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Abstract

In this paper, we will use statistics to analyze various data sets describing the

monetary compensation gap across men’s and women’s sports. We will compare pay

within both individual sports and team sports, evaluating the pay gap between men

and women in each. We will also determine whether there is a correlation between

league revenue and player salaries.
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1 Introduction

In this paper, we will use statistics to analyze various data sets describing the monetary

compensation across men and women’s professional sports. Historically, women are paid less

than men. We will examine both individual sports, such as tennis and golf, and the team

sport of basketball.

2 Background

In this section, we will discuss preliminary information essential to the statistical methods

and strategies implemented in our research. We will also provide necessary background

information necessary to understand the given data.

2.1 Gender Pay Gap in the United States

Gender pay equity refers to the compensation of employees performing substantially

similar job functions with equal pay regardless of gender, race, or ethnicity. The Equal Pay

Act requires that men and women in the same workplace be given equal pay for equal work

[7]. Focusing specifically on young workers in the United States, Figure 1 shows the median

hourly earnings of women in comparison to their male counterparts. Since 1982, there has

been a slow increase in women’s pay that has contributed to the narrowing of the gender pay

gap. Historically, women have been paid less than men for doing the same work. In 2022,

women made 82 cents of a man’s dollar. This has barely increased over the past 20 years, as

women made 80 cents for every dollar a man made in 2002 [3]. This is true across all fields
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Figure 1: Gender Pay Gap in the United States [3]

of work, but in this paper, we will consider the male dominated field of sports.

2.2 Individual Sports

Individual sports are considered those played by a single person. In this paper, we

will consider only two individual sports: tennis and golf. Similarly, an individual player

of either sport competes for their own prize. Monetary compensation is based on personal

performance and competition outcome. Personal performance refers to how well a player

executes their game. Competition outcome is whether or not they win the game. A player
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may perform well and lose the competition, or conversely, perform poorly and win the game.

Successful personal performance enhances the player’s game statistics, while competition

outcome depends on how the two opponents perform in comparison to each other.

2.3 Team Sports

Team sports require multiple athletes to form a team of players. In this paper, we will

discuss the team sport of basketball. Monetary compensation in team sports depends on

team performance and individual player statistics. The team performance refers to whether

or not a given team wins a game. Individual player statistics refers to individual success. For

example, in basketball, individual statistics include field goals scored, field goals attempted,

field goal percentage, etc. Field goals are each basket scored. So, how many points a player

gets versus how many they’ve attempted would produce the field goal percentage. A high

field goal percentage may earn a player more money. We see an example of this in Figure 3,

where the relationship between points per game and salary in the WNBA is shown.

3 Individual Sports

In this section, we will go in depth on tennis and golf. After considering differences in

game play between men’s and women’s teams, we will dive into their compensation history.

Following these trends of pay, we will look at pay discrepancies between male and female

athletes of each respective sport.
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3.1 Tennis

3.1.1 Rule Differences

Tennis, while sometimes comprised of teams, is competed in singles or doubles. In this

paper, we will be considering singles tennis matches and individual players. The only dif-

ference in rules between men and women’s tennis is that women play best of three sets,

while men sometimes play best of five sets. In tennis, the prize money is often referred to

as the “purse.” So, the total purse of a tournament is the total amount of money given out

to all of the players. The champion will receive the most money, then the runner-up, then

semi-finalists. Following the winner, compensation decreases depending on performance.

3.1.2 Compensation History

The game of tennis originated in the 12th century and has since evolved into a professional

spectator sport. It wasn’t until 1972 that male professional tennis players came together to

officially establish the Association of Tennis Professionals (ATP) [12]. Women’s professional

tennis began in 1970, when nine players signed $1 dollar contracts to compete in the Virginia

Slims Series, a new women’s tennis tour that would come to be known as the Women’s Tennis

Association (WTA) [1]. Among these nine women was Billie Jean King, who would come to

be one of the most famous advocates for equal pay in professional tennis. Major tournaments

in tennis are called the grand slams: the Australian Open, the French Open, Wimbledon,

and the US Open. Both men and women compete in these four major tournaments. The

US Open offered equal prize money to men and women for the first time in 1973, but that
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wasn’t the case for all major tournaments. The Australian Open, for example, did not offer

equal prize money until 1984, then stopped between 1996-2000, and resumed offering an

equal purse again in 2000.

3.1.3 Pay Discrepancies

Tennis is one of few sports that pay male and female athletes fairly equally. Since there

aren’t significant discrepancies between salaries, we will compare revenue in this section.

In 2021, the ATP brought in $176.8 million in revenue, while the WTA brought in $87.8

million [28]. This disparity in revenue often reflects in prize money for respective ATP and

WTA events. League revenue depends largely on viewership and sponsors. The difference in

revenue can be accredited to popularity among the public. However, when analyzing ATP

and WTA salaries, we find that they are comparable. This would imply that professional

tennis salaries do not have a direct correlation to league revenue. We will look at this claim

specifically in Section 6: Statistical Analysis.

3.2 Golf

3.2.1 Rule Differences

Golf is a true individual sport, as each person represents themselves. Golf can be played

in nine or eighteen holes. There are three sets of tee off points for each hole. Regardless of

gender, anyone is allowed to shoot from any tee, depending on skill level and swing speed.

Generally, amateur women shoot from the tee closest to the hole, amateur men and female
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professionals shoot from the middle tee, and male professionals from the farthest tee. This

accounts for physical differences in men and women. Other than this, there are no differences

in the rules of golf between men and women.

3.2.2 Compensation History

The Professional Golf Association was established in 1916 [6]. The Ladies Professional

Golf Association (LPGA) was established in 1950, when 13 women fought for a platform for

women’s golf. In the LPGA’s first 10 years, they had 14 tournaments with a total purse

of $50,000 [18]. Conversely, in 1950 alone, the total purse for the PGA was $459,950 for a

total of 33 events [20]. Women’s golf has five majors: Chevron Championship, US Women’s

Open, KPMGWomen’s PGA Championship, Evian Championship, and AIGWomen’s Open

[11]. In men’s golf, there are four major tournaments, consisting of The Masters, US PGA

Championship, US Open, and The Open [19].

3.2.3 Pay Discrepancies

Since the beginning of the LPGA, male and female professional golfers have not been

compensated equally. In Figure 2, we can see the difference in total prize pool between

men on the left of the graphic and women on the right. In 2023, the total purse for the

PGA over 38 tournaments was $460 million. For the LPGA, the total purse in 2023 for 33

tournaments was $101.4 million. In the following calculations, we can determine the total

purse per tournament for both the PGA and LPGA.
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Figure 2: Total Prize Fund for the PGA and LPGA Tour in 2023 [25]
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$460, 000, 000

38
= $12, 105, 263.20

$101, 400, 000

33
= $3, 072, 727.27

Then, we can divide the LPGA’s total purse per tournament by the PGA’s total purse

per tournament.

$3, 072, 727.27

$12, 105, 263.20
= 0.2538

0.2538 ∗ 100 = 25.38%

Here, we find that professional female golfers were compensated 25% of what profes-

sional male golfers were compensated in 2023. In terms of revenue, the PGA brought in

$192,132,824 in 2021 [2]. The LPGA brought in $165,790,559 in 2021 [17]. Again, this

disparity is accredited to popularity and viewership among the general public. Unlike other

sports, the PGA and LPGA are non-profit organizations. Their prize money does not come

solely from revenue, but from league reserves, as well. This explains the magnitude of purses,

sometimes reaching in the millions.

4 Team Sports

In this section, we will consider basketball. As before, we will acknowledge rule differ-

ences, if they exist. Then we will analyze compensation history and the differences in pay

between men and women.
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4.1 Basketball

4.1.1 Rule Differences

There are no difference in rules across men’s and women’s basketball. In women’s bas-

ketball, the ball itself is slightly smaller than that of men, to account for the physical and

biological difference in size of hands.

4.1.2 Compensation History

The NBA began in 1949, comprised of 30 different teams in the league. The WNBA

began in 1997, with the league consisting of 12 teams [6]. Men’s and women’s basketball

have never been compensated equally. Due to a difference in league contracts, they have one

of the most drastic gaps in pay. The NBA has allotted over half of their league revenue to

salaries, while the WNBA salaries are comprised of a fraction of their revenue [29]. We will

revisit these statistics in the next section.

4.1.3 Pay Discrepancies

The average salary in the NBA sits at $9.6 million, while the average salary in the WNBA

is $102,751 [16].

$102, 751

$9, 600, 000
= 0.0107

0.0107 ∗ 100 = 1.07%

This means that female athletes in the WNBA make 1.07% of that of their male counterparts.

Steph Curry is the highest-paid player in the NBA, with a salary of $48 million. The highest
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Figure 3: WNBA Salary vs Points Per Game

paid player in the WNBA is Jewell Lloyd, with a salary of $228,094 [16]. In Figure 3, we

see how game performance affects salary. This specific chart shows a positive correlation

between points per game and annual salary for the WNBA in 2023. Now, it is important

to note the difference in revenue across the NBA versus the WNBA. Revenue relies heavily

on the audience. The 2022 NBA finals had an average of 12.4 million viewers, while the

WNBA’s highest viewed game in all of 2022 averaged 852,000 viewers. On average, the NBA

brings in $10 billion a year in revenue. The WNBA, however, only brings in $60 million [16].

60, 000, 000

10, 000, 000, 000
= 0.006

0.006 ∗ 100 = 0.6%

This means the WNBA earns 0.6% in revenue in comparison to the NBA. Now, considering

their average salaries, we calculated that athletes in the WNBA earn 1.07% of that of their

male counterparts. While this seems proportional to their respective revenues, we must now
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consider how much of each league’s revenue is devoted to payroll. In the WNBA, players

make 9.3% of the total league revenue, which has decreased over the past few years, while

viewership increased 171% over 2021. NBA players, on the contrary, make 51% of the total

league revenue [29]. We can conclude that WNBA player salaries are not directly tied to

league revenue, while player salaries in the NBA are directly correlated with revenue.

5 Methods

In this section, we will include definitions and theorems relevant to our analysis.

Definition. A sampling distribution is a probability distribution of a statistic that is

obtained through repeated sampling of a specific population [15].

The sampling distrubution describes a range of possible outcomes for a statistic.

Theorem 5.1 (Central Limit Theorem). The distribution of sample means approximates

a normal distribution as the sample size gets larger, regardless of the population’s distribution

[15].

This theorem says that the sample mean tends to follow the same normal distribution of

a bell curve, no matter how the population is distributed.

Definition. The variance (σ2) is a measurement of the spread between numbers in a data

set; measures the degree of dispersion of data around the sample’s mean [15].

Variance is measured in the square of the data’s original units, so it can often be hard to

interpret. We then define standard deviation to be
√
variance.
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Figure 4: Normal Distribution Bell Curve

Definition. The standard deviation (σ) measures the dispersion of a dataset relative to

its mean [15].

We see the standard deviation in relation to a population’s mean in Figure 4.

Definition. Hypothesis testing is a systematic procedure for deciding whether the results

of a research study support a particular theory which applies to a population [14].

Hypothesis testing consists of two hypotheses, the research hypothesis and the null hy-

pothesis.

Definition. The research hypothesis (HA) is the proposed hypothesis stating the existence

of some relationship between two variables [14].

Definition. The null hypothesis (H0) is the opposite of the research hypothesis. It states

there is no relationship between the two variables [14].
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When conducting a hypothesis test, we operate under the assumption that the null

hypothesis is true and look for evidence against this assumption. Depending on the nature

of our hypotheses, we can conduct different types of statistical tests. In every test, however,

the test statistic is the critical quantity used to determine if the data collected provides

sufficient evidence against the null hypothesis. If sufficient evidence is found, we can reject

the null hypothesis.

Definition. A test statistic is a number calculated for a statistical test of a hypothesis

from the data collected [4].

Test statistics show how closely the observed data matches the distribution expected

under the null hypothesis. It can be used to calculate the p-value of the results.

Definition. A p-value is a statistical measurement used to validate a hypothesis against

observed data [15]. The p-value measures the probability of obtaining the observed results,

assuming that the null hypothesis is true.

We aim to reject the null hypothesis. The lower the p-value, the greater the statistical

significance of the observed difference. A p-value of 0.05 or lower generally indicates that

the observed data is statistically significant. A statistically significant p-value would allow

for the rejection of the null hypothesis.

Definition. A t-test is a statistical tool used to evaluate the means of one or two populations

using hypothesis testing [27].

A t-test is any hypothesis test where the test statistic has a t-distribution.
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Definition. A t-distribution describes the standardized distances of sample means to the

population mean when the population standard deviation is not known, and the observations

come from a normally distributed population [27].

Definition. A two-sample t-test is a method used to test whether the unknown population

means of two groups are equal or not [27].

Lemma 5.2. Let x̄ and ȳ be the sample means of two sets of data of size nx and ny respec-

tively. If x and y are normally distributed, or nx and ny are sufficiently large for the Central

Limit Theorem to hold, and x and y have the same variance, then the random variable

t =
(x̄− ȳ)− (µx − µy)

s
√

1
nx

+ 1
ny

has distribution T(nx+ny-2) where

s2p =
(nx − 1)s2x + (ny − 1)s2y
(nx − 1) + (ny − 1)

.

The pooled variance, s2p =
(n1−1)s21+(n2−1)s22

n1+n2−2
, provided that the sample variances are as-

sumed equal, estimates a common variance between the two samples.

When conducting a two-sample t-test where the variances are unknown, it must then be

determined whether these unknown variances are assumed equal or unequal.

To find if the variances are equal or not, we can conduct an F -test, denoted by

F =
S2
X

S2
Y

[13].

Thus, we proceed with one of two formulas.
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Theorem 5.3 (Two-Sample T-Test, σ unknown, assumed equal). [9]

t =
x̄1 + x̄2√

(n1−1)s21+(n2−1)s22
n1+n2−2

(n1+n2

n1n2
)

If the variances are assumed equal, we use Theorem 5.3 to find the test statistic. The

numerator, x̄1 + x̄2, denotes the difference of the two sample means. The denominator

estimates the standard error of the difference in the two population means [27]. In the

denominator, we have the square root of the pooled variance multiplied by the sum of the

two sample groups, divided by their product.

Theorem 5.4 (Two-Sample T-Test, σ unknown, unequal). [9]

t =
x̄1 + x̄2√
s21
n1

+
s22
n2

If the variances are unequal, we proceed with Theorem 5.4 to find the test statistic. Here,

the denominator represents overall standard error, but instead of using a common variance,

we take the standard error of each group.

We can observe that the numerator of each formula remains the same. As before stated,

the numerator, x̄1 + x̄2, denotes the difference of the two sample means. The difference

between the two formulas for two sample t-tests lies in the denominator when dealing with

representation of standard error. Regardless of which formula is used, the end result provides

us with a test statistic stating whether the population means of two groups are equal or not.

Proof. We aim to prove Theorem 5.4.

Let σ be the standard deviation of x and y. Then, by the Central Limit Theorem

(Theorem 5.1), x̄− ȳ has a normal distribution (as shown in Figure 4) with a mean µx − µy
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and the standard deviation

√
σ2

nx

+
σ2

ny

= σ

√
1

nx

+
1

ny

Random variable z has a standard normal distribution with arbitrary mean µ and stan-

dard deviation σ by applying the following formula:

z =
x− µ

σ

Defining random variable z as follows, we know that z has distribution N(0, 1).

z =
(x̄− ȳ)− (µx − µy)

σ
√

1
nx

+ 1
ny

In applying the chi-squared distribution probability density function (pdf),

f(x) = 1
γ(α)θα

xα−1e−x/θ, we find that (n−1)s2x
σ2 has distribution χ2(nx − 1) and

(n−1)s2y
σ2 has

distribution χ2(ny − 1), with nx − 1 and ny − 1 degrees of freedom, respectively. So,

u2 =
(nx − 1)s2x

σ2
+

(ny − 1)s2y
σ2

has distribution χ2(nx + ny − 2). Here, we have combined the degrees of freedom:

(nx − 1) + (ny − 1) = (nx + ny − 2).

Now, defining t = z
√
m

u
, where m = nx + ny − 2, we can use our previously defined

variables, z and u to find t.

t =
z
√
m

u
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=

((x̄−ȳ)−(µx−µy))
√

nx+ny−2

σ
√

1
nx

+ 1
ny√

(nx−1)s2x+(ny−1)s2y
σ2

Multiplying by the reciprocal of the denominator, we get:

=
((x̄− ȳ)− (µx − µy))

√
(nx−1)+(ny−1)

(nx−1)s2x+(ny−1)s2y√
1
nx

+ 1
ny

=
((x̄− ȳ)− (µx − µy))

1
s√

1
nx

+ 1
ny

=
((x̄− ȳ)− (µx − µy))

s
√

1
nx

+ 1
ny

where s is defined as in Lemma 5.2.

It follows by Lemma 5.2 that t has distribution T (m). [30]

Definition. The covariance is the average of the products of deviations of each observation

from its respective mean [5].

Theorem 5.5 (Covariance). The covariance, denoted by cov(X, Y ), is represented in the

following equation:

cov(X, Y ) =

∑N
i=1(xi − µx)(yi − µy)

N

[9].

Definition. Correlation is a statistical measure that expresses the extent to which two

variables are linearly related. The correlation coefficient (r) quantifies the strength of

the relationship between two variables [5].
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Theorem 5.6 (Correlation Coefficient). The correlation coefficient, denoted by r, is ex-

pressed using the following formula:

r =

∑
(xi − x̄)(yi − ȳ)√∑

(xi − x)2
∑

(yi − y)2

In a situation where we know the covariance, we can use this information to find the

correlation coefficient, ρ. Note that the correlation coefficient can be represented by either r

or ρ. Using ρ, we can find the correlation coefficient in terms of covariance.

ρxy =
cov(X, Y )

σxσy

[9].

The closer to 1 the r-value is, the more positively correlated the two variables are. The

closer to -1 an r-value is, the more negatively correlated two variables are. An r-value of 0

implies no correlation between the two variables.

6 Statistical Analysis

In this paper, we considered the sports of tennis, golf, and basketball. To analyze trends

and relationships within compensation of each sport, we must consider a variety of data.

Using Google Sheets, we can utilize different statistic analyzing functions to produce our

test statistics.

In Figures 5-9, we see a collection of many salaries across men’s and women’s leagues of

each sport. Gathering as many salaries as possible makes a more accurate data set.
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Since the number of salaries collected per sport varied, we focus on a randomized sample

of 30 salaries per sport, as seen in Figure 10. These random samples were taken from the

original salary lists, as mentioned before, using a random number generator. This randomized

sample served as a representative for salaries of men’s and women’s leagues of each sport.

In terms of gender pay equity in sports, we can develop our own hypotheses.

• Research Hypothesis (HA): There exists a difference in pay between men and women

in professional sports.

• Null Hypothesis (H0): There does not exist a difference in pay between men and women

in professional sports.

We aim to reject the null hypothesis.

Figure 11 lists mean salaries and revenue for men’s and women’s leagues of each sport [24],

[23], [21], [8], [26]. Then, a t-test is conducted between men’s and women’s leagues for each

sport to produce a p-value. This p-value indicates statistical significance in pay discrepancies

between men and women of each sport. Additionally, an F-test was necessary in finding the

equality of variances for each sport. If we conducted a t-test by hand, rather than in Google

Sheets, this F-value would indicate which t-test formula to use. Since a p-value of 0.05 or

lower proves statistical significance, we can see in the ”T-Test/P-Value” table of Figure 11

that tennis did not produce a significantly significant p-value, while golf and basketball did.

Since the p-value for tennis, 0.2716294966 > 0.05, we cannot reject the null hypothesis.

Hence, we have found that there does not exist a significant difference in pay between men

and women in professional tennis. The p-value for golf, 0.0001787899716 < 0.05, so we can
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reject the null hypothesis. Hence, we have found that there exists a difference in pay between

men and women in professional golf. The p-value for basketball, 0.0000001426374965 < 0.05,

so we can reject the null hypothesis. Hence, we have found that there exists a difference in

pay between men and women in professional basketball.

Now, considering the ”Correlation Coefficient (r) -Between Mean Salaries and Revenue”

table of Figure 11, we can look at the relationship between mean salaries and revenue.

For tennis, we see that mean salaries and revenue have a correlation coeefficient, r = −1.

This would imply that there exists a direct negative correlation between mean salaries and

revenue. Here, we considered the mean salaries of the ATP and WTA, and how these relate

to their respective revenues. Since revenue was ultimately greater than the mean salaries,

this results in a negative correlation coefficient. Since purses are determined in advance,

revenue is not always a direct factor. For golf and basketball, we have correlation coefficients

of r = 1. This means mean salaries and revenue have a direct positive correlation in both

sports.

7 Conclusion

In this paper, we have considered the pay gap between male and female professional

athletes in tennis, golf, and basketball. We found that there was not a significant difference

in pay between men and women in tennis. However, we have confirmed the existence of

pay discrepancies between men and women in both golf and basketball. We have found

the correlation between league revenue and salaries to be subjective, depending on leagues.
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Some leagues contribute their revenue to player salary, while others do not. Ultimately, the

gender pay gap in the United States translates into the world of sports.
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Figure 5: Salaries
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Figure 6: Salaries
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Figure 7: Salaries
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Figure 8: Salaries
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Figure 9: Salaries
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Figure 10: Randomized Sample
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Figure 11: Data Analysis
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