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Abstract

This paper investigates the effect of attendance size, temperature, and distance trav-

eled by the away team on home field advantage in softball. Utilizing results from 2023

Division I softball games, multiple chi-square independence tests are conducted to reveal

no statistically significant relationship between home team wins and each of these three

factors. However, a strong dependence between being a home team and winning a game

was determined, confirming the findings of Simon and Simonoff.
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1 Introduction

In baseball and softball, “Last Licks” is the idea that the home team—or last-batting team—in

any given game will have the final opportunity of the game on offense to score points. Most

believe that being the home team is advantageous for this reason. However, a study conducted

by Gary A. Simon and Jeffrey S. Simonoff [11] in 2006 suggested that there isn’t always a

significant home team effect, depending on circumstances. When considering baseball and

softball games played on neutral fields—that is, neither teams’ true home field—the researchers

observed a roughly 50 percent win probability for the home team. No real advantage was found

for a baseball team playing on their true home field either. The most significant “last licks”

effects were recorded from softball games played on a team’s true home field. Simon and

Simonoff recorded a win probability of almost 60 percent when the true home team did indeed

bat last, but 40 percent when they batted first. This study was not extended to investigate specific

underlying home field “advantages”. Since 2006, exploration into home field “advantages” and

“last licks” effects have increased significantly for baseball, but there has been little examination

of these effects in softball.

The goal of this project is to expand on the findings of Simon and Simonoff and to broaden

the research on home field “advantages” in softball specifically. While there is evidence of a

home field advantage in Division I softball, exploration into why this occurs has not yet been

done. Thus, we will investigate three possible factors that are commonly considered to play a

role in home field advantage by fans of all sports: the temperature the game is played in, the

size of the crowd attending the game, and the distance traveled by the away team. It is expected

that games played in warmer temperatures, games played amongst a larger crowd, and games

played against teams who have traveled a farther distance would all give the home team a leg

up against its opponents.

2 Theory

Definition 1. A nonempty set whose elements are called outcomes is called a sample space 𝑆.

We may think of 𝑆 as a set whose elements represent all possible outcomes of an experiment.
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Definition 2. Let the sigma field of eventsE be a collection of subsets of 𝑆 satisfying postulates:

1. E is nonempty

2. 𝐴 ∈ E =⇒ 𝐴′ ∈ E for any element 𝐴 of E where the set 𝐴′ is the complement of 𝐴

3. {𝐴𝑖}∞𝑖=1 ⊆ E =⇒
∞⋃
𝑖=1

𝐴𝑖 ∈ E

Definition 3. [3, 38] Probabilities are values of a set function, called a probability measure

𝑃, which must satisfy the three given postulates:

1. The probability of any event is a non-negative real number; that is, 𝑃(𝐴) ≥ 0 for any

element 𝐴 of E

2. 𝑃(𝑆) = 1

3. If 𝐴1, 𝐴2, 𝐴3, . . . , is a finite or infinite sequence of disjoint elements of E, then 𝑃(𝐴1 ∪

𝐴2 ∪ 𝐴3 ∪ · · · ) = 𝑃(𝐴1) + 𝑃(𝐴2) + 𝑃(𝐴3) + · · ·

Definition 4. A random variable X is a function from 𝑆 into the set of real numbers.

Definition 5. A random variable is discrete when it has a finite range. A random variable is

continuous when its range contains an interval of length greater than 0.

Definition 6. The probability function 𝑓 (𝑥) of a discrete random variable X assigns each real

number 𝑥 within the range of X a probability 𝑓 (𝑥). These probabilities are typically displayed

in a table. The probability density function 𝑔(𝑥) of a continuous random variable X is a real-

valued function with domain equal to the range of X such that for every pair of real numbers 𝑎

and 𝑏, 𝑎 ≤ 𝑏. The probability 𝑃 that X lies within the given range is equal to

∫ 𝑏

𝑎

𝑔(𝑥)𝑑𝑥 = 𝑃(𝑎 ≤ X ≤ 𝑏).

Definition 7. Multivariate frequency distributions show the probabilities of and thus rela-

tionships between random variables.
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Definition 8. [3, 129] Suppose we have discrete random variables X and Y. The probability

that X has value x and Y has value y is 𝑓 (𝑥, 𝑦). We call this probability a value of the joint

distribution function 𝑓 .

Consider 𝑛 continuous random variables X1,X2, . . . ,X𝑛. The probability that X1 takes on

a value less than or equal to 𝑥1,X2 takes on a value less than or equal to 𝑥2, . . . , and X𝑛 takes

on a value less than or equal to 𝑥𝑛, is given by

𝐹 (𝑥1, 𝑥2, . . . , 𝑥𝑛) =
∫ 𝑥𝑛

−∞
· · ·

∫ 𝑥2

−∞

∫ 𝑥1

−∞
𝑓 (𝑡1, 𝑡2, . . . , 𝑡𝑛)𝑑𝑡1𝑑𝑡2 . . . 𝑑𝑡𝑛

for all real values of 𝑥1, 𝑥2, . . ., and 𝑥𝑛. We refer to 𝐹 as the joint distribution function of the

𝑛 random variables, and to 𝑓 as their joint probability density.

Definition 9. If X and Y are discrete random variables with joint distribution function 𝑓 (𝑥, 𝑦),

then the marginal distribution of X and the marginal distribution of Y are, respectively,

𝑔(𝑥) =
∑︁
𝑦

𝑓 (𝑥, 𝑦) and ℎ(𝑦) =
∑︁
𝑥

𝑓 (𝑥, 𝑦).

Definition 10. Two random variables X and Y are independent if their joint probability

distribution is the product of their marginal distributions.

Definition 11. [3, 132] Given the joint probability density of 𝑛 random variables, the joint

probability density of any 𝑘 of them, where 𝑛 > 𝑘 , called their joint marginal density (or

simply their marginal density when 𝑘 = 1), is obtained by integrating out, from −∞ to ∞, the

other 𝑛 − 𝑘 variables.

Definition 12. [3, 146] If we let 𝑔(X) = X𝑟 , we obtain what is called the rth moment about

the origin of the distribution of the random variable X. Symbolically, we shall write

𝜇′𝑟 = 𝐸 (X𝑟) = Σ𝑥𝑟 · 𝑓 (𝑥)

for 𝑟 = 0, 1, 2, 3, . . . , when X is a discrete random variable, and

𝜇′𝑟 = 𝐸 (X𝑟) =
∫ ∞

−∞
𝑥𝑟 · 𝑓 (𝑥)𝑑𝑥
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when X is a continuous random variable.

A moment is a quantitative measure of how distributed the data are around a central value

in a probability distribution.

Definition 13. The first moment about the origin, namely the mean 𝜇 of the distribution of the

random variable X, is given by 𝜇 = 𝜇′1 = 𝐸 (X).

Definition 14. [3, 151] If it exists, the moment generating function of the distribution of a

random variable X is given by the expected value of 𝑒X𝑡 , namely by

𝑀X(𝑡) = 𝐸 (𝑒X𝑡) = Σ𝑒𝑥𝑡 𝑓 (𝑥)

when X is discrete.

Definition 15. [3, 94] If 𝑓 (𝑥1, 𝑥2, . . . , 𝑥𝑛) and 𝑓𝑖 (𝑥𝑖) are, respectively, the values of the joint

density and the marginal densities of 𝑛 random variables 𝑥1, 𝑥2, . . . , and 𝑥𝑛, these random

variables are independent if and only if

𝑓 (𝑥1, 𝑥2, . . . , 𝑥𝑛) =
𝑛∏
𝑖=1

𝑓𝑖 (𝑥𝑖)

for all values within the range of these random variables for which 𝑓 (𝑥1, 𝑥2, . . . , 𝑥𝑛) is defined.

Definition 16. [3, 147] When 𝑔(X) = (X− 𝜇)𝑟 , we obtain what is called the rth moment about

the mean of the distribution of the random variable X. Symbolically we shall write

𝜇𝑟 = 𝐸 [(X − 𝜇)𝑟] = Σ(𝑥 − 𝜇)𝑟 · 𝑓 (𝑥)

for 𝑟 = 0, 1, 2, 3, . . . , when X is a discrete random variable, and

𝜇𝑟 = 𝐸 [(X − 𝜇)𝑟] =
∫ ∞

−∞
(𝑥 − 𝜇)𝑟 · 𝑓 (𝑥)𝑑𝑥

when X is a continuous random variable.
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Definition 17. The variance 𝜎2 of the distribution of the random variable X is the second

moment about the mean and calculated by 𝜎2 = 𝜇′2 − 𝜇2.

Definition 18. Let X be the random variable whose probability function is

𝑏(𝑥; 𝑛, 𝜃) =
(
𝑛

𝑥

)
𝜃𝑥 (1 − 𝜃)𝑛−𝑥 for 𝑥 = 0, 1, 2, . . . , 𝑛, 0 ≤ 𝜃 ≤ 1.

Then, X has Binomial Distribution with parameters 𝑛 and 𝜃.

The function 𝑏 gives the probability of 𝑥 successes in 𝑛 trials where 𝜃 is the probability of

one success.

Theorem 1. If X has Binomial Distribution with parameters 𝑛 and 𝜃, then the mean is 𝑛𝜃.

Theorem 2. If X has Binomial Distribution with parameters 𝑛 and 𝜃, then the variance is

𝑛𝜃 (1 − 𝜃).

Definition 19. Let X be the random variable whose probability density function is

𝑓 (𝑥) = 1
𝜎
√

2𝜋
𝑒−

1
2 (

𝑥−𝜇
𝜎

)2
for −∞ < 𝑥 < ∞

where 𝜇 and 𝜎 are real and 𝜎 > 0. Then, X has Normal Distribution with parameters 𝜇 and

𝜎.

Theorem 3. If X has Normal Distribution with parameters 𝜇 and 𝜎, then the mean is 𝜇.

Theorem 4. If X has Normal Distribution with parameters 𝜇 and 𝜎, then the variance is 𝜎2.

Theorem 5. The function 𝑓 for the Normal Distribution is symmetrical around the mean and

shows a higher frequency of observations closer to the mean.

Definition 20. If X has Normal Distribution with parameters 𝜇 = 0 and 𝜎 = 1, then X has

Standard Normal Distribution.

Theorem 6 (Central Limit Theorem). [3, 206] If X1,X2, . . . ,X𝑛 are independent random

variables having the same distribution with the mean 𝜇, the variance 𝜎2, and the common
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moment generating function 𝑀X(𝑡), then, if 𝑛 → ∞, the limiting distribution of the random

variable Z =
X̄ − 𝜇

𝜎/
√
𝑛

is the standard normal distribution.

Theorem 7. [3, 195] If X1,X2, . . . ,X𝑛 are independent random variables, 𝑎1, 𝑎2, . . . , 𝑎𝑛 are

constants, and Y = 𝑎1X1 + 𝑎2X2 + · · · + 𝑎𝑛X𝑛, then

𝐸 (Y) =
𝑛∑︁
𝑖=1

𝑎𝑖𝐸 (X𝑖)

and

Var(Y) =
𝑛∑︁
𝑖=1

𝑎2
𝑖 · Var(X𝑖).

Definition 21. Let X be the random variable whose probability density function is

𝑓 (𝑥) =


1
𝜃
𝑒−

𝑥
𝜃 for 𝑥 > 0

0 for 𝑥 ≤ 0

where 𝜃 > 0. Then, X has Exponential Distribution with parameter 𝜃.

Theorem 8. If X has Exponential Distribution with parameter 𝜃, then the mean is 𝜃.

Theorem 9. If X has Exponential Distribution with parameter 𝜃, then the variance is 𝜃2.

Definition 22. The Gamma Function is defined by

Γ(𝛼) =
∫ ∞

0
𝑦𝛼−1𝑒−𝑦𝑑𝑦 for 𝛼 > 0.

Theorem 10. If 𝛼 is a positive integer, we have

Γ(𝛼) = (𝛼 − 1)!

Definition 23. Let X be the random variable whose probability density function is

𝑓 (𝑥) =


𝑥𝛼−1𝑒−

𝑥
𝛽

𝛽𝛼Γ(𝛼) for 𝑥 > 0

0 for 𝑥 ≤ 0
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where𝛼, 𝛽 > 0 and Γ is the gamma function. Then X has Gamma Distribution with parameters

𝛼 and 𝛽.

Theorem 11. If X has Gamma Distribution with parameters 𝛼 and 𝛽, then the mean is 𝛼𝛽.

Theorem 12. If X has Gamma Distribution with parameters 𝛼 and 𝛽, then the variance is 𝛼𝛽2.

Definition 24. Let X be the random variable whose probability density function is

𝑓 (𝑥) =


𝑥

𝜈−2
2 𝑒−

𝑥
2

2𝜈/2Γ(𝜈/2)
for 𝑥 > 0

0 for 𝑥 ≤ 0

where 𝜈 > 0. Then, X has Chi-square Distribution with parameter 𝜈. The parameter is called

the degrees of freedom.

This is a case of the gamma distribution with 𝛼 =
𝜈

2
and 𝛽 = 2.

Theorem 13. If X has Chi-square Distribution with parameter 𝜈, then the mean is 𝜈.

Theorem 14. If X has Chi-square Distribution with parameter 𝜈, then the variance is 2𝜈.

Theorem 15. If X has Chi-square Distribution with parameter 𝜈, then the moment generating

function is given by 𝑀x(𝑡) = (1 − 2𝑡)−𝜈/2.

Theorem 16. The square of a random variable X with standard normal distribution has Chi-

square Distribution with one degree of freedom.

Definition 25. Contingency tables display the multivariate frequency distribution of each

variable used in the chi-square test. An 𝑟 × 𝑐 table includes the observed cell frequencies 𝑂𝑖 𝑗

for the cell corresponding to the 𝑖th row and the 𝑗 th column. The totals for each column and

row are calculated by

𝑂𝑖· =
𝑐∑︁
𝑗=1

𝑂𝑖 𝑗 and 𝑂 · 𝑗 =
𝑟∑︁
𝑖=1

𝑂𝑖 𝑗

with 𝑁 representing the overall total number of observations.

See the four tables in the following chapter for examples.
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If 𝜃𝑖 𝑗 is the probability that an observation will be in the 𝑖th row and 𝑗 th column, then

𝜃𝑖 = 𝜃𝑖,1 + 𝜃𝑖,2 + · · · + 𝜃𝑖,𝑐 is the probability that an observation will be in the 𝑖th row and

𝜃 𝑗 = 𝜃1, 𝑗 + 𝜃2, 𝑗 + · · · + 𝜃𝑟, 𝑗 that an observation will be in the 𝑗 th column. These probabilities

are estimated by

𝜃𝑖· =
𝑂𝑖·
𝑁

and 𝜃· 𝑗 =
𝑂 · 𝑗
𝑁

.

The expected cell frequencies 𝐸𝑖 𝑗 for the cell corresponding to the 𝑖th row and the 𝑗 th

column are also estimated in the table and given by

𝐸𝑖 𝑗 = (𝜃𝑖·) (𝜃· 𝑗 )𝑁 =
𝑂𝑖·
𝑁

·
𝑂 · 𝑗
𝑁

𝑁 =
(𝑂𝑖·) (𝑂 · 𝑗 )

𝑁
.

Definition 26. The null hypothesis 𝐻0 states that the two variables are independent of one

another. The null hypothesis would then be 𝜃𝑖 𝑗 = (𝜃𝑖·) (𝜃· 𝑗 ) for 𝑖 = 1, 2, . . . , 𝑟, and 𝑗 =

1, 2, . . . , 𝑐.

Definition 27. The alternative hypothesis 𝐻𝑎 states that the two variables are dependent on

one another.

Definition 28. The confidence level 𝛼 indicates the strength of the results and the probability

that they are in fact true and can be applied to the entire population.

Definition 29. A test statistic is the value of a random variable that indicates how different the

test results are from the predicted results based on the total observations.

In our applications, we will be dealing with 2×2 contingency tables, and the random variable

whose value is the test statistic will have chi-square distribution with one degree of freedom.

This is proved in Theorems 17-19 below.

Definition 30. A critical value tells us how large our test statistic needs to be in order to say

that there is a relationship between the two variables being studied.

All chi-square tests rely on a table of critical values determined by the desired confidence

level and the degrees of freedom in a given situation.

The following theorems refer to the 2×2 contingency table depicted in Table 1. The observed

cell values are given as 𝑎, 𝑏, 𝑐 or 𝑑 for simplicity’s sake. Each expected cell value is given in
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parentheses. The table considers the random variable X, whose possible outcomes are Group

1 or Group 2, and the random variable Y, whose possible outcomes are Group 3 and Group 4.

The sample size is 𝑁 .

Y

X
Group 1 Group 2 Totals

Group 3 𝑎 (𝑁 𝑎+𝑐
𝑁

𝑎+𝑏
𝑁
) 𝑏 (𝑁 𝑏+𝑑

𝑁
𝑎+𝑏
𝑁
) 𝑛3 = 𝑎 + 𝑏

Group 4 𝑐 (𝑁 𝑎+𝑐
𝑁

𝑐+𝑑
𝑁
) 𝑑 (𝑁 𝑏+𝑑

𝑁
𝑐+𝑑
𝑁
) 𝑛4 = 𝑐 + 𝑑

Totals 𝑛1 = 𝑎 + 𝑐 𝑛2 = 𝑏 + 𝑑 𝑁 = 𝑎+ 𝑏+ 𝑐+ 𝑑 = 𝑛1 +𝑛2 = 𝑛3 +𝑛4

Table 1: Arbitrary 2 × 2 contingency table with expected values in parentheses

The chi-square test for independence, derived by Karl Pearson, is a statistical hypothesis

test that determines whether two random variables X and Y are related. Let 𝑂𝑖 𝑗 denote the

observed occurrences in the 𝑖th row and 𝑗 th column and 𝐸𝑖 𝑗 denote the corresponding expected

occurrences. Specifically, consider the 2× 2 contingency table given as Table 1. Then, we have

the identity given in the following theorem.

Theorem 17.
2∑︁
𝑖=1

2∑︁
𝑗=1

(𝑂𝑖 𝑗 − 𝐸𝑖 𝑗 )2

𝐸𝑖 𝑗

=
𝑁 (𝑎𝑑 − 𝑏𝑐)2

(𝑎 + 𝑏) (𝑐 + 𝑑) (𝑎 + 𝑐) (𝑏 + 𝑑) .

Proof. We can substitute the observed and expected values from the table to obtain

2∑︁
𝑖=1

2∑︁
𝑗=1

(𝑂𝑖 𝑗 − 𝐸𝑖 𝑗 )2

𝐸𝑖 𝑗

=

[
𝑎 − 𝑁 ( 𝑎+𝑐

𝑁
) ( 𝑎+𝑏

𝑁
)
]2

𝑁 ( 𝑎+𝑐
𝑁
) ( 𝑎+𝑏

𝑁
)

+
[
𝑏 − 𝑁 ( 𝑎+𝑏

𝑁
) ( 𝑏+𝑑

𝑁
)
]2

𝑁 ( 𝑎+𝑏
𝑁
) ( 𝑏+𝑑

𝑁
)

+
[
𝑐 − 𝑁 ( 𝑎+𝑐

𝑁
) ( 𝑐+𝑑

𝑁
)
]2

𝑁 ( 𝑎+𝑐
𝑁
) ( 𝑐+𝑑

𝑁
)

+
[
𝑑 − 𝑁 ( 𝑐+𝑑

𝑁
) ( 𝑏+𝑑

𝑁
)
]2

𝑁 ( 𝑐+𝑑
𝑁
) ( 𝑏+𝑑

𝑁
)

.
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We can then make the following calculations:

[
𝑎 − (𝑎+𝑏) (𝑎+𝑐)

𝑁

]2

(𝑎+𝑏) (𝑎+𝑐)
𝑁

+

[
𝑏 − (𝑎+𝑏) (𝑏+𝑑)

𝑁

]2

(𝑎+𝑏) (𝑏+𝑑)
𝑁

+

[
𝑐 − (𝑎+𝑐) (𝑐+𝑑)

𝑁

]2

(𝑎+𝑐) (𝑐+𝑑)
𝑁

+

[
𝑑 − (𝑏+𝑑) (𝑐+𝑑)

𝑁

]2

(𝑏+𝑑) (𝑐+𝑑)
𝑁

=

𝑁

[
𝑎 − (𝑎+𝑏) (𝑎+𝑐)

𝑁

]2

(𝑎 + 𝑏) (𝑎 + 𝑐) +
𝑁

[
𝑏 − (𝑎+𝑏) (𝑏+𝑑)

𝑁

]2

(𝑎 + 𝑏) (𝑏 + 𝑑) +
𝑁

[
𝑐 − (𝑎+𝑐) (𝑐+𝑑)

𝑁

]2

(𝑎 + 𝑐) (𝑐 + 𝑑) +
𝑁

[
𝑑 − (𝑏+𝑑) (𝑐+𝑑)

𝑁

]2

(𝑏 + 𝑑) (𝑐 + 𝑑)

=

(𝑏 + 𝑑) (𝑐 + 𝑑)𝑁
[
𝑎 − (𝑎+𝑏) (𝑎+𝑐)

𝑁

]2
+ (𝑎 + 𝑐) (𝑐 + 𝑑)𝑁

[
𝑏 − (𝑎+𝑏) (𝑏+𝑑)

𝑁

]2

(𝑎 + 𝑏) (𝑐 + 𝑑) (𝑏 + 𝑑) (𝑎 + 𝑐)

+
(𝑎 + 𝑏) (𝑏 + 𝑑)𝑁

[
𝑐 − (𝑎+𝑐) (𝑐+𝑑)

𝑁

]2
+ (𝑎 + 𝑏) (𝑎 + 𝑐)𝑁

[
𝑑 − (𝑏+𝑑) (𝑐+𝑑)

𝑁

]2

(𝑎 + 𝑏) (𝑐 + 𝑑) (𝑏 + 𝑑) (𝑎 + 𝑐)

=
(𝑏 + 𝑑) (𝑐 + 𝑑) [𝑎𝑁 − (𝑎 + 𝑏) (𝑎 + 𝑐)]2 + (𝑎 + 𝑐) (𝑐 + 𝑑) [𝑏𝑁 − (𝑎 + 𝑏) (𝑏 + 𝑑)]2

𝑁 (𝑎 + 𝑏) (𝑐 + 𝑑) (𝑏 + 𝑑) (𝑎 + 𝑐)

+ (𝑎 + 𝑏) (𝑏 + 𝑑) [𝑐𝑁 − (𝑎 + 𝑐) (𝑐 + 𝑑)]2 + (𝑎 + 𝑏) (𝑎 + 𝑐) [𝑑𝑁 − (𝑏 + 𝑑) (𝑐 + 𝑑)]2

𝑁 (𝑎 + 𝑏) (𝑐 + 𝑑) (𝑏 + 𝑑) (𝑎 + 𝑐) .

For a moment, let us consider just the numerator. This can be simplified as

(𝑏 + 𝑑) (𝑐 + 𝑑) [𝑎𝑁 − (𝑎 + 𝑏) (𝑎 + 𝑐)]2 + (𝑎 + 𝑐) (𝑐 + 𝑑) [𝑏𝑁 − (𝑎 + 𝑏) (𝑏 + 𝑑)]2

+(𝑎 + 𝑏) (𝑏 + 𝑑) [𝑐𝑁 − (𝑎 + 𝑐) (𝑐 + 𝑑)]2 + (𝑎 + 𝑏) (𝑎 + 𝑐) [𝑑𝑁 − (𝑏 + 𝑑) (𝑐 + 𝑑)]2

=(𝑏 + 𝑑) (𝑐 + 𝑑)
[
𝑎2𝑁2 − 2𝑎𝑁 (𝑎 + 𝑏) (𝑎 + 𝑐) + (𝑎 + 𝑏)2(𝑎 + 𝑐)2]

+(𝑎 + 𝑐) (𝑐 + 𝑑)
[
𝑏2𝑁2 − 2𝑏𝑁 (𝑎 + 𝑏) (𝑏 + 𝑑) + (𝑎 + 𝑏)2(𝑏 + 𝑑)2]

+(𝑎 + 𝑏) (𝑏 + 𝑑)
[
𝑐2𝑁2 − 2𝑐𝑁 (𝑎 + 𝑐) (𝑐 + 𝑑) + (𝑎 + 𝑐)2(𝑐 + 𝑑)2]

+(𝑎 + 𝑏) (𝑎 + 𝑐)
[
𝑑2𝑁2 − 2𝑏𝑁 (𝑏 + 𝑑) (𝑐 + 𝑑) + (𝑏 + 𝑑)2(𝑐 + 𝑑)2]

=𝑎2𝑁2(𝑏 + 𝑑) (𝑐 + 𝑑) − 2𝑎𝑁 (𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑) + (𝑏 + 𝑑) (𝑐 + 𝑑) (𝑎 + 𝑐)2(𝑎 + 𝑏)2

+𝑏2𝑁2(𝑎 + 𝑐) (𝑐 + 𝑑) − 2𝑏𝑁 (𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑) + (𝑎 + 𝑐) (𝑐 + 𝑑) (𝑎 + 𝑏)2(𝑏 + 𝑑)2

+𝑐2𝑁2(𝑎 + 𝑏) (𝑏 + 𝑑) − 2𝑐𝑁 (𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑) + (𝑎 + 𝑏) (𝑏 + 𝑑) (𝑎 + 𝑐)2(𝑐 + 𝑑)2
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+𝑑2𝑁2(𝑎 + 𝑏) (𝑎 + 𝑐) − 2𝑑𝑁 (𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑) + (𝑎 + 𝑏) (𝑎 + 𝑐) (𝑐 + 𝑑)2(𝑏 + 𝑑)2

=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏2(𝑎 + 𝑐) (𝑐 + 𝑑) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑) + 𝑑2(𝑎 + 𝑏) (𝑎 + 𝑐)
]

−2𝑁 (𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑) (𝑎 + 𝑏 + 𝑐 + 𝑑)

+(𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑) [(𝑎 + 𝑐) (𝑎 + 𝑏) + (𝑎 + 𝑏) (𝑏 + 𝑑) + (𝑎 + 𝑐) (𝑐 + 𝑑) + (𝑐 + 𝑑) (𝑏 + 𝑑)]

=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏2(𝑎 + 𝑐) (𝑐 + 𝑑) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑) + 𝑑2(𝑎 + 𝑏) (𝑎 + 𝑐)
]

−2𝑁2(𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑)

+(𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑) [(𝑎 + 𝑐) (𝑎 + 𝑏) + (𝑎 + 𝑏) (𝑏 + 𝑑) + (𝑎 + 𝑐) (𝑐 + 𝑑) + (𝑐 + 𝑑) (𝑏 + 𝑑)]

=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏2(𝑎 + 𝑐) (𝑐 + 𝑑) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑) + 𝑑2(𝑎 + 𝑏) (𝑎 + 𝑐)
]

−2𝑁2(𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑)

+(𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑) [(𝑎 + 𝑏) (𝑎 + 𝑏 + 𝑐 + 𝑑) + (𝑐 + 𝑑) (𝑎 + 𝑏 + 𝑐 + 𝑑)]

=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏2(𝑎 + 𝑐) (𝑐 + 𝑑) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑) + 𝑑2(𝑎 + 𝑏) (𝑎 + 𝑐)
]

−2𝑁2(𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑) + (𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑)𝑁2

=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏2(𝑎 + 𝑐) (𝑐 + 𝑑) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑) + 𝑑2(𝑎 + 𝑏) (𝑎 + 𝑐)
]

−𝑁2(𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑)

=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏2(𝑎 + 𝑐) (𝑐 + 𝑑) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑)

+𝑑2(𝑎 + 𝑏) (𝑎 + 𝑐) − (𝑎 + 𝑏) (𝑎 + 𝑐) (𝑏 + 𝑑) (𝑐 + 𝑑)]

=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏2(𝑎 + 𝑐) (𝑐 + 𝑑) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑) + (𝑎 + 𝑏) (𝑎 + 𝑐)
[
𝑑2 − (𝑏 + 𝑑) (𝑐 + 𝑑)

] ]
=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏2(𝑎 + 𝑐) (𝑐 + 𝑑) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑) + (𝑎 + 𝑏) (𝑎 + 𝑐) (−𝑏𝑐 − 𝑏𝑑 − 𝑑𝑐)

]
=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏2(𝑎 + 𝑐) (𝑐 + 𝑑) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑) − 𝑏(𝑎 + 𝑏) (𝑎 + 𝑐) (𝑐 + 𝑑) − 𝑐𝑑 (𝑎 + 𝑏) (𝑎 + 𝑐)

]
=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) + 𝑏(𝑎 + 𝑐) (𝑐 + 𝑑) [𝑏(𝑎 + 𝑏)] − 𝑐𝑑 (𝑎 + 𝑏) (𝑎 + 𝑐) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑)

]
=𝑁2 [𝑎2(𝑏 + 𝑑) (𝑐 + 𝑑) − 𝑎𝑏(𝑎 + 𝑐) (𝑐 + 𝑑) − 𝑐𝑑 (𝑎 + 𝑏) (𝑎 + 𝑐) + 𝑐2(𝑎 + 𝑏) (𝑏 + 𝑑)

]
=𝑁2 [𝑎(𝑐 + 𝑑) [𝑎(𝑏 + 𝑑) − 𝑏(𝑎 + 𝑐)] + 𝑐(𝑎 + 𝑏) [𝑐(𝑏 + 𝑑) − 𝑑 (𝑎 + 𝑐)]]

=𝑁2 [𝑎(𝑐 + 𝑑) (𝑎𝑑 − 𝑏𝑐) + 𝑐(𝑎 + 𝑏) (𝑐𝑏 + 𝑐𝑑 − 𝑎𝑑 − 𝑐𝑑)]

=𝑁2 [𝑎(𝑐 + 𝑑) (𝑎𝑑 − 𝑏𝑐) + 𝑐(𝑎 + 𝑏) (𝑐𝑏 − 𝑎𝑑)]

=𝑁2(𝑎𝑑 − 𝑏𝑐) [𝑎(𝑐 + 𝑑) − 𝑐(𝑎 + 𝑏)]
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=𝑁2(𝑎𝑑 − 𝑏𝑐) (𝑎𝑐 + 𝑎𝑑 − 𝑎𝑐 − 𝑏𝑐)

=𝑁2(𝑎𝑑 − 𝑏𝑐) (𝑎𝑑 − 𝑏𝑐)

=𝑁2(𝑎𝑑 − 𝑏𝑐)2.

Putting the fraction back together, we are left with

2∑︁
𝑖=1

2∑︁
𝑗=1

(𝑂𝑖 𝑗 − 𝐸𝑖 𝑗 )2

𝐸𝑖 𝑗

=
𝑁2(𝑎𝑑 − 𝑏𝑐)2

𝑁 (𝑎 + 𝑏) (𝑐 + 𝑑) (𝑎 + 𝑐) (𝑏 + 𝑑) =
𝑁 (𝑎𝑑 − 𝑏𝑐)2

(𝑎 + 𝑏) (𝑐 + 𝑑) (𝑎 + 𝑐) (𝑏 + 𝑑)

as needed. □

Theorem 18. Let X1 have binomial distribution with parameters 𝑛1 and 𝜃1.Let X2 have binomial

distribution with parameters 𝑛2 and 𝜃2. Suppose X1 and X2 are independent. Then, the random

variable
X1
𝑛1

− X2
𝑛2

− (𝜃1 − 𝜃2)√︂
𝜃1(1 − 𝜃1)

𝑛1
+ 𝜃2(1 − 𝜃2)

𝑛2

has approximately standard normal distribution and its square has approximately chi-square

distribution with 𝜈 = 1 degree of freedom.

Proof. Let X1 have binomial distribution with parameters 𝑛1 and 𝜃1. Let X2 have binomial

distribution with parameters 𝑛2 and 𝜃2. Suppose X1 and X2 are independent. By Theorem 1 and

Theorem 2, 𝐸 (X1) = 𝑛1𝜃1, Var (X1) = 𝑛1𝜃1(1−𝜃1), 𝐸 (X2) = 𝑛2𝜃2, and Var (X2) = 𝑛2𝜃2(1−𝜃2).

Further,

𝐸

(
X1
𝑛1

)
= 𝜃1 and Var

(
X1
𝑛1

)
=
𝑛1𝜃1(1 − 𝜃1)

𝑛2
1

=
𝜃1(1 − 𝜃1)

𝑛1
[3, 157].

Similarly, we have

𝐸

(
X2
𝑛2

)
= 𝜃2 and Var

(
X2
𝑛2

)
=
𝑛2𝜃2(1 − 𝜃2)

𝑛2
2

=
𝜃2(1 − 𝜃2)

𝑛2
.

Using Theorem 7 for the case 𝑛 = 2 and noting that our variables are independent, we can say
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that

𝐸

(
X1
𝑛1

− X2
𝑛2

)
= 𝜃1 − 𝜃2 and Var

(
X1
𝑛1

− X2
𝑛2

)
=
𝜃1(1 − 𝜃1)

𝑛1
+ 𝜃2(1 − 𝜃2)

𝑛2
.

If 𝑛1 and 𝑛2 are large,
X1
𝑛1

− X2
𝑛2

has approximately normal distribution with mean 𝜃1 − 𝜃2 and

variance
𝜃1(1 − 𝜃1)

𝑛1
+ 𝜃2(1 − 𝜃2)

𝑛2

by the Central Limit Theorem. Thus, it follows that

X1
𝑛1

− X2
𝑛2

− (𝜃1 − 𝜃2)√︂
𝜃1(1 − 𝜃1)

𝑛1
+ 𝜃2(1 − 𝜃2)

𝑛2

has approximately standard normal distribution. □

In the preceding theorem, if we also assume that 𝜃1 = 𝜃2 = 𝜃, then
X1
𝑛1

−X2
𝑛2

has approximately

normal distribution with mean 0 and variance 𝜃 (1 − 𝜃)
(

1
𝑛1

+ 1
𝑛2

)
. Thus,

X1
𝑛1

− X2
𝑛2√︄

𝜃 (1 − 𝜃)
(

1
𝑛1

+ 1
𝑛2

)
has approximately standard normal distribution. If we then approximate 𝜃 using the pooled

estimate 𝜃 =
𝑥1 + 𝑥2
𝑛1 + 𝑛2

, we may conclude that

X1
𝑛1

− X2
𝑛2√︄

𝜃
(
1 − 𝜃

) ( 1
𝑛1

+ 1
𝑛2

)
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has approximately standard normal distribution. Therefore,


X1
𝑛1

− X2
𝑛2√︄

𝜃
(
1 − 𝜃

) ( 1
𝑛1

+ 1
𝑛2

)


2

has approximately chi-square distribution with 𝜈 = 1 degree of freedom by Theorem 16.

Theorem 19. Consider Table 1. Then,

2∑︁
𝑖=1

2∑︁
𝑗=1

(𝑂𝑖 𝑗 − 𝐸𝑖 𝑗 )2

𝐸𝑖 𝑗

is approximately the value of a random variable with chi-square distribution with 𝜈 = 1 degree

of freedom.

Proof. Suppose we have the random variable X, whose possible outcomes can be divided into

Group 1 or Group 2, and the random variable Y, whose possible outcomes can be divided into

Group 3 and Group 4. Let 𝑁 be the sample size. We want to show that the 2 × 2 contingency

table yields a test statistic
2∑︁
𝑖=1

2∑︁
𝑗=1

(𝑂𝑖 𝑗 − 𝐸𝑖 𝑗 )2

𝐸𝑖 𝑗

that has approximately chi-square distribution with one degree of freedom.

Let 𝑝1 =
𝑎

𝑛1
be the the proportion of observations in Group 3 that are also in Group 1. Let

𝑝2 =
𝑏

𝑛2
be the the proportion of observations in Group 3 that are also in Group 2. Let 𝑞1 =

𝑐

𝑛1

be the the proportion of observations in Group 4 that are also in Group 1. Let 𝑞2 =
𝑑

𝑛2
be the

the proportion of observations in Group 4 that are also in Group 2. Then, we can rewrite our

contingency table as follows:
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Y

X
Group 1 Group 2 Totals

Group 3 𝑎 = 𝑛1𝑝1 𝑏 = 𝑛2𝑝2 𝑎 + 𝑏

Group 4 𝑐 = 𝑛1𝑞1 𝑑 = 𝑛2𝑞2 𝑐 + 𝑑

Totals 𝑛1 𝑛2 𝑁

Recall the identity in Theorem 17

2∑︁
𝑖=1

2∑︁
𝑗=1

(𝑂𝑖 𝑗 − 𝐸𝑖 𝑗 )2

𝐸𝑖 𝑗

=
𝑁 (𝑎𝑑 − 𝑏𝑐)2

(𝑎 + 𝑏) (𝑐 + 𝑑) (𝑎 + 𝑐) (𝑏 + 𝑑) .

We can substitute the values from our new table to get

2∑︁
𝑖=1

2∑︁
𝑗=1

(𝑂𝑖 𝑗 − 𝐸𝑖 𝑗 )2

𝐸𝑖 𝑗

=
𝑁 (𝑛1𝑝1𝑛2𝑞2 − 𝑛2𝑝2𝑛1𝑞1)2

(𝑛1𝑝1 + 𝑛2𝑝2) (𝑛1𝑞1 + 𝑛2𝑞2) (𝑛1) (𝑛2)

=
(𝑛1 + 𝑛2)𝑛1𝑛2(𝑝1𝑞2 − 𝑝2𝑞1)2

(𝑛1𝑝1 + 𝑛2𝑝2) [𝑛1 + 𝑛2 − (𝑛1𝑝1 + 𝑛2𝑝2)] .

Observe that 𝑝1𝑞2 − 𝑝2𝑞1 = 𝑝1(1 − 𝑝2) − 𝑝2(1 − 𝑝1) = 𝑝1 − 𝑝2. Let 𝑝 =
(𝑛1𝑝1 + 𝑛2𝑝2)

(𝑛1 + 𝑛2)
represent the pooled estimate of the proportion of observations in Group 3. Then, we can further

simplify the identity to

(𝑛1 + 𝑛2)𝑛1𝑛2(𝑝1 − 𝑝2)2

(𝑛1 + 𝑛2)𝑝(𝑛1 + 𝑛2) (1 − 𝑝) =


𝑝1 − 𝑝2

𝑝(1 − 𝑝)
(

1
𝑛1

+ 1
𝑛2

) 
2

.

This is the square of the z-test statistic for the comparison of two proportions, which we

know is approximately chi-square distributed with one degree of freedom by the discussion

following Theorem 18. □

3 Applications

Results from the 2023 Division I softball season were used for this study, as Division I is the

highest level of softball in the United States that plays “true home games”. A “true home game”
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means that the game is played on one team’s home field and the other team must travel there, as

opposed to playing on a neutral field which would require travel by both teams. The home team

must also bat last in each inning, as is standard. There are 286 Division I softball teams that are

split into 33 conferences. Ideally, the sample for this study would have been comprised of the

top team—the team with the best record—in each of these conferences to determine whether

its high win percentage could be partially accounted for by a home field advantage. However,

circumstances prevented this, as data from over 1,600 games would have had to be collected

by hand as opposed to through computer programming. To appropriately narrow the sample

size, the ten teams with the highest percentage of home game wins were selected from the 33

conference leaders. The ten teams considered are from colleges and universities throughout the

United States, and each have a home game win percentage of over 85 percent.

For each team, data from all of the home and away games were utilized, excluding any ties

or games played at neutral sites. Home field advantage cannot be determined if neither team

actually wins the game or neither team is playing on its home field. The specific data for this

study were obtained from each teams’ 2023 schedule [1] [2] [4] [5] [6] [8] [9] [10] [13] [15]

and from the box score of each game. Data collected included the game location, whether the

team was at home or away, whether it won or lost, the recorded fan attendance, and the recorded

temperature at the time of the first pitch. Distance traveled by the away team was calculated

from the town where its home field lies to the listed location where the game was played. Note

that the box scores did not always include the attendance or the temperature at the start of the

game. While there is no resource to fill in the gaps in attendance, temperature records [12] are

available for these locations. The standard for recording the temperature at a collegiate game is

at the time of the first pitch, so this was followed when retrieving data from the past temperature

records.

Firstly, it needed to be determined whether there is a relationship between a team playing at

its home field and that same team winning. To do so, a chi-square independence test was used.

As such, the null hypothesis was that being the home or away team and winning or losing any

given game are independent of one another; the alternative hypothesis stated that the two are

dependent. In Table 2, the observed total number of home games won and lost, as well as the
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total number of away games won and lost for the ten teams in the 2023 season are given. The

expected values for each category were determined by multiplying the corresponding row total

and column total together and dividing the product by 420. There was one degree of freedom

as each variable has two groups, yielding (2 − 1) × (2 − 1) = 1. Thus, the critical value for a

significance level of 0.05 is 𝜒2
0.05,1 = 3.84. The resulting test statistic of 38.51 lies well within

the critical region, allowing the rejection of the null hypothesis.

Home Away Totals

Wins 207 (182) 132 (157) 339

Losses 19 (44) 61 (37) 81

Totals 226 194 420

Table 2: Contingency table of home wins, home losses, away wins, and away losses, including
the expected values for each category in parenthesis for the top ten teams with the highest
at-home win percentages

We now know that there is a relationship, reaffirming the findings of Simon and Simonoff

[11] that a true home team has a greater chance of winning any given game. While we do not

know exactly how correlated the variables are for our specific sample, this information is not

necessary. There is enough evidence to move forward and investigate the factors that may play

a role in the dependence between home or away team and winning or losing.

The first variable considered is the temperature (in Fahrenheit) at a game. All 226 of the

home games were played in temperatures at or above 35°F and below 90°F. We divided this

variable into two categories: cool temperature games played in 35°F – 65°F weather and

warm temperature games played in 66°F – 90°F weather. Cool and warm temperatures were

determined based on the standards for degree days. According to the U.S. Energy Information

Administration, “Degree days are measures of how cold or warm a location is. A degree day

compares the mean (the average of the high and low) outdoor temperatures recorded for a location

to a standard temperature, usually 65° Fahrenheit (F) in the United States,” [14]. As the standard

temperature is 65°F, we used this to divide our data into these groups. Another chi-square test

for independence was conducted to determine if there is any dependence between the game

temperature and a home win. The null hypothesis considered these two variables independent,
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and the alternative dependent. The combined contingency table in Table 3 showcases this data

as well as the expected values and totals.

Temperature Home Wins Home Losses Totals

30 – 65 111 (109) 8 (10) 119

66 – 90 96 (98) 11 (9) 107

Totals 207 19 226

Table 3: Contingency table of home wins and losses, including the expected values for each
category in parenthesis, at different temperature intervals for the top ten teams with the highest
at-home win percentages

The test for independence yielded a test statistic of 0.92. With two groups for the temperature

variable and two groups for the other, there is again one degree of freedom. The critical value

with 95 percent confidence and one degree of freedom is 𝜒2
0.05,1 = 3.84, meaning the test statistic

is not within the critical region. Thus, there is not enough evidence to reject the null hypothesis,

and we cannot say that temperature and a home win or loss are related. Temperature most likely

does not play a role in the home field advantage for the ten teams.

Fan attendance at a game is another factor considered to play a role in home field advantage.

To determine if there may be a relationship between the crowd size and a home win or loss,

another chi-square test for independence was utilized. The null hypothesis was of course

that these two variables are independent, and the alternative was that they are dependent. As

previously stated, some box scores did not record the attendance for the game, so there is less

data than when we considered temperature. Crowd size was split into two intervals, 0 – 500

people and 501 – 2500 people, which we decided based on the average 2023 home attendance

for each of the ten teams. Half of the teams had an average at-home crowd size of less than 500

people and the other half had more. Home game wins and losses are still the second variable

here, so there is one degree of freedom. Table 4 showcases the observed values, expected

values, and totals in a contingency table. The test statistic was found to be 0.27, and the critical

value with 95 percent confidence and one degree of freedom was 𝜒2
0.05,1 = 3.84. Therefore, the

null hypothesis stating independence between attendance size and a home win or loss cannot

22



be rejected. There is not enough evidence to confirm this relationship, so attendance must not

play a role in home field advantage for the top ten teams either.

Attendance Home Wins Home Losses Totals

0 – 500 92 (93) 9 (8) 101

501 – 2500 94 (93) 7 (8) 101

Totals 186 16 202

Table 4: Contingency table of home wins and losses, including the expected values for each
category in parenthesis, at different attendance size intervals for the top ten teams with the
highest at-home win percentages

Finally, we want to find out if the distance traveled by the opposing team has an effect on a team

winning at home. Away team travel was calculated by finding the distance between the location

where the game is being played and the location of the away team’s home field. For example,

Florida State University’s softball field is in Tallahassee, FL and Lipscomb University’s softball

field is in Nashville, TN. When the Lipscomb softball team traveled to play Florida State in the

first game of the 2023 season, they traveled roughly 488 miles from Nashville to Tallahassee.

The away travel variable was divided into two categories: 0 – 350 miles and 351 – 3,000 miles.

This grouping was determined based on the 2022-23 Division I Championships Transportation

and Per Diem Policies which state, “350 or more [miles] are eligible for a flight,” [7, 3]. Thus,

any team traveling less than 350 miles would most likely have traveled by bus, while any team

traveling a further distance would most likely have traveled by airplane. We are interested as to

whether this difference plays a role in the home team having more of an advantage. Another

chi-square independence test was used, considering the independence between a home win or

loss and the away travel distance. The test was run with one degree of freedom, so the critical

value was again 𝜒2
0.05,1 = 3.84. The test statistic was calculated to be 0.92, resulting in a failure

to reject the null hypothesis. Thus, we cannot be 95 percent confident that winning or losing a

game at home is dependent of the away team’s travel distance.
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Away Travel

Distance

Home Win Home Loss Totals

0 – 350 107 (109) 12 (10) 119

351 – 3,000 100 (98) 7 (9) 107

Totals 207 19 226

Table 5: Contingency table of home wins and losses, including the expected values for each
category in parenthesis, at different travel distances by away teams for the top ten teams with
the highest at-home win percentages

While winning a game appears to be dependent upon whether or not a team is playing at-

home, we have not determined any specific factors that may play a role in this relationship. For

these ten Division I teams in the 2023 season, the temperatures, attendance sizes, and away

travel distances did not play a role in the home team winning. This may not be the case for

all Division I softball teams, but as previously stated, we did not have the means to collect

data from the entire 2023 season for all 286 teams. As these findings are only based on the

associations between home wins, temperatures, and attendances, the provided explanations

leave considerable room for more research on the matter of home field advantage in Division I

softball.
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