NHL TEAM PRODUCTION: POST-LOCKOUT ERA

A THESIS

Presented to

The Faculty of the Department of Economics and Business
The Colorado College

In Partial Fulfillment of the Requirements for the Degree
Bachelor of Arts

William Joseph Sweatt
05/2010

NHL TEAM PROUDCTION: POST-LOCKOUT ERA
William Joseph Sweatt
05/10

Mathematical Economics
Abstract

The National Hockey League (NHL) has had troubles in the past with turning a profit.
However, recently the NHL has improved revenues since the lockout season of 20042005. Even though the league as a whole is doing better, about half the teams each year
still have negative revenues. As many different sport studies have shown in the past, that
winning teams are able to draw more fans, and thus, more revenue as well. The sole
purpose of this study is to find out what helps a team win hockey games, which creates
higher attendance, and ultimately, higher revenue. This study accomplishes this by using
Ordinary Least Squares (OLS) and Generalized Method of Moments (GMM) regression
along with data from the 2006-2009 seasons to discover the factors that contribute to a
NHL team's success. One major finding of this study is that Major Penalties, or more
specifically fighting, no longer has a significant impact on helping a team win. By
discovering the factors that help a team win, each team can go after the optimal players
that will contribute most to winning games.
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CHAPTER I

INTRODUCTION

Prior to the lockout resulting in the cancellation of the National Hockey League's

(NHL) 2004-2005 season, the NHL had been struggling financially. In previous decade

alone, four teams filed for bankruptcy.1 In the three seasons before the lockout, the
combined net operating incomes for all teams had been negative.

The season

cancellation was not only caused by the financial troubles themselves. There had been
contentious labor disputes between the players and the owners.

To resolve all these problems, the NHL made many rule changes and installed a
new salary cap to restrict spending. The rule changes designed to encourage a more

skillful, exciting game in order to attract more fans. One of these changes was to call
more penalties on skill inhibiting plays, such as hooking and holding. Also, two-line

passes were now legalized and shootouts were instituted to decide games in which neither
team was able to score in overtime. With the rule changes and new salary cap, the NHL
ended the lockout after a one-year hiatus.

1 John Loughnane and Charles Dale, "NHL, Union Can't Count on Miracle on Ice," Street &
Smith's Sport Business Journal, March 22-28 Issue, 2004.

2 Net operating income is the income remaining after deducting operating expenses (but not
interest or taxes).

3 Andrew's Dallas Stars Page, "NHL Business, 97-'98 through O3-'O4 Forbes Numbers," available
from http://www.andrewsstarspage.com/NHL-Business/index.htm, visited 1/10/10.

As mentioned above, one of the primary ways the NHL sought to solve its
financial woes was to create a newer, faster, more exciting game that would spur
increased attendance, boosting gate and merchandise revenues. As of 2002-2003 (current

statistics are not available), 80% of team revenues were accumulated in this manner, 50%

from ticket sales and 30% from in-arena purchases.4 By boosting the popularity of game
play itself, the NHL would thus be targeting the areas from which it gained most of its
revenue.

The strategy was successful. Since the lockout, it indeed seems that the rule
changes and new salary cap have solved the revenue problem. In the first three seasons

following the lockout, the NHL has experienced a steady revenue increase (see Figure

1.1). Also, the net operating incomes for the NHL have all been positive since the lockout
season (see figure 1.2). These statistics appear to clearly demonstrate that the NHL has
increased its appeal enough to attract substantially more fan support. However,
appearances can be deceiving.

4 Andrew's Dallas Stars Page, "NHL Business, 2002-2003 Levitt Report Numbers," available
from http://www.andrewsstarspage.com/NHL-Business/index.htm, visited 3/1/10.

FIGURE 1.2

NHL Historical Net Operating Income (in millions)
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Source: Forbes, "NHL Team Valuations," available from
httn-//www fnrhp<! r.nm/iists/7.009/31 /hockev-values-09 NHL-Team
Valuations MetroArea.html, visited 3/1/10.

Another reason that the statistics in Figure 1.2 are somewhat misleading is that the

numbers represent all 30 NHL teams combined. During this period, fewer than a third of
NHL teams were making a profit. Most teams were losing money. However, the few
teams that were profiting were located in big markets. Their revenues somewhat (when
averaged with the other teams) offset and thus hide the financial woes of the struggling
teams.

Figures 1.1 and 1.2 can also be seen differently when one takes into account the
effect of the NHL salary cap. Figure 1.3 (below) shows the average amount of money

teams spent on player salaries before and after the lockout in 2004-05.5 The average
team salary expenditures for the first two post-lockout seasons were much lower than the

average team salary expenditures in the 2003-2004 season. However, it must be noted
that the average team salary expenditures for the 2003-2004 and 2007-2008 seasons are

almost identical. This demonstrates that in many cases, it is the revenue increases (and
not spending controls) that have helped boost NHL net revenue.

FIGURE 1.3

NHL Historical Team Average Payroll (in millions)
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Source: Andrew's Dallas Stars Page, "NHL Team Payrolls Since 1989-1990,"
available from http://www.andrewsstarspage.com/NHL-Business/historical-payrolls.htm,
visited 3/1/10.

5 Andrew's Dallas Stars Page, "NHL Team Payrolls Since 1989-1990," available from
http://www.andrewsstarspage.com/NHL-Business/historical-payrolls.htm, visited 3/1/10.

Table 5.1 shows the breakdown of each team's net operating income for the first
four completed post-lockout seasons. Values are in millions of dollars.

TABLE 1.1

Net Operating Incomes for all 30 NHL Teams (in millions)

2005-2006

2006-2007

2007-2008

2008-2009

-0.2

6.6

1

4.8

-5.4

-6.5

-6.1

-1.8

Boston Bruins

4.8

-0.6

-3

11.6

Buffalo Sabres

4.6

-4.9

-8.9

-5.2

2.3

-0.7

7.4

-0.8

0.5

-7.5

-11.5

-4.6

3.1

-3.6

1.4

20.9

5.9

6.6

2.3

3.4

-4

-5.6

-7.1

-9.9

Team
Anaheim
Ducks
Atlanta

Thrashers

Calgary
Flames
Carolina
Hurricanes

Chicago
Blackhawks

Colorado
Avalanche

Columbus Blue
Jackets

San Jose

1.8

-5.1

2.4

-5

1

-5.5

-8.6

-2.7

5

0.6

1.2

-2.2

41.5

52.7

66.4

78.9

1.1

12.8

19.2

20.3

4.6

1

-6.9

-4.9

8

15

12

14

Sharks
St. Louis Blues
Tampa Bay

Lighting

Toronto Maple
Leafs
Vancouver

Canucks
Washington
Capitals

Number of
teams with net

operating
losses

Source: Forbes, "NHL Team Valuations," available from
httn://www.forbes.com/lists/2009/3 l/hockey-values-09 NHL-Tea
Valuations MetroArea.html, visited 3/1/10.

As evident in Table 5.1, in each season since 2005-06, nearly half of NHL teams

have experienced net operating losses. In the latest season, 2008-2009, fourteen teams

suffered net operating losses. As a whole, the NHL has been doing better, but there are
still many teams that are still losing money. Most of the positive net operating income is
coming from two Canadian teams, the Montreal Canadiens and the Toronto Maple Leafs.

In the 2008-2009 season, these two teams accounted for 60% of the overall net operating
income.

However, one significant reform of the lockout was total revenue sharing: all
NHL team income is pooled together and distributed equally, so struggling teams do not

suffer (although their value depreciates). Regardless, there is still much room for
improvement. One way to solve the problem of losing money is to attempt to increase
attendance for struggling franchises.

As explained previously, the on-ice rule changes have increased offense and made
NHL hockey games more exciting, but there are additional factors that affect attendance.
Team success is extremely important.6 A team that wins more games will draw more

fans to games, boosting revenue. Therefore, every NHL general manager's ultimate goal
is to find the players that give his team the best chance to win.

This study will attempt to set up a production function for the NHL in order to

ascertain the factors that help a team win. There will be two dependent variables used in
the models, team points and goals allowed. The team points model will use ordinary
least squares (OLS) regression to ascertain the major factors that contribute to the success

of an NHL team. The goals allowed model will include three separate models, one model
using OLS regression and the other two models using Generalized Method of Moments

(GMM) regression. The purpose of the goals allowed model is to better understand the
defensive aspect of hockey, preventing the opponent from scoring. Combining these
models' results should create a greater understanding on what really makes a team win.

6 H. Hansen and R. Gauthier, "Factors Affecting Attendance at Professional Sport Events,"
Journal of Sports Management, Vol. 15, No. 1, 1989: 15-32.

By enhancing their statistical understanding of what helps a hockey team be successful,
struggling NHL teams can more intuitively seek out the players best suited to help them
The following chapter, Chapter II, will review all the previous literature

associated with team production. Studies from soccer leagues, Major League Baseball,
the National Basketball Association, the National Football League, and the NHL are
included to create a basis of understanding of team production. In Chapter III, the theory

behind the labor production function along with the variables used will be discussed.
Chapter IV discussed the data and methodology used. Finally, Chapter V summarizes the
results found from the regressions and discusses any conclusions that can be drawn from
the results.

CHAPTER II

LITERATURE REVIEW

This chapter reviews the existing literature on sports production functions. The

first sections will discuss previous studies concerning sports other than hockey, including
soccer, football, baseball, and basketball, in that order. Next, the production functions
involving hockey will be discussed. By examining these various studies, a more
comprehensive understanding will be gained as to what makes a professional sports team
successful and what type of players they should strive to obtain.
In the years just before the lockout (2004-2005), the National Hockey League

(NHL) had net operating losses.1 In three out of the five seasons prior to the lockout, the
NHL as a whole suffered from negative net operating income/ As of the 2008-2009
season, the NHL had a positive net operating income. However, almost half of the teams

had an individual negative net operating income.3 It can be concluded from this

1 Andrew's Dallas Stars Page, "NHL Business, 97-'98 through 03-'04 Forbes Numbers," available
from http://www.andrewsstarspage.com/NHL-Business/index.htm, visited 1/10/10.

2 Negative net operating income means that the NHL incurred more expenses (excluding taxes and
interest) than revenue generated.

information that the NHL is doing better business. This most likely stems from the salary
cap put into place during the lockout period in tandem with efforts to increase revenues.

Many past studies concerning all sports demonstrate overwhelmingly that fans are

far more likely to attend games if their team is successful.4 The better the team, the more
willing the fans are to pay for tickets and merchandise.

English Premier League

In a study focusing on the English Premier League, Buraimo and Simmons
examined the impact of market size on attendance using a demand function. It may

initially appear that this study is not relevant, but upon further examination, it is. The

study used attendance over the period 1997-2004 and fixed problems like sell-out crowds
and unobserved influences through the use of Tobit estimation and random effects
respectively. The main conclusion was that teams located in bigger markets attract more

fans and in the long run, a team's performance is predicated on the size of the market.
This means that a larger market team has the potential to attain more fans, which creates
more revenue that could potentially lead to that team buying more talented players.

National Football League (NFL)

In a recent study done on the NFL, Stair, Mizak, Day and Neral examined the
factors of team performance. The authors used data from the 2003-2007 NFL seasons

and included variables accounting for all aspects of the game: offensive, defensive and
4 H. Hansen and R. Gauthier, "Factors Affecting Attendance at Professional Sport Events,"
Journal ofSports Management, Vol 15, No. 1, 1989: 15-32.

5 Babatunde Buraimo and Rob Simmons, "Market Size and Attendance in English Premier League
Soccer," Working Paper, 2006.

special teams. This study also employed the use of independent variables such as
penalties and off-field conduct manner (which was measured by total number of player

arrests). Using ordinary least squares regressions and total regular season wins as the
dependent variable, the authors ascertained which factors truly help a team win. The
study found the following variables to be significant: quarterback rating (the most

significant factor), games played by the number one quarterback, sacks allowed per
season, rushing yards per game, receiving yards per game, sacks per season, opponents

passing yards per game, opponents rushing yards per game, and field goal percentage.
Perhaps the most interesting determination was that off-field conduct does not

significantly hurt NFL team performance.6

Major League Baseball

In a well-known study on Major League Baseball, Gerald W. Scully investigated

which factors most contribute to a major league baseball player's salary. The data for the
study was collected from the 1968 and 1969 MLB seasons. The data includes player

salaries as well as team and player statistics. Using a two-part regression model, Scully
related team success (win-loss percentage) to team revenue, and player performance to

team success to figure out if players are paid based on their performance. Regression
results yielded four factors that primarily contribute to the salary of a MLB baseball
player: hitting or pitching performance, the weight of the players' contributions to team

performance, the number of years spent in the majors, and the greater bargaining power
of star players. Scully determined the weight of a player's contribution to team

6 Anthony Stair, Daniel Mizak, April Day, and John Neral, "The Factors Affecting Team

Performance in the NFL: does off-field conduct matter?," Economics Bulletin, Vol. 26, No.2, 2008: 1-9.

performance in a unique fashion: for hitters, Scully used lifetime at bats divided by the
number of years that player spent in the majors, multiplied by 5,500 (the average season

at bats for a team). For pitchers, Scully used lifetime average percentage of innings

pitched out of total innings.7
Another baseball study examining player salaries (but with a different approach)
was that of Depken. Depken investigated whether wage disparities amongst team

members affected team productivity. The model used included both total team salary as

well as intra-team salary dispersion. Intra-team salary dispersion was measured through
the use of the Herfindahl-Hirschman index and team productivity was measured by the
team's win percentage. Depken used MLB data from 1985 to 1998. The study

concluded that higher wage disparity reduces team performance, which is explained by
jealousy that develops between the highly paid players and the low paid players.
Depken's study also found that the higher the total team salary is, the better the team
performance.

Similarly to Depken's study, Jewell and Molina investigated wage disparities in
the MLB, as well as team efficiency and team revenue. The two authors used data from
the 1985-2000 MLB seasons and employed a stochastic production frontier model to
examine wage disparity, team efficiency and team revenue. The model used winning

percentage as the dependent with various independent variables that accounted for the
offensive and defensive aspects of a baseball game. Gini-coefficient was used as a

7 Gerald Scully, "Pay and Performance in Major League Baseball," The American Economic
Review, Vol. 64, No. 6, 1974: 915-930.

8 Craig Depken, "Wage Disparity and Team Productivity: Evidence from Major League Baseball,
Economic Letters, Vol. 67, 2000: 87-92.

measure of salary dispersement and was included as one of the independent variables of
this study. The results were identical to that of Depken's study where wage disparity
does have a significant and negative impact on team success. However, the study
produced a conclusion directly anathema to that of Depken, asserting that higher wage

disparity does not have an effect on team efficiency. The study also showed that team
revenues do not impact team efficiency.

Unlike previous studies that dealt with player performance, Kahn's study
examined the impact of managerial quality on both team success and player performance.

Kahn used data from 1969-1987 MLB seasons along with a multi-part regression model
to determine the degree to which managers can help their team win. The model
controlled for both offensive and defensive inputs and used predicted salary to measure

managerial quality. The results showed that after controlling for offensive and defensive
inputs, managerial quality does in fact have a positive, and mostly significant effect on
team winning percentage, as well as player performance relative to their ability.
In a recent study done on the MLB, Volz investigated whether MLB teams were

efficient in using their resources and the factors that made those teams efficient. Volz
used several Data Envelopment Analysis (DEA) models along with data from the 19852006 MLB seasons to identify pinpoint efficiency. Not only was the model able to

successfully identify which teams were efficient and which were not, it also identified the
source of inefficiencies in each team. There were several results produced by this study.

9 Todd Jewell and David Molina, "Productive Efficiency and Salary Distribution: The Case of US
Major League Baseball," Scottish Journal ofPolitical Economy, Vol. 51, No. 1, 2004: 127-142.
10 Lawrence Kahn, "Managerial Quality, Team Success, and Individual Player Performance in
Major League Baseball," Industrial and Labor Relations Review, Vol. 46, No. 3, 1993: 531-547.

One result was that through the years, both the American League and National League
allocate too many resources to first basemen. Also, the National League tended to under
-allocate resources to starting pitching while the American League tended to underallocate resources to second basemen. The last result found was that the most efficient

teams use younger, less experienced players, but also have rosters featuring successful

veterans with previous all-star appearances."

National Basketball Association (NBA)

In a study of production in the NBA, Zak, Huang, and Siegfried explored whether

NBA teams efficiently utilize their players. The authors used individual game data from
the 1976-1977 NBA season and a Cobb-Douglas production frontier function to address

their hypothesis. An interesting factor for output was used, the ratio of the game's final
scores.

This study revealed the factors that lead to higher output, which are field-goal

percentage, free-throw percentage, rebounding, turnovers and personal fouls, as well as a
ranking system based on team potential and efficiency that matched the actual won-loss
records for that season.

In a later study done on NBA team production and efficiency, Hofler and Payne

used wins instead of the ratio of game scores to measure team output. By using data from
the 1992-1993 NBA season and a stochastic production frontier model, Hofler and Payne

produced efficiency measurements for all 27 NBA teams. Their conclusion was that only

" Brian Volz, "Efficient Production of Wins in Major League Baseball," Department of
Economics Working Paper Series, 2008.

12 Thomas Zak, Cliff Huang, and John Siegfried, "Production Efficiency: The Case of Professional
Basketball," The Journal ofBusiness, Vol. 52, No. 3, 1979: 379-392.

defensive rebounds increase the number of wins, which was part of the result reached in
Zak, Huang, and Siegfried's study. However, the two authors acknowledged that there
were problems with the study. Many of the variables suffered from collinear

relationships. For that reason, this study's regression results only yielded one factor
associated with increasing team wins' defensive rebounds.

In another study using the NBA, Yilmaz and Chatterjee examined the evolution of
basketball starting with the 1950-1951 season. The motivation for this study was partly
because of a previous study by the same two authors in addition to the work of Stephen
Gould. Gould performed his study on the disappearance of .400 hitters (batting average)

in baseball and concluded that it was because the quality of play has been improving in
the MLB. The previous study done by Yilmaz and Chatterjee on the MLB showed that
the variance among team winning percentages has been declining over time. Yilmaz and
Chatterjee wanted to repeat the study for the NBA and see if the same results would hold.
To answer the proposed question, Yilmaz and Chatterjee used data from the 1950-1951 to

the 1997-1998 seasons as well as a multiple regression models. The study measured
team performance by the average number of points scored per game (PSG), average
number of points allowed per game (PAG), average number of rebounds per game

(RPG), and average number of assists per game (APG). Unlike the MLB study, the

variance in winning percentages in the NBA has not been declining over time. This is

13 Richard Hofler and James Payne, "Measuring Efficiency in the National Basketball
Association," Economics Letters, Vol. 55, 1997: 293-299.

likely the case for two reasons: the NBA has not been around as long, and it had also
undergone rapid expansion between 1950-1951 and 1997-1998.

In a study similar to that of Scully's, Berri constructed a production function for
an NBA player instead of an MLB player. Berri used team data from the 1994-1995 to

1997-1998 seasons, both from the regular season and playoffs. For the playoff data,

Berri used individual game statistics because some players will play more games than
others. Berri used two separate regression models, one for offense and one for defense,
in order to link a player's statistics to team wins. Once the factors that influence wins
were determined, Berri combined those statistics into one equation to find the marginal

values for each of those statistics. The results showed that rebounds, avoidance of
turnovers, and shooting efficiency were the most significant in helping a team win games.
The study also went on to calculate a player's relative value based on the results
mentioned above. Berri's study concluded that the regular season most-valuable player

(MVP) for the 1997-1998 season should have been Dennis Rodman and not Michael
Jordan.15
As in Berri's study, Onwuegbuzie examined the NBA, however Onwuegbuzie's

study focused team performance instead of individual player production. Onwuegbuzie
used data from the 1997-1998 NBA season, as well as all possible subsets multiple
regression to identify what helps a team win. Success was measured by winning

percentage. The results revealed that field goal conversion percentage and average threepoint conversion percentage of opposing teams were the two most significant variables,
14 Mustafa Yilmaz and Sangit Chatterjee, "Patterns of NBA Team Performance from 1950-1998,'
Journal ofApplied Statistics, Vol. 27, No. 5, 2000: 555-566.

15 David Berri, "Who is "Most Valuable"? Measuring the Player's Production of Wins in the
National Basketball Association," Managerial and Decision Economics, Vol. 20, No. 8, 1999: 411-427.

which is a shared result of Berri's study. These results also indicate that the offensive
aspects of a basketball game are more important than the defensive aspects in helping a
team win games.

National Hockey League (NHL)

The NHL is the focus of fewer studies than the MLB, NBA and NFL. Most of the
previous studies done on the NHL have dealt with discriminatory hiring practices among
players or violence.

In the first study done on discrimination in the NHL, Lavoie, Grenier and
Coulombe examined whether French-Canadian players experienced discrimination,

affecting their entry into the league. The three authors did this by inspecting the
differences between four different groups of players: Americans, Europeans,

Francophones (French-Canadians), and Anglophones (English-Canadians). The study
used multiple regression models and data from the 1983-1984 and 1984-1985 seasons.

To test for NHL player-hiring discrimination, the authors used career points as the

dependent variable while using draft number has one of the independent variables. The
results showed that both European and Francophone players perform better than the
Anglophone and American players, although the Francophone players were on average

drafted lower than Anglophone players of equal talent. The authors also inquired as to

whether this same discrimination existed even after the NHL entry draft. They concluded
that Francophone players outperform American and Anglophone players, which once

again points to discrimination. Lavoie, Grenier and Coulombe speculated that the

16 Anthony Onwuegbuzie, "Factors Associated with Success Among NBA teams," The Sport
Journal, Vol. 3, No. 2, 2000.

discrimination is caused by a lack of player information (available to NHL teams), a
problem solvable by setting up more opportunities for Francophone players to showcase

their talents. The authors also suggested that legal procedures be presented to the NHL to
prevent discrimination against Francophone players.

As a follow up to Lavoie, Grenier, and Coulombe's study, Mclean and Veall

repeated the study using data from the 1990-1991 NHL season. In addition to repeating
the previous study, the two authors also investigated whether there is salary

discrimination amongst the same groups. Mclean and Veall did not use career points to
measure performance, but instead chose average points per game. Even though the
results were almost identical, the figures were not significant at the 95% level in the
Mclean and Veall study. Also, the regression results showed that there was little to no
evidence of salary discrimination against Francophone players.

15i

In yet another study done on discrimination, Walsh and Jones investigated

whether NHL player salaries are determined merely by skill, or by discrimination. The
two authors employed a data set from 1977-1978 season, while using a regression
equation with player salaries as the dependent variable. This study reached three separate
conclusions. First, player salaries are primarily determined by their skills. Second, the
monopoly position of a professional sports franchise does not have a positive impact on

17 Marc Lavoie, Gilles Grenier, and Serge Coulombe, "Discrimination and Performance

Differentials in the National Hockey League," Canadian Public Policy - Analyse de Politiques, Vol. 13,
No. 4, 1987:407-422.

18 Robert C. Mclean and Michael R. Veall, "Performance and Salary Differentials in the National
Hockey League," Canadian Public Policy -Analyse de Politiques, Vol. 18,No. 4, 1992:470-475.

player salaries. Third, and most importantly, there was no visible discrimination amongst

NHL players including French Canadian players.19
Leo Kahane performed a study that not examined possibly Francophone

discrimination, but also focused on NHL team efficiency. Kahane's goal was to see if
such discrimination still existed and whether teams efficiently used their resources. The
study employed data from the 1989-1990 to 1997-1998 seasons as well as a stochastic
frontier production model to answer the proposed questions. To measure production,
Kahane used two groups of inputs: coaching measures and franchise measures. Coaching
measures included career games coached, whether coach played in the NHL, and whether
the coach was had played for the team. Team measures included franchise age, whether
the team had moved to a new location, whether the team was owned by privately or by a
corporation, and the number of games Francophone players played in a given season.
The results showed that NHL teams do have production inefficiencies that most

commonly resulted from coaching ability, franchise age and whether the team had
recently been relocated. Also, the study found that teams that are owned by corporations

are more efficient than teams owned privately. Lastly, the study found that teams who
had a greater number of Francophone players tended to be less efficient.

In another study done on discrimination, Nadeau, Jones and Walsh examined
whether salary discrimination exists in the NHL. The study employed an earnings

function regression model of salary determination using data from the 1989-1990 NHL
19 J.C. Jones, S. Nadeau, and W.D. Walsh, "Salary Determination in the National Hockey League:
The Effects of Skills, Franchise Characteristics and Discrimination," Industrial and Labor Relations
Review, Vol. 41, No. 4, 1988: 592-604.

20 Leo Kahane, "Production Efficiency and Discriminatory Hiring Practices in the National
Hockey League: A Stochastic Frontier Approach," Review of Industrial Organization, Vol. 27, No. 1,
2005:47-71.

season. The model used four groupings of independent variables, which included skills
and productivity, market structure, and ethnicity factors. The results showed that the
most important factor in determining salaries are skill level and productivity, which

coincides with the author's previous study. Also, the study found that free agency and

ethnicity have no significant effect on salary determination while experience (number of
years played) did have a significant effect on salary determination.

Another group of studies to be addressed focus on the other highly scrutinized

facet of the NHL: violence. Jones, Stewart and Ferguson examined whether violence and
fighting had a significant impact on winning and attendance. The authors used data from
the 1981-1983 NHL seasons along with a multiple regression model to study the

hypothesis. This study yielded the following result: violence does help draw more fans,
however not to the extent that it hurts player performance.

Jones did another study addressing violence in hockey, but with two different

authors and a different purpose. Jones, Nadeau and Walsh examined the affect of
violence on player salary. To tackle this question, the authors used a standard earnings

function model of human capital theory along with data from 388 players from the 19891990 season. One problem was distinguishing what the authors called "grunts"

(aggressive or violent players) and "nongrunts" (non-aggressive, non-violent players).
To overcome this problem, the authors used a clustering procedure to put every player

into one of these two categories. This study yielded one main result; that the salary

21 J Colin H. Jones, Serge Nadeau, and William D. Walsh, "Ethnicity, Productivity and Salary:
Player Compensation and Discrimination in the National Hockey League," Applied Economics, Vol. 31,
1999: 593-608.

22 K.G. Stewart, Donald Ferguson, and J.C. Jones, "On Violence in Professional Team Sport as the
Endogenous Result of Profit Maximization," Atlantic Economic Journal, Vol. 20, No. 4, 1992: 55-65.

structure for "grunts" is different than that of "nongrunts." Teams were determined to go
out of their way to give employment opportunities to "grunts."

In another study done on violence in the NHL, Haisken-DeNew and Vorell

ascertain whether the NHL has created incentives for fighting. The study used two

unique data sets: one was player statistics from 1996-2007; the second was team data
from 1967-2005. The authors used a series of conditional logit models for teams and
wage regression for individual players. This study gave two major results: firstly, the
more fights a team has, the higher probability of that team advancing to the playoffs;

secondly, players earn a considerable wage premium for fighting. Haisken-DeNew and
Vorell proposed fines for players who fight - fines large enough to erase the profitability
of fighting.24
There are two relevant studies that do not directly deal with violence or

discrimination for the NHL. One study examined whether teammates have an effect on

salary determination and the other focused on NHL team productivity directly. The
aforementioned study of Idson and Kahane investigated whether teammate productivity

was a significant factor in determining a player's salary. The authors used player salaries
and statistics from the 1991-1993 seasons to produce three separate regression models to

relate salary and teammate effects. The results showed that teammates do indeed help

23 J.C. Jones, S. Nadeau, and W.D. Walsh, "The Wages of Sin: Employment and Salary Effects of
Violence in the National Hockey League," Atlantic Economic Journal, Vol. 25, No.2, 1997: 191-206.
24 John P. Haisken-DeNew and Matthias Vorell, "Blood Money: Incentives for Violence in NHL
Hockey," Ruhr Economic Papers, No. 47, 2008.

determine each other's salaries. The better a player's teammates perform, the higher the
salary the given player will be paid.

The next study discussed is the study I have repeated, however the NHL has
changed dramatically since it was conducted. John Heyne examined NHL team

production and factors for winning. Heyne included variables accounting for all aspects

of the game: offense, defense and goaltending. Using ordinary least squares (OLS)
regression and a data set from the 1999-2004 NHL seasons, Heyne found what helps a

team win games. The results showed that goals allowed, assists, total face offs won, total
face-offs lost, penalties in minutes, majors, even-strength goals, power play goals, shorthanded goals, plus/minus, total saves, save percentage and total shots were all significant

determinants of an NHL team's success. The major finding of Heyne's study was that

fighting majors helped teams to win games.26
As described above, NHL game play has changed significantly since the 2004-

2005 lockout. Heyne's study addresses the NHL only until 2004. A newer, updated study
is necessary to account for shootouts and other major game alterations. The factors

affecting NHL team success have likely changed. The next chapter will discuss the

production models to be used, followed by the variables to be included in the study and
the expected sign of each variable.

25 Todd Idson and Leo Kahane, "Team Effects on Compensation: An Application to Salary
Determination in the National Hockey League," Economic Inquiry, Vol. 38, No. 2, 2000: 345-57.
26 John Heyne, "NHL Team Production," Working Paper, 2005.
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The Determinants of NHL Team Points

Figure 3.1 shows all the observable (team) statistical categories that should have
an effect on NHL Team Points, both positively and negatively. All these variables were

easily compiled from NHL.com1 and the Official Guide & Record Books from 2007-

1 "Stats," Available
November 15,2009.

.htm#?navid=nav-sts-teams, accessed

2010.2 These variables account for all aspects of the game: offense, defense and
goaltending. Each variable will be examined and the predicted sign of each will be
discussed.

Goals

Only power play and even-strength goals will be included in this study (unlike
Heyne's study), as well as shootout goals. Both even-strength and power play goals
should affect Team Points positively. The reason shorthanded goals are not included in

this study is that NHL teams have averaged 8.83 shorthanded goals per year for the past
four completed seasons. The logic is simple, the more goals a team scores, the better the

chance to win. A new subset to goals — shootout goals — should also have a positive
affect on Team Points, but this is the first time that this variable has been included in

NHL team production model. Shootout goals are expected to have a significant effect on
Team Points even though the number of shootout goals is somewhat comparable to
shorthanded goals. However, unlike shorthanded goals, shootout goals have a major,
direct impact on Team Points.

Assists

Teamwork is a big factor in hockey. The results of the aforementioned study
conducted by Kahane and Idson demonstrate that player salaries are partially determined
by overall team success, and that teammates work together to make one another's

2 National Hockey League, The National Hockey League Official Guide & Record Book (Chicago:
Triumph Books 2007-2010).

statistics better.3 Therefore, including assists into the production model helps to quantify
teamwork. Assists are expected to have a positive and significant effect on Team Points.

This is logical as assists facilitate goals. If goals are significant, so are assists.

Plus/Minus (+/-)

Plus/Minus is an overall measure of whether a player is on the ice for more goals
for or for more goals against (during even-strength play). Every time a player is on the
ice for a goal for, that player receives a "plus." When a player is on the ice for a goal
against, that player receives a "minus." So, a player's plus/minus is simply the addition

of that player's "plusses" and "minuses." A high plus/minus rating is a good indicator of
a better player.

The plus/minus variable in this study is a team's overall plus/minus rating, which
is the addition of each player's plus/minus rating collectively. Plus/minus should have a
positive and significant effect on Team Points. A high team plus/minus rating generally
means that a team scores more goals then it gives up. Obviously, if a team scores more

goals than it gives up, it is likely to be successful

Shots

To account for the shooting aspect of a hockey game, shooting percentage will be
used. Shooting percentage is the amount of goals a team scored divided by the total
number of shots on goal a team registered in a season. Shooting percentage should have a

positive effect on Teams Points because a team that shoots the puck effectively will score
3 Todd Idson and Leo Kahane, "Team Effects on Compensation: An Application to Salary
Determination in the National Hockey League," Economic Enquiry, Vol. 38, No. 2, 2000: 345-357.

more goals. Number of shots alone is an insufficient statistic because while a team may
average a high number of shots per game, the shots might all be of low quality. Thus,

one must thus also account for the number of goals scored in proportion to the number of

Face-offs

Hockey is in some aspects similar to soccer. One common feature is the

importance of ball (puck) possession. The more time a team is in possession of the puck,
the more time the opponent is spending on the defensive, causing increased fatigue.
Teams who control the puck usually record more scoring chances that the opponent,

theoretically leading to more goals scored. Face-offs play a critical role in possession. A
face-off occurs after every stoppage of play and is conducted by the referee dropping the
puck between two opposing players who thereafter battle with one another until one of
the players gains control. With every face-off won, a team is able to control the puck

Both face-offs won and lost will be included in the production function.

However, only one or the other will be used in each of the two models. If a player does
not win a face-off, that player loses. Including both measures would be redundant.

Penalties

Team Points are most negatively impacted by penalties in minutes (PIM). When
a player takes a penalty, his team is forced to play shorthanded, with fewer players

allowed on the ice for the duration of the penalty. This creates a disadvantage for the

team with the penalty and gives the opponent a far better chance of scoring. Thus,
statistics involving penalties should all have a negative effect on Team Points. However,

with one statistic, fighting, that has been proven not to be the case.4 The two statistics
included in this category are PIM and major penalties (penalties for fighting).

Penalties in minutes include minor penalties, major penalties and misconducts.

Minor penalties are the most common penalties assessed in the NHL. A minor penalty
compels a player to sit in the penalty box for two minutes while his team plays

shorthanded. If the opponent scores a goal during that two minute period, then the
penalized player can leave the penalty-box. Major penalties occur when a player receives

five minutes in the penalty-box and cannot leave until that five minutes has past even if
the opponent scores. Thus, a major penalty creates an even bigger disadvantage for the
team who is assessed one, however in most cases a major penalty is called due to two

opposing players fighting. In the case of a fight, both players included receive a five

minute major penalty and neither team is given a power play. All in all, PIM should have
a negative effect on Team Points as in most cases the opponent is given a power play
creating a huge disadvantage for the penalized team.

Non-fighting major penalties can severely damage a team, leaving it shorthanded
for five minutes. In the past, fighting has been proven to be a significant factor in a

player's employment and salary.5 At times, teams would send a more physically

aggressive player out onto the ice to start a fight with an opposing player to motivate the
team or to harass the opposition. In Heyne's study on NHL team production, the results
4 John Heyne, "NHL Team Production," Working Paper, 2005.

5 J.C. Jones, S. Nadeau, and W. D. Walsh, "The Wages of Sin: Employment and Salary Effects of
Violence in the National Hockey League," Atlantic Economic Journal, Vol. 25, No. 2, 1997: 191-206.

showed that fighting had a positive and significant effect on Team Points, and a negative

and significant effect on Goals Allowed.6 However, fighting has become less prominent
in the NHL since the lockout. The lockout created new rules that encouraged a higher
skill and speed game and less of a physical game, and players who specialize in fighting
have a harder time competing (because they are usually big and slow). The expected sign
of major penalties is undecided.

Blocked Shots

Blocked shots are a part of the defensive portion of an NHL game. A player

registers a blocked shot when that player gets in the way of the puck shot at the net by the
opponent. The puck can hit off a player's body or stick. Coaches encourage players to

block shots because it prevents the opponent from registering shots on goal. This
presumably means that blocked shots have a positive impact on Team Points, but that
may not be the case. If a team's players are forced to block many shots it could mean

that the blocking team is getting outplayed. For this reason, this is a variable that could
be either positive or negative.

Goaltending

The goaltender is the last line of defense for a NHL team. Ultimately, the
goaltender is the player that determines how many goals a team lets up. Therefore,
goaltending statistics must be included in the production model to account for a
goaltender's contribution to team success. The three variables that will be discussed are

' John Heyne, "NHL Team Production," Working Paper, 2005.

goals allowed, saves, and save percentage. All three will be defined and given an
expected sign.

Goals allowed are the total number of goals that a team and more specifically the
team's goaltenders allow during a season. Obviously, the more goals a team's goaltender
gives up, the less likely that team will win games. Therefore, goals allowed is expected
to have a negative effect on Team Points.

A save occurs when a team's goaltender stops a shot from the opposing team, thus
denying the opponent a goal. It is then likely that saves will have a positive effect on
Team Points. However, as with the case of blocked shots case, this might not be true. If
a goaltender is forced to make more saves it could mean that that team is getting

outplayed and heavily relying on the goaltender. This could force the goaltender to tire
and become less effective. Therefore, the expected sign for saves is undecided.
The last variable to be included in the Team Points production function is save

percentage. Save percentage is calculated by taking the number of saves a goaltender
made divided by the total amount of shots a goaltender faced. A goalie with a higher
save percentage is better at keeping the puck out of the net. It then is the case that save
percentage should positively affect Team Points.

Now, all the variables will be placed into the production function discussed at the
beginning of this chapter and looks as so:

Team Points = a0 +aiEven-strength Goals + a2Power-play Goals
+013Short-handed Goals + a4Assists
a5Plus/Minus + a6Shooting Percentage

Figure 3.2
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Figure 3.2 shows the variables that are expected to have an effect on Goals
Allowed. Unlike the Team Points model, most of the variables used in the Goals

Allowed model are defensively oriented. Thus, the Goals Allowed model is a measure of
a NHL team's defensive production. Most of the variables are repeated from the Team
Points model. However, theoretically, the variables should be the opposite sign in the
Goals Allowed model.

Plus/Minus (+/-)

As previously stated, a higher team plus/minus rating indicates that the given

team is scoring more goals than it gives up. Therefore, a team with a higher plus/minus
rating should have less goals allowed. This means that the predicted sign for Plus/Minus
is negative.

Penalties

Again, as in the previous Team Points model, both penalties in minutes and major
penalties will be included in this model. The more penalty minutes a team registers, the
more chances the opponent has to score, with more powerplay situations. Because of this
penalties in minutes should have a positive effect on Goals Allowed.
As in the Team Points model, whether major penalties will have a positive or

negative effect on Goals Allowed is an open question. Past studies suggest that major

penalties negatively affect Goals Allowed because fighting was helpful to winning.7 It
seems likely that major penalties will not have a positive effect on Goals Allowed as
most major penalties are the result of fighting leaving neither team with a power play.
On the other hand, it is also possible that the affect of major penalties will have less of an
impact both due to the rule changes and the decreasing number of fights in the NHL each

7John Heyne, "NHL Team Production," Working Paper, 2005.

8 The rule changes, such as, the increased amount of penalties called has increased the need for
more skillful players instead of the brutish, fighting, less skilled players.

Blocked Shots

Since this variable has not been included in past team production models it is

questionable how it will affect Goals Allowed. Like goals for, the case can be made
either way. The more blocked shots a team records, the less shots the team's goaltender

is facing, which should translate into fewer goals against. However, the case can also be
made that a team that blocks many shots is getting outplayed. Thus, it will be interesting
to see what the outcome of this variable will be.

Face-offs

As hockey is a possession-oriented game, the importance of face-offs won is

critical. The more face-offs a team wins, the more possession time it will have, leading

to increased shots and goals. However, in the Goals Allowed model, face-offs lost will
be used. Therefore, face-offs lost should have a positive impact on goals allowed.

Goaltending

The goaltending variables could have the largest effect on Goals Allowed. The

goaltender is the last line of defense, and is ultimately responsible for how many pucks
go into the net. Thus, having a better goaltender usually results in fewer pucks going into
the net, which leads to more wins. As before, both total saves and save percentage will
be used to measure a goaltender's contribution to Goals Allowed. Save percentage

should have a negative impact on Goals Allowed.

The effect of saves is uncertain. As is the case with a couple of the variables in
this study, the affect of this variable could be positive or negative. If a goaltender is
making more saves, then that goaltender is allowing fewer goals, obviously leading to a
negative effect on Goals Allowed. However, it could also be the case that the more saves
a goaltender has to make, the more pressure is placed on that goaltender. A goaltender on
a bad team may have many saves but a low save percentage.

The production function looks similar to the Team Points model with some minor
changes to the independent variables. The function looks as such:

Goals Allowed = a0 + aiGoals for + a2Plus/Minus

(3.7)

+ a3 Shots for + a4Penalties in Minutes + a5Major Penalties
+ a6Blocked Shots + a7Face-offs Won + agFace-offs Lost
+ agSave Percentage + aioSaves+ e

Conclusion

This chapter has reviewed the purpose of production functions and has examined

the properties behind these functions. Also, the variables in both the Team Points model
and Goals Allowed model have been defined, discussed and categorized as having a
positive or negative impact on the models. The common trend is a variable that has a

positive effect on Team Points should have a negative effect on Goals Allowed, or vice
versa. Table 3.1 (see above) summarizes the predicted signs. The following chapter will
discuss the data set as well as the regression models used for this study.

CHAPTER IV

DATA / METHODOLOGY

This chapter discusses the details of the production function theory, as well as the
theory behind the models. Data collection will also be addressed. Then, the operational

versions of the theoretical variables will be described. Next, the following section will
show the production models created, followed by the methodology of the various models.

The Cobb-Douglas Production Function and the NHL

Production functions relate an industry or firm's inputs and outputs.1 The specific
production function on which this paper focuses is the Cobb-Douglas production
function. The role of a production function is to determine the highest possible level of
output a firm can reach given a certain combination of inputs while minimizing the cost

of production.2 Inputs — also known as factors of production — can be all sorts of factors,
such as, labor, materials, capital, and any other factor that a firm uses to create the

' Robert S. Pindyck and Daniel L. Rubinfeld, Microeconomics, Sixth Edition, New Jersey:
Pearson Education Inc., 2005: 196.

2 Ibid 197.

finished product.3 Also, a firm may also try to maximize output, subject to a cost

constraint or minimize the cost of a given level of output.4
In this study of the NHL, output is measured through Team Points, or more

simply the team's ability to win more games. One factor with which this study is not
concerned is minimizing the cost associated with a team winning more games, especially
since all NHL team revenue is pooled and dispersed equally throughout the league. The
focus of this study will be to determine what type of players are required to help a team
win more games and receive more points.

Production functions can be applied to entities other than firms. The function can
also be used for individual, team, or industry production. For this study, the function's

purpose will be to examine the factors of team production. In past studies, production
has been measured with varying strategies. These studies measured production utilizing

wins,5 winning percentage,6 ratio of game final scores,7 points per game, points allowed

per game, rebounds per game, and assists per game.8 However, none of these
measurements will be used in this study.

3 Robert S. Pindyck and Daniel L. Rubinfeld, Microeconomics, Sixth Edition, New Jersey:
Pearson Education Inc., 2005: 196.

4 bid 264.
5 Richard Hofler and James Payne, "Measuring Efficiency in the National Basketball
Association," Economics Letters, Vol. 55, 1997: 293-299.

6 S Gerald Scully, "Pay and Performance in Major League Baseball," The American Economic
Review, Vol. 64, No. 6, 1974: 915-930.

7 Thomas Zak, Cliff Huang, and John Siegfried, "Production Efficiency: The Case of Professional
Basketball," The Journal ofBusiness, Vol. 52, No. 3, 1979: 379-392.

8 Mustafa Yilmaz and Sangit Chatterjee, "Patterns of NBA Team Performance from 1950-1998,"
Journal ofApplied Statistics, Vol. 27, No. 5, 2000: 555-566.

Before the model can be constructed, an understanding of the NHL Team Point

system may be useful in order to choose which measure of output is appropriate. In the
past, NHL games could end in a tie. However, with the installation of shootouts after

overtime periods, that is no longer the case. A team is awarded two points for a win in
regulation time, overtime, or a shootout. The NHL is the only major sport that awards
points for an overtime loss. If a team loses in overtime or a shootout, it still gains one
point (a regulation loss obviously yields no points).

Since overtime points obviously affect Team Points, wins alone cannot be the

measure used for team production. Also, at the end of a season, Team Points are used to
rank each team, the main determinant for whether a team makes the playoffs. Thus,

using Team Points to measure team production is obviously appropriate. There will be

two models constructed: one will use Team Points as a dependent variable; the second
model will use Goals Allowed, which should show each team's defensive production.
The factors that negatively affect the second model should influence Team Points
positively, or vice versa.

Since we have an appropriate measure for an NHL team's output, the full model
can now be discussed. As previously mentioned, the Cobb-Douglas production function

will be featured in this study. In 1928, Charles W. Cobb and Paul H. Douglas created
this production function with a basic equation involving only two inputs: labor and
capital.9 The equation is as follows:

Q = f(K,L)

9 Charles W. Cobb and Paul H. Douglas, "A Theory of Production," The American Economic
Review, Vol. 18,No.l, 1928: 139-165.

A*Ka*Lb
Where:
Q = Output

K = Capital
L = Labor

A, a, and b = Positive constants

Since all of the constants in the Cobb-Douglas production function are positive,
with any increase in either labor or capital, output, in turn, will also increase. However,

this study uses the logarithmic version of Cobb-Douglas. Unlike in a firm, the inputs

needed to measure team success are too broad to be strictly limited to just two categories:
capital and labor. The logarithmic transformation of Cobb-Douglas looks as follows:

Q = A*Ka*L

Now, taking the log of both sides of the equation produces:

log Q = log A + a*log K + b*log L + e*log E

And, finally substituting variables for log A, log K, and log E yield:

Q = A +aK
Where:
e = Error term

The above model will be used in this study to find the determinants that leads

NHL teams to success. The model introduced above can be expanded to include an
infinite number of inputs. Therefore, equation 3.4 can be turned into the following:

Q = A +aK

+cM + dN +fO...+eE

Where:

Q = Team Points or Goals Allowed
K, L, M, N, O, etc. = Team and player statistics
(such as Goals, Assists, Save
Percentage, Penalty Minutes,

Fighting Majors) that
contribute to an NHL team's
production.

A, a, b, c, d, and f = Positive constants
e = Error term

This model has two important properties: First, all production functions including

this one have a property called "returns to scale." "Returns to scale" measures the rate of

change in output as all the inputs are increased proportionately.10 There are three
categories comprising "returns to scale": constant returns to scale, increasing returns to

10 Robert S. Pindyck and Daniel L. Rubinfield, Microeconomics, Sixth Edition, New Jersey:
Pearson Education Inc., 2005: 215.

scale, and decreasing returns to scale.11 In the case of the NHL, constant returns to scale
occurs when all input statistics are doubled leading to Team Points also doubling.

Increasing returns to scale occurs when all input statistics are doubled and Team Points
more than doubles. Lastly, decreasing returns to scale takes place when all input
statistics are doubled and Team Points less than doubles.

The second important property of production functions is "diminishing marginal
product." Diminishing marginal returns means that with each additional unit of a
variable input added, the amount at which output increases will become smaller and

smaller, given the level of fixed inputs, ceteris paribus}2 For an example that applies to
this study: suppose that an assist is added to an NHL team's statistics, then Team Points
might increase by 1 point (holding all other variables constant, of course). Then, the next

assist added to a NHL team's statistics will only increase Team Points by a 14 a point.
And the next assist added after that produces only a V* point increase in Team Points, and
so on and so forth. So each additional unit of input will increase output, but at a

decreasing rate given that one of the other inputs (for example, face-offs won) is held
fixed. This happens because after a certain point, each additional unit of input becomes
less productive.

Since there was a normality problem contained in one of the models that will be

discussed in more detail in the next chapter, another method of estimation was used to
correct for the problem. This other method is called Generalized Method of Moments
(GMM) and is a newer, more advanced method of estimation. Once GMM is defined and

11 Robert S. Pindyck and Daniel L. Rubinfield, Microeconomics, Sixth Edition, New Jersey:
Pearson Education Inc., 2005: 215.

12 Ibid 209

briefly discussed, the remaining part of the chapter will address all the different variables
that help explain team success.

Generalized Method of Moments (GMM)

As stated above, the Generalized Method of Moments model is used to correct for
normality and heteroskedasticity problems. "The idea behind this estimating technique is
to choose as our estimate of the unknown parameter vector 9 the value of 6 that causes
estimated moments in the data to equal to their theoretical counterparts." Parameters are
chosen so that the correlations between the explanatory variables and errors equal zero.

There are three different moment cases that can occur. One case is that the number of
moments is less than the number of explanatory variables. This actually causes the

GMM model not to work, as there are an insufficient number of moments to use in the
estimation process. The next case is when the number of moments equals the number of
explanatory variables. In this scenario, the results of the estimation will be identical to

the Ordinary Least Squares (OLS) results (because there are so many unknowns with the
same number of moment conditions). Both estimation techniques would be solving the
same set of equations, and thus, yield the same results. The third case is when the
number of moments is greater than the number of explanatory variables. By using a

weighted matrix that is created from the inverse matrix of the variance-covariance of the
moments, the GMM estimation method tries to minimize how much the moment

conditions are violated.13

13 Peter Kennedy, A Guide To Econometris, Sixth Edition, Massachusetts: Blackwell Publishing,
2008: 122-123.

For the purposes of this study, only the second case - when the number of
moments equals the number of explanatory variables - will be considered. The reason to
use GMM here is to correct for normality issues that one of the models contains. GMM
"avoids having to specify distributional assumptions such as normal errors; consistency

depends only on correct specification of the moments." Another difference is when
estimating with GMM, moments or instruments are used to create a weighted matrix that
helps estimate the variables specific values or B*. There is no specific way to pick
moments or instruments. However, common moments used are the lags of all variables,
for example if a model contained variable xt, the moment that would be used would be xt.

i. Also, leads of all variables are commonly used as well. An example of this is if a
model contained variable xt, the moment that would be used would be xt+i.
The GMM model will look as follows in equation 3.6:

Q = A +aK -

+cM + dN

Using:

K = Lags of all variables, such as goal(-l) or
leads of all variables, such as goal(+l) as
instruments.

Where:

Q = Team Points or Goals Allowed
Z = K, L, M, N, etc. = Team and player statistics
(such as Goals, Assists, Save

14 Peter Kennedy, A Guide To Econometris, Sixth Edition, Massachusetts: Blackwell Publishing,
2008: 122-135.

Percentage, Penalty Minutes,

Fighting Majors) which
contribute to NHL team
production.
e = Error term

K = Number of moments or instruments used and is
a K by K matrix.
K= Z

Since both models featured in this study have now been introduced, the variables
that contribute towards NHL team production will be discussed. Because there are so
many different facets to the game of hockey, statistics from all these different areas must

be used to gain true insight into what makes a team successful. Offensive, defensive and
goaltending statistics are all utilized to ensure that no aspect of the game goes
unaddressed.

Data and Sources

Quantitative annual statistics for all 30 NHL teams from the 2005-2006 through
the 2008-2009 seasons were used. There was no expansion or contraction during this
period, so there are 30 observations per year over 4 years: 120 observations total. The
number different statistics recorded by the NHL is considerable. The NHL keeps
statistics on offensive, defensive and goaltending aspects of a hockey game. The league

has even added situational statistics, such as how often a team wins when trailing by a
goal after the first period.

The NHL is divided into two conferences: the Western Conference and the

Eastern Conference. All 30 NHL teams play a total of 82 regular season games each,
throughout which every NHL team tries to gain as many team points as possible. Once

the regular season is completed, eight teams from each conference (included in these

eight teams are the regular season divisional leaders) are picked to play in the playoffs
based off of each team's Team Points, which are hence the ultimate measure of team

productivity. (Playoff statistics were not used because only 16 teams make the playoffs
and teams don't play the same number of games in the playoffs, either.)

The data for this study was gathered from two different sources: NHL.com

and

the National Hockey League Official Guide and Record Books.16 NHL.com has statistics
ranging from individual, team, game-by-game and situational statistics. There was only
one problem faced with the statistics on NHL.com: goaltending statistics were not readily

available. To correct for this problem, the National Hockey League Official Guide and
Record Book was used to gather total number of goaltender saves, as well as each team's
cumulative goaltender save percentage.

All variables from that data set are diagramed in Table 4.1 and then discussed.

15 The National Hockey League, "Stats," available from
http://www.nhl.com/ice/teamstats.htm#?navid=nav-sts-teams, visited 3/2/10.

16 The National Hockey League, The National Hockey League Official Guide and Record
Book/2006-2010, Kingston, NY: Total Sports Publishing Inc., 2000-2010.

TABLE 4.1

List of All Variables Used Along with a Brief Description

DESCRIPTION

VARIABLE NAME

PTS

Team Points: Total amount of team points accumulated by
a team (2 points for a win, 1 point for a tie, 0 points for a
loss)

GA

Goals Allowed: Total amount of goals allowed by a team

A

Assists: Total amount of assists gained by a team

PPG

Power Play Goals: Total amount of power play goals
scored by a team

ESG

Even strength goals: Total amount of even strength goals
scored by a team

SHTG

Shootout Goals: Total amount of shootout goals gained by
a team

PLSMIN

Plus/Minus: The cumulative plus/minus total of every
player on a team

FOW

Total amount of face-offs won

FOL

Total amount of face-offs lost

PIM

Penalties in Minutes: Total amount of penalty minutes
taken by a team

MAJORS

Major Penalties: Total amount of major penalties taken (5
minute penalty or more

SHOOTINGPERCENTAGE

Shooting Percentage: The total amount of goals scored
divided by the total amount of shots taken

BLOCKED

Blocked Shots: Total amount of shots blocked by a team

SAV

Saves: Total amount of saves made by a team's
goaltender(s)

SAVPCT

Save percentage: The average save percentage of a team's
goaltender(s). Total saves divided by total shots faced.
Year: Time dependent variable

YEAR

Methodology

To account for all aspects of a hockey game, two different measures of production
were used in this study, team points and goals allowed. Team Points (PTS) is used to

discover the overall factors that help a team win. The other measure of production, goals
allowed, is employed to further discover the defensive aspects of a hockey game that help
a team win. Combining both measures, team points and goals allowed, should create a
specific list of factors that help a NHL team attain success.

There were two different regression models used to generate production models
for team points and goals allowed. The team points model only used an Ordinary Least

Squares (OLS) regression, which used the additive production function described in
Chapter III. The basic team points model is shown below in equation 4.1.

PTS = a0 +aiPPG + a2(ESG+PLSMIN) + a3SHTG +

a4A + asFOW + a6PIM + 017MAJORS + a8GA +
agSAV +a,0BLOCKED +

ai iSHOOTINGPERCENTAGE + anYEAR + e

The goals allowed model used both OLS and Generalized Method of Moments
(GMM) regressions to identify the defensive factors that lead to a NHL team's success.

GMM was used in this model because of a normality problem that existed in the original
OLS regression equation. The normality problem occurred when both total goaltender(s)

saves (SAV) and average goaltender(s) save percentage (SAVPCT) were included in the
same model. The basic compositions of both equations were similar. However, the

significant difference is that GMM uses instruments, such as lags or leads of variables
while running regressions. (For more a more detailed analysis of GMM, see Chapter III).

In the GMM models used in this study, two different instrument lists were used. The first
GMM model used the lags of all the variables while the second GMM model used the
leads of all the variables. The OLS model and GMM model are set up as follows in
equations 4.2 and 4.3, respectively:

GA = ao + cuFOL + a2PIM + a3MAJORS + a4PLSMIN
+ asSAVPCT + a6BLOCKED + a7YEAR + e

GA = a0

a2PLSMIN + a3PIM + a4MAJORS

+ asSAVPCT + cuSAV + a7BLOCKED
a« YEAR + e

(4.2)

Instruments:

Lags of all variables, for example FOL(-l)

And leads of all variables, for example FOL(+1)

All models include the variable YEAR to automatically correct the problem of
autocorrelation. YEAR serves as a time dependent variable and is further discussed in
the appendix.

In all four models, all econometric problems were tested for and fixed if possible.
As mentioned above, the two GMM models were used solely to correct for the normality
problem faced with the normal OLS goals allowed regression model. All other
econometric problems faced by the models (along with the corrections of those issues)

will be discussed in further detail in Chapter V. With data and methods addressed,
Chapter V will present the results from all four different regressions, as well as
discussing the conclusions that can be drawn from the results.

CHAPTER V

RESULTS AND CONCLUSIONS

This final chapter will discuss the regression results from the data examined in the
previous chapter. The results from the four models previously described will be

presented. The first model used an ordinary least squares (OLS) regression to identify

the factors behind increasing or decreasing overall team points. As in the first model, the
second model used an OLS regression to examine the factors that contribute positively or

negatively towards goals against. Models three and four used the Generalized Method of
Moments (GMM) to identify the factors that affect goals against. However, the
instruments used in models three and four were different, and yielded different results.
The last part of this chapter will discuss any conclusions that can be drawn from the
regression results and ideas of further research on NHL team production.

Model One Results

Ordinary Least Squares Regression: PTS

Table 5.1 summarizes the OLS regression results, which employed data from

National Hockey League's website1 as well as the National Hockey League's Official

1 "Stats," A
November 15,2009.

Guide & Record Books.2 The table includes the abbreviated names of each variable used
in the actual E-views regression along with the variable's full name underneath. Each
variable's coefficient is shown with its accompanying t-statistic in parenthesis. Lastly,
the final two rows of the table show the r-squared and adjusted r-squared values of the
model.
TABLE 5.1

Ordinary Least Squares Regression Results
The Determinants of NHL Team Points

Variable

C
Constant

PPG

Dependent Variable - PTS
-452.8394

(-0.373805)
0.182058

Power Play Goals

(3.498845)

ESG + PLSMIN

0.063926

Even Strength Goals & Plus-Minus

(2.790898)

SHTG

0.412632

Shootout Goals

A
Assists

row
Face Offs Won

PIM
Penalties in Minutes

MAJORS
Major Penalties

GA
Goals Allowed

(5.162032)
0.073433

(3.820504)
0.013818

(3.929885)
-0.008290
(-1.836896)

0.062629
(1.175228)
-0.251189
(-12.36912)

2 National Hockey League, The National Hockey League Official Guide & Record Book (Chicago:
Triumph Books 2007-2010).

-0.001576

SAV

(-0.599382)

Saves

BLOCKED
Blocked Shots

SHOOTINGPERCENTAGE
Shooting Percentage

-0.004436
(.1.440980)
54.30345

(0.949129)
54.30345

YEAR

(0.433465)

N

120

R-Squared

0.925641

Adjusted R-Squared

.917302

t-statistics in parenthesis

"indicates significance at the 5% significance level

Fit of the Model and Econometric Problems

The team points model fits the data well. As shown in Table 5.1, the r-squared
and adjusted r-squared values are 0.925641 and 0.917302, respectively. This means that
92.6% of the variation in the dependent variable - Team Points - is explained by the

independent variables included in the model. Another test of accuracy is the f-statistic.
If the f-statistic is above 4.76, then one can assume that all the variables, as a group, are

jointly significant at the 1% significance level. Since the f-statistic in the points model is
110.9975, all the variables are jointly significant at the 1% significance level.
Fortunately, this model did not suffer from many econometric problems. The

White test was used to test for heteroskedasticity. Upon conducting the White test, the
calculated White statistic was 9.690974 with 12 degrees of freedom. The chi-square

statistic with 12 degrees of freedom is 21.03 at the 5% significance level. Since the
observed r-squared value from the White test is below 21.03, it can be concluded that this
model does not suffer from heteroskedasticity.

Next, what of the two of the most common econometric problems, serial
correlation and normality? To test for serial correlation, the serial correlation LM

Eviews' test was used and included 3 lag periods since there were four years of data. The
accompanying t-statistics for all three-lag periods were below 1.96, demonstrating that
this model does not suffer from serial correlation. To test for normality, the Jacque-Bera

statistic was invoked. For this model, the Jacque-Bera statistic was 1.623056, lower than
the critical value of 5.99. This means that the Team Points model does not suffer from a
normality problem.

One econometric problem this model did face was multicollinearity. The

presence of multicollinearity means that variables contained in the model are correlated
with one another at values higher than 0.5. The variables that faced high correlations

with one another were: power play goals (PPG) and assists (A), power play goals and
year (YEAR), assists and even strength goals plus plus/minus (PLSMIN), shooting
percentage (SHOOTINGPERCENTAGE) and even strength goals plus plus/minus, and
shooting percentage and assists. Originally, this model suffered from even more

multicollinearity, but was partially fixed by combining even strength goals and
plus/minus. These two variables were not chosen by chance, but were combined through
logical reasoning. A "plus" is awarded to every player on the ice when that team scores a

goal in an even strength situation or in shorthanded situation. A "minus" is awarded to
every player on the ice when the opposing team scores a goal in an even strength

situation or when the opposing team scores a shorthanded goal. However, there are very

few shorthanded goals scored in a given year. This is why even strength goals and
plus/minus were combined to partially correct the multicollinearity problem that this
model faced.

Offensive Statistics

During the lockout season of 2004-2005, the NHL made rule changes to

encourage more skill play, hoping to increase the amount of goals scored to make the
game more exciting. To encourage more skill-driven play, the league encouraged more

penalties to be called against skill-inhibiting moves, such as interference and holding.
This is why it should not come as a surprise that power play goals (PPG) are a significant
and positive variable towards total team points. Power play goals have a 0.182058

coefficient with a 3.498845 t-statistic making it significant even at the 1% significance

The following two variables were combined to address the multicollinearity

problem, mentioned above. Plus/minus (PLSMIN) and even strength goals (ESG)
combined to contribute a positive 0.063926 coefficient along with a 2.790898 t-statistic,
which is significant at the 1% significance level. This relationship between these two

combined variables and team points were expected. The more even strength goals a team
scores, the higher likelihood of the team's plus/minus being greater, which usually
translates into more team wins and points.

Shootout goals (SHTG) were not included in Heyne's study done of NHL team

production because shootouts were not used to decide a winner after overtime periods

prior to the lockout season.3 Since shootouts directly decide whether a team is awarded
two points or one point, it is no surprise that shootout goals are statistically significant for
determining team points with a t-statistic of 5.162032 and a coefficient of 0.412632. The
high t-statistic makes shootout goals significant at the 1% significance level.

Assists (A) - as shown previously in Heyne's study -- did have a positive and

significant impact on team points.4 Assists carried a 0.073433 coefficient along with a

3.820504 t-statistic. As expected, the more assists a team registers, the more creative the
team is leading to more goals and Team Points.

Another result shared with Heyne's study is that of the variable shooting

percentage (SHOOTINGPERCENTAGE).5 It makes sense that a team which scores

more goals per shot taken should have a better chance of winning more games (creating
higher Team Point totals). Though the coefficient for shooting percentage is positive at
54.30345, the variable is insignificant with a t-statistic of only 0.949129. Possible

reasons for this insignificance is that at the highest possible level of the sport - in this
case the NHL for hockey - there is a smaller skill level gap amongst players, leading to
less deviation in shooting percentages.

Defensive Statistics

The first variable to be discussed, goals allowed (GA), was expected to be the
factor most responsible for detracting from team points. This turned out to be the case.
Goals allowed carried a -0.251189 coefficient along with a large t-statistic of-12.36912
John Heyne, NHL Team Production, Working Paper, 2005.

making goals allowed significant at the 1% significance level. Again, this variable's
results were consistent with John Heyne's study.

Unlike goals allowed, the total number of saves (SAV) a goaltender made

contributed negatively towards Team Points, which is inconsistent with the results from
Heyne's study.7 However, this inconsistency is not surprising and was addressed
previously in Chapter III. The logic behind this opposite result is that the more saves a

goaltender makes, the more likely it is that his team is being outplayed. Goaltender saves
contributed a -0.001576 with a t-statistic of-0.599382. Though statistically insignificant,
the finding still opposed the past result of Heyne's study.

Q

A new variable inserted into the model to account for to account for the defensive

aspects of a hockey game was blocked shots (BLOCKED). Since this was the first time
blocked shots were included in an NHL team production model, it was questionable how
the variable would affect Team Points. This uncertainty was addressed in Chapter III

The result was that blocked shots contributed negatively towards team points with a 0.004436 coefficient and accompanying -1.440980 t-statistic, which is significant merely
at the 20% significance level. Why would blocked shots impact a team negatively? An
increased number of blocked shots might indicate that the opposition is getting the
majority of the scoring opportunities.

1 John Heyne, NHL Team Production, Working Paper, 2005.

Other Variables

Since hockey is a possession game, it was predicted that an increased number of
face-offs wins would result in more puck possession, leading to more goals scored. The
regression results follow this reasoning. Total face offs won (FOW) by a team

contributed a 0.013818 coefficient along with a 3.929885 t-statistic towards team points.

The high t-statistic makes total face-offs won significant at the 1% significance level.
The next two variables to be addressed both account for penalties. Penalties in

minutes (PIM) will be discussed first followed by major penalties (MAJORS). Penalties
in minutes was expected to affect Team Points negatively because when a team takes a
penalty, that team plays shorthanded given the opposing team better chances to score.

The results for penalties in minutes are consistent with past research except that in this
study, the significance is slightly lower. Penalties in minutes carried a -0.008290
coefficient and a -1.836896 t-statistic, which makes it significant at the 10% significance
level. In Heyne's study, the variable was found to be significant at the 1% level.

Even

though the variable lost significance it still is significant at a high confidence level and
maintained the appropriate sign. Also, this variable's results could be affected by the
results of the high t-statistic of power play goals.

What is likely to be a controversial finding in this study is the impact of major

penalties (MAJORS) on Team Points. Past research done by John Heyne indicated that

fighting at the 5% significance level helped teams win games.10 Major penalties usually
occur because of fighting. Fighting penalties serve as a way for a team to intimidate the
opponent or to defend a team's star players. Even though past results suggested that
9 John Heyne, NHL Team Production, Working Paper, 2005.

major penalties significantly and positively affected team points, it was questionable how
this variable would affect team points in the post-lockout era. It was hypothesized in

Chapter III that major penalties might not be significant anymore due to the new rule
changes. This hypothesis was correct, as major penalties carried a 0.062629 coefficient
and a 1.175228 t-statistic, which makes major penalties insignificant even at the 20%

significance level. However, the variable does maintain the positive coefficient sign in
contributing towards team points.

Model Two Results

This model is included to account for the defensive aspects of a hockey game.
,«, n^int* mnHpl was an overall measure of team production while the goals

allowed model is a measure of defensive production. Hockey involves many different

facets: offense, defense, and goaltending. Because of this, both the points and goals
allowed models are crucial to understanding winning hockey.

Table 5.2 shows the results of three different regression models featuring goals

allowed as the dependent variable. The first model used an OLS regression as in the
model for team points. The next two models use the technique of generalized method of
moments (GMM) utilizing two different sets of instruments. The first GMM model

(GMM(+1)) used the independent variables listed in Table 5.2 while using the leads of
those variables as instruments. The second GMM model ((GMM(-l)) used the

independent variables while using the lags of those variables as instruments. Again, the
coefficients for each variable are expressed with the accompanying t-statistic in

jnthesis underneath. The final two rows of the table show the fit of each model using

paren

the r-squared and adjusted r-squared values. A row that contains a dash means that
variable was not used in that particular regression model.

TABLE 5.2

OLS and GMM Results

The Determinants of Goals Allowed

GMM(-l)

Variable

OLS

GMM(+1)

C

-13,608.02

2,422.561

2,301.280

Constant Term

(-4.720756)*

(5.246557)*

/-c Q79T1 Q\*

FOL

0.073917

-0.003278

-0.001628

Face-offs Lost

(8.423465)*

(-1.929585)

(-1.714893)

PIM

0.046219

0.006194

0.002268

(5.042360)*

(3.768305)*

Penalties in
Minutes

^1.7 1 Z.J\JJ )

-0.479796

-0.036413

-0.008868

Major Penalties

(-4.167132)*

(-2.379528)*

(-0.632566)

PLSMIN

-0.263765

-0.020769

-0.021476

Plus/Minus

(-6.432525)*

(-4.208721)*

I <\ 901,4Sfh*
^O.ZUIHOUJ

SAVPCT

-1,626.503

-2,619.921

-2,630.780

(-13.46753)*

(-113.4779)*

(-129.2130)*

MAJORS

Save Percentage

0.104588

0.104003

(59.28704)*

(85.96370)*

0.016483

0.000612

0.000102

Blocked Shots

(2.321957)*

(0.536235)

(0.116434)

YEAR

7.513808

-0.024498

0.041441

(5.232393)*

(-0.108653)

(0.220829)

1VT

IN

120

120

120

R-Squared

0.874383

0.996246

0.996871

SAV
Total Saves

BLOCKED

Year

—

Adjusted RSquared

0.866532

0.995875

0.996562

t-statistics in parenthesis

'indicates significance at the 95% confidence level

Fit of the Model and Econometric Problems

All three goals allowed models have high r-squared and adjusted r-squared values.
As shown in Table 5.2 the r-squared values for the OLS, GMM(+1), and GMM(-l)
models are 0.874383, 0.996246 and 0.996871, respectively. Out of the three models, the
two GMM models seem to best fit the data. Another test of accuracy is the f-statistic and
j-statistic. The f-statistic is used in OLS models to determine whether all the variable's
coefficients are equal to zero. Since the OLS model has an f-statistic of 111.3713 -

which is well higher than the critical value of 4.76 - it can be concluded that all the
variable's coefficients do not equal zero.

Secondly, the j-statistic is used to determine if the instruments used in the GMM

models are the appropriate instruments. To determine whether the instruments used in
the GMM models are correct, the j-statistic is multiplied by the number of total

observations (120). For the GMM(+1) model this value is 7.239 while in the GMM(-l)
model this value is 5.55792, both lower than the chi-square critical value for eight

degrees of freedom (the case for the two GMM models), 15.51. This means that the
instruments used in both GMM models are correct.

Now, the econometric problems faced by the three models will be addressed

starting with the OLS regression model. The OLS regression model in Table 5.2 is

adjusted from the original model, which included total goaltender saves (SAV) (omitted

from the OLS model as shown in Table 5.2). Total saves were omitted from the OLS
regression model due to its creation of a normality problem. Once total saves were

removed from the OLS model, the Jacque-Bera statistic went down to 2.550832, which

solves the normality problem (since it is far lower than the critical value of 5.99). Serial
correlation was tested using the serial correlation LM function in Eviews with three-lag
periods. None of the lags had significant t-statistics, which concluded that the model
does not contain serial correlation.

To test for heteroskedasticity, the White test was used and the resulting test

statistic value was 5.524590 with seven degrees of freedom. Since 5.524590 is lower

than the chi-square critical value of 14.07, it is clear that the model does not suffer from
heteroskedasticity. The model does suffer from minor multicollinearity between face-

offs lost (FOL) and saves, and plus/minus and save percentage (SAVPCT). None of
these variables were combined to solve this problem because there is no logical reasoning
behind doing so. Also, the quadratics of each of these variables were tried in the attempt
to solve the problem, but were unsuccessful in doing so.

Both GMM models suffer from only one econometric problem, multicollinearity.
GMM models fix any problems of normality and heteroskedasticity when a robust

variance-covariance matrix is used, so neither of these econometric problems need be

discussed. Also, it is not possible to test for serial correlation in GMM models, so serial
correlation need not be addressed either. As previously noted, the sole problem the two
GMM models did face was mulitcollinearity. The problem was experienced between the
same two sets of variables as in the OLS model. Again, this problem was unsolvable

because the quadratics of the variables did not resolve the issue, and it would have been
illogical to combine any of the variables.

Offensive Statistics

The only variable used to account for the offensive aspects of a hockey game in
the goals allowed model is plus/minus (PLSMIN). Plus/minus contributed negative

coefficients and statistically significant t-statistics at the 1% signifiance level. The results
of all three models are consistent with the hypothesized results proposed in Chapter III.
These results make sense; a team with a higher overall plus/minus must have scored more
goals than it allowed.

Defensive and Goaltending Statistics

The one variable that can be characterized as solely defensive is blocked shots

(BLOCKED). As in the case of the team points model, it was uncertain whether blocked
shots would contribute positively or negatively towards goals allowed. As the results in
Table 5.2 show, blocked shots contribute positively towards goals allowed in all three

models. However, the variable is only significant in the OLS regression model. In both
GMM models, blocked shots appear to have little significance. This might be the case

because the OLS model has the problem of model specification. Hence, it is likely that
blocked shots do not have a significant impact on goals allowed.

The next two variables account for a goaltender's contributions to goals allowed.
Save percentage (SAVPCT) will be addressed first, followed by total goaltender saves
(SAV). Save percentage was expected to negatively impact goals allowed. This was

expected. To repeat, save percentage is the total number of saves made divided by the
total number of shots faced. Unlike total saves, a higher save percentage does not mean
that a team's goaltender is being forced to make more saves. A higher save percentage

simply means that a team's goaltender is more efficient at keeping the opponent from

scoring. Table 5.2 shows the expected results, which are that save percentage contributed
to all negative coefficients with large t-statistics that are all significant at the 99%
confidence level.

As said before, the expected results for total saves were uncertain. However,

since it is clear that total saves contributed negative coefficients towards team points,

total saves should contribute positively towards goals allowed. As Table 5.2 shows, this
was exactly the case. Saves contributed positive coefficients with heavily significant t-

statistics at the 1% significance level. Saves were not included in the OLS equation

because the variable caused a normality error. Since GMM corrects problems with
normality, as well as heteroskedasticity, saves were included in both GMM equations.

Other Variables

To account for the puck possession aspect of a hockey game, face-offs lost (FOL)

were examined. The more a team retains puck possession, the more chances it should
have to register shots and score goals. If a team were to lose many face-offs, that team

would be spending more time playing defensively, attempting to steal the puck back from
the opponent. That is why the expected result of face-offs lost should positively
contribute towards goals allowed, which is the case shown in Table 5.2. Face-offs lost
contributed negative coefficients in all three equations, but with drastically different t-

statistics. In the OLS model (which is prone to model specification), face-offs lost
carried a t-statistic significant at the 1% significance level. However, in the GMM

models, the t-statistics are significant only at 10% significance level. Even though the
OLS model suffers from model specification, the other results are still important enough
to conclude that face-offs lost does contribute to goals allowed.

Penalties in minutes (PIM) and major penalties (MAJORS) are the two variables
that account for the penalized portion of a hockey game. Penalties in minutes were

expected to positively contribute towards goals allowed. The rationale for this inference
was that a team that takes many penalties spends an increased amount of time

shorthanded, giving the opponent more opportunities to score. In all three models,
penalties in minutes contributed positive coefficients and t-statistics significant at the 5%

sginificance level. This shows that the more penalties a team takes, the more goals that
that team will give up.

As in the points model, the results for majors in the goals allowed models could

be the most interesting and controversial. It was uncertain whether major penalties would
still be significant in lowering goals allowed due to the rule changes made during the
lockout, which decreased fighting. The results in Table 5.2 are more complicated than
the results for major penalties in the team points model. In the OLS model, major
penalties are shown to be highly significant while contributing a negative coefficient

towards goals allowed. However, in the GMM models, major penalties are shown to be
significant in one model and largely insignificant in the other model. Because of the
model specification from which the OLS model suffers, it cannot be concluded that major
penalties significantly impact goals allowed. It is worth mentioning that in the GMM(-l)

model - which is the model that fits best -- major penalties were statistically
insignificant.

Conclusions

This study attempted to create a new production function for the NHL to better
understand winning NHL hockey in the post-lockout era. Most studies addressing
hockey and the NHL in the past have focused either on the fighting aspect of the game or

the rumors of discrimination amongst certain groups of players. These studies most often
used salaries for the dependent variable. However, there had been one study done (by
John Heyne) that specifically dealt with NHL team production and success, using team

points and goals allowed as the dependent variables. Heyne's study used data from the

seasons before the NHL lockout season of 2004-2005.n Since then, the NHL has
changed drastically, and therein lies the significance of this study.

During the lockout, the NHL altered its rules to encourage a more skill-oriented,
offensive game. It also added shootouts to decide game winners if overtime periods went
scoreless. Thus, new factors such as shootout goals had to be incorporated into the past

models to determine their significance. Furthermore, because the game has changed
substantially, it was important to re-examine the old models to see if their conclusions
remained the same.

Many studies addressing professional sports and specifically team production

feature both player and team statistics, which this study also utilized as well. Data was

" John Heyne, NHL Team Production, Working Paper, 2005.

collected from both the NHL's official website12 and the NHL's Official Guide & Record
Books13 starting with the 2005-2006 season and ending with the 2008-2009 season. In

total, the data was collected over four seasons from 30 teams creating a data set of 120

observations. The two dependent variables used in this study were team points (PTS) and
goals allowed (GA). The team points model used an OLS regression to discover which
facets of a hockey game most teams win. The goals allowed model used an OLS
regression as well as GMM models to examine how teams prevent opponents from
scoring. GMM models were used to correct model specification and normality issues

faced with the OLS regression model. The team points and goals allowed models
combined account for nearly all aspects of a hockey game including offensive, defensive,
and goaltending contributions.

The results were relatively the same across both the team points model and goals
allowed models. Two variables, face off lost (FOL) and blocked shots (BLOCKED), are

only significant in one out of the four models used. However, the model in which both
variables are significant suffered from model specification, detracting from the reliability
of the results. All four models showed high r-squared values, meaning that the
independent variables used successfully and accurately explained the dependent
variables. The variables that significantly helped or hurt an NHL team's success were

PPG, (ESG+PLSMIN), PLSMIN, SHTG, A, FOW, PIM, GA, SAV, and SAVPCT.
The two most important findings of this study pertain to the significance of

Shootout goals and major penalties. Shootout goals were obviously not included in John

November 15,2009.

13 National Hockey League, The National Hockey League Official Guide & Record Book
(Chicago: Triumph Books 2007-2010).

Heyne's team production function, since they were not yet in use.14 Even though
Shootout goals have never previously been studied using economic principles, it was

expected that shootout goals would have a significant impact on team success. The
results accurately reflected the expectations and shootout goals proved to be highly
significant in helping teams succeed in the NHL.

What might be the most controversial conclusion of this study is the impact of

major penalties on team success. In John Heyne's study, major penalties were found to

significantly help a team win games and prevent the opponent from scoring.15 However,
in this study, the results of the examination of major penalties were not conclusive

enough to declare the variable significant. In the OLS team points and GMM(-l) models,
major penalties were determined to have no impact at all. Also, the GMM(-l) model was
the most appropriate of the models to address the subject. Alternatively, in the OLS
goals allowed and GMM(+1) models, major penalties appeared to have a significant

impact. One factor that discourages these secondary results is that these models had
problems with normality and model specification, and their results are thus less reliable.
Assessing the results from all four models, it cannot be asserted that major penalties -- or
more specifically fighting -- help teams to win games anymore.

Future Research

While this study successfully addressed the issue of NHL team productivity in

post-lockout era, there are still ways to expand on its research. One way to improve the
study would be to add in more variables that were left out. Two such variables are the
14 John Heyne, NHL Team Production, Working Paper, 2005.
15 John Heyne, NHL Team Production, Working Paper, 2005.

average height and weight of an NHL team. Such a study would ideally clarify the
superiority (or lack thereof) of bigger, stronger players.

Two more variables that might be included in a future study would account team

experience are the average number of seasons played by each team's players and the total
number of Stanley Cups won by all the players on each team. By including these two
variables, one might study the impact of veteran experience on NHL team success.
Unfortunately, this data would be difficult to compile.
Another variable that could be included to further investigate NHL team

production is studying the birthplace of players. Do teams with more North American
players fare better or worse? All the European countries would also be included.
However, if such a study indicated that players from a certain country were more

successful than others, it would obviously create substantial controversy.

The last variable(s) that could be included might address coaching. How much
can a successful coach elevate the play of their team? Some coaching variables that
might be considered are the experience of the coach (years coaching in the NHL), how
many years the coach has been coaching professional hockey, and whether or not the
coach played professional hockey.

It would be difficult to enhance this study in a manner other than adding new

variables. However, although this study dealt with team production, it also inadvertently
somewhat addressed attendance. Therefore, this study could be expanded to address

precisely what motivates increased attendance at NHL hockey games, thereby increasing
profits.
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