ler M Sieim et

(a) Fxcel Histogram (h) Ezxcel ECDF (¢) R Histogram (dy R ECDF

Figure 2: Histograms and ECDF's

Trials

1 2 3 4 5 Fig
Ezcel | 999815 999815 .999785 .999908 .999815 | .9998277
R | .999877 999785 999908 999385 .999969 | .9998954

Table 3: Results of R Monte Carlo Simulation for 32,500 Replications/Trial
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Conclusions and Recommendations

We were able to demonstrate the likelihood of a .357 batter (a very respectable aver-
age) to safely hit in 56 consecutive major league baseball games had a probabhility of
0.0001723 percent. A logical next step for this project would he to conduct sensitivity
analysis. The .357 posted by DiMaggio is somewhat lofty, even using today’s inflated
hitting standards. By continuing to simulate individual ABs, we would have to de-
termine the appropriate metrics for the previous inputs. In lieu of the .357 value, the
major league average for each batting position (1 through 9) should be calculated.
In addition, a new cumulative ABs table should also be constructed for each new
batting average. A new simulation could then be run to determine the likelihood of
the consecutive games hitting streak being broken.

Other areas to explore include determining if there is any difference between the Monte
Carlo simulation models run in the different software programs. The initial results are
promising based on similar outcomes, however, additional statistical testing should he
conducted to ensure there is no difference between the results. A final consideration
for this paper is to determine the appropriate probability distribution associated with
our parameter of interest. The following is a technique used in our Introduction into
Probability and Statistics Course. We assume it would follow a Poisson distribution
and b[e ]l'ela.ted to other rare events in baseball such as no-hitters and hitting for the
cycle [9].
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