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Abstract

This thesis analyses the wage discrimination against the European players in

the National Hockey League (NHL). There were some results in the past litera-

ture acknowledging the existence of discrimination in the NHL. The main goal

of this thesis is to examine the discrimination in the NHL using new data from

season 2020-2021. Another goal is to extend past literature by including the

models for goalkeepers because they were omitted in most of the literature, and

by using modern advanced statistics to better analyse the players’ skills. The

method used to analyse the relationship between dependent and independent

variables is linear regression. OLS is used to estimate the coefficients of the

created models. The estimation of the created models arrives at an unexpected

conclusion. There is no discrimination against European or Russian skaters in

the NHL. But there is positive discrimination against Russian goalkeepers in

the league.
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Abstrakt

Tato bakalářská práce analyzuje platovou diskriminaci evropských hráčů v Na-

tional Hockey League (NHL). Několik studií v minulosti potvrdilo existenci

diskriminace v NHL. Hlavním cílem této práce je prozkoumat diskriminaci

v NHL pomocí nových dat ze sezóny 2020-2021. Dalším cílem je rozšířit

starší studie o modely zkoumající platy brankářů, protože ty byly opomí-

jeny ve většině literatury, a o využití moderních pokročilých statistik pro lepší

analýzu dovedností hráčů. Metoda použítá pro analýzu vztahu mezi závislými

a nezávislými proměnnými je lineární regrese. OLS slouží k odhadu koeĄcientů

vytvořených modelů. Výsledky výzkumu došly k nečekanému závěru. V NHL

neexistuje žádná diskriminace evropských nebo ruských hráčů v poli. Naopak

se v lize vyskytuje pozitivní diskriminace ruských brankářů.

KlasiĄkace JEL C01, C12, C21, C51, J30, Z20

Klíčová slova NHL, OLS, Plat, Země

Název prǎce Platová diskriminace evropských hráčů v
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Chapter 1

Introduction

The main goal of this thesis is to answer the question if there exists wage

discrimination against the European players in the National hockey league

(NHL). Much more European players play in the NHL than in the other North

American sports (such as Baseball or American football). The reason for that

is the big popularity of Ice hockey in many European countries. For a big part

of the 20th century, the French-Canadian players were discriminated against on

the English-Canadian teams (Sirois (2010)). But that was at the times when

more than three-quarters of all players in the NHL were Canadians. With the

rise of the number of Europeans playing in the NHL, there is a question if they

are negatively discriminated against in the same way that the French-Canadian

players were.

There exist papers written about this topic, but none in the last few years.

For example, Bruggink & Williams (2009) found weak evidence of discrimi-

nation against the European players. But their research used data from the

years 1992-2002, which is more than 20 years old now. The expectation should

be that the discrimination is disappearing from the league altogether. So the

main motivation for this thesis is to Ąnd evidence of negative discrimination

or proof that discrimination is no longer part of the league. This thesis uses

linear regression with the OLS estimation to analyse determinants of salary in

the NHL. Using dummy variables for Europe and Russia we can discover if the

nationality of the player affects their salary.

The main contribution of the thesis is updating research about discrimina-

tion against the Europeans in the NHL. Professional sport is always changing,

so it is necessary to do the analysis using modern data. Another thing is ex-

tending the research by creating the model for goalkeepers because they were



1. Introduction 2

omitted from most of the literature written about the NHL. Lastly, this thesis

is going to use modern advanced statistics to analyse the individual effect of

players’ skills on their salary level.

Chapter 2 provides a summary of the salary and contract system of the

NHL. Chapter 3 consists of an overview of the literature. This chapter discusses

discrimination in the NHL and in other professional sports as it was explained

by other authors. Chapter 4 describes the dataset that is used for the analysis.

Chapter 5 explains the models and methods used for the linear regression.

Results of the estimation can be found in chapter 6. Chapter 7 concludes the

thesis.



Chapter 2

Salary and contract system in the

NHL

This chapter provides a summary of the key attributes of the Salary system

and the other aspects of the NHL. It is important to understand some of the

key deĄnitions of aspects of the NHL market, so this thesis can analyse them.

The most important document is the Collective Bargaining Agreement

(CBA), which is a written contract between the National hockey league (NHL)

and the National Hockey League Players’ Association (NHLPA). The NHL is

represented by 32 team owners and the league commissioner (currently Gary

Bettman (NHL (2022))). The NHLPA is the labour union of professional Ice

hockey players who are currently under active contract in one of the 32 teams

in the NHL. Their main task is to act as the bargaining unit on behalf of the

players. They support players by assisting them in salary arbitration, through

development programs, and by representing them in negotiations of the terms

of the CBA (NHLPA (2022)).

The Collective Bargaining Agreement (CBA) between the NHLPA and the

NHL sets out the terms and conditions of employment for all professional

hockey players playing in the National Hockey League, as well as the respective

right of the NHL Clubs, the NHL, and the NHLPA. (NHLPA (2022))

The negotiations over the CBA are usually long and complicated. The

negotiations in the years 2005 and 2013 included a lockout of the NHL for at

least part of the season (NHLPA (2022)). The latest one was signed in 2020,

as an extension of the last CBA with some modiĄcations and is valid until

September 15, 2026.
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An important difference between NHL and other, mainly European, sports

leagues is the existence of the salary cap. The salary cap is an upper limit on

the amount that the team managers can spend on players’ salaries. It can have

many forms. For example, there can be a maximum salary that can be given to

one player, or there can be a limit on the percentage of revenue that the team

can spend on players. There are also other limitations, such as the limit on the

number of players that can be on the team’s active roster. All 4 main North

American sports leagues (NHL, NFL, NBA, MLB1) have their own versions of

the salary cap. On the other hand, most of the sports leagues in Europe do

not have salary caps (Vassallo (2020)).

In the NHL the salary cap limits each team on how much they can spend

on their roster in a single season. The projected cap hit of the team is based

on the sum of the cap hits of the active roster. The players’ salary is normally

different every year, but the cap hit is counted as the average value of the

current contract. It is calculated by dividing the sum of the player’s salary

for the whole contract plus the signing bonuses by the contract’s length. In

addition, any other cap obligations, such as buyouts or retained cap amount

from past trades, is also part of the team’s cap hit. The salary cup normally

increases every season. It currently stands at $81.5, and it is expected to rise

to $82.5 for the season 2022/2023.

An important term for this thesis is cap space, which is connected with the

salary cap. It is an estimate of how much of a cap hit a team can add to its

roster. We can difference between Cap space today and projected end-of-season

cap space. It is very important because it can decide how much a team can

afford to pay a player, and still satisfy the salary cap (Sportsnet (2022)).

This thesis will focus more on the Players’ salaries than on cap hits. The

salary is the total compensation that the NHL player receives in one year,

which includes signing bonuses, but it doesn’t include performance bonuses.

Performance bonuses can player earn for playing in the playoff of the NHL

(Sportsnet (2022)).

Most young players enter the NHL via the entry draft. The NHL draft

is an annual meeting, which takes place normally 1-3 months after the end

of the NHL season. In the draft, each NHL franchise selects rights for young

Ice hockey players who meet eligibility requirements. Teams can choose North

American players, which are 18-20 years old, and European players which are

1National Hockey League, National Football League, National Basketball League, Major
League Baseball
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18-21 years old. Young players must turn 18 by September 15 to be eligible for

the draft (Ice Hockey Wiki (2019)).

The order in which teams choose players is decided at the NHL draft lottery.

The entry draft exists, so the league is fair and balanced. So the teams that

had a bad season are going to get a high draft pick and with that the potential

to get a future superstar player for their team. And the lottery exists, so the

teams do not have any motivation to lose matches on purpose. So the lottery

decides at which order the 16 worst teams of the season choose players at the

draft. Each team can move up at a maximum by 4 places. For example, the

4th worst team can still get a number 1 choice at the draft, but the 5th worst

team does not have this option. The 16 best teams in the league do not take

part in the lottery, and their order is decided by ranking in the season. So the

winner of the NHL season gets the 32nd pick at the draft, and so on (Sportsnet

(2022)).

All NHL players are either restricted free agents (RFAs), or Unrestricted

free agents (UFAs). A player is a free agent in the season in which his contract

is ending. The team owns the right on that player, which is RFA, which is

beneĄcial for that team. The only team that can sign a standard contract with

the NHL player is the one that owns his rights. Other teams can sign restricted

players only via offer sheets. But if the player signs an offer sheet with a new

team, that team must compensate the player’s former team with draft picks.

The number of draft picks depend on the new salary of the player. The higher

salary means more and better draft picks. So it is costly for a team to make an

offer sheet to some player, and because of that, it happens rarely (Sportsnet

(2022)). Also, all new players, which are younger than 25 years old, must sign

an entry-level contract, which has a set of limitations. There is a limit on the

maximum salary for an entry-level contract. In season 2020-2021 it was $700

for a year. For players 18-21 years old the contract needs to be signed for 3

years. For players, that are 22-23 years old the contract is for 2 years, and for

24 years old players the contract is valid for just 1 year (CapFriendly (2022)).

Unrestricted free agents are free to negotiate and sign deals with any teams

they want. Their position in negotiations about salary is much stronger because

of that. It is not unusual that once a player becomes UFA, then he signs a

contract that will secure him Ąnancially for life. There are speciĄc rules for

how a player can become UFA. The most common is that a player is 27 or

more years old, or accrued 7 seasons of playing in the NHL. The season counts

as accrued if a skater appeared at least in 40 games or in the case of goaltenders
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in 30 games. There are other options for a player on how to become the UFA,

but they are not very common. Most of them account for a situation, where

the team that owns the rights to the player won’t offer him a new contract

(Sportsnet (2022)).



Chapter 3

Literature overview

This chapter is divided into 2 subsections. First subsection deals with literature

about discrimination in professional sports. The second part is concerned with

previous literature that was done about discrimination in the National Hockey

League.

3.1 Discrimination in the professional sports

There are many forms of discrimination in professional sports that can be anal-

ysed. There are two important factors in researching discrimination in sports.

Who is the discriminated group, and in what way they are discriminated.

Especially in the USA, racial discrimination is getting the most attention.

But there can also be discrimination based on gender or nationality, and many

others. It is important to examine the literature in relation to the year it was

written. For example, the Ąrst black player in Major League Baseball (MLB)

was allowed in 1947, so it is necessary that the evidence for discrimination was

stronger in the 1960s than in the 1990s (Harner (2021)). Overall expectations

are that discrimination should be disappearing over the years. And that is one

of the main questions that this thesis attempts to answer. Is there still some

form of discrimination in the NHL or not?

There are many ways in which professional sports players can be discrimi-

nated against. The main and the most obvious one is salary or wage discrimi-

nation. After all, the main goal of this thesis is to analyse wage discrimination.

The idea is that two players can be completely similar in all but one aspect,

which has nothing to do with the skills in the sport. And because of that

thing, one has a higher wage than the other player (Bruggink & Williams
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(2009)). Other than that there can be retention discrimination, entry-level dis-

crimination, or even draft discrimination. In all of these characteristics, there

can be a problem of unequal treatment, which is based on race, nationality, or

other factors. Retention discrimination means that the team keeps one player

rather than the other without logical reason. Entry-level discrimination means

not accepting some rookie to the league even when he is good enough. Draft

discrimination is the same thing happening at the draft selection (Conlin &

Emerson (2005)).

Kahn (1991) reviews studies about discrimination in professional sports in

North America. The study found strong evidence of salary discrimination based

on race in Basketball, and weaker evidence of salary discrimination in Ice hockey

against French-Canadian hockey players. In Baseball and American football,

there was no evidence to support classical salary discrimination against black

players, but there is evidence of segregation by player position. For example in

American football black players were underrepresented in quarterback, kicker,

and linebacker positions. Lastly, in tennis, there is evidence of discrimination

against women players in terms of prize money, even though the revenue from

women’s tennis is not so different from male tennis.

The main explanation for the position or salary discrimination is given

in the form of customer prejudice. Customer discrimination is important for

the revenue of the sports teams. For example in Ice hockey, fans of English-

Canadian teams want their best players to be English-Canadian. And because

of this, team managers are more willing to pay bigger salaries to the players,

that fans desire on their teams (Kahn (1991)).

There are more methods how to describe salary discrimination in profes-

sional sports. Kahn (1991) mentions that the most common one is to regress

a players’ salary (or logarithm of salary) on the set of performance indicators

and the dummy variable (or variables) representing the possibly discriminated

group or groups of players. The coefficient on the dummy variable can then be

seen as a discrimination coefficient, considering its signiĄcance in the formula.

The possible problem with this approach is the necessity to choose correct per-

formance indicators and to have a large enough sample size, that the results of

the analyses apply to all players and not just the sample group.

Other less common methodologies try to deal with these problems. For

example market test for discrimination investigate if the team with the majority

of players from one group performs signiĄcantly better than a team with a

different majority. If that was the case, there could be made an assumption
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that one group of players is underappreciated. Using this knowledge, there

is a possibility of analysing fairness of the whole market for a given sport,

and with that answer a question of discrimination (Deschamps & De Sousa

(2021)). Another approach to researching wage discrimination is to use quantile

regression. With this method, the model speciĄes that some quantile of the

conditional distribution of the salary is a linear function of the explanatory

variables. This approach is especially good for comparing low-paid players

with high-paid players. Also with this method, the conditions of the linear

regression don’t have to be met (Vincent & Eastman (2009)).

It could seem that the closer to the present, the less discrimination there was

in the professional sport. But that does not have to work in all cases. Naito &

Takagi (2017) analysed racial discrimination in the National Basketball League

(NBA), on the data from the year 1984 to the year 2015. The paper suggests

that although discrimination was slowly disappearing from the NBA in the

1990s, it started to emerge around the 2000s, and reached around 20% in the

2010s. Their paper suggests that even nowadays, it is still necessary to research

discrimination in sports.

This thesis is concerned mainly with the NHL, and with North American

sports in general. But that does not mean there are no good topics to inves-

tigate about discrimination in European sports. For example, Deschamps &

De Sousa (2021) analysed how labour mobility can be a great way, how to Ąght

against discrimination. Their paper used data from English football to prove,

that with the right market conditions, racial discrimination between white and

non-white workers can disappear altogether. And that is exactly what the

paper proved.

3.2 Discrimination in the NHL

There were many rumours in the National hockey league in the 20th cen-

tury, that there exists discrimination against French-Canadian players on the

English-Canadian teams and to a lesser extent vice versa. Most of the litera-

ture supported this theory (Sirois (2010)). They were arguing that on English-

Canadian teams between two equal players, the one who is not French-Canadian

would get a bigger salary without any logical reason for it.

Some literature argued this statement, and according to their research, there

was no discrimination in the NHL. Jones & Walsh (1988) found out that the

one most important attribute, which explains a player’s salary is his skill. But



3. Literature overview 10

even this paper suggested that there is still a strong possibility of having some

omitted variables, which would explain discrimination in the NHL.

This topic is no longer relevant in the 21st century. The reason for that is

simple. In the year 1980, almost 82% of all players in the NHL were Canadians,

which is part of the reason why there was a Ąght between French and English

speaking Canadians. In the year 2019, there were only 43.5% of all players

Canadians. And this number is still decreasing (Szporer (2022)). Because of

this development, discrimination against French Canadians is not considered a

current topic anymore.

But that does not mean that the topic of discrimination would be irrelevant

for the NHL. With more players coming to the league from Europe every year,

it is reasonable to analyse if there exists some kind of discrimination against

those players. Over 30% of all players in the NHL are European (Szporer

(2022)). Also, there is a possibility that there would be discrimination against

only Russian players because the hockey environment in Russia is different than

in other European countries.

Bruggink & Williams (2009) suspected in their paper that European players

would be more likely to be discriminated against in Canada than in the USA.

The reason for this is that Ice hockey is still seen by many people as the only

Canadian sport and that European players are stealing jobs from Canadians.

The paper regressed the logarithm of salary on some physical attributes and

on the team factors. The watched variables are the nationality of the players

connected with team locations. Research of the paper found weak evidence

(signiĄcant at a 10% level) of wage discrimination against the European players

on the Canadian teams. They found no evidence of discrimination in the USA.

But an important factor is that the paper used data from the years 1992-2002 so

the data are more than 20 years old now. The paper also focuses only on skaters

and gives bigger importance to offensive statistics than to defensive ones, which

are harder to analyse. The paper also suggests that wage discrimination is still

an open topic for the NHL.

It was discussed that wage discrimination is the most common form of dis-

crimination in professional sports, but it is not the only one. Another common

form of discrimination is entry-level one. And for North American sports, it

is tightly connected with the draft ranking. Christie & Lavoie (2015) analysed

in their paper hiring discrimination at the time of the draft. The paper uses

data from the season 2009-2010. Compared with previous studies on the same

topic, the paper suggests that there has never been any form of discrimination
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against American hockey players. Also according to the study entry discrim-

ination against French-Canadian players, which existed in season 1992-1993,

disappeared altogether. One possible explanation for this is that the league

became much more offensive-minded after the lockout in the season 2004-2005.

This development favoured players coming out of Quebec Major Junior Hockey

League (QMJHL), which is a league mainly for junior French-Canadian players,

and there existed a strong prejudice that it is much more offensively focused

than the other junior hockey leagues in Canada.

On the other hand, Christie & Lavoie (2015) suggests that even though

the situation improved, there is still some form of entry-level discrimination

against non-Russian European players. And for Russian players, the situation

did not improve at all. For a given draft position there is twice as bigger a

differential as for the other Europeans. The possible explanation for this is

the so-called Kontinental Hockey League (KHL) effect. KHL is the Ice hockey

league in Russia, which is considered by most experts as the second-best hockey

league in the world behind the NHL. The term can be explained by the fear

of team managers in the NHL that they would draft a Russian player, and the

player would then refuse to play in the NHL. Instead, he would decide to stay

in the KHL in Russia. To a lesser extent, this can also be an explanation for

discrimination of the non-Russian European players, because many Europeans

decide to play in the KHL. It is a safer choice for managers to use high draft

picks on North American players than on European players. An important

thing to add here is that the study could assess only players that were drafted,

which are supposed to be better prospects (In professional sport, a prospect

is any player whose rights are owned by a professional team, but who has yet

to play multiple games for the team (Ice Hockey Wiki (2022))). For players,

which have never been drafted, the entry barriers are much higher. It is easier

for the sports managers to replace them with North American players, which

are, in the eyes of the managers, a safer choice. But it is much harder to analyse

entry-level barriers for undrafted players.



Chapter 4

Data description

4.1 Data characteristics

This chapter focuses on describing the main sources of the data for this thesis,

and the ways in which the data were modiĄed to Ąt in the models, which are

described in the next chapter.

Data were obtained for the NHL season 2020-2021. There was an option of

using data from more seasons, which would result in panel data. That would

have the advantage of having a bigger sample for the analysis. On the other

hand, there would be a very different number of variables for each player, due to

players entering and leaving the league. Another problem would be connected

with players signing new contracts between seasons, which could be problematic

to observe in the model. Using data only from one season means a smaller data

size, but also a clearer explanation of the salary of the players, considering that

each player has only one contract in the season, so his salary can not change

in the middle of the season.

Generally, the amount of players’ data in professional sports is considerable.

But it is necessary to Ąnd the data that Ąts the question or statement of

the paper. Statistics from the NHL are available in many sources. The key

argument for this thesis was the necessity to obtain data about players’ salaries,

which are not officially accessible by the NHL. The main part of the data for

this thesis was obtained from CapFriendly (2022). The website capfriendly.com

is a successor of the CapGeek website which was used in the older articles

researching the NHL. It focuses mainly on the business aspect of the league,

and as such, it contains precise data about the contracts of the players, as well

as other game statistics (Straw (2015)).
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Information about players’ salaries and most of the statistics were obtained

from capfriendly.com. In order to get the information for which team the play-

ers played, the data needed to be extended. The Ąnal dataset was a combination

of two sources. The second one was the official website of the league, which is

NHL (2022). The information about the teams was necessary for determining

if the player played for the Canadian or for the American team. Some players

changed their teams during the season. But we are taking data from one point

in time, which is the end of the season. So each player has assigned to him the

team he ended the season with. An important factor here is that the contract

stays with the player. Even if he changes the team during the season, he is still

playing under the same contract for the whole season.

Data for this thesis was obtained for the season 2020-2021. It is the most

recently Ąnished season. It was played during the Covid-19 pandemic, and

because of that, there were only 56 games played in the regular season. The

normal NHL season consists of 82 games in the regular season. But considering

that the usual season of other Ice hockey European leagues ranges between 50

and 60 games, this should not be a problem for the data to be credible.

Normally, there is some benchmark for the minimum number of games that

players appeared in the match. For example, Vincent & Eastman (2009) used

for their research only players with 10 or more games in the season. Bruggink

& Williams (2009) set their limit at 20 games, in order to use only players that

signiĄcantly participated in the season. On the other hand, some papers do

not use any limitations to have as much information about players as possible.

This thesis used 5 games limit, in order to get more players from different

nationalities, but also used some minimal benchmark, in order to dispose of

players with absolutely minimal participation.

Considering all of these aspects, the dataset used in this thesis consists of

890 players. Out of that 2 datasets were created, one for the skaters, and the

other one for the goalkeepers. The dataset for skaters consists of 811 players,

and the one for goalkeepers consists of 79 players.

4.2 Variables

There is a list of all variables that were created from the original dataset.

In order to use some statistics as independent variables in the models, some

dummy variables needed to be created. Additional variables were created using
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some mathematical operations with the original variables. The table of the

summary of all other variables can be found in the appendix.

• New variables representing the countries of origin were CANADA, the

USA, RUSSIA, EUROPE, and EUROPE2. EUROPE consists of all

European players except the players from Russia (which are obtained in

variable RUSSIA). EUROPE2 consists of all European players includ-

ing Russian-born players.

• CAN_TEAM is equal to 1 if the player ended the season playing for the

Canadian team and 0 if for the American team.

• Variable CENTER shows if the skater is able to play the center position.

• Variable RIGHTHANDED represents if the player is right-handed or

left-handed. It is equal to 1 if he is right-handed and 0 if he is left-handed.

• DRAFT captures the effect of the NHL draft. There are more ways

how to show the effects of the NHL draft in the analysis. There is an

option of separating between the draft rounds or creating a single dummy

variable, which symbolises if the player was drafted before or after some

position. Because throughout the years there were a different number of

teams in the league, this thesis set that the variable DRAFT is equal

to 1 for players drafted in the Ąrst 31 positions and 0 for the rest. This

represents everyone drafted in the Ąrst round and the Ąrst player drafted

in the second round, for players drafted before the 2017 draft. For players

drafted in later drafts, 31 is the number of players drafted in the Ąrst

round of the NHL draft.

• Variable AGE represents the age of the players at the end of the season.

And the newly created variable AGE_SQR is AGE squared.

• Variable SALARY represents the wage of the players for season 2020-

2021. This paper intends to use a log-level model, so variable lSALARY

was created. It is simply the logarithm of SALARY .



Chapter 5

Methodology

Chapter 5 is divided into three subsections. In the Ąrst subsection, there are

explained general characteristics of the model. The other two subsections both

describe the Ąnal models. And together with that, they explain the independent

variables and their expected effect on the dependent variable.

5.1 Model characteristics

This thesis is working with the cross-sectional data, which are discussed in

the previous chapter. The method used to analyse the relationship between

dependent and independent variables is linear regression. The basic model

structure, this thesis is working with, is y = β0 + β1xi + ui.

After creating a model there is a necessity to estimate the parameters.

Most of the literature researching similar topics, such as Kahn (1991) used the

Ordinary least squares (OLS) method to estimate the model. Some papers used

Quantile regression together with the OLS, but normally their results were very

similar to the rest of the literature (Vincent & Eastman (2009)). So this thesis

will use the OLS method to Ąnd the estimates of the parameters.

We want our estimates to be the best linear unbiased estimators. In order

to achieve that using the OLS, our model needs to satisfy the Multiple linear

regression assumptions (Wooldridge (2016)). The data are sampled randomly

and the parameters in the model are linear. We can assume a Zero conditional

mean. No independent variable can be constant and there cannot be any perfect

collinearity in the model. None of the independent variables is constant. Some

variables are strongly correlated, such as age and age squared but one is based

on the other, so there must be a strong correlation between them. Also, some of
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the advanced statistics are correlated with each other, and with other variables.

But there are no exact linear relationships among the independent variables,

so this assumption is satisĄed as well. Correlation matrices can be found in

the appendix.

So the only assumption that could be violated is Homoscedasticity. This

assumption means that the error u has the same variance given any values of

the explanatory variables (Wooldridge (2016)). We can test the Homoscedas-

ticity using the Breusch-Pagan test. Here the null hypothesis is Homoscedas-

ticy against the alternative hypothesis of Heteroscedasticity. For both models

with skaters, we can reject the null hypothesis with a 5% signiĄcance level,

which means that we need to deal somehow with the Heteroscedasticity. There

is an easy solution, and that is to replace normal standard errors with the

Heteroskedasticity-robust standard errors. Problem with the heteroscedastic-

ity is the fact that the inference testing is not valid because the standard errors

are biased. Robust standard errors work only for large samples due to the

Law of large numbers and the Central limit theorem. Because we have much

more than 100 degrees of freedom in the models for skaters (811 players in the

dataset), we can use them. Now the standard errors are asymptotically valid,

so we can do inference testing. For two models for the goalkeepers using the

Breusch-Pagan test, we cannot reject the null hypothesis, which means that we

can assume Homoscedasticity for those models.

All 4 Breusch-Pagan tests can be found in Appendix in Table B.2 and Table

B.3.

5.2 Wage models for skaters

This thesis is using the standard approach in modeling the wage equation. That

means the model is a log-level earnings equation, which uses the logarithm of

SALARY as the dependent variable and a combination of physical attributes,

experience, and offensive statistics as the independent variables (Vincent &

Eastman (2009)). Some advanced statistics are added to account more for the

contribution of the defensive players. The variables for the country of birth

and the country of the team are added to this equation, to answer the main

hypothesis of this thesis. There are two models estimated for skaters. One

differentiates between European and Russian players, and the second one has

both nationalities in one variable. So the regression model used to estimate
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the logarithm of salary for player i = 1, ..., 811, differentiating between Russian

and European players is

log(SALARYi) =

β0+β1GPi+β2Gi+β3Ai+β4AGEi+β5AGE_SQRi+β6RIGHTHANDEDi+

β7DRAFTi +β8CENTERi +β9PLUSMINUSi +β10TOIi +β11WEIGHTi +

β12HEIGHTi + β13CFi + β14CAi + β15xGFI + β16xGAi + β17EUROPEi +

β18RUSSIAi+β19USAi+β20CAN_TEAMi+β21EUROPEi∗CAN_TEAMi+

β22RUSSIAi ∗ CAN_TEAMi + ui.

And the second model, where the Russia-born players are counted as Eu-

ropean players is

log(SALARYi) =

β0+β1GPi+β2Gi+β3Ai+β4AGEi+β5AGE_SQRi+β6RIGHTHANDEDi+

β7DRAFTi +β8CENTERi +β9PLUSMINUSi +β10TOIi +β11WEIGHTi +

β12HEIGHTi + β13CFi + β14CAi + β15xGFI + β16xGAi + β17EUROPE2i +

β18USAi + β19CAN_TEAMi + β20EUROPE2i ∗ CAN_TEAMi + ui.

Coefficient β0 represents the intercept of the equation and ui is the er-

ror term of the equation. The main interest of this thesis lies in country

variables EUROPE, RUSSIA, EUROPE2 and their interaction with the

CAN_TEAM variable. The expectation is that some of these variables could

negatively affect the salary, thus showing that there still exists some form of

discrimination in the NHL. There is also an option of proving the opposite,

that is, that there is no discrimination against European (or Russian) players

in the league. Country variable CANADA is kept out of the equation to avoid

the dummy variable trap.

Variables GP , G, and A represent respectively games played, goals, and

assists. The expectation is that β1, β2, and β3 all are positive because a player

with more goals or assists is offensively valuable for the team. More games

played in the season show that the player is a standard member of the team

and does not suffer injuries very often, and because of that, he deserves a higher

salary.
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Players are supposed to improve their skills over time, but this effect is

diminishing. After a certain age (which is different for every player) the players

will get worse. This effect can be seen by including a quadratic variable in the

model. Variable AGE represents the age of the players at the end of the season,

and AGE_SQR is the age squared. So the expectations are that β4 > 0 and

β5 < 0.

Left-handed players, and especially the left-handed defenders, supposedly

have slightly higher earnings. The reason for this is that in the defensive pair

it is beneĄcial to have one left and one right-handed player, and left-handed

players are rarer. Players drafted in the Ąrst round should have a higher salary,

because they have a much bigger potential of becoming stars in the league,

and they are much more known to the public. The center is said to be the

most important position for skaters, so players who are able to play center

are slightly more appreciated. The expectations are that β6 < 0, β7 > 0, and

β8 > 0.

PLUSMINUS statistic is well known, but its effect on players’ game skills

has been questioned by many Ice hockey experts. It gives the player one plus

point for every goal that his team scored when he was on the ice and one minus

point when his team concede a goal when he was on the ice. The problem with

this is that offensive players spend much more time on the ice when there is

an option to score a goal. For example, when the team is playing a powerplay.

That is the reason, why they are expected to have much better plus-minus

statistics than more defensive players. But even considering these problems,

there is still a PLUSMINUS variable in the model, because it is still so

widely used as a statistic in determining the quality of a player. The effect of

this statistic on salary should be positive.

Variable TOI represents the average time that a player spends on ice in one

game. The more time he spends on ice, the harder it should be to replace the

player. Physical variables WEIGHT and HEIGHT are part of almost every

wage model created for the purpose of analysing NHL. In the past, it was much

more important that the player is big and strong. But even now both aspects

should have a positive effect on the salary level of the player. The expectations

for this variables are that β9 > 0, β10 > 0, β11 > 0, and β12 > 0.

The last four variables are so-called advanced statistics, which represent

effects on the game, which was much harder or almost impossible to analyse

without modern technologies. Corsi for (CF ) represents the number of shots

(including missed and blocked shots), that occurred while the player is on the
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ice. Corsi against (CA) is the same thing, only it counts the shots against

the player’s team’s net. Expected goals for (xGF ) is an estimate of the total

number of goals that the team is expected to score when the player i is on the

ice. And Expected goals against (xGA)is the estimate of total goals against a

team is expected to have scored on them while the player i is on the ice. These

statistics were not used in most of the literature about ice hockey, but their

effect can be important. They are great for recognition of the defensive players,

and not just the offensive ones. Both statistics for should have positive effects

on players’ salary and both statistics against should have a negative effect (the

fewer goals team receives the better for him). So results are supposed to be

that β13 > 0, β14 < 0, β15 > 0, and β16 < 0.

5.3 Wage models for goalkeepers

Very few research papers about the NHL included models analysing goalkeep-

ers. But using modern statistics, the motivation for this thesis is to analyse

discrimination in the NHL not only for skaters but for the goalkeepers as well.

The models for them were created in the same way as for the skaters, with

country variables, variable for the location of the team, and interaction terms

between these two. One difference is that there is no interaction term between

variables RUSSIA and CAN_TEAM because all Russian-born goalkeepers

played in the American teams in the 2020-2021 season. The Ąrst model again

differentiates between Russian and European players, and the second model

joins the two in one category. Models are estimated for i = 1, ..., 79 players.

The Ąrst model is

log(SALARYi) =

β0+β1AGEi+β2AGE_SQRi+β3WEIGHTi+β4HEIGHTi+β5DRAFTED+

β6W + β7SO + β8GP + β9GAA + β10Sv% + β11GSAx60 + β12EUROPEi +

β13RUSSIA+β14USAi+β15CAN_TEAMi+β16EUROPEi∗CAN_TEAMi+

ui.

And the second model is

log(SALARYi) =

β0+β1AGEi+β2AGE_SQRi+β3WEIGHTi+β4HEIGHTi+β5DRAFTED+
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β6W + β7SO + β8GP + β9GAA + β10Sv% + β11GSAx60 + β12EUROPE2i +

β13USAi + β14CAN_TEAMi + β15EUROPE2i ∗ CAN_TEAMi + ui.

As with the skaters’ models, β0 represents the intercept of the equation and

ui is the error term of the equation. And the main points of interest are country

variables and their interaction with the CAN_TEAM variable.

Variables AGE, AGE_SQR, WEIGHT , HEIGHT , DRAFT , and GP

represent the same things as for the skaters and the presumption is that their

parameters will have the same sign as for the skaters. Especially the variable

Games played (GP ) should be more important, because goalkeepers can’t play

all the games in the season. So the goalkeeper with more games played is

considered the main goalkeeper of the team, and as such he should have a

higher wage. So the expectations are that β1 > 0, β2 < 0, β3 > 0, β4 > 0,

β5 > 0, and β8 > 0.

Variables W , and SO represent wins and shutouts (a game where the goal-

keeper stops the other team from scoring any goal) of the goalkeeper. It should

be beneĄcial for a goalkeeper to have as many victories as possible, but it is

hard to determine how much the goalkeeper contributed to the team’s success,

so this variable should have a positive effect but it should not be very signiĄ-

cant. Achieving a shutout is quite rare in Ice hockey, and as such, it should be

very positive for a player to achieve as many of them as possible. That should

mean that β6 > 0 and β7 > 0.

Goals against average (GAA) and Save percentage (Sv%) are the most com-

monly used statistics about goalkeepers. GAA represents the average number

of goals that the goaltender allows in one game. The smaller this number is,

the better for the goaltender and for the team. Save percentage is calculated

by dividing the number of saves by the number of shots. The best goalkeep-

ers should have the highest save percentage. The last statistic included in the

model is Goals saved above expected per 60 minutes of ice time (GSAx60).

This is the measure of the goaltender’s performance versus his expected perfor-

mance. It is calculated as expected goals against per 60 minutes minus goals

against per 60 minutes. If the GSAx60 is bigger than 0, that means that the

goalkeeper is doing better than expected, and as such should receive a higher

salary. The expectations are that β9 < 0, β10 > 0, and β11 > 0.
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Estimation results

This chapter is divided into two subsections. The Ąrst one deals with the

two models for skaters. And the second subsection analyses the goalkeepers’

models. Tables 6.1 and 6.2 show only partial results. There are only variables

that are more discussed in this chapter. The full models can be found in

Appendix A in Table A.1 and Table A.2. There are also modiĄed models at

the end of both subsections.

Column (1) represents the model, which differentiates between Russia and

Europe. Model (2) has the variable EUROPE2, which represents all players

from Europe or Russia. This is the same for both tables.

6.1 Results for skaters

We are using data from the season 2020-2021. Both skaters’ models have 811

observations. The limitations are that each player played at least 5 games in the

season. Both models use linear regression. We are using OLS to estimate both

models. The models satisfy all of the OLS assumptions except homoscedas-

ticity. To deal with heteroscedasticity, we are using Robust standard errors.

Because of that, the estimates are BLUE (Best Linear Unbiased Estimator).

Altogether in both models, 9 variables are signiĄcant with a 5% signiĄcance

level including the intercept. With a 10% signiĄcance level, there are 12 signif-

icant variables in the model (1) and 11 in the model (2). The difference here is

because of the variable CENTER, but in model 2 it has a p-value of 0.102 so

it is very close to being signiĄcant. Most of the signiĄcant variables have the

expected effect on the logarithm of salary, with two exceptions. Coefficients of

variables GP (Games played) and PLUSMINUS are negative, even though



6. Estimation results 22

the expectations were that they are positive. A possible explanation for the

GP can be that the star players of the teams that have certainty of advancing

to the playoffs normally miss a couple of games at the end of the regular season

to rest before the start of the Stanley Cup playoffs. Another aspect that could

have affected this variable is the Covid-19 pandemic and the fact that many

players missed at least some games because they were in the quarantine.

A negative coefficient for the PLUSMINUS variable was observed in some

previous papers researching salary conditions in the NHL, but the variable was

not signiĄcant in most of the models. There is one possible explanation for

this effect, and that is the empty net effect. When one team is losing at the

end of the game, they call off their goalkeeper to get a sixth player on the

ice, in a desperate attempt to tie the game. Usually, it results in that team

conceding a goal in the empty net, and losing the game in the process. The

losing team normally has their best offensive players on the ice (which are

usually the players with the highest salary on that team). And exactly these

players can get the minus points because of goals in the empty net. On the

other hand, the team that is leading will send on the ice more defensive players

to keep the lead. Defensive players normally don’t have an as high salary as the

offensive players. And these players will receive plus points because their team

scores a goal in the empty net. This is another reason why many Ice hockey

experts are against using the plus-minus statistic in determining the skills of

the players.

Out of the 4 advanced statistics, two of them are signiĄcant with the 10%

signiĄcance level. Those are CF (Corsi for) and xGA (Expected goals against).

Both of their coefficients have the expected sign. We must account here for the

strong correlation between all four of these statistics. With all four of them in

the models, they weaken their effects and signiĄcance. In all cases, the most

important one out of them is the CF . But the overall effect of using advanced

statistics is much smaller than expected. If we would not use them at all, the

effect on the models would be minimal.

Using Goodness-of-Fit Measures, both models seem to be working well.

The difference between R-squared and Adjusted R-squared is minimal for both

models, which is a sign that the models are not overĄtted because the Adjusted

R-squared penalizes for additional independent variables (Wooldridge (2016)).

Both R-squared are approximately equal to 0.65, which is a satisfactory num-

ber. It means that around 65% of the variance for the dependent variable

(which is the logarithm of Salary) can be explained by the used independent
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variables. That is not a perfect result, but it is a decent result.

No country variable is even close to being signiĄcant. And the same is true

for the CAN_TEAM variable and the interactions between CAN_TEAM

and country variables. There is a clear answer to the main hypothesis of this

thesis. The country of an Ice hockey skater does not affect his wage. Nor the

fact if the player plays in the Canadian team or American team.

It is also interesting to look at the coefficients of the country variables. The

coefficients for parameters EUROPE, RUSSIA, and EUROPE2 all are posi-

tive. On the other hand, the coefficient of the USA is negative. This is exactly

the opposite of what was expected. The negative effect can be partly seen in the

interaction coefficients between country variables and variable CAN_TEAM ,

but considering that none of these variables is signiĄcant the effects are not

that important.

Table 6.1: Partial wage models for skaters

Dependent variable:

lSALARY

(1) (2)

GP -0.009** -0.009**

(0.004) (0.004)

PLUSMINUS -0.007*** -0.007***

(0.002) (0.002)

CF 0.001* 0.001*

(0.0004) (0.0004)

xGA -0.011* -0.011*

(0.007) (0.007)

EUROPE 0.036

(0.048)

RUSSIA 0.042

(0.095)
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(1) (2)

EUROPE2 0.037

(0.046)

USA -0.030 -0.030

(0.045) (0.045)

Degrees of freedom 788 790

R-squared 0.6589 0.6583

Adjusted R-squared 0.6493 0.6497

F statistic 69.18 76.11

note: *p < 0.1, **p < 0.05, ***p < 0.01

Bruggink & Williams (2009) used data from the years 1992-2002 and found

weak evidence of negative discrimination against European players in the NHL.

Our paper supports their expectations that discrimination will be disappearing

from the NHL throughout the years. On the other hand, our models disprove

any possible effect that the location of the teams could have on the player’s

salary. The expectation was that there would be bigger proof of negative dis-

crimination in the Canadian teams than in the American teams.

It is interesting to compare the result from this paper with the result found

by Christie & Lavoie (2015) in their study. They analysed entry-level dis-

crimination in the league and found weak evidence for negative discrimina-

tion against European players and strong evidence for negative discrimination

against Russian players. Especially the result for the Russian players is inter-

esting because Christie & Lavoie (2015) used data from the season 2009-2010

and they expected, that the situation of the Russian players would get worse.

There are two possible explanations for why their results are different from

the results of this thesis. One is that they were simply mistaken. The situation

of Russian players improved signiĄcantly in 10 years, and now they are equal

to players from any other country.

The second possible explanation looks at the differences between Christie

& Lavoie (2015) analyses and the analyses of this paper. This thesis studies
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wage discrimination. On the other hand, their paper studied entry-level dis-

crimination. So both results could be true. There could still be entry-level

discrimination against Russian players in the NHL. But once they are in the

league, there is no salary discrimination against them.

Considering there are many variables that are not signiĄcant, it could be

beneĄcial to construct a smaller model. We modify it by using only signiĄcant

variables as independent variables. We use the 5% signiĄcance level. We add

to the model simple country variables to see if something changed about them.

We also include the CF variable. We want to examine its effect without the

other advanced statistics because CF is strongly correlated with them.

Table 6.2: ModiĄed models for skaters

Dependent variable:

lSALARY

(1) (2)

Intercept 6.521*** 6.532***

(0.694) (0.694)

AGE 0.424*** 0.423***

(0.051) (0.051)

AGE_SQR -0.007*** -0.007***

(0.001) (0.001)

G 0.029*** 0.03***

(0.005) (0.005)

A 0.01** 0.01**

(0.004) (0.004)

GP -0.009*** -0.009***

(0.002) (0.002)

TOI 0.06*** 0.6***
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(1) (2)

(0.009) (0.009)

DRAFT 0.251*** 0.251***

(0.043) (0.043)

PLUSMINUS -0.005** -0.005**

(0.002) (0.002)

CF 0.001*** 0.001***

(0.0.0002) (0.004)

EUROPE 0.036

(0.043)

RUSSIA 0.001

(0.085)

USA -0.038 -0.038

(0.044) (0.044)

EUROPE2 0.03

(0.041)

Degrees of freedom 798 799

R-squared 0.6553 0.6553

Adjusted R-squared 0.6501 0.6505

F statistic 126.4 138.1

note: *p < 0.1, **p < 0.05, ***p < 0.01

From the modiĄed model we can see that nothing important changed com-

pared to our main models. All variables have the same effect on the dependent

variable as in the main models. The R-squared and Adjusted R-squared are

almost exactly the same. All signiĄcant variables are still signiĄcant and none

of the country variables is signiĄcant. The only small difference is that the

CF variable is more important in modiĄed models than in the main models.
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The reason is probably as expected. Without the other advanced statistics, its

effect is stronger, and it is beneĄcial to include it in the model.

The most important result is that our original answer to the main hypothesis

is still the same. According to our analysis, there is no discrimination against

European or Russian players in the NHL. Country of origin is not important

for a salary of the players.

6.2 Results for goalkeepers

We are using data from the season 2020-2021 for goaltenders’ analysis as well.

Both models have 79 observations. The limitations are that each goalkeeper

played at least 5 games in the season. Both models use linear regression. We are

using OLS to estimate both models. Unlike for the skaters’ models, here both

models satisfy all of Gauss-Markov’s assumptions including homoscedasticity.

That means that we can use normal standard errors, and the estimates are

BLUE.

Without the country variables, there are 6 signiĄcant variables with a 5%

signiĄcance level including the intercept. Most of their coefficients have the

expected sign with the exception of the variable SV % (Save percentage). The

negative effect of the save percentage on salary is probably connected with the

number of games that goalkeepers play in the season. Younger, not as expe-

rienced goalkeepers normally play fewer games in the season than experienced

goalkeepers, and they also usually have a much lower salary. It is easier to

have good save percentage numbers with fewer games played. The more games

the goalkeeper play, the bigger the probability that he will worsen his save

percentage because of some bad mistakes on his side.

There is also some correlation between Sv% and GSAx60, which could

affect the coefficients. The variable GSAx60 is signiĄcant and it has a positive

coefficient as expected. Unlike with the models for skaters, here the advanced

statistic is an important part of the model, and it could be the most important

skill variable in the model because it monitors if the goalkeeper plays better

than he was expected to.

There are also two interesting distinctions between the skaters’ models and

the goalkeepers’ models. One is that the DRAFT variable is not signiĄcant

for goalkeepers. The goaltenders usually enter the NHL at a higher age than

the players in the Ąeld, so the draft is not so important for them. The second

difference concerns the already mentioned GP (games played) variable. For
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goalkeepers, the number of games played in the season is directly connected

with their status in the team. That means if they are the main goalkeeper, or if

they are just the backup option. So it is natural that the variable is signiĄcant

in both models.

There is a difference between R-squared and Adjusted R-squared in both

models. The difference is approximately 0.1, which is not a huge number but

if we would add other independent variables we would need to check if the

Adjusted R-squared doesn’t change too much, so the models are not over-Ątted.

R-squared is approximately 0.62 for both models which is a decent number to

consider the models acceptable.

We can monitor some signs of discrimination in both models. In model

(1) the variable RUSSIA is signiĄcant with a 10% signiĄcance level, and the

p-value of variable EUROPE2 in the model (2) is equal to 0.103, which is

very close to the 10% signiĄcance line. But the results are not what was

expected because both of these coefficients are positive, which could implicate

that European, and especially Russian goalkeepers are positively discriminated

against in the NHL. According to the models, a Russian goalkeeper should have

a higher salary than an equal American or Canadian goalkeeper.

There can be more reasons for this result. One possible reason was explained

by Christie & Lavoie (2015), as the so-called KHL effect. That is the fact that

the NHL team managers are not so eager to draft players from the KHL. But if

they do take some players from Russia they need to be really good players. And

as such, they have high salaries. Another possible reason is the fact that the

Russian goalkeepers are currently considered to be the best in the world. And

when the managers see so many great Russian goalkeepers (Andrej Vasilevskij,

Sergej Bobrovskij, Igor Šestjorkin), they are more willing to pay them more, in

expectation of them being as good as other Russians.

The result of these models is that there is no negative discrimination against

European goalkeepers. If something there is a little positive discrimination

against them. But their wage is mainly inĆuenced by experience and skill as-

pects, in the same way as the wage of the North American players. The variable

CAN_TEAM and its interaction parameters with the country variables are

not signiĄcant. So it does not matter if the goalkeeper play for the Canadian

or American team.

It is hard to compare our results for goalkeepers with some relevant aca-

demic literature. Very few papers about the NHL included analyses about



6. Estimation results 29

goalkeepers. And to my best knowledge, none of them used any country vari-

ables in their models to examine the effect of country of origin.

Table 6.3: Partial wage models for goalkeepers

Dependent variable:

lSALARY

(1) (2)

GP -0.009** -0.009**

(0.004) (0.004)

DRAFT 0.241*** 0.244***

(0.044) (0.044)

Sv% -29.334** -28.985**

(13.501) (13.535)

GSAx60 0.793** 0.786**

(0.374) (0.375)

EUROPE 0.222

(0.178)

RUSSIA 0.546*

(0.284)

EUROPE2 0.283

(0.171)

USA -0.141 -0.139

(0.191) (0.192)
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(1) (2)

Degrees of freedom 62 63

R-squared 0.6276 0.6195

Adjusted R-squared 0.5315 0.5289

F statistic 6.531 6.839

note: *p < 0.1, **p < 0.05, ***p < 0.01

As with the skaters, we can modify the models and use only signiĄcant

variables (5% signiĄcance level) together with country variables in the analysis.

Then we can compare it with the main models. There is a question if all

variables are still signiĄcant or not.

Table 6.4: ModiĄed models for goalkeepers

Dependent variable:

lSALARY

(1) (2)

Intercept 20.764** 20.043*

(10.409) (10.483)

AGE 0.615*** 0.608***

(0.18) (0.182)

AGE_SRQ -0.009*** -0.009***

(0.003) (0.003)

GP 0.032*** 0.033***

(0.006) (0.006)

Sv% -18.585* -17.706

(10.62) (10.69)
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(1) (2)

GSAx60 0.765** 0.75**

(0.363) (0.366)

EUROPE 0.143

(0.152)

RUSSIA 0.519*

(0.261)

USA -0.146 -0.147

(0.185) (0.187)

EUROPE2 0.201

(0.148)

Degrees of freedom 70 71

R-squared 0.5888 0.576

Adjusted R-squared 0.5418 0.5342

F statistic 12.53 13.78

note: *p < 0.1, **p < 0.05, ***p < 0.01

Goodness-of-Fit measures (R-squared and Adjusted R-squared) are similar

to the previous models, so we can assume that the modiĄed models are working

quite well. All of the coefficients in the modiĄed model have the same sign as

in the main models. But there are a few changes concerning the signiĄcance.

Sv% is signiĄcant only in with the 10% signiĄcance level and only in the model

(1). So the save percentage is not as important variable for the analysis as was

assumed according to the main models.

There are two important facts concerning the country variables. In the

main model, the variable EUROPE2 was on the verge of 10% signiĄcance.

But in the new model, the p-value dropped down to 0.17966. So it seems that

the assumption of positive discrimination against the European players is not

correct. The fact that the player is European probably does not affect his

wage. But the opposite happened to the variable RUSSIA. Its signiĄcance
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increased. And with a p-value of 0.05079, we can say it is signiĄcant with a

5% signiĄcance level. So it would seem that our assumption about the variable

RUSSIA was right. Russian goalkeepers are positively discriminated against

in the NHL, according to the results of both models.

When we examine the results of all models we can answer the main hy-

pothesis of this thesis. The analysis suggests that European players (meaning

skaters and goalkeepers) are not negatively discriminated against in the NHL.

Their wages should be the same as are wages of North American players. The

only exception are Russian goalkeepers. According to our estimation, they are

positively discriminated against.

So the analysis agrees with the expectation from the literature. No negative

discrimination should exist in the NHL in the year 2021. The only effect that

the country of birth has on the salary of players is that Russian goalkeepers

have a slightly higher salary than they should have, according to their skills.



Chapter 7

Conclusion

The goal of this thesis was to analyse the effect of the country of birth of the

NHL players on their wages. The main hypothesis is that there exists some

form of negative discrimination against European players and the thesis should

conĄrm or refute this presumption. Chapter 2 explains some important terms

about the salary system in the NHL. There is an overview of the literature on

this topic in chapter 3. Chapter 4 describes the data that was used in this

paper and chapter 5 deĄnes the methods and models used to analyse the wage

situation in the NHL. Chapter 6 explains the results of the estimation.

The analysis is based on linear regression. Every created model have the

logarithm of salary as the dependent variable and set of skill, experience, and

country of origin variables as independent variables. OLS method is used to

estimate the parameters. Four models analyse skaters and four analyse the

goalkeeper situation in the league. The dataset consists of 890 players, and the

data are from the season 2020-2021.

There is a clear result from the skaters’ models. No country variable was

signiĄcant, which implies that the country of origin does not affect the players’

salaries and therefore there is no negative discrimination against the European

players. The same results were found about the effect of the player playing for

a Canadian or American team.

In the regression of the goalkeepers’ models variables for European and

especially, Russian players were signiĄcant. But their effect was the opposite

of what was expected. Variable RUSSIA had a positive coefficient, which

means that the Russian goalkeepers are positively discriminated against in

terms of salary. The wage of the Russian goalkeeper should be higher than the

wage of the American or Canadian goalkeeper, who is the same as the Russian
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goalkeeper in every aspect except nationality. The signiĄcance of the variable

EUROPE2 (variable for players that come from Europe or Russia) was not

conĄrmed in the modiĄed model. So there should be no positive or negative

discrimination against the European players.

The main contribution of this thesis lies in updating the study of wage

discrimination in the NHL using new data, expanding the research with the

analysis of the goaltenders, and with the use of advanced statistics. The NHL

is changing every year, so something that was true a few years ago does not

have to hold today. It is necessary to renew the research using recent data.

The last paper researching wage discrimination is more than 10 years old. Also

expanding the research by the goalkeepers’ analysis discovered interesting Ąnd-

ings in form of positive discrimination of the Russian and to a lesser extent

European goaltenders. The results of the regression analysis support the con-

tinuing disappearance of negative discrimination in the NHL.

Possible extensions of the research include using the quantile regression

in the analysis, or other methods of estimation. New information could be

provided by doing research about the NHL in a few years with new data.

Also, it would be beneĄcial if some future analyses focused on the goalkeepers’

situation. It could approve or refute the results of this thesis about goalkeepers.
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Appendix A

Full models

Table A.1: Wage models for skaters

Dependent variable:

lSALARY

(1) (2)

Intercept 5.653*** 5.686***

(1.016) (1.009)

GP -0.009** -0.009**

(0.004) (0.004)

G 0.030*** 0.030***

(0.005) (0.005)

A 0.010** 0.010**

(0.004) (0.004)

AGE 0.435*** 0.434***

(0.052) (0.052)

AGE_SQR -0.007*** -0.007***

(0.001) (0.001)



A. Full models II

(1) (2)

RIGHTHANDED -0.015 -0.015

(0.038) (0.038)

DRAFT 0.241*** 0.244***

(0.044) (0.044)

CENTER 0.075* 0.073

(0.045) (0.045)

PLUSMINUS -0.007*** -0.007***

(0.002) (0.002)

TOI 0.064*** 0.065***

(0.013) (0.013)

WEIGHT -0.004 -0.004

(0.004) (0.004)

HEIGHT 0.005 0.005

(0.005) (0.005)

CF 0.001* 0.001*

(0.0004) (0.0004)

CA 0.001 0.0005

(0.0004) (0.0004)

xGF -0.001 -0.001

(0.006) (0.006)

xGA -0.011* -0.011*

(0.007) (0.007)

EUROPE 0.036

(0.048)



A. Full models III

(1) (2)

RUSSIA 0.042

(0.095)

EUROPE2 0.037

(0.046)

USA -0.030 -0.030

(0.045) (0.045)

CAN_TEAM 0.026 0.026

(0.051) (0.051)

EUROPE*CAN_TEAM -0.009

(0.103)

RUSSIA*CAN_TEAM -0.235

(0.203)

EUROPE2*CAN_TEAM -0.050

(0.096)

Degrees of freedom 788 790

R-squared 0.6589 0.6583

Adjusted R-squared 0.6493 0.6497

F statistic 69.18 76.11

note: *p < 0.1, **p < 0.05, ***p < 0.01
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Table A.2: Wage models for goalkeepers

Dependent variable:

lSALARY

(1) (2)

Intercept 27.550** 27.227**

(13.367) (13.401)

AGE 0.665*** 0.665***

(0.190) (0.191)

AGE_SQR -0.010*** -0.010***

(0.003) (0.003)

WEIGHT -0.004 -0.004

(0.010) (0.010)

HEIGHT 0.020 0.020

(0.017) (0.017)

DRAFT 0.182 0.235

(0.193) (0.188)

W 0.001 0.005

(0.022) (0.022)

SO -0.080 -0.075

(0.064) (0.064)

GP 0.033*** 0.032**

(0.012) (0.012)

GAA -0.423 -0.406

(0.298) (0.299)



A. Full models V

(1) (2)

Sv% -29.334** -28.985**

(13.501) (13.535)

GSAx60 0.793** 0.786**

(0.374) (0.375)

EUROPE 0.222

(0.178)

RUSSIA 0.546*

(0.284)

EUROPE2 0.283

(0.171)

USA -0.141 -0.139

(0.191) (0.192)

CAN_TEAM 0.103 0.098

(0.204) (0.204)

EUROPE*CAN_TEAM -0.282

(0.326)

EUROPE2*CAN_TEAM -0.344

(0.323)

Degrees of freedom 62 63

R-squared 0.6276 0.6195

Adjusted R-squared 0.5315 0.5289

F statistic 6.531 6.839

note: *p < 0.1, **p < 0.05, ***p < 0.01
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Appendix

Table B.1: Summary statistics of variables

Statistic N Mean St. Dev. Min. 1.st Qu. Median 3rd Qu. Max.

AGE 890 26.17 4.143 18 23 26 290 43

WEIGHT 890 89.61 6.983 65 85 89 94 116

HEIGHT 890 185.9 5.526 165 183 185 191 206

GP 890 36.95 17.046 5 22 42 53 57

G 811 6.218 6.502 0 1 4 9 41

A 811 10.44 9.708 0 3 8 15 72

PLUSMINUS 811 -0.279 9.348 -36 -6 -1 4 30

TOI 811 15.41 3.911 6.34 12.44 15.23 18.13 26.22

CF 811 564.3 354.595 19 265 540 841.5 1508

CA 811 548 312.28 23 288.5 560 764 1423

xGF 811 28.29 19.748 0.31 11.79 25.69 41.85 97.47

xGA 811 27.41 16.66 0.91 13.34 27.33 39.06 77.2

W 79 10.77 7.127 1 5 9 15 31

SO 79 1.494 1.552 0 0 1 2 7

GAA 79 2.82 0.523 1.5 2.535 2.77 3.19 4.17

Sv% 79 0.9052 0.017 0.838 0.898 0.906 0.9155 0.945

GSAx60 79 -0.2492 0.499 -2.1 -0.46 -0.23 0.105 0.9
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Table B.2: Breusch-Pagan tests for skaters

model bp df p-value

(1) 62.741 22 8.703e-06

(2) 62.926 20 2.487e-06

Table B.3: Breusch-Pagan tests for goalkeepers

model bp df p-value

(1) 14.577 16 0.5558

(2) 11.644 15 0.7058

Table B.4: Correlation matrix for skaters

EUROPE RUSSIA USA AGE AGE_SQR

EUROPE 1 -0.12 -0.345 -0.071 -0.064

RUSSIA -0.122 1 -0.139 -0.021 -0.023

USA -0.345 -0.139 1 0.042 0.036

AGE -0.070 -0.021 0.042 1 0.995

AGE_SQR -0.064 -0.023 0.039 0.995 1

G 0.045 0.0.018 0.025 0.046 0.04

A 0.022 0.025 0.007 0.101 0.097

GP 0.005 0.043 0.003 0.181 0.176

TOI -0.003 0.041 0.041 0.128 0.124

RIGHTHANDED -0.173 -0.077 0.155 0.045 0.043

DRAFT 0.002 0.034 -0.030 -0.084 -0.066

CENTER 0.035 -0.044 -0.016 -0.021 -0.011

WEIGHT -0.067 0.002 0.052 0.257 0.251

HEIGHT -0.004 0.027 -0.037 0.032 0.038

PLUSMINUS -0.046 -0.007 0.006 0.068 0.06

CF 0.006 0.045 0.008 0.147 0.141

CA -0.003 0.045 0.029 0.201 0.194

xGF 0.004 0.039 0.012 0.139 0.134

xGA 0.007 0.034 0.03 0.194 0.189

EUROPE2 0.884 0.356 -0.39 -0.076 -0.07

CAN_TEAM -0.039 -0.005 -0.027 0.034 0.034
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G A GP TOI RIGHTHANDED

EUROPE 0.045 0.023 0.005 -0.003 -0.173

RUSSIA 0.018 0.025 0.043 0.040 -0.077

USA 0.025 0.007 0.003 0.041 0.155

AGE 0.040 0.101 0.181 0.128 0.045

AGE_SQR 0.040 0.097 0.176 0.124 0.043

G 1 0.706 0.588 0.366 -0.013

A 0.706 1 0.65 0.634 0.013

GP 0.588 0.651 1 0.547 -0.037

TOI 0.366 0.634 0.547 1 0.011

RIGHTHANDED -0.013 0.013 -0.031 0.011 1

DRAFT 0.254 0.279 0.206 0.277 -0.011

CENTER 0.13 0.041 -0.031 -0.15 -0.033

WEIGHT 0.002 0.031 0.141 0.131 0.002

HEIGHT -0.095 -0.057 0.034 0.059 0.009

PLUSMINUS 0.233 0.313 0.106 0.164 -0.016

CF 0.672 0.843 0.859 0.797 -0.001

CA 0.46 0.644 0.887 0.791 -0.013

xGF 0.714 0.874 0.812 0.782 0.-0.001

xGA 0.492 0.671 0.858 0.803 -0.004

EUROPE2 0.051 0.033 0.025 0.017 -0.199

CAN_TEAM 0.023 0.025 0.043 -0.016 0.009

DRAFT CENTER WEIGHT HEIGHT PLUSMINUS

EUROPE 0.002 0.035 -0.067 -0.004 -0.046

RUSSIA 0.034 -0.044 0.002 0.027 -0.007

USA -0.029 -0.016 0.052 -0.037 0.006

AGE -0.084 -0.021 0.257 0.032 0.068

AGE_SQR -0.066 -0.011 0.251 0.038 0.060

G 0.254 0.13 0.002 -0.095 0.233

A 0.279 0.041 0.031 -0.057 0.313

GP 0.206 -0.031 0.141 0.034 0.107

TOI 0.277 -0.15 0.131 0.06 0.164

RIGHTHANDED -0.011 -0.033 0.002 0.009 -0.016

DRAFT 1 0.073 0.168 0.17 -0.067

CENTER 0.073 1 -0.013 0.033 0.013

WEIGHT 0.168 -0.013 1 0.687 0.044
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HEIGHT 0.17 0.033 0.687 1 -0.013

PLUSMINUS -0.067 0.013 0.044 -0.013 1

CF 0.298 -0.052 0.119 0.009 0.207

CA 0.214 -0.088 0.189 0.1 0.111

xGF 0.304 -0.029 0.111 0.005 0.259

xGA 0.238 -0.067 0.17 0.084 0.063

EUROPE2 0.018 0.012 -0.062 0.009 -0.047

CAN_TEAM 0.015 -0.02 0.009 0.023 -0.0001

CF CA xGF xGA EUROPE2

EUROPE 0.006 -0.003 0.004 0.008 0.884

RUSSIA 0.045 0.045 0.039 0.034 0.356

USA 0.008 0.029 0.012 0.03 -0.39

AGE 0.146 0.201 0.139 0.194 -0.076

AGE_SQR 0.141 0.194 0.134 0.188 -0.071

G 0.672 0.46 0.714 0.492 0.051

A 0.844 0.644 0.874 0.671 0.033

GP 0.859 0.887 0.812 0.858 0.025

TOI 0.798 0.791 0.782 0.803 0.017

RIGHTHANDED -0.001 -0.013 -0.001 -0.004 -0.199

DRAFT 0.298 0.214 0.304 0.238 0.018

CENTER -0.052 -0.088 -0.029 -0.066 0.013

WEIGHT 0.12 0.189 0.111 0.17 -0.062

HEIGHT 0.01 0.096 0.005 0.084 0.009

PLUSMINUS 0.207 0.111 0.259 0.063 -0.047

CF 1 0.887 0.983 0.893 0.026

CA 0.887 1 0.845 0.981 0.019

xGF 0.983 0.845 1 0.858 0.022

xGA 0.893 0.981 0.858 1 0.023

EUROPE2 0.026 0.019 0.022 0.023 1

CAN_TEAM 0.023 0.026 0.031 0.035 -0.039

CAN_TEAM

EUROPE -0.039

RUSSIA -0.005

USA -0.027

AGE 0.034

AGE_SQR 0.034
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G 0.023

A 0.025

GP 0.043

TOI -0.016

RIGHTHANDED 0.009

DRAFT 0.015

CENTER -0.02

WEIGHT 0.009

HEIGHT 0.023

PLUSMINUS -0.0001

CF 0.023

CA 0.026

xGF 0.031

xGA 0.035

EUROPE2 -0.039

CAN_TEAM 1

Table B.5: Correlation matrix for goalkeepers

EUROPE RUSSIA USA AGE AGE_SQR

EUROPE 1 -0.212 -0.388 -0.075 -0.077

RUSSIA -0.212 1 -0.15 -0.1 -0.1

USA -0.388 -0.15 1 -0.165 -0.154

AGE -0.075 -0.1 -0.165 1 0.997

AGE_SQR -0.077 -0.1 -0.154 0.997 1

GP -0.005 0.211 -0.159 0.076 0.07

WEIGHT -0.054 -0.04 -0.136 0.235 0.222

HEIGHT 0.032 -0.003 -0.079 -0.036 -0.033

DRAFT -0.115 0.259 -0.066 0.133 0.128

W -0.002 0.313 -0.166 0.056 0.05

SO -0.014 0.311 -0.068 0.094 0.093

GAA -0.034 -0.21 -0.037 0.034 0.034

Sv% 0.052 0.184 0.023 -0.113 -0.118

GSAx60 0.003 0.147 0.112 -0.099 -0.107

EUROPE2 0.852 0.33 -0.455 -0.126 -0.127

CAN_TEAM 0.039 -0.156 0.009 0.012 -0.0004
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GP WEIGHT HEIGHT DRAFT W

EUROPE -0.005 -0.054 0.032 -0.115 -0.002

RUSSIA 0.211 -0.04 -0.003 0.259 0.313

USA -0.159 -0.136 -0.079 -0.066 -0.166

AGE 0.076 0.235 -0.036 0.133 0.056

AGE_SQR 0.07 0.222 -0.033 0.128 0.05

GP 1 0.037 0.116 0.209 0.854

WEIGHT 0.037 1 0.396 0.123 0.029

HEIGHT 0.116 0.396 1 0.231 0.109

DRAFT 0.209 0.123 0.231 1 0.289

W 0.854 0.029 0.109 0.289 1

SO 0.532 -0.017 -0.027 0.279 0.675

GAA -0.321 0.002 -0.057 -0.201 -0.531

Sv% 0.346 -0.028 0.076 0.153 0.48

GSAx60 0.343 -0.019 0.052 0.16 0.456

EUROPE2 0.108 -0.073 0.029 0.028 0.165

CAN_TEAM -0.01 0.135 0.34 0.084 0.0004

SO GAA Sv% GSAx60 EUROPE2

EUROPE -0.014 -0.034 0.052 0.003 0.852

RUSSIA 0.311 -0.21 0.184 0.147 0.33

USA -0.068 -0.037 0.023 0.112 -0.455

AGE 0.094 0.034 -0.113 -0.099 -0.126

AGE_SQR 0.093 0.034 -0.118 -0.107 -0.127

GP 0.532 -0.321 0.346 0.343 0.108

WEIGHT -0.016 0.002 -0.028 -0.019 -0.073

HEIGHT -0.027 -0.057 0.076 0.052 0.029

DRAFT 0.279 -0.201 0.153 0.16 0.028

W 0.675 -0.53 0.48 0.456 0.165

SO 1 -0.617 0.502 0.457 0.153

GAA -0.617 1 -0.874 -0.797 -0.145

Sv% 0.502 -0.874 1 0.931 0.149

GSAx60 0.457 -0.797 0.931 1 0.081

EUROPE2 0.153 -0.145 0.149 0.081 1

CAN_TEAM -0.154 0.024 0.044 0.095 -0.046
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CAN_TEAM

EUROPE 0.039

RUSSIA -0.156

USA 0.009

AGE 0.012

AGE_SQR -0.0003

GP -0.01

WEIGHT 0.135

HEIGHT 0.34

DRAFT 0.085

W 0.0004

SO -0.154

GAA 0.024

Sv% 0.044

GSAx60 0.095

EUROPE2 -0.046

CAN_TEAM 1
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