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Abstract
This STEM project is to use JAVA random simulation to differentiate statistics between Binomial (with
replacement) and Hypergeometric (without replacement). The author used the Powerball lottery
probability to determine the Jackpot probability by matching the numbers of five balls and the Mega
number. The Mega number of the red ball can be duplicated the same number of any white ball picked
already. There is about 12% higher probability for Jackpot if the Mega number cannot duplicate the ball
of any white ball picked. The author derived the JAVA script to simulate two probability scenarios.
Binomial Approximation of Hypergeometric Probability by adjusting the sample size in the pool was also
studied. When the pool size is larger, the probability difference between whether the Mega number can
duplicate the white ball number becomes smaller. The ratio of two probabilities will approach 1 when the
pool size becomes larger. JAVA script can demonstrate this Probability Approximation pattern. This
STEM project is successful since the author can integrate learning across Statistics, and JAVA as a Data
Science approach.
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1. Introduction
In statistics, binomial distribution allows duplicates, while hypergeometric distribution cannot create duplicates. The
aim of the project is to find examples of binomial and hypergeometric distribution in real life. The example used
was the Powerball lottery to calculate the differences between the two distributions. On January 13, 2016, Powerball
created the largest jackpot in U.S. history of 1.5 billion as shown in Figure 1. The rule of matching with the red ball
is following the binomial distribution, and the white ball is following hypergeometric distribution.

Figure 1. Powerball Jackpot
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2. Objective
The purpose was to compare the difference between binomial and hypergeometric distribution. To do this, java was
used to calculate the probability of matching, using both binomial and hypergeometric. In addition, different
probabilities of matching were also tested. There are two main objectives in this project. The first is to match the
winning probability by doing the calculations by hand. The second objective was to test multiple scenarios using
Java.

3. Method
Java was used to calculate the difference. It was used for many reasons, but the main reason is that Java can be used
to calculate matching probabilities very quickly. After the code for calculating the probability of matching is
complete, all that had to be done was change two variables. (Refer to Figure 3) By using java, we can easily
calculate differences in short amounts of time just by changing two variables. We used X and Y in the java program
to easily calculate different variables.

3.1 Hand Calculation
For X number of white balls, Y number of red balls, the probability of the following winning chance will be studied:
● 5+1: Match 5 white balls and 1 red ball
● 5+0: Match 5 white balls and no red ball
● 4+1: Match 4 white balls and 1 red ball
● 4+0: Match 4 white balls and no red ball
Taken the example of “5+1” case, the total space= C(X, 5) * C(Y, 1). The probability of matching all 5 white balls is
C(5,5)=1; the probability of matching 1 red ball is C(1,1)=1. Thus, the total probability of 5+1 is 1 in C(X, 5) * C(Y,
1).
For another example of “4+0” case, the total space= C(X, 5) * C(Y, 1). The probability of matching 5 white balls =
C(5,4) * C(X-5,1). The probability of matching 0 red ball=C (Y-1,1)=Y-1. So, the total probability of “4+0” is 1 in
C(X,5)*Y/(C(5,4)*C(Y-5,1))/(Y-1).
By applying the same method, we can calculate for any matching scenario by hand. However, it is not the most
efficient method.
3.2 Java Program
Instead of calculating everything by hand, writing a Java program to calculate the matching probabilities of different
matching scenarios makes it much more efficient.
public static double FiveAndOne(int X, int Y){
return combination(X,5)*Y;
}
public static double FourAndZero(int X, int Y){
return combination(X,5)*(Y/(Y-1))/(combination(5,4)*combination(Y-5,1));
}
This part of the Java program calculates the matching scenarios in the Powerball Lottery.
This is how the Java program works. Our program allows to easily switch between binomial (y=x) and
hypergeometric (y=x-5).
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Figure 2. JAVA flowchart.

4. Result
Figure 3 shows that the probability of matching calculated using Java successfully matches the official results. To
determine which is better, the ratio between probability of matching with binomial and hypergeometric was
calculated. These are the matching probabilities of the winning Powerball combinations. The greater the chances of
winning, the smaller the prize. Our results from the Java program matched all numbers perfectly.
Figure 4 shows the ratio between the probability of matching with binomial and hypergeometric shows how much
higher the probability of matching with hypergeometric as opposed to binomial. For each X, there are two Y values.
The Y values correspond to binomial and hypergeometric distribution. The ratio between binomial and
hypergeometric distribution for the jackpot (5+1) and 4+1 case shows that as pool size decreases, probability of
matching with hypergeometric increases from 9-20%. At certain points, binomial and hypergeometric have the same
chance of matching as well as hypergeometric having a guaranteed chance of matching. Our hand calculations of the
matching probability also matched our java calculations.
Figure 5 plots our ratios between binomial and hypergeometric distributions. The X-axis is the number white balls
and the Y-axis is the ratio. Trend shows that as the X-axis increases the ratio of matching decreases, approaching 1.
That means for larger numbers, we can use hypergeometric to approximate binomial results.
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Figure 3. Likelihood of winning

Figure 4. Ratio of binomial and hypergeometric
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Figure 5. Ratio change in probability of matching.

5. Conclusion
This project used JAVA random simulation to define the difference between Binomial (with replacement) and
Hypergeometric (without replacement). The Powerball lottery was used to determine difference between the two
distributions. A Java program was used to simulate two probability scenarios. The calculations of matching
probability done by hand also matched the calculations done with java. Different scenarios were also studied by
varying pool size. There is a 9-20% higher probability of matching if using hypergeometric distribution. When the
pool size is larger, the probability difference between binomial and hypergeometric distribution becomes smaller.
The ratio of two probabilities will approach 1 when the pool size becomes larger. This STEM project is successful
since the author can integrate learning across Statistics, and JAVA as a Data Science approach.
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