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Abstract 

This thesis aims to examine the effect of NHL players’ performances and physical 

properties on their salary. There have been studies about NHL salary 

determination, however papers are many years old and the significances may 

change. Models in this thesis were formulated with original structure of variables 

based on data from the latest regular season 2018-2019 in order to depict the most 

recent relationships determination. Furthermore, including the separated models 

for all position is not observed in any of mentioned papers. Performance variables 

as well as physical factors were found significant, however its significances levels 

and values of estimates differ among models. This thesis further extends the 

research by capturing the effect of goodwill that to the best of our knowledge, has 

not been studied yet. Moreover, it provides a quantile regression for the group of 

players with the highest salaries that results in differences among variables 

significances and estimates compared to the joint model. Goaltenders’ model is 

very rarely investigated, since their variables differs compared to the skaters, 

therefore it brings new evidence of their salary determination. The goalies’ model 

shows positive and significant result of age and games played.    
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Abstrakt 

Tato práce se zaměřuje na zkoumání vlivu parametrů a výsledků hráčů NHL na 

jejich plat. Existují studie zkoumající tuto tématiku, ale všechny jsou vytvořené 

před mnoha lety a důležitost parametrů se mohla změnit. Modely v této práci byly 

formulovány s unikátním výběrem proměnných založených na datech z poslední 

řádně hrané sezóny 2018-2019. Data byla vybrána, aby model charakterizoval 

nejnovější vztahy mezi proměnnými. Zahrnutí modelů zkoumajících všechny 

pozice na ledě není pozorované v žádné studii. Výsledky ukazují důležitost 

produktivity hráčů a taktéž osobních parametrů na plat jedince, avšak důležitost a 

hodnoty koeficientů se mezi modely liší. Práce dále rozšiřuje výzkum zabývající 

se efektem reputace, který tímto způsobem ještě nebyl zkoumán. Quantile 

regression se zaměřuje na hráče s nejvyššími platy a její výsledky jsou v několika 

případech odlišná od základního modelu. Velmi ojediněle se provádí regrese na 

základě dat gólmanů, protože jejich proměnné jsou odlišné od ostatních hráčů. 

Tento model přinesl razantní rozšíření znalostí determinantů ovlivňujících jejich 

platy. Výsledky ukazují, že věk a počet odehraných zápasů jsou důležité 

proměnné, které pozitivně ovlivňují plat gólmanů.  
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1. Introduction 

 

Professional athletes are known for their popularity and consequently giant 

earnings. The most famous ice hockey league all over the world containing the 

best hockey players is called the National Hockey League (NHL). Since there are 

only a few hundreds of players from various countries, their salaries are excessive. 

The most talented hockey players’ dreams are to be drafted and thus play in 

America. Millions of people watch the league which enhances its reputation and 

popularity, therefore attractiveness raises sponsors’ interests and funds. 

Furthermore, NHL has to publish incomes of its participants every year, therefore 

it is feasible to study salary determination. This research works with statistics 

acquired from professional sports competitions that contain a substantial number 

of various individual performances and physical properties. This study aims to 

evaluate the effect of particular variables on players’ salaries, which will update 

the existing literature, since it is quite outdated. It will bring a deeper insight into 

a player valuation that will be provided for every position separately. It could be 

useful for negotiation about new contacts with higher earnings if there is evidence 

that the performance corresponds to wages within a certain range. Moreover, the 

second motivation is to identify factor beyond performance or physical properties. 

It focuses on the context of the most famous skaters’ performance and their wages. 

Are their earnings corresponding to productivity? What makes the best players 

earn multiple times more than their teammates? Are there differences in variables’ 

significances for the top players?  

This thesis is organised as follows. The introduction provides the reader with a 

necessary description of the fundamental concepts of this thesis, such as the NHL 

Market or salary cap. Chapter 2 discusses existing literature corresponding to 

similar research questions. The review of literature is divided into two parts – 

information on the hockey industry itself and applicable studies conducted on 

footballers. Chapter 3 depicts the data collection process and describes the dataset. 



 

 

 

2 

Methodology, which is captured in Chapter 4, provides the theoretical framework 

used for the regression analysis. Chapter 5 is dedicated to the result and the thesis’ 

conclusion is expressed in the final Chapter 6. 

1.1. NHL Market 

As NHL is the best ice hockey competition, its franchises are distributed uniquely. 

The league consists of 31 teams divided into two confederations and further into 

four divisions accordingly to the clubs’ location. An extension is planned for the 

season 2021-2022, a newly added club coming from Seattle is planned to extend 

the league. Nevertheless, enlargement is quite rare in the 21st century, the latest 

newcomer, Las Vegas, was added in 2017 (nhl.com, 2018). After the Seattle 

Craken extension, equal number of teams will participate in every division. 

Teams’ structure is formulated, the maximum of players is limited to 23 on the 

active roster and 20 can be prepared to participate during the game. Each team is 

composed of three main types of players: goaltenders (2), defenders (6), and 

offensive players (12). Most of the time, there are six players of the team on the 

rink. A goalie, two defensemen keeping the opposite team from scoring, and three 

offensive players responsible for pushing the puck into the opponent’s net. 

 

1.2. Salary cap 

NHL has a wages limitation given by the Collective Bargaining Agreement 

(CBA) which sets the amount of money that can be spent on players’ salaries and 

it is known as a salary cap. The current CBA, which is a product of negotiation 

between NHL and NHL Players’ Association, was further extended in 2020 and 

will be valid until its expiration in 2026 (nhl.com, 2020). The salary cap is 

computed as a percentage of revenue from the previous season, thus its setting is 

being adjusted every year. It contains not only the upper limit but also the lower 

constraint. Besides, two types of salary caps are widely used across the most 

famous American sports. The hard cap is a method that has been ratified in NHL. 

According to Bernstein (2011), it determines that there is not an exemption for 
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paying players out of the salary cap range, otherwise, an extra tax for each dollar 

spend above the upper limit is paid. 

 

Players’ payoffs are tied to a salary cap that has been increasing rapidly. 

According to the historical values, the limitation has been growing several 

millions of dollars per season in the last 18 seasons (puckpedia.com, 2021). There 

are reasonable arguments why the salary cap was rising so fast in recent years. At 

the beginning, it needs to be mentioned that NHL is one of the four major sports 

in North America (American football, baseball, basketball, and hockey), however, 

in terms of revenue, the NHL is the lowest grossing. American football generated 

a giant wealth of almost 15 billion dollars last year. Television contracts respond 

to more than a half (chicagotribune.com, 2020). On the other hand, NHL revenue 

was only 5,2 billion dollars in season 2018-2019 (statista.com, 2020). NHL has a 

long-term TV contract in the USA which shall expire this year and it brings 200 

million dollars annually, nevertheless, there might be almost double revenue if 

new contract will be signed (cnbc.com, 2021). Canadian television where is the 

birthplace of hockey creates additional income, however the treaty is quite old as 

well and its renewed conditions might affect TV earnings (nhl.com, 2013). 

 

There are more attempts how to increase profit. For instance, enlargement of 

teams quantity which has been done in 2017 by adding Las Vegas Knights 

franchise. Similar process is planned for 2021 with a Seattle Craken club. 

Expansion fee needs to be paid to become an NHL franchise. Las Vegas Knights 

paid 500 million dollars and Seattle Craken is obliged to pay even 100 million 

more (nhl.com, 2018).  In addition, managers can find out inspiration in the Czech 

Republic. Clubs in the Czech highest hockey league generate revenue from logo 

advertisements on teams’ dresses. That has not been possible in the NHL, 

however they newly allowed to have one logo advertisement on the helmets and 

expect a gain of 15 million dollars (forbes.com, 2020). Permission of additional 

labels would produce more profit. 
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2. Literature Review 

 

There already have been studies trying to determine factors influencing the 

amount of money hockey players earn. Most of the studies are many years old and 

salary caps have changed over the seasons. None of the existing papers deal with 

the recent CBA agreement which was established in 2013. That can cause 

differences in estimates’ significance and value. Sports industry performance is 

changing year to year. It would be beneficial to compare my results with the 

existing literature to clearly state whether my hypotheses are correct and if there 

are changes in factors influencing the money hockey players earn. The literature 

review is divided into two parts. Firstly, there is a description of existing papers 

with similar aims, which is followed by studies evaluating footballers. 

 

2.1. Hockey literature 

Vincent and Eastman (2009) focused on the salary determination in NHL before 

the lockdown season 2004-2005. This season was cancelled because of an 

unsuccessful negotiation of the salary cap. New CBA agreement was accepted at 

the end of the season and set new restrictions. Vincent and Eastman (2009) used 

the data from the previous season 2003-2004. The study includes two types of 

analyses, the ordinary least squares (OLS) method and quantile regression. 

Players are separated according to their position on the rink. Tests show that 

defensemen need a little bit different characteristics that are found insignificant 

for offenders and vice versa. The research found out two important facts from the 

quantile regression. Firstly, there are differences in variations explaining the 

earnings for low-paid and high-paid players. Secondly, regression shows diversity 

in significance of variables between the quantiles. For instance, penalty minutes 

are significant only at the upper level. Since this paper uses a dataset that is 15 

years old, there are now new and stricter restrictions according to the current CBA 

agreement of 2013. Joint model was not interpreted and thus comparison between 
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all skaters and their positional models is not presented. Star variable was 

determined in the model, however it depicts whether a player was chosen for All-

Star team. Furthermore, goals or assists were not included. 

Peck’s (2012) work follows Vincent and Eastman’s (2009) paper. The dataset 

contains 710 observations. In addition, it is divided into unrestricted and restricted 

players. The study uses the OLS method for testing since linearity is expected. 

Regression was divided into three models (the first one for joint testing and the 

rest for unrestricted and restricted, respectively). Peck was testing whether there 

are similar factors influencing wages in given groups of skaters. Coefficients 

obtained from regression analysis do not display a dramatic distinction between 

the unrestricted free agents model and the joint model. Surprisingly, goals, assists 

and dummy variable for players’ position are significant for joint and unrestricted 

models but not for restricted. The only variable which was significant at the same 

level across all the models was the number of matches played in career. 

Unfortunately, regression analysis contains only the general variables (goals, 

assists) and age or weight were not tested. The contrast between restricted and 

unrestricted players is the main focus of the paper. Pecks’ allstar variable 

measures the number of appearances in the All-Star team. 

Fullard (2012) looks at the NHL from another perspective and examines two 

questions that provide more material for understanding the hockey industry. The 

aim was to find out wage inequality correlation with winning percentage and to 

analyse goaltenders payoffs. Furthermore, there are many pages devoted to a 

summary of existing literature. The research was constructed accordingly to the 

questions, commencing with insights into teams’ salary structures. There are two 

main systems: hierarchical and compressed. Hierarchical means there is a large 

diversity in payoffs, while compressed implies the opposite. Fullard (2012) 

determined the correlation between wage inequalities and teams success. Dataset 

was collected from several seasons and then the Gini coefficient of players’ 

salaries was calculated. The outcome presents a positive relationship between the 

Gini coefficient and the probability of winning a match. However, this 

relationship explains only a small portion (2,5 %) of the salary structure. 
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Surprisingly, there was an attempt to analyse goaltenders’ salary determinants. 

The goalies are usually excluded from research, since they have different statistics 

and they represent only a minority compared to the number of skaters. Out of the 

eight variables, only the number of games played was considered significant. 

Moreover, a simultaneous regression was defined for the methodology. It argues 

that this method does not omit any variables and could be used for this type of 

research. The sample was created using only goalies who were on the ice at the 

beginning of the match. The restriction was set at a minimum of 30 matches. 

Besides, data was taken from six regular seasons. There were differences in upper 

and lower limit of salary cap each year as mentioned in the introduction. Goalies 

payoffs could differ among seasons, which is something the study, unfortunately, 

does not take into account. What is more, another problematic aspect is the bias 

that could be caused by the fact that many goaltenders could play in every season 

included in the dataset with their performance being different every year. 

Another paper deals with the value of players in the NHL. McGinnis (2013) was 

evaluating players’ salary and their benefits coming from performance. The study 

was looking at New York Islanders. Data were obtained for each player from two 

seasons starting with 2010 to 2012. McGinnis computed the players value from 

the statistics choosing six variables (goals, assists, plus/minus, time, total points, 

shifts) for calculations that were described as transforming each variable to 

dollars. There is not a detailed procedure of computing those values, it only 

depicts the mind steps. Moreover, McGinnis also used goaltenders in the dataset. 

After computing the estimated effect on salary, he took several NHL players for 

model validation. There are no estimates presented. The goal of his work was to 

evaluate the return on investment, specifically whether players’ value coming 

from their performance exceeds their payoffs. The conclusion sums up managers’ 

skills to make revenue while being able to play at a comparable level to the rival 

clubs. In other words, it summarizes the attitude of managers which concludes 

that New York Islanders is a profit maximization club. There is a lack of 

information corresponding to the computation. Also, presenting results without a 
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procedure could result in an incorrect model. As a result, although the model was 

somehow validated using randomly chosen players, there might be mistakes. 

One of the most recent papers was written by Young (2015). Young empathized 

with general managers and focused on salary determination and distribution. He 

aimed to determine whether there should be a star in the team and if so, how shall 

it affect the team’s success. Does the well-known player increase the winning 

percentage of a team and therefore reduce clubs budget? Having such a star as 

Jakub Voráček will be probably connected with higher wage inequality among 

teammates. Although the study was written in 2015, he used data from season 

2009-2010 for players analysis. Young (2015) used the OLS regression method 

to test coefficient of players’ performance as independent variables against salary. 

Moreover, tests were formulated for defenders and offenders separately and any 

model for joint modelling was not included. The conclusion confirms the 

hypothesis which supports that the amount of stars in the team is positively 

connected to the win percentage the team has during the season. It also proved 

that stars in team change the payoff dispersion and enlarge wage inequality. 

Young did the model separately for defenders and offenders but did not focus on 

joint testing. He chose variables according to intuition and physical properties as 

age, height or weight were not explored. Since the salary cap in season 2009-2010 

was approximately 30 % lower, there is an expectation to find out slightly 

different estimates. 

 

2.2. Literature from the football industry 

 

Majewski (2016) builds his study on collecting the data for only a specific portion 

of football players. The dataset contains 150 most valuable forwards. The paper 

looks for the variables which are responsible for such high prices of the best 

players. There are three types of linear tests in the study. The author starts with 

formulating the OLS method. After the first test which included only players’ 

performance, he added one more variable which stands for the five most famous 
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stars and runs the test again. The variable is a dummy and equals one for the best 

five footballers and zero for the rest. Surprisingly, this variable has the highest 

coefficient and is considered to be statistically significant. Results show the 

presence of heteroskedasticity. Majewski tried the generalized least square 

method specially weighted least square, nevertheless, it does not help much to get 

different results. Feasible generalized least squares model (FGLS) was the third 

method used for evaluating factors affecting the market value of forwards. FGLS 

is used in models with violation of homoskedasticity assumption, otherwise, it is 

inefficient. Moreover, a couple of variables were adjusted for a more general 

purpose. FGLS test has a better outcome in comparison to OLS. It also confirms 

a great impact of well-known players variable. This variable contains some hidden 

information which could be generally called goodwill or a reputation. The 

conclusion states that results from FGLS seem to best represent the reality. 

Sinčák (2020) created a study about factors affecting footballers’ market values 

last year. Dataset was built using the Czech football league and the goal was to 

evaluate how significantly are players’ achievements important to their value at 

the market. The methodology is based on OLS regression analysis with a result 

showing a positive relationship between participation in European competitions 

and prices. Moreover, there are negligible differences in market values across 

most Czech teams but the best three teams’ players’ prices are much higher. This 

could be caused by their regular involvement in foreign competitions with high 

rewards, thus teams need better players with higher salaries and value. 

Last but not least, Knapp (2020) tries to analyse another factor influencing the 

market value of footballers, namely team strategy. The dataset consists of the best 

five European football league players to ensure the relevance of output. The paper 

has similar content to Sinčák (2020). However, the core of Knapp’s thesis expands 

the research by adding team variables and testing, whether these determinants 

affect the market value of an individual player. Knapp (2020) chooses the OLS 

regression method because of expected linearity in parameters. Nevertheless, 

including so many independent variables could cause a multicollinearity problem 

which is tested and commented. In conclusion, he proved that choosing different 
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team tactics has a significant impact on players’ performance and thus their 

market value.  

Football industry studies have a different dataset, even the dependent variable 

differs because there are not publicly available earnings of all players. Journalists 

tend to find the salary of the most valuable players but they are not finding all 

contracts. Knowing these facts there is not a high probability to expect similar 

outcomes.  
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3. Data Description 

 

3.1. Sources of data  

 

Data required for this research were obtained from numerous existing websites 

specializing in ice hockey statistics. Database from web page 

www.capfriendly.com was considered as the best one. It is a platform collecting 

primarily NHL data that is including various statistics and the salary amounts in 

a comprehensible form. In addition, there are many options how to filter and 

choose data accordingly to the aim of analysis. The capfriendly follows the 

CapGeek website which has been used in many existing papers mentioned in 

Literature Review but it does not exist anymore. This confirms that the webpage 

is an appropriate and relevant source of information. 

 

In order to select an appropriate dataset that is required and necessary for analyses, 

observations are filtered only for one particular season. Data obtained from 

several seasons would result in a panel data, thus problem with dataset shortening 

would appeared. Many players could be omitted because of leaving NHL due to 

a new contract in other league. Process of data collection could violate random 

sampling assumption for the reason that there are not hundreds of new players 

every year. Furthermore, many variables as AGE or HAND would not have 

enough time variability evidence to be considered as significant. Performance is 

changing as well and one lucky season with great productivity could be followed 

by numerous weak performances. Moreover, salary cap correction would be 

required in multiple periods because upper and lower limits of earnings are 

changing. The most recently finished season is 2019-2020, however an obstacle 

in form of the COVID-19 pandemic has arisen just before the end. COVID-19 

affected the lives of everybody on the Earth, therefore sport disciplines including 

NHL was not an exemption. Although the season was reaching the end of its 

regular part, a pause was announced in March 2020. Until the interruption, 
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approximately 68 matches out of 82 matches have been played (nhl.com, 2020). 

As soon as the situation got better, NHL introduced a plan how to proceed and 

created a structure how playoffs are going to be played (nhl.com, 2020). The 

season was finished in September, nevertheless, it would be more relevant to 

obtain data from the previous year. 

 

3.2. Data characteristics 

 

Data were obtained from the season 2018-2019 and consist of 1554 active players 

who participate in at least one match. Authors in literature usually drop out players 

who participate rarely in NHL. Vincent and Eastman (2009) set a limitation of ten 

matches attendance. Peck (2012) has a range between 15 and 82 games. Young 

(2015) does not specify any games played limitation because in his model there 

is not a variable depicting how many matches a player plays in the specific season. 

He uses the number of all matches in career that were found significant but has 

negligible estimate value, otherwise. 

 

Setting the filter to the limit according to Peck (2012) reduces the number of 

observations to 790, whereas Vincent and Eastman (2009) restriction to 828 

players. The constraint was specified directly on the CapFriendly web page and 

results in a change that was almost 50 % in comparison with all active players. If 

the dataset consists of all players, it would cause a bias, since the number of 

matches will be skewed to the left. Not only the games played but also 

productivity variables measures as goals and assists will be skewed. The reduction 

could be caused by many factors, for instance, long-term injuries. In addition, 

many primarily young players play in lower leagues and NHL teams often give 

them an opportunity to play a few matches with the best teammates. If they do not 

demonstrate expected performance, they usually go back to the American Hockey 

League (AHL) or other minor leagues. In order to diminish the skewness of 

observations, data were downloaded from the website with an initial restriction 
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based on Vincent and Eastman’s (2009) research which results in 828 

observations. 

Noticeable difference is evident when paying attention to the dataset. Variables 

that have been obtained cover the same performance statistics for all skaters but 

goaltenders differ. For instance, the save percentage parameter takes place instead 

of goals scored. It is apparent that a goalie does not score a goal or have numerous 

assistances when his main purpose is to prevent the opponent’s team from scoring, 

however extraordinary goals scored by goalie are possible. It would be chaotic to 

formulate a model for all players together, since there will be a large number of 

variables that would not make sense and could lead to bias and reduction of 

models’ fit, therefore the main part of analyses will be constructed without 

goaltenders. Fullard (2012) formulated separate goalies analysis, however using 

variables capturing similar factors, thus this thesis will extend research by an 

enlarged list of variables. The dataset contains a total of 70 observations reflecting 

goaltenders, whereas Fullard (2012) collected data from six seasons to get 

substantial size of observations, nevertheless, multiple time periods could result 

in a bias due to random sampling assumption and unequal achievements. 

Formulating goaltenders’ model would bring more evidence on the salary 

determination since they are usually excluded. 

 

3.3. Dependent variable 

 

In order to fulfil the aim of this research, the dependent variable was chosen as 

salary. It shows the amount of money that is paid to a player based on a signed 

contract. Furthermore, the salary cap regulates the range of players’ payoffs. The 

upper limit is not an exemption, therefore CBA negotiation results in maximum 

possible payoffs computed as 20 % of a franchise salary cap (capfriendly.com, 

2020). NHL adjusts the lower limit teams are obliged to pay as well. In the testing 

season, there was a restriction that the minimal salary earned has to be equal to 

650 000 dollars (statista.com, 2020). CapFriendly website offers a filter for an 
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additional variable called performance bonuses that may be added to monthly 

payments. Surprisingly, it is quite difficult to achieve because a player needs to 

sign a one year contract and satisfy at least one of the formulated conditions, e.g. 

recover after a long-term injury or be older than 35. 

 

3.4. Independent variable 

 

 The first few columns in the dataset are devoted to personal characteristics, 

starting with age, height, weight and followed by country of birth, position on the 

rink, preferred hand. Additional parameters corresponding to productivity are 

composed of goals, assists, points, points per game, plus/minus, average time on 

ice, the number of games played in the season, shots on goal and shooting 

percentage. Moreover, there is a variable showing details about the draft that will 

be further explained below. The Overcomplexity of several parameters has to be 

adjusted and it could be done by transforming a factor into a dummy variable.   

 

The next part is dedicated to the higher comprehensibility of statistics, starting 

with the COUNTRY variable, which stands for the country of birth. There are 

multiple nationalities, nevertheless, the best hockey countries are situated mainly 

in the Northern Hemisphere. North America and Europe are home of the vast 

majority of NHL skaters. Table 1 containing a list of all nationalities (n = 20) can 

be found in Appendix. Countries will be grouped by their location into greater 

units in order to avoid an unnecessarily large number of states. There are seven 

groups of countries, Country0 contains France, UK, and Netherlands. Country1 

represents Scandinavian states (Sweden, Norway, Finland, and Denmark), whilst 

Country2 captures only Canadian skaters since there are numerous of them. 

Country3 contains Slovakia, Slovenia, the Czech Republic, and Bulgaria, whereas 

Country4 consists of Latvia, Estonia, Russia, and Kazakhstan. Country5 contains 

only USA players and finally, Country6 captures Austria, Switzerland, and 

Germany. 
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POS describes information about players’ placement on the rink. The position will 

be transformed into a dummy variable for forwards and defenders. As it was 

mentioned earlier goaltenders will be examined in a separated model due to 

different variables structure. POS in the joint model will answer whether it is a 

significant factor and if so then it will be further used as a key variable for models 

analysing defenders and offenders separately.  

Left and right-handed have to be differentiated, too. This information is stored in 

HAND and will be transformed into a dummy variable. Denny and O’Sullivan 

(2006) look at the relation of being left-handed on personal earnings. They 

conclude that left-handed man is connected with higher wages but it is 

insignificant for women. Models will show the truthfulness of this statement in a 

professional hockey league.  

One more variable has to be adequately adjusted for its complexity. There is an 

event organized for young players every year. The event is called in the same way 

as the variable DRAFT. It serves as an opportunity for the most talented young 

teenagers to be chosen by the NHL franchise and sign a contract there. Draft 

consists of several rounds where each club chooses one player in every round. 

There is an expectation to have this variable significant for skaters selected in the 

first rounds because it captures their talent, therefore a dummy variable was 

created with a value equal to 1 for players chosen in the first two rounds and zero 

otherwise. 

PLUSMINUS is statistics comparing the number of goals scored by yours against 

opponent’s team while you are on the ice. It equals +1 for goals scored by your 

team and -1 for the opponents scoring. There are debates why such a variable is 

still rated. It does not make sense in some situations because many skaters may 

be discriminated. For instance, an offender playing with a highly productive 

teammate is more likely to have greater plusminus statistics, although he is more 

defensively orientated. Plusminus mean from Table 2 equals almost 0, the 

difference between lower and upper quantile is not dispersed, nevertheless, it 

shows outliers on both sides. It would be beneficial to bring some more evidence 
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and therefore include it in the model. The significance of plusminus should answer 

whether it is a solid measurement.  

TOI stands for the average time on ice. There are sensors in skaters’ equipment 

that are monitoring the time spent on the ice. Common sense suggests that the 

longer time spends on the rink should be correlated with higher earnings. 

Defencemen are expected to have it higher, since they are changing less 

frequently, nevertheless, the most profitable players are offenders. TOI mean from 

Table 2 equals 15.8 minutes that shows the average player spends almost one-

third of match time on ice. The maximum of 26.7 is considerable when there are 

19 teammates prepared to participate, thus the higher TOI of one player causes a 

reduction for others. 

AGE is a crucial determinant, even more in sport, since the careers of professional 

athletes are unfortunately short-term. It usually starts at the maturity age and ends 

around 35-37 in the best cases which is confirmed by Table 2 where the maximum 

age is 41 but it is an exception. The majority of players fit to the range between 

23 to 28 that could be mainly caused by the physical form. Adding one more 

variable called AGE SQUARED is reasonable because it shall represent physical 

condition which is rising till some point and then it starts to diminish. On the other 

hand, increasing age has a positive attribute which could be interpreted as an 

experience. AGE_SQUARED is manually created by taking the variable AGE to 

the power of two.  

WEIGHT is expressed in kilograms. It might be significant, since ice hockey is a 

tough sport and weight is an important factor for tackles or hits of a rival skater, 

however having too much weight is contra-productive for fitness condition and 

agility. It is confirmed by the Table below, where the dispersion between quantiles 

is narrow. 

HEIGHT is chosen in the more understandable and worldwide used metric system 

and the summary provided by Table 2 shows a small-scale variation. The outcome 

might differ according to position with an expectation of significance for 

defenders who are responsible for stopping rival teams’ offenders. 
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GP refers to games played with the minimum that was initially set to 10 before 

downloading the data and has been explained in data characteristics. Although the 

maximum number of matches in the regular season is 82, the summary shows 84 

and it has appeared in 3 players who shifted teams within the season. It shows 

quite a large difference within quantiles, however the difference between the 

upper quantile and the maximum contains 25 % of players who played more than 

79 matches. 

There are many variables capturing productivity. The most common determinants 

are goals (G) and assists (A) which are also one of the most important factors 

influencing the fans’ interest. With a higher number of G and A, the team is 

expected to be more successful, nevertheless, G is matched to a particular player, 

whereas A could be assigned to a maximum of two teammates who touch the puck 

before scoring. Although G and A are very popular factor, there are a lot of skaters 

who do not score any G or have any A. On the other hand, best players’ 

performance is multiple times larger than their teammates that is even confirmed 

by Table 2. Moreover, G has narrower dispersion than A, thus it may have an 

impact on output significances. 
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4. Methodology 

4.1   Model selection 

 

Choice of the model depends mostly on the research questions and is also 

influenced by a data structure that is called cross-sectional data in this particular 

case since it is collected at one point in time (after the end of the season). There 

are several options of models which are possible to select when modelling cross-

sectional. In existing literature Young (2015) and Peck (2012) used an OLS 

method, further expanded by Sinčák (2020) and Knapp (2020), who have a dataset 

for different sports industries, however they have used OLS, since they had 

similar type of data. On the other hand, Vincent and Eastman (2009) added 

quantile regression to their model, which was used to distinguish differences in 

players’ determinants when groups of players have been separated accordingly to 

their salaries. Fullard (2012) gives one more possibility in form of a simultaneous 

equation model when he focused on the determinants of goalies. Majewski (2016) 

used OLS at the beginning but without heteroskedasticity robust standard errors 

correction. FGLS was introduced in order to prove homoskedasticity assumption 

and brings the last alternative for the modelling.  

 

This study will begin with defining the OLS model which will be provided for the 

joint model and will continue with deeper analyses between defenders and 

offenders models. The research will be extended by additional regression 

capturing the determination of salary for goaltenders. OLS is feasible to be used 

because there is expected an assumption of linearity in parameters and random 

sampling. However, OLS has more assumptions that need to be satisfied in order 

to become the best linear unbiased estimator. Homoskedasticity refers to the 

constant variance of errors. Violation of homoskedasticity is called 

heteroskedasticity that could be tested by the Breusch-Pagan test which rejects the 

null hypothesis of homoskedasticity when the p-value outcome is lower than 0.05, 

thus confirms heteroskedasticity. P-value larger than 0.05 interprets that 
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homoskedasticity assumption cannot be rejected, nevertheless, there exists a tool 

guaranteeing homoskedasticity called heteroskedasticity robust standard errors. 

FGLS is another efficient tool how to correct the presence of heteroskedasticity. 

No perfect collinearity assumption needs to be satisfied as well. It states that no 

independent variable is a constant or perfect linear combination of the others. 

There exists variance inflation factor (VIF) testing presence of collinearity with 

cut-off set to 10 (Wooldridge 2016), therefore variables with values exceeding 

this limitation violate collinearity. 

 

Furthermore, the second question of the thesis is devoted to finding out the 

relationship between the salaries of the best skaters and of all others. An expected 

unobserved variable, which we shall call goodwill, might affect the best players’ 

payoffs. Majewski (2016) tried to determine this star effect by a dummy variable 

that depicts the effect of the five most valuable players taken from 150 best 

football offenders with significant and large estimate results. In addition, an 

extension of analysis could be done by running a quantile regression for the higher 

quantiles (90th quantile) to see whether there are apparent differences in salary 

determination factors.  

 

4.2   Model description 

 

The regression model for joint testing was uniquely determined based on variables 

capturing physical properties as well as individual performance statistics. Any of 

mentioned literature did not include both statistics in a form as it is done in this 

thesis. The physical condition represented by AGE_SQUARED has been 

observed only by Vincent and Eastman (2009), however in form of square term 

of total number of games in players’ career. Variable COUNTRY capturing the 

country of birth has not been observed in any mentioned literature. Furthermore, 

there were several modifications and a step function was constructed in order to 
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find the best combination of significant variables. The salary determination of a 

player estimated based on the whole skater’s dataset was formulated as follows. 

log(𝑆𝐴𝐿𝐴𝑅𝑌𝑖)

= 𝛽0 + 𝛽1𝐴𝐺𝐸𝑖 + 𝛽2𝐴𝐺𝐸_𝑆𝑄𝑈𝐴𝑅𝐸𝐷𝑖 + 𝛽3𝑊𝐸𝐼𝐺𝐻𝑇𝑖

+ 𝛽4𝐻𝐸𝐼𝐺𝐻𝑇𝑖 + 𝛽5log(𝐺𝑃𝑖) + 𝛽6log(𝐺𝑖)

+ 𝛽7log(𝐴𝑖)  + 𝛽8𝑃𝐿𝑈𝑆𝑀𝐼𝑁𝑈𝑆𝑖 + 𝛽9𝑇𝑂𝐼𝑖 + 𝛽10𝐻𝐴𝑁𝐷𝑖

+ 𝛽11𝑃𝑂𝑆𝑖 + 𝛽12𝐷𝑅𝐴𝐹𝑇𝑖 + 𝛽13𝐶𝑂𝑈𝑁𝑇𝑅𝑌𝑖  

The model formulation begins with variables skewness investigation which was 

tested by histograms. Log transformation helps to adjust skewed data and convert 

it into a more normalized distribution. Independent variable, GP, G, and A were 

transformed into logarithmic form, however possibility of the logarithm of zero 

needs further adjustments. For instance, in the case of variable G and A, number 

one was added to all players. Based on the correction, the model contains log-

level and log-log relations, therefore an explanation for enhanced comprehension 

is necessary. Interpretation of log-level relation states that a unit increase in a 

dependent variable corresponds to the estimate values times 100 change in the 

independent variable. On the other hand, a percentage change in one variable 

corresponding to the given value of coefficient change in the independent variable 

is the explanation of the log-log system. 

 

Based on the choice of the OLS regression it is mandatory to test assumptions 

mentioned in Model Selection in order to get valid estimates. Homoskedasticity 

cannot be rejected in any model, nevertheless, heteroskedasticity robust standard 

errors were done in order to confirm homoskedasticity. No perfect collinearity 

hypothesis was tested by VIF with restriction set to 10 and results are presented 

by Tables 9 – 13 that are located in the Appendix. All tables show AGE and 

AGE_SQUARED variables exceeding limitation, however it is caused by their 

origin, since AGE_SQUARED is computed as a square term of AGE variable, 

therefore no adjustments are required. A is the only variable with VIF value 

slightly larger than 7, nevertheless, it is a very important factor reflecting 

productivity, thus A was left in the models.  
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5.  Results 

5.1  Joint Analysis 

 

The regression analysis model formulated above contains a total of thirteen 

variables and has several significant outcomes as presented in Table 3 which 

included not only OLS but also its robust SE. AGE and AGE_SQUARED are 

both significant at the highest level, moreover as it was expected they have quite 

different estimates. AGE has a positive effect on player’s salary and one unit 

corresponds to a 54 % increase, whereas AGE_SQUARED is negatively related 

and salary decreases by 0.8 % per unit, however the unit for AGE is not the same 

as for AGE_SQUARED. For instance, the change in age from 29 to 30 

corresponds to an increase of 54 %, however the difference in square terms 

between 29 and 30 equals 59 and consequently the AGE_SQUARED reduces the 

wage by 47.2 %. It is possible to compute the peak of age where the effect of 

experience is exceeded by ageing parameter which is equal to 33.7 years. 

Unfortunately, the peak cannot be compared with any peaks computed in earlier 

papers because any of mentioned literature did not calculate it. WEIGHT and GP 

are significant at the 10 % level, moreover gain of one kilogram represents 0.7 % 

more in wage, however an additional one percent of the number of games played 

decreases salary by 0.109 % since it has been logged. Unexpectedly, G is not 

considered as significant variable at any of observable statistical levels that could 

be caused by narrow range of goals and a lot of players with any goals scored. On 

the other hand, A is significant at the 1 % level, thus the more productive the 

player is the more he earns and since it is logged, it means that a 1 % increase in 

assistances results in 0.185 % more in salary. TOI significance (at the 1 %) and 

positive estimate show that an additional minute on average on ice brings 12.2 % 

more in salary. DRAFT similarly to TOI has a substantial impact on salary 

(26.2 % more for those drafted in the first two rounds). POS significance confirms 

the importance of position and its relevance will be used for further analyses of 

defenders and offenders separately. Furthermore, being a defenceman, 
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unfortunately, reduces wages by 52.3 %. Surprisingly, physical properties as 

HEIGHT and HAND are not considered significant. Country of origin is not 

significant for any of the given groups. PLUSMINUS is the last variable without 

significance which confirms the hypothesis that it might not be a relevant 

measurement of players’ performance. 
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5.2  Best players adjustments 

 

In order to capture the effect of goodwill which might affect salary determination, 

a new variable needs to be introduced. There are many options how to choose top 

players, for example, a list of the most productive players in the season, however 

being highly productive in only one season does not answer whether it will be 

achieved in the following seasons. Moreover, creating STAR based on P could 

result in correlation, since more productive players should earn more. STAR was 

built based on a list of skaters found on the ESPN.com. The list depicts players 

evaluated as the top 100 players of the decade, nevertheless, only the top 10 were 

chosen for analysis because they stand for the most famous players that everybody 

knows. The variable was defined as dummy which equals 1 for the best 10 skaters 

and 0 otherwise. Table 4 compares the joint model against itself with the STAR 

effect. Adjusted R – squared slightly increases after STAR implementation which 

verifies its relevance. STAR variable is considered significant on 90 % and 

represents a gain of 22.4 % in the salary. Creditability of the thesis was enlarged 

by STAR. To the best of our knowledge, it has not been studied in the hockey 

industry yet. STAR causes a slightly different values of other estimates, however 

any variable did not change its significance.  
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Based on the results of the STAR variable, the best players need further analysis 

whether their estimates differ compared to the joint model. Quantile regression 

(QR) used by Vincent and Eastman (2009) was selected in order to examine only 

the top players. Although QR has been already used, it was not implemented on 

joint model. Vincent and Eastman (2009) were testing whether there are 

differences between quantiles for defencemen and offenders, thus joint QR could 

find additional dependences of salary determinants for the skaters with the highest 

earnings. QR is initially based on median testing, nevertheless, it can be modified 

for analysing only specific quantile, therefore the 90th quantile was chosen. QR 

modelling is based on the whole dataset. Table 5 captures differences in estimates 

between QR and joint model that show a change in significances in four cases. As 

it was expected, STAR variable is no longer significant in QR, since not all players 

with the highest salaries were evaluated as the best players of the decade. 

Surprisingly, WEIGHT and HEIGHT swapped their importance, although 

WEIGHT is significant for OLS at the 10 % level, under QR WEIGHT turns to 

be insignificant and HEIGHT is even more important (at the 5 % level). GP is not 

considered as significant under QR because the best players are expected to play 

most of the matches. Besides these changes, there are noticeable differences in 

the values of the estimates which are explainable. Mainly AGE coefficient 

decreases by more than 10 % which could be caused by the tiny age range among 

skaters. A estimate decreases by 0.014, whereas DRAFT slightly strengthen 

estimate due to the hypothesis that wages are even more influenced by talent for 

the best players. Last but not least, POS reduces the dispersion of earnings among 

positions on the rink, even though it is still remarkably high. 
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5.3 Defenders and Offenders analyses 

The research continues with two additional models providing deeper analyses for 

defencemen (n = 262) and offenders (n = 496), respectively. Regressions are 

based on joint testing without STAR variable, because of unequal distribution of 

top players among positions. Table 6 summarizes estimates and enables 

comparison between joint and position models. As expected, it clarifies the 

diversity in significances and values among variables. Although AGE, 

AGE_SQUARED, TOI, and DRAFT have the same significance levels, it differs 

in estimates coefficients. AGE_SQUARED and TOI have negligible differences, 

however AGE provides larger dispersion of 8 % between position models and a 

larger estimate value for defenders (by 5.4 %) and weaker value for offenders (by 

2.6 %) compared to the joint model. DRAFT surprisingly has the highest 

coefficient for defencemen, which differs at most by 4.4 % among models, 

nevertheless, 1 % out of 1 million dollars is quite a lot of money for ordinary 

employees. WEIGHT is insignificant for defenders, although it has an important 

effect for joint and offenders model at the 10 % level. GP gives a piece of evidence 

that the variable is insignificant for defencemen, however offenders even 

strengthen significance level compared to the joint model. Defencemen results 

represented by A verify that the main aim of defensive players is not to score 

goals, thus the offenders model has correctly the maximum value of estimate 

among all regressions. Finally, outcomes obtained from COUNTRY are not 

considered significant with exemption in defenders model where all groups are 

found significant at least at the 10 % level. This effect could be caused by the 

smaller number of observations in the defenders’ regression. PLUSMINUS is not 

significant in any model, however defenders were expected to have it at least at 

the minimal level. Insignificance could be caused by the assumption that 

PLUSMINUS is team’s measure statistics and productivity of one player could be 

overweighted by teammates failures. 
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5.4  Goalies analysis 

 

This study provides a complete investigation of the hockey industry in the NHL, 

therefore the analysis modelling goaltenders’ salaries based on their performances 

is the only part left. Including models for all position is unique, since regularly 

only skaters are examined. Goalies variables differ in comparison with skaters, 

thus formulation of a separate model is necessary. The dataset consists of 70 

observations and operates with the following variables. W and L represent the 

number of wins and losses when a goalie plays. Matches without any goal scored 

against are represented by shutouts (SO). There are two more new variables goals-

against average (GAA) which represents the average number of goals in 

goaltenders’ own net during one match and save percentage (Sv_per) corresponds 

to the percentage of successful catches of opponents’ shots. Moreover, many 

variables are identical with skaters as AGE and its square term, WEIGHT, GP, 

HEIGHT, HAND, DRAFT, and COUNTRY. In addition, GP was unlogged due 

to better normality distribution.  

 

 

 

W and L are captured by GP because more games played could be associated with 

coach trust in the goaltender and thus more wins for the team and consequently 
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larger earnings. In addition, any goalie did not play in more than 67 matches as it 

is apparent in Table 7. SO, GAA and Sv_per include similar factor which 

describes the main skill of goalies. Based on the statistics in Table 12, SO has a 

maximum of 9 games, moreover the majority of goaltenders have at most 3, 

therefore it is not considered as a relevant measurement. Sv_per was found as the 

best factor capturing goaltenders’ skills and its mean shows that the average 

percentage of successful catch is almost 91 % and at least one goalie has even 

93.4 %. GAA is not easily comprehensible, its values lie within 1.9 to 4, however 

it would be beneficial to have more than one variable summarizing goaltenders’ 

skills, therefore GAA was also included. HAND was not added into the model, 

since the vast majority of goaltenders are left-handed. OLS regression method 

was formulated after numerous attempts as follows. 

 

log(𝑆𝐴𝐿𝐴𝑅𝑌𝑖)

= 𝛽0 + 𝛽1𝐴𝐺𝐸𝑖 + 𝛽2𝐴𝐺𝐸_𝑆𝑄𝑈𝐴𝑅𝐸𝐷𝑖

+ 𝛽3𝑊𝐸𝐼𝐺𝐻𝑇𝑖 + 𝛽4𝐻𝐸𝐼𝐺𝐻𝑇𝑖 + 𝛽3 𝐺𝑃𝑖 + 𝛽4𝑆𝑣_𝑝𝑒𝑟𝑖 + 𝛽5𝐺𝐴𝐴𝑖

+ 𝛽6𝐷𝑅𝐴𝐹𝑇𝑖 

 

Table 8 shows results obtained from the goaltenders model including also robust 

SE. Unfortunately, only two variables were found significant, namely AGE which 

is significant at the 10 % level, and GP at the 1 % level. An increase in age by one 

unit result in a 28.4 % rise in wage, however one more game played leads to a 

3.5 % increase. Fullard (2012) includes GP, GAA and Sv_per as in the model 

above, however additional variables were L, SO and a few more. R – squared of 

Fullards’ model equals only to 19.8 % compared to 66.4 % formulated in this 

study. Furthermore, Fullard found out that GP is the only factor significant at the 

5 % level and with a coefficient that equals 0.311. There could be several reasons 

why the estimate differs, for example, implementing only factors depicting skills 

and not taking psychical properties like age, weight, or height into account. 

Formulating goaltenders’ model in the way as it is done in this thesis has not been 
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done yet and as a result it extensively enlarges the knowledge which factors are 

significant for goalies salary determination. 
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6.  CONCLUSION 

 

The motivation of this study was to provide a complex analysis of how NHL 

players’ performance and physical properties affect their payoffs. Although there 

already have been papers devoted to a similar topic, all of the mentioned analyses 

are outdated and focus mainly on skaters. Furthermore, the hockey industry is 

constantly changing its tactics, productivity and salary limitation. The choice of 

variables included in the model differs and investigation of the best players in the 

way as it is done in this study as well as defining regressions for all positions 

separately has not been done yet.  The dataset was collected from the latest regular 

season 2018-2019, since the recently finished season was affected by COVID-19 

and shortened. 

 

Modelling is based on the OLS regression model because it is a method used for 

a cross-sectional type of data which are used. The analysis consists of four main 

models. The first three are focused on skaters. Starting with the joint model which 

results in the significance of age, its square term representing a physical condition, 

weight, number of games played in the season, assistances, and the average time 

spend on the ice. Moreover, including dummy variable draft corresponding to the 

most talented young players captures significant effect. Besides this, the 

importance of the position variable enables to extend the study by mapping 

defencemen and offenders separately which brings differences in estimates among 

positions. Despite the often negligible changes, the structure of age or importance 

of the number of assists are considerable. Estimates repeatedly show similarity in 

significance levels with existing literature, however the coefficients values and 

signs of estimates sometimes differ. Although the number of goalies observation 

compared to Fullard (2012) is lower, the unique model formulated in this thesis 

explains more relations of goaltenders’ salaries. Even though only age and games 

played were found significant, it provides deeper analysis and consequently 
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enlarges the knowledge of their determinants since because goalies are usually 

excluded.  

 

An attempt of capturing an unobserved effect of the top players has to the best of 

our knowledge not been examined yet. It is based on a dummy variable consisting 

of the best 10 players of the decade which was found significant. Including the 

star variable and its importance leads to further analysis which was done by 

quantile regression examining the 90th quantile and its comparison with the joint 

model. QR has not been used on the joint dataset yet. As expected, the star factor 

was not considered significant. Furthermore, significance of weight was replaced 

by height and games played are insignificant under QR. 

 

Future research could extend salary determination in the COVID-19 pandemic 

and followed seasons and compare it with this thesis. Regular season 2019-2020 

was cancelled prematurely and there might be differences in estimates. Research 

investigating a group of players for a couple of years and comparing their 

performances and progression in productivity and salary might be beneficial. 

Quantile regressions including more parts as Vincent and Eastman (2009) used 

for defenders and offenders could be implemented to the joint model.  
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