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Abstract 

This project investigates the extent to which baseball teams can improve the allocation 

of their resources in the market for free-agent players. More specifically, attempts are 

made to show that, with the ~pplication of advance statistical techniques known 

as sabermetrics, owners are actually doing a better job of offering contracts to the 

right players than they were in the past. The study covers the period from 2000 

through 2013, and deals exclusively with large contracts-those that are the top deals 

for the years under consideration. The analysis section of this project is done using 

two different types of econometric models, namely, hedonic and time-series regression 

analyses. 

The analysis uses econometric models to relate salary data to the performance of 

free agent players. The analysis also incorporates time-series regression by equating 

the performance of players for a given position (for example, shortstop or outfield~r) 

to one another over time. The result from this analysis shows statistically significant 

relationship between performance and player's salary. This result also provides some 

clues on the contract values of free agents. The result of the time-series regression is 

found to be inconclusive. That is, while the outcome of the regression parameters, as 

shown in Chapter 4, were consistent with theory, they were not statistically significant. 

This is rather disappointing to the extent that it was not possible from this study 

to verify that the adoption of advance statistical practice (i.e., sabermeterics) would 

contribute to the improvement of allocating free-agent players to the right team, that 

is, where their marginal contribution to the team will be the highest. As discussed in 

the conclusion part of the SIP, one of the reasons for this may be the tentative nature 

of this study. The conclusion section also attempts to offer suggestions on ways how 

to improve future research endeavors in this area. 
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1.1 Introduction 

Chapter 1 

Introduction 

Baseball is America's favorite pastime. Each game is a memorable event with hot 

dogs, beer, and family. Every play of every game in a season has many moving parts 

that culminate in the experience that fans enjoy. This enjoyment creates an interest 

that leads some to a deeper investigation into certain aspects of the game. 

This paper takes an in-depth look into the complexities of baseball's free agency. 

Free agency is the system in which veteran players offer their services to teams in 

an attempt to earn the largest contract. Unlike most professions, where employers 

have many different options when choosing employees, in baseball there is a limited 

number of potential employees. Free agency in baseball is also different than in other 

professional sports-such as the National Football League-because when a contract is 

signed, the team cannot opt out of it. When considering that most players are under 

contract for multiple years, the number of options that teams have in the offseason 

is drastically reduced. Due to the high demand and low supply for star players, the 

salaries offered in free agency can reach exorbitant amounts. In this environment 

of high financial stakes, this Senior Individualized Project, or SIP, investigates the 

extent to which baseball teams can improve the allocation of their resources in the 

market for free-agent players with a statistical technique known as sabermetrics. More 

specifically, attempts are made to show that, with the application of advance statis

tical techniques, owners are actually doing a better job of offering contracts to the 

right players than they were in the past. The focus of the study extends from 2000 

through 2013, and deals exclusively with large contracts-those that are the top deals 

for the years under consideration. The analysis in this study is based on secondary 

data obtained from several organizations that compiles baseball statistics routinely 

(for more on this see Appendix A). 
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Sabermetrics is relatively new to baseball. The methods of sabermetrics attempt 

to provide a more accurate measure for all sorts of things related to the game, such 

as runs added by a player, fielding ability, a player's speed, and so on. The adoption 

of sabermetrics in baseball should not be ·surprising given the complexity of the game 

and the availability of these statistics. The specific sabermetric statistic of interest 

in this project is called wins above replacement, or WAR. WAR is a single-composite 

statistic (a score) that measures a player's production (performance) in terms of the 

amount of wins that player contributed. For example, a team replacing a player with 

a WAR of 3 for a player with a WAR of 5 will expect to win two more games over the 

course of a season. A more extensive presentation of WAR is included in Appendix 

A. 

1.2 Project Organization 

The formal analysis of how teams have used sabermetrics to improve the allocation 

of their resources within the existing framework for free agency will be done in two 

stages. The first part of the analysis will use hedonic regression. Hedonic methods 

are used in economics to equate a dollar value to a specific item or service, such as the 

value of a house by breaking it up into its component parts (bedrooms, bathrooms, 

yard size, etc.) In this study, hedonic regression is composed of free-agent salaries 

(the dependent variable), and WAR data (the independent variable). The hedonic 

regression provides a basis for the second part of the analysis, by confirming that 

higher WAR values entail larger salaries in the free-agent marketplace. 

Second, marginal analysis will be performed on individual free agents. Using WAR 

data, free agents will be compared to each team's player at their respective position. 

This is used to measure each team's demand for the free agent. The demand a team 

has for a player consists of two values, the wins that free agent would add to their team 

and the amount of money that team is willing to spend. The team with the greatest 
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marginal win value (difference between the free agent and their current player), has 

the most to gain from signing the free agent in question. This team typically has the 

highest demand for that player and, therefore, will offer them the largest contract. 

The reason for doing this is to use the model to predict where the player should have 

signed (i.e., which team should have offered him the largest contract), and compare 

that to where the player ultimately did sign. 

The ultimate goal of this two-stage analysis is to see whether teams have, in 

fact, increased their efficiency in allocating resources due to the adoption of advanced 

statistical practices-which is the main theme of this project. 

1.3 Project Structure 

The SIP will address the above research agenda in a systematic manner using the 

following organization. The next chapter, Chapter 2, deals with the literature review 

and has three sections. The first section is a brief discussion on the formation of 

free agency in baseball. The important economic concept in the formation of free 

agency is the Coase theorem, which states that, in the absence of transa<;tion costs, 

the final allocation of resources (free agents) will always be equivalent. In other 

words, the Coase theorem suggests that players will end up playing for the same 

team regardless of the system for player allocation that baseball has in place. On the 

contrary, opponents of free agency argued that free agency will lead to teams with 

more money to spend acquiring all the players with star quality. The second section 

of Chapter 2 offers a review of the collective bargaining agreements in baseball and its 

three principle components relating to free agency: the rule 4 draft, the luxury tax, 

and the competitive balance tax. As will be discussed later, these are mechanisms. 

designed to keep baseball competitive. The last section of Chapter 2 deals with a 

review of previous academic work on hedonic regression and marginal analysis and 

their applications in professional sports, specifically baseball. 
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Chapter 3 focuses on developing the theoretical framework and methods used for 

the analysis specific to this project; in other words, how the theories surrounding 

free agency and ·past works will be woven together to fit the analysis for this SIP. 

Because the analysis is a two-step process, this chapter will be composed of two 

sections. The first part covers the theories and methods of hedonic regression as they 

relate to baseball's free agency. By using WAR as the main measure of a player's 

performance, it will show that a greater win value leads to an increase in salary 

for free agents. The concept of statistical advancement ( sabermetrics), as modeled 

by innovative economics, and the opportunity cost of signing players are important 

factors discussed in this section. 

The second section of Chapter 3 explores the context in which marginal analysis 

is incorporated so that the choice of WAR for this project becomes clear. This section 

will reveal, the relative economic contribution of a player on the basis of how many 

wins that player contributed compared to that of his competitors. In preforming 

the marginal analysis, many assumptions must be made. The methodology for these 

assumptions is detailed in this section. With the assumptions in place a method for 

evaluating the marginal analysis will be implemented. For each free agent, a data 

point relating to the relative success rate of the marginal methods will be acquired. 

These data points will be examined on a year-over-year basis, through a time-series 

regression. Time-series regression is used to measure the change in a variable over 

time. In the context of this project, it will be implemented to measure an increase in 

the success rate of the marginal analysis (i.e; the ability of the analysis to correctly 

project the player's destination in free agency) over time. A finding of a gradual 

increase in success rate will then indicate the adoption of sabermetrics have had on a 

team's choice of free agents. The chapter will end with a brief discussion on why one 

would expect to see the gradual adoption of sabermetrics by baseball organizations. 
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Chapter 4 provides the results of the analysis. Both the regression outputs for the 

hedonic and marginal regressions will be reported, and the statistical significance and 

implication of each regression coefficient will be discussed. The chapter concludes by 

recognizing the limitations of the study and offering suggestions for further research 

works. 

The final chapter, Chapter 5, provides brief a summary and conclusion of the SIP. 

Finally, based on the important findings of this study, an attempt will be made to 

speculate on the extent to which the use of sabermetrics could influence free agency 

in baseball in such a way that it will allow for teams to make more informed decisions 

on the allocation of their resources. 
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Chapter 2 

Literature Review 

2.1 Introduction 

This chapter, the literature review, brings together works that relate to the project at 

hand. In this paper three types of works will be considered. The first is a short history 

of free agency. This is followed by a discussion of the MLB's collective bargaining 

agreements, or CBAs. The CBAs outline the rules of the league in every aspect. 

In the CBAs there are three specific pieces of information that indirectly affect the 

free-agent market, and these will be discussed in detail: 

• The rule 4 draft: The selecting of high school and college players into an orga
nization. 

• The luxury tax: A tax levied on teams that have a payroll over a certain 
threshold. have a payroll over a certain threshold. 

• Revenue sharing: A system where all teams in the league share a fraction of 
their revenue. 

After examining the CBAs, the chapter will continue with an in-depth look into 

previous academic work in the sport of baseball. The bulk of academic papers have 

covered the free-agent system in the MLB and whether or not it allows for a compet

itive balance among teams. However, the works relating to this paper cover hedonic 

regression and marginal analysis. These works provide an important framework for 

the rest of the project. By understanding how the free-agent system works in base

ball, the analysis behind it will carry a deeper meaning. Although free agency is a 

cornerstone of the baseball community, this was not always the case. 
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2.2 History of Free Agency 

By baseball standards, free agency is relatively new. The first year of free agency in 

baseball occurred after the 1975 season, following a ruling by an arbiter that Andy 

Messersmith and Dave MeN ally were not bound by their contracts. As a result, they 

became free agents, thus eliminating the reserve clause baseball previously had in 

place. The last 36 years of free agency only covers about one-fourth of the history 

of MLB. Still this is 16 years sooner than in any other American professional sport. 

The aforementioned ruling eliminated the reserve clause, the former system for de

termining player's contracts. Under the reserve clause, players signed with one team 

and were essentially the property of that team for the remainder of their career. This 

meant that players were paid based on what management felt like giving them and 

not based on their marginal worth. By transitioning to the current system, players 

are able to sign with any team that is willing to offer them the most for their services. 

Many critics have a problem with free agency. They worry that all the best players 

will be signed by the teams that have the most money and that the small city teams 

will be unable to compete. This view goes against fundamental economic theory 

(specifically, it is in direct opposition to the Coase theorem). The Coase theorem 

states that the efficient allocation of resources always will be obtained in the absences 

of transaction costs. In relation to baseball, Fisherman (2003) describes how the 

Coase theorem applies: "Under the Coasian argument, a player would end up on the 

team where his marginal revenue product is greatest, regardless of the bargaining 

system-free agency or the reserve clause." The Coase theorem implies is that if a 

player is more valuable to one team rather than another, that team will sign them in 

free agency. If another system-such as the reserve clause-were in place, then the team 

would simply trade the other team for that player. The resulting team is the same; 

the only differ~nce is that in free agency, the player will reap the benefits instead of 

the team holding his contract. The general consensus among economists, Rottenburg 
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(1956, p. 258), Fork and Quick (1995, p. ·1266) is that fr~e agency has not disrupted 

the competitive balance of MLB and it has even been argued that it has helped in 

the years since the dismantling of the reserve clause. 

The term "competitive balance" keeps popping up. The concept of competitive 

balance is fundamental to MLB. Competitive balance tries to avoid the scenario where, 

one team has all the best players and wins all the games. This would be bad for 

the league-even for the winning teams. To keep fans interested, the talent must be 

spread out among all teams in the league. The difficulty in this is that some teams 

are located in areas that are traditionally considered "small markets," while others are 

in "large market" cities. Teams in larger ~arkets have numerous advantages, such as 

increased television revenue and, therefore, more spending power. They also generate 

more revenue from ticket sales, as there are more fans in bigger cities and thus more 

demand, which allows them to sell tickets at a higher price. The effects of this are 

not hard to see. For example, last season (2013), New York Yankee Alex Rodriguez 

had a salary larger than that of all the players on the Houston Astros combined. 

The difficulty is keeping these two teams, and every team between competitive. The 

league must be doing something right because the Yankees don't win the World Series 

every year; in fact, they failed to reach the postseason in 2013. 

While most economists agree that the free agent system has helped competi

tive balance, this is not an opinion shared by Krautmann and Oppenheimer (2006). 

Whether or not the competitive balance of the system has been improved, it is still a 

problem that the MLB must continually address. According to Forbes, as recently as 

last year, the team with the most revenue had far more than twice that of the lowest

earning team. Martens (1994), suggests a few different remedies to this problem, and 

some of them have been implemented in MLB's collective bargaining agreements. A 

few of them will have a noticeable impact on this project. 
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2.3 Collective Bargaining Agreements 

The framework for the organization known as MLB is renewed once or twice a decade 

in the form of a collective bargaining agreement. During the span of this project, four 

different collective bargaining agreements have been in place. Before each agreement 

runs out, the owners of all the teams and the players' union must agree on a new 

deal-or the agreement binding the two sides will dissipate and the result will be a 

lockout, or strike, depending on which side initiates the stalemate. 

The last strike in professional basebali happened during the 1994-95 season, a few 

years before the period examined in this project. The strike that year was the worst 

work stoppage in baseball history and resulted in the cancellation of the entire 1994 

postseason and World Series.1 Since then, the owners and players have been able to 

come to an agreement before the expiration of the current deal and there have been 

no stoppages of operations. This simplifies the analysis of the project but it must 

be remembered that from each agreement to the next, the general rules governing 

baseball change. While each CBA is not drastically different from the last, they have 

changed the way the game operates over the 13-year period of this project. 

There are three ways that the chang~s in the CBAs have had direct implications 

on this project: the rules regarding the draft, the competitive balance tax, and the 

revenue-sharing system. The first change is in the most recent CBA and involves 

compensatory draft picks. 

2.3.1 The Rule 4 Draft 

With the 1975 court ruling, the main part of the reserve clause has been dissolved; 

but some of it still lives on in baseball, through the CBAs. While it is no longer 

the case that players are signed for life, they now must wait a minimum of six years, 

1"Labor Pains," last modified 2003, http:/ /sportsillustrated.cnn.com/baseball/news/2002/05/25/ 
worlLstopppages/. 

9 



after signing their initial contract, before declaring for free agency. This still gives 

team owners monopoly power over players for six years of their career. A recent 

example is the case of Los Angeles Angels player Mike Trout. ESPN believes (as does 

the majority of baseball) that if he remains healthy, Trout will receive the largest 

contract in baseball history. Currently he is being paid very close to the league 

minimum. Until Trout is eligible for free agency, the Angels will continue to receive 

high levels of production for only a fraction of what it would be worth on the open 

market. Luckily for Trout, he will not have to wait the entire six years until free 

agency: players are eligible to enter into salary arbitration after three years of service. 

Salary arbitration is the process in which players can file for an increased salary that 

is more representative of what they are worth. This process can results in millions 

of dollars changing hands, and players are eligible to file every year after their third 

season. 

The process of becoming tied to a team for the first six years of a player's career 

is done through the draft. Every year, MLB teams draft new talent into their orga

nization through something called the Rule 4 draft. This is a 40-round draft where 

teams pick players from college or high school to be part of their organization. The 

MLB draft is lengthy compared to other sports because there are a multitude of minor 

league teams to which every organization must continually add players. After being 

drafted, players are then allowed to negotiate contracts with their new teams, but 

they hold almost no bargaining power because they are forbidden from negotiating 

with other teams. While these contracts are not in the domain of this project since 

these players are not free agents (and there is no WAR data available), the draft does 

include some useful pieces of information that impact free agency: 
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• Until 2013 free agents were given a grade, either "A," "B," or "neither." 

• A team that signed a free agent des.ignated "A" would forfeit a draft pick to the 
previous team for which t,he player played. 

• If a team loses a player designated "A," they would receive an extra supplemental 
pick. 

• For a type "B" free agent, the extra pick would be awarded, but the signing 
team did not lose a pick. 

This resulted in the top free agents (grade A) being offered contracts that were under 

their true value, due to the fact that teams would have lost a draft pick if they had 

signed the player. The difference would be the amount of value each team puts on 

that specific draft pick. 

Another important piece of information regarding the draft is that there are limits 

on the number of free agents of each type a team is allowed to sign each year. These 

restrictions are done in the name of "competitive balance;" however, it should not 

have any major impact on this project because the limit rarely comes into play. In 

the event that it does, the marginal analysis would adjust by suggesting that the 

player would end up with the second-most likely team, thus only sacrificing a small 

fraction of accuracy. 

The previous system of type "A" and "B" free agents has been discontinued. The 

new system does not require that the team signing a free agent forfeit one of their 

picks; instead the former team will only receive one pick, according to the 2012 CBA. 

This new system only allows for a restricted number of free agents to be eligible 

for this compensation and only players that have played the full previous season for 

a single team. This will raise the demand for players in the top of the free-agent 

market because teams will now be able to sign these players without having to forfeit 

their draft selection. From the point of view of the former teams, they will have more 

incentive to resign previous players because they will be awarded only one pick instead 

of two in this new system if they do not. The newer system will have a noticeable 
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effect on the free-agent market in the future, however, it will not over the course of 

this project. Since this change was instituted in the most recent CBA and thus only 

covers one year of analysis related to this research. 

2.3.2 The Luxury Tax 

The bigger changes having greater implications on the free agency system are the 

competitive balance tax and the revenue-sharing policy. Typically thought to be one 

and the same, they are actually completely different. While most professional sports 

have moved to a salary cap, baseball has not. Instead, they have the competitive 

balance tax, or more commonly referred to as the "luxury tax." This is best described 

as a "soft cap." It simply means that if a team has a payroll over a cap of X dollars, 

they will be obligated to pay an additional amount for each dollar they spend over 

the cap. For all the coverage this tax ha$ received, it is not widely implemented. In 

reality, it was designed for only one team~the New York Yankees. They have paid into 

it every year since it was implemented and as a result, have paid more than 10 times as 

much as all other teams combined. Since its inception, the system has only required 

fees from four teams-with two of those teams combining for less than one percent 

of the total.2 Unlike reve11ue sharing, the money made from the luxury tax is not 

given to the lower-earning teams. It is instead put back into the game in other ways, 

such as promoting youth baseball. This is completely different than revenue sharing, 

in which every team participates. The revenue-sharing system in place requires each 

team to put a certain percentage of their revenue each year into a general fund that 

is to be distributed among all teams. Un~er this system, teams in small markets will 

receive more than they put in; teams in large markets will contribute more than they 

receive. 

2"Luxury Tax Totals," Last modified December 21, 2010, http:/ /bizofbaseball.com/index.php? 
option=coi1Lcontent&view=article&id=4971&Itemid=194. 
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How does the luxury tax and the revenue sharing policy apply to free agents 

and their optimal signing team? These systems can further complicate the marginal 

analysis. The typical thought process is that a more successful team will produce 

higher revenues. For this reason a team would want to improve their roster, contingent 

on the relative size of the market in which they play. Both of these systems redistribute 

wealth and can, therefore, break down this assumption. Let's start with the simpler 

case-the luxury tax. 

The current system of luxury tax was implemented in the 2002 CBA season and 

was phased in over multiple years. The tax ratio increases for a team each season they 

are over the cap, up to a maximum of 40 percent. For example, take a team that was 

already over the cap, such as the Boston Red Sox in 2007. Imagine there was a free 

agent on the market that would be beneficial to their team. Suppose after accounting 

for team size and marginal wins, the Red Sox were the most desirable team for him 

to sign with. Consider that the Red Sox were to determine that the player would be 

worth $10 million to their team. The problem would arise when they offered him a 

contract. The player might be worth $10 million to the Red Sox, but they are not 

willing to offer this contract. If they were, they would be on the hook for $4 million 

in extra luxury tax money. The most they would be willing to offer is $7.143 million 

( i~). If there was another team out there that was willing to offer a contract between 

these two amounts, it would be in the player's best interest to sign with the second 

team. This would result in the player ending up with a team that does not make 

sense-based on marginal analysis. This is an externality, but one baseball has agreed 

to accept in the name of competition. 
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2.3.3 Revenue Sharing 

Another externality that could occur results from the revenue-sharing system that 

baseball has in place. This is a more serious matter that MLB has attempted to curb 

in the most recent CBA. Revenue sharing has been part of the league for longer than 

the luxury tax; however, we will only concern ourselves with the year 2000 or beyond. 

From the 1996 CBA, the 2000 and 2001 seasons' plans for revenue distribution followed 

something called the "split pool" plan in which every team put a fraction of their 

revenue into the pool, and then that· money was further divided up. Some of it was 

split evenly between all teams and the rest was awarded on a non-even basis to the 

lower-revenue teams. 

The system put in place in the following CBAs was much simpler. After 2001, 

every team contributed 34 percent of their revenue to a pot and it was then divided 

evenly among all teams. Under this system, each team put money in and each team 

received the same amount. The net change was derived from how much a team 

originally put in; with those under the average netting money and those over, losing. 

This plan was changed to 31 percent in the 2007 CBA. The problem it presents 

by revenue sharing is that teams want to receive the largest revenue possible. By 

intentionally lowering their own payroll, teams can rely on receiving large chunks of 

the revenue sharing pot and obtain a larger surplus. According to Kristi Dosh of the 

website bizofbaseball.com, "The Royals' revenue sharing receipts doubled from 2002-

2007, but payroll only rose by 6 percent. Meanwhile, the team value h.as risen from 

$96 million to $282 million." While teams' values have risen across the sport, this sort 

of increase is most likely due to the revenue-sharing system. 

The fact that teams can make money by leaning on the large market teams has 

become a serious problem. An investigation by fangraphs.com of the most notorious 

offender, the Miami Marlins, showed they have received over $300 million in revenue 

sharing from 2002 through 2010. The Marlins have been accused of using it for 
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means other than "improving performance," which is the loose definition of previous 

CBAs. New regulations are in place in the latest CBA to discourage this behavior.3 

An academic retrospective on the recent CBAs by Kristi Dosh (2007) states that, 

"The system of taxation and revenue sharing contains disincentives for all clubs and 

is poorly monitored." This is a problem and might lead to incorrect results in the 

analysis. If a player is most useful to a team but they insist on keeping their payroll 

low to cater to increased revenue-sharing income, it is highly likely that the player 

{by which the marginal analysis determines to be the best fit) will not be offered a 

contract. This goes against the assumption that teams will offer players contracts 

based on their value to their respective team. A watchful eye should be kept on the 

results in relation to the revenue-sharing system and the luxury tax. 

2.4 Academic Work: Hedonic 

Now that we have covered the CBAs in detail it is time to move on to past scholarly 

projects, in regard to free agency in baseball. This will be done in two steps. The 

first part of the analysis deals exclusively with hedonic regression. While hedonic 

regression is most commonly used in relation to housing prices, it has other uses as 

well. The following studies provide some background on how hedonic regressions has 

been used previously in similar contexts. Lenton, Geerling and Konya (2012), previ

ously used these methods in relation to determining player wages in an Indian cricket 

league. The paper follows an intriguing scenario, in which all teams for a tournament 

must bid on all the players. In one setting, there were as many notable data points 

as years of free agency could provide. The project used the past performance of the 

players to determine if over-or-underbidding was taking place. For their analysis, they 

used hedonic regression. While this was done in relation to cricket, the concept should 

transfer easily enough to the baseball world. The only differences should be the means 
3"How the new CBA changes baseball," Last modified November 22, 2011, http:/ fespn.go.com/ 

mlb /story/ _fid/7270203 /baseball-new-labor-deal- truly-historic-one. 
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of evaluation (in this case, WAR instead of cricket metrics) and the fact this project is 

looking at free agency over the span of many years. Adding a time variable to account 

for this should allow for similar results. This is promising because the findings from 

Lenton are optimistic. Another piece of evidence that salaries will have play a pivotal 

role in judging a team's success comes from Smyth and Smyth (1994). They found, 

after studying a time period of many years, that by simply looking at which team 

had the highest salary was a better predictor of earning a postseason berth than any 

of the annual predictions by reputable journalists of division winners. This provides 

further evidence that . the determining factor of success in MLB is salary-and this 

applies to players' salaries as well. 

Salary is what signifies a player's perceived overall value. There are, however, a 

few ways to quantify a player's salary. If player X signs a $50 million salary over 5 

years and player Y signs a $30 million salary over 2 years, which player is making 

more money? From base value it would seem that player X is better off. The truth 

is, that the yearly salary of player Y is greater than that of player X. This suggests 

that dollars per year instead of total val~e is what should be used to measure value. 

There are many different angles to consider; for example, the players that sign longer 

contracts are usually those that get paid more per annum anyway, making the above 

example highly unlikely. Still, this is not always the case and it is important to 

account for some of the situations in which abnormalities may occur. The significant 

difference comes when teams decide who warrants a long-term contract. Dinerstein 

(2007) has looked closer at this relationship, 

This paper has found that MLB clubs take different approaches in making decisions 
regarding large commitments versus small commitments. When making often long
term decisions about free agents, teams undervalue most recent on-field performance 
relative to its ability to predict future on-field performance. 

The means of accounting for both type~ of commitments on contracts is to use a 

linear combination of g~~aa: ie~;~ as the dependent variable. In addition, two types 
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of performance metrics will be considered as predictive variables: (1) wins above 

replacement (WAR) from the previous season, signifying most recent experience, and 

(2) an average WAR of the player's whole career to judge past performance. 

2.5 Academic Work: Marginal Analysis 

The majority of the work in this project comes from the marginal analysis of player 

performance. This study was inspired by the work of Coulsell (2012) at California 

Polytechnic State University. He did extensive work on the free-agent market follow

ing the 2012 season. Using WAR to analyze players by their marginal values, he was 

able to predict where players would sign. While Coulsell did not have salary data 

available for the following season, he developed a method of grouping teams by their 

spending habits. This is not something that this project will include because it is 

a look back instead of a look forward. Thus the payroll information will be readily 

available. Without this data, Coulsell's findings were still surprisingly accurate as one 

player (Juan Pierre) signed with the predicted team (the Miami Marlins) prior to the 

paper's publication. This paper attempts to build on Coulsell's model by expanding 

the analysis over a longer time period. This will take some adaption of his meth

ods upon which the foundation is built. Similarly, by using WAR just as Coulsell 

does, it opens avenues in marginal analysis that would have been otherwise closed 

when attempting to compare players. This is due to the vast number of statistical 

categories in the game. This project will compare players to those of a similar po

sition; however, the reach of positions will differ. Coulsell only performed analysis 

on position players. In this paper, the free agent pool will be e~panded to include 

pitchers. The difficulty of involving pitchers is that there are more than one player 

with which to compare them. This problem will also arise when evaluating outfields, 

which have been grouped into one category in this paper. Coulsellleaves the possi

bility for change open, ("Another point in this paper that could have been adjusted 
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is grouping all three outfielders into one category since it is easy for one outfielder to 

shift from left, center, or right since each position is very similar defensively"). This 

is one of the opportunities where it was possible to improve the methods used. By 

creating a system that would account for positions with multiple players, it would be 

easier to include both starting and relief pitchers using this method. 

Some wins are more valuable than others. To a sports fan, that might seem untrue; 

but to an economist, it should make perfect sense. Consider a team that narrowly 

missed the playoffs the previous year. By adding just one more big-name player to 

their roster, it would be probable that this action would push them over the edge and 

into the playoffs. The increased revenue from the playoffs would make this signing 

worthwhile, whatever the cost. This is something that is tricky to account for in the 

analysis: How to determine when teams are signing players because they fit into their 

system, or just signing a player to make a small difference. The best measure we have 

for this is team payroll, which is more indicative of a team's spending habits than 

other criteria for explaining those decisions. Still, it is possible for a small team to 

sign a high-valued free agent when they are close to the playoffs. In this scenario the 

payroll of the team would still most likely be below average, leading to an imperfect 

fit. The team would still be expected to sign whichever free agent was marginally 

most beneficial to the team; but they might be paying a premium for that player, 

compared to what other teams would offer. 
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Chapter 3 

Analytical Section: Theories and Methods 

3.1 Introduction 

This chapter is written to address the following two major objectives: (1) Provide 

theoretical economic framework for the project. This includes a discussion on the 

theory of innovative economics and how this theory is related to hedonic regression 

and marginal analysis. The chapter then proceeds to the theory behind marginal 

analysis. (2) Articulate the methods and basic assumptions used to apply hedonic 

regression and marginal analysis in professional baseball. 

3.2 Innovative Economics 

One of the newest fields of economics is innovative economics. This project attempts 

to investigate if the theory of innovative economics has impacted the baseball free

agent market. The theory of innovative economics states that innovation is a leading 

force in the market, rather than the forces emphasized in neoclassical and Keynesian 

economists. This major difference revolves around technology, a variable assumed 

exogenous in all classical economic models. Always figured to be outside the con

trol of the user, technology is at the forefront of innovative economics. By focusing 

on technological improvement through innovation, one can better manipulate the 

environment in which one works. This is opposed to the neoclassical view of just 

exchanging inputs, such as labor and capital, to an optimal level. When focusing on 

technology, the possibilities for change drastically increase. 

While typical economic approaches have treated the standard economy well, the 

ultra-competitive field of Major League Baseball has to look for any possible advan

tage. To emphasize this point, look ·at the 2013 season in MLB, in which no team 
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had a winning percentage above .600. This, while not typical of an MLB season, is 

not unusual. When it does occur, teams do not reach much beyond the .600 mark. 

Compare this to the 2013 NFL season, the Arizona Cardinals failed to make the play

offs with a 10-6 record {.625 winning percentage). Sustained wins are much harder 

to come by in MLB. 

Another reason to push teams to new methods for a competitive advantage is the 

playoff system MLB has in place. Until recently MLB playoffs only allowed eight 

teams into the post-season, far less than any other professional sport. Today, the 

playoff system has 10 teams, but still only six division winners. The wild card game 

is a fate playoff teams would rather avoid. There are only six teams that guarantee 

themselves a spot in the traditional bracket during the regular season. This number 

is actually down from eight in previous years. Either way, the main goal a team has 

in mind when assembling a team is making it to the playoffs. 

To be the most competitive during the regular season, it would make sense for 

teams to employ new ways to better evaluate players. As computers became more 

powerful, waves of advanced statistics were developed. Developing and transitioning 

to more advanced techniques gave some an advantage over others. As indicated, this 

project attempts to investigate whether the theory of innovative economics {that new 

technologies are the leading force in front-office decision making), has impacted the 

baseball free-agent market. This will be- done with two different approaches. First, 

with hedonic regression analysis will provide a basis for WAR as a tool for evaluating 

player performance. Second, marginal analysis will be used to determine if there has 

been an upward trend in the integration of sabermetrics, specifically WAR, in the 

decision-making process related to contract offers made to free agents. 
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3.3 Hedonic Theory 

Simply put, hedonic regression is a form of regression analysis in which the dependent 

variable is price. This primarily includes demand equations. Hedonic methods are 

used to estimate a preference for something-such as demand for a good. For exam

ple, the hedonic pricing method is used in environmental economics to evaluate an 

ecosystem's worth. All these methods try to measure a certain good or services worth 

in a dollar amount. This is what teams are doing internally when they offer contracts 

to free agents. That contract is an evaluation of what teams' believe the player's 

services to be worth for the length of the contract. The theory is that past WAR 

performance should be the best predictor of earnings in the free-agent market. With 

a higher WAR, especially in the season prior to signing a contract as a free agent, 

the player would be expected to have a larger contract. The analysis for this part 

uses per-year contract data. For instance, if player A signed a 5-year contract for $50 

million and player B signed a $20 million contract over 2 years, these would be seen 

as equal because they earn the same amount per year. As discussed before, there is 

evidence that players are willing to take less money for more security; however, it is 

not the goal of this project to investigate that issue. Of course since this project uses 

data from many years and not all years are equal, contracts must be adjusted for 

inflation. Referring to the previous example, if player A signed his contract in 2000 

and player B in 2012 then, due to inflation, player A would obtain 33 percent more 

purchasing power with his respective contract and thus would be considered more 

valuable in that point in time. 

While players may take less money per year for longer contracts, it is also possible 

that teams would be willing to offer longer contracts, due to inflation. When a team 

signs a contract to pay out over 10 years, it is possible that the money due at the end 

of that contract would be worth significantly less. This, however, has not been a noted 

problem in recent times and since inflation in the U.S. has remained relatively low 
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and stable for the duration of this analysis, this is not a concern. However it should 

be noted that, if similar analysis were to be done during the period of large inflation 

in the U.S., this phenomenon would perhaps need to be taken into account. One stark 

difference between the hedonic regression in this paper and simple linear regression is 

the type of relationship expected. Typically, a relationship that increases at a steady 

rate uses a linear relationship. In this project the relationship between salary and 

WAR is not expected to be linear. For a more detail, consider the following example 

detailing the opportunity cost of signing a free agent. As a player's WAR doubles, the 

salary should more than double. For example, when considering three players-one 

with a WAR of 2, another with a WAR of 4 and the last with a WAR of 6, all else 

being equal-there will be a bigger increase in salary from the second to the third 

player than from the first to the second. The reasoning for this is the opportunity 

cost of playing one player for that of another. For the meaningful part of the season 

(the playoffs), teams are only allowed to have 25 players on their roster. Each player 

signed will count towards this limit. What must be considered is that the main goal 

of the team is to reach the playoffs. While not a set number, this typically requires a 

war of about 40. With a roster size of 25 and only 13 starters on the team, each player 

must contribute. The average starting player needs a WAR of 3 to have a decent shot 

of the team making the playoffs. This means that by signing a player with a WAR of 

less than this would not, on average, be beneficial to the team. Conversely a player 

with a higher WAR will not only get a team closer to the goal of 40 but, at the same 

time, will only take up one roster spot. When a team has a player that surpasses 

the average, it allows them to have other players that underperform or develop some 

players at the other positions. This, combined with the lack of superstars in the 

league, will make the highest producers worth substantially more than the typical 

MLB starter. The equation will look like this: 
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Where: 
A = The intercept term. 
f3t = The increase in salary from an additional WAR. 
{32 =The increase in salary from an add~tional Average WAR. 
{33 =The year-over-year increase in salary. 
{34 = The decrease in salary from aging one year. 

(1) 

f3s =The reduced amount a player is willing to accept to sign with his former team. 

3.4 Marginal Theory 

The marginal analysis compares the performance of two players using their respective 

WAR values. For example, consider a team has player X who played shortstop last 

season and he had a WAR of 2. Player Y is on the market, and he had a WAR of 5 

the previous season. In this case, the n1arginal benefit of signing Player Y would be 

3 wins. 

Players do not have the same WAR every season-or the teams with the most 

money would always be the best teams. But the best measure, for either this project 

or head offices, is to examine historical data to project future production. Now, 

marginal analysis does not just examine the benefit. If this were the case, the player 

would sign with whichever team had the highest need; but this is not always true. 

From actively following the free agent process year after year, it is apparent that a 

substantially greater proportion of the player pool signs with the Yankees, or other 

large-market teams each year. How is it possible that they have the greater need each 

time, even after signing more players than other teams in the previous years? The 

opposite logic should apply; they should be less likely to need quality players if they 

already have more than average. The truth is that they do not have greater need, 
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but teams in larger markets get more returns on their investments, and thus they are 

willing to pay more. Not including a cost determinate would be leaving out a vital 

part of the analysis. 

Which team is willing to pay more? This is not as complicated as it might sound; 

it simply focuses on having access to the payrolls for major league teams. To illustrate 

how this works an example is in order. Imagine three players A, B, and C, who had 

WARs of 1, 3, and 7, last season, respectively. Players A and B play for teams X and 

Y, respectively, while player Cis a free agent. Marginal benefit tells us that team X 

would have the most to gain from signing player C ( 6 wins vs. 4). Due to the fact that 

this is all based on historical analysis, the opening day payrolls for the future season 

will be available. Consider that when the next season starts, team X has a payroll of 

$100 million while team Y has a payroll of $200 million. Which team is more likely to 

have signed player C? Team Y, because they are willing to pay twice as much to put 

a winning product on the field, and the player is only worth 50 percent more wins to 

team X. Now, the way to determine these rankings is to multiply the marginal wins 

by each team's payroll to come up with a demand figure As math-inclined readers 

will notice, the result by multiplying the two numbers together would be $800 million 

for, team Y, and the units would be in dollars* wins. This number is extraordinarily 

large, due to not being normalized to a proportion of wins in the league, and has 

nonsensical units. This is not a problem because this project is not looking for a 

number, but rather for a ranking. The normalization process will be the same for 

each team, thus keeping the rankings intact. This resulting type of measurement 

is an ordinal measurement, in which the number values do not have any physical 

meaning other than to be compared to each other. 

When using ordinal rankings instead of cardinal measurements, it is the relative 

position-as compared to the other factors-that are of interest. In this case, it is 

where the player actually signed. Among the 30 teams, if a player signed with the 
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most likely of the teams then the model would take that as a success. However, that 

is not the only way success could be measured. Consider the case where a player 

signed with the third most likely of teams. This can be considered a success as well, 

and will be qualified as such in the model. The ranking of the team that a player 

signs with will determine the overall success. Each free agent will represent a point 

in the regression. Their vertical position will depend on the relative success of the 

marginal analysis. These data points will be run with a logistic regression. This type 

of regression is probability-based. The regression attempts to model the probability 

of an event occurring. In this case, it will measure the success rate of the marginal 

analysis over time. 

A logistic model is being used because, once again, the relationship is not expected 

to be linear. At the onset of the analytical period, the adaptation of advanced statis

tics should be hasty until it has become a widespread practice. Once the methods 

have been adopted, the increase in accuracy should cease and the success rate should 

essentially flat-line toward the end of the analysis. With logistic analysis the value 

is zero when the x-variable, in this case time, heads to negative infinity; while in the 

positive direction, it will continually move toward 1. While neither behavior is realis

tic, it is the negative side that is troublesome. When the value crosses the threshold 

of .5, it will cease to be believable. Below .5, the model is essentially worse than a 

random guess. Since this analysis will only include years in the recent past, it is fair 

to say that any extrapolation of the data far into the past will not hold. For a more 

visual representation, refer to the following figure: 



Figure 1: Logistic Curve 

Year 

This figure is a generic logist ic cun·e, where the independent variable is time. The 

x-axis is not numbered; it is the job of the regression to estimate where year 0 (first 

year for which this project covers) would be on the axis and then how far apart each 

sequential year is. The red box is where the data is expected to fall. With this type 

of regression, we should be able to determine not only if there has been an increase 

in the use of advanced statistics but if the adoption has reached a steady state or has 

yet to be implemented by the league as a whole. 

3 .5 Some Assumptions 

Before proceeding further, as is always the case in economics, there are assumptions 

to be made. Two key assumptions are presented here: (1) a weighting scheme for 

pitchers aud outfielders and (2) motivations for cnteri11g free agency. While most. 

positions match up well for marginal analysis, it is not the case for all of them. When 

considering signing a catcher, a team must only compare him to their current catcher. 

What about a starting pitcher, of which a team usually has a rotation of five; or an 

outfielder Lhal could easily transition from one outfield position to another; or a relief 

pitcher for which there is no set amount on any team? 
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This project extends the research done by Coulsell by proposing the use of a 

weighting system for evaluating pitchers and outfielders. Coulsell did not include 

pitchers in his analysis of the 2012 season. The weighted system has a different 

approach for starting versus relief pitchers. A weighted system for outfielders is also 

proposed as follows: 

• Weighting system for starting pitchers: It is reasonable to assume that 
teams will have at least four clearly specified starters over the course of a year, 
as the fifth is occasionally in limbo due to injury or an unsuccessful prospect. 
Teams with a star pitcher might sign another "big name" free agent to the 
pitching staff, but by including the top pitcher it will skew the data. For this 
reason it makes sense to drop the highest performing pitcher from the four, 
similar to what has been done with the fifth spot. With the remaining three 
data points they are to be weighted, with the back end receiving more value. It 
is a simple linear increase with the second pitcher being weighed one-sixth; the 
third, one-third; and the fourth one-half. The reason the fourth spot is weighted 
more is that it is most likely that a team will see a need to sign another starter if 
the bottom of their rotation is in trouble, as opposed to the top. Since starters 
pitch a varying amount of time during the year, the players have been ranked 
based on their WAR per start and then given a projection of what 30 starts 
would lead them to at that rate. Thirty has been chosen because a player that 
never breaks their spot in the rotation would have 32.2 starts over the course of 
the season, and 30 is only slightly off that and meant to signifying a relatively 
healthy year. 

• Weighting system for relief pitchers: The relief pitcher is much more diffi
cult to predict. A team typically has six or seven relief pitcher on their roster at 
any time although the players at the bottom of this list can fluctuate through
out the year by exchanging players with those on the 40-man roster. Almost 
every team has at least three relievers that would be considered full-time on 
the roster. Due to the fact that the top reliever or "closer" is by far the most 
important player in a team's bullpen and that most relievers do not see big 
contracts (such as the ones studied in this project), the top player will not be 
dropped from relief analysis. Instead, the weighting system will be similar to 
that of the starters; but in this case, it will be flipped with the first reliever 
receiving the largest weight. This is because teams will most likely pursue a 
free agent at this position if they do not already have a quality closer. 

• Categorizing starting, versus relief, pitchers: Now that the process of 
analyzing the pitcher has been taken care of, we must discuss what qualifies 
someone for either of these positions. Some players might be long relievers and 
be called upon to start a few games in place of an injured player. Should they 
be counted as a starter, reliever, or both? Double counting is not a good idea. 
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A system that does not allow for a player to l;:>e counted twice is optimal. The 
resulting metrics are based primarily on how many starts a player has. If they 
have less than five starts, they would be considered a reliever; and a player 
with five of more, conditioned on at least half of their appearances being starts, 
would be considered a starting pitcher. This does not allow for double counting 
and seems to be a sensible dividing line. 

• Weighting system for outfielders: That clears up the pitching part of the 
controversy, but there is still one last position that will cause problems. While 
there are some differences, such as the fastest outfielder usually plays centerfield, 
outfielders are typically interchangeable. According to Dave Cameron, "The 
main point is to get the right guys on the field; how you align them once 
they're starting is more of a minor problem." We will assume that players can 
be switched between the three outfield positions. However, this leaves us with 
a problem similar to that of the pitc;hers. The best solution is to use that of the 
starting pitchers, where the top variable is dropped because a team with a star 
outfielder will still be likely to sign another if the circumstances permit, such 
as two other subpar outfielders. Under this weighting the second outfielders is 
weighted one-third and the third is weighted two-thirds. 

The rest of the positions are relatively straightforward, since they involve a one-to-one 

comparison. Although position swapping does occur between the other positions, it 

is far less frequent. 

One last assumption is that players who become free agents will play for whichever 

team offers them the most money. While this does not hold in every case, it is 

relatively accurate. Players who find themselves in free agency are most likely seeking 

the maximum money possible. If a player is motivated by factors other than money, 

he would renew his contract with his existing team before entering free agency. 

3.6 How to Make the Playoffs 

What is the purpose of making all these assumptions and performing the analysis? 

Innovative economics sounds like a good idea; but if it does not lead to results, then 

the point is moot. Results are why all of this matters; and the most important result 

is to make the playoffs. Making the playoffs can lead to a significant increase in the 

profits that ownership earns. The driving force this sport, as in any other industry, 
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is profits. Profits from postseason games vary drastically and can come from many 

different sources. Estimates, from the bizofbaseball. com, are that ownership receives 

$1 million for the required games in the first round of the postseason. Required 

games are games in a series that get played regardless, such as the first three of a 

5-game series. Owners make less profit from these games, as some of the profits go 

to the players. Compare this to an additional game in the World Series-where the 

ownership is on track to make approximately $5 million. Keep in mind that this is 

just an average and some teams are on track to make more. Teams in a small market 

(such as the Minnesota Twins), will inevitably fall below this mark; while the New 

York teams (Yankees and Mets), and would be expected to make more. The actual 

income from a postseason appearance would be much more than this. These figures 

are just the quick estimates of ticket sales and resulting revenue. An actual trip to 

the postseason would result in an increase in sales of team paraphernalia and ticket 

sales for the following season as result of rising interest. 

All this does not mention the profits resulting from television contracts team's sign. 

While the negotiations happen behind closed doors, the revenue stream from television 

is one of the largest sources of cash for the league. Recently, MLB signed new contracts 

allowing national networks to show a few games a week plus the postseason. Sources 

list that these deals were worth $1.5 billion. While the postseason television revenue 

is divided among all teams, the ones that participated obtain more benefits. Those 

benefits come in the form of higher bargaining power in negotiating their own regional 

television contracts. The $1.5 billion agreed to by MLB only accounts for nationally 

televised games. The majority of games are only broadcast in their team's respective 

regions, and the teams are allowed to negotiate those prices and keep the profits. 

Making the postseason would spur more interest in a team thus raising television 

viewing and creating a larger pie from which the teams receive a large piece. 
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3. 7 Winning a Championship 

Championships are the most elusive prize in sports. This paper has focused primarily 

on the regular season as a means to reach the playoffs, and for good reason. Once a 

team reaches the playoffs, anything can happen. A team hopes to put themselves in a 

position to win. While reaching the playoffs is guaranteed to raise profits, regardless 

of whether it results in a championship or not, is not enough for some. While all 

owners have the desire to win, some are willing to sacrifice what would seem to be 

the most economically sound approach for a chance at a World Series title. A ring 

will have more value to some than others, making it an intangible in the sport and 

why some spend more on their teams than others. One documented example of this 

is outlined in an article on MLB.com, focusing on Detroit Tiger owner Mike Blitch: 

The Tigers entered the season with the fifth-highest payroll in baseball. They entered 
with less than the fifth-biggest media market. Their owner is not one to care about 
market. 

Tiger's superstar Justin Verlander is further quoted, referring to his team owner: 

"He's spared no expense in putting together this team. He wants to win." 

While finding recent success, it is clear that the team is spending beyond a typ

ical mid-market team for a chance at a championship. This happens throughout 

the league, at varying levels. Despite being the most recognized name in American 

sports, according to Forbes, the Yankees continue to spend near the top of the league 

every year. They could relax their spending and still see huge revenue from fans and 

television contracts. Championships are a primary reason they don't and the second 

driving force, behind only profits, for why teams build themselves to win. 
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Chapter 4 

Analytical Section: Results 

4.1 Introduction 

This chapter presents the analysis and findings of the study and it done in two parts: 

the hedonic regression and marginal analysis. 

The hedonic analysis (i.e., player's performance) is done into steps. First, a regres

sion analysis is performed without specifying the player's positions. This is followed 

by a second regression analysis that is done with player positions specified, however, 

as discussed later, this requires that the intercept term of the regression model must 

be suppressed. 

After this, the results from the logistic regression will be presented. While the 

results for this regression were not what we had hoped for, there are many possible 

reasons for this. The chapter ends with a brief discussions of some of the short comings 

of the study and its findings and suggestions for improvement 

4.2 Original Hedonic Analysis 

The first phase of the analysis is to provide firm evidence that a higher WAR leads to 

larger contracts. This will be done by using hedonic regression analysis, with salary 

data from the past 13 years as the dependent variable and the corresponding WAR 

information as the independent. Hedonic regression is a type of regression analysis 

in which price is the dependent ~ariable (in this case salary) and is explained by the 

independent variables. Both the player's historic WAR and the WAR for the season 

prior to them becoming free agents were included in the analysis. In addition, many 

explanatory variables have been included in the regression. These include: 
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• The year in which the contract was signed; 

• Whether or not the player resigned with his former team; and 

• The age of the player. 

Typically, regression analysis uses a linear formula; but as mentioned previously, the 

theory does not ·conform to a linear relationship. Instead, this regression uses an 

exponential relationship. 

4.2.1 Variables 

The WAR and average WAR data are gathered from baseball-reference. com. WAR is 

the player's performance last year as measured by the WAR formula. Average WAR 

is a measure, which is included to account for the player's historical performance. 

Average WAR takes a player's WAR over their career-prior to signing their contract

and divides that by the number of years played up to that point. It was necessary to 

include more than just the previous year's. data. When signing a free agent, teams look 

at their past performance above all else; however, occasionally players will have an 

extraordinary, or "breakout," season. This typically happens a year before becoming 

a free agent, which will elicit a big contract. When a case such as this is considered, 

it is imperative that the WAR of the previous year be included. This is especially 

prudent because this project is looking at the top echelon of free agents from the 

market each year-and those are the types of player awarded with large contracts for 

breakout years. Because there are two archetypes of free-agent signings, it is necessary 

to include both types of WAR measurements. The theory implies that both of these 

factors will be positively related to salary when the regression is run. As WAR and 

average WAR increase, it is expected that the contract the player signs will have 

greater value. Some other explanatory variables-such as age, the year, and whether 

or not the player resigned with their former team-are included. These variables 

add stability to the regression by accounting for other, necessary, factors that would 

otherwise be missing. 



Age is one of the great limitations of a player's career. Top free agents typically 

sign contracts that last multiple years. When offering this type of contract, a team 

has to consider that a_ player might not be in his prime by the time the contract 

ends. If a team is offering a long contract to one of these players, the player's age will 

factor into a team's decision making. Young players (typically those under 30 years 

of age), will be more valuable when signing contracts because they will have more 

years left in the prime of their careers. Players later in their career, (those older than 

30), will be worth less in free agency. This is expected to translate to a value of less 

than one in the regression. (It is less than one, instead of negative, because it is an 

exponential regression. In an exponential regression the weight is multiplied rather 

than subtracted.) By multiplying by less than one, the total value will be lowered; 

similar to the way a negative coefficient operates in a simple linear regression. 

The year variable measures an increase or decrease in the size of salaries offered to 

players over the years. The beta value should be over one for this variable, due to the 

increase of money in the sport over the past decade. This has been a result of many 

factors discussed in the literature review; but primarily from an increase in television 

revenues. With a wealthier sport, the hypothesis states, some of this money will find 

its way into the hands of the players. This would happen through larger contracts, 

especially to the players most in demand. As demand for a- player increases, the 

bargaining power moves from the teams to the player. This increased bargaining 

power will allow the most-sought-after free agents to take an even larger share of the 

pot. Since this paper focuses on the top free agents, the year variable is expected to 

have a positive effect. It should be noted that, when looking at salary data over a 

long period, inflation would play a role. This has been accounted for by putting all 

contract figures into 2012 dollars. With this adjustment, it is still expected that the 

year variable will have a positive effect. According to Forbes, baseball revenues have 

grown at a faster rate than inflation over the past 13 years. 
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The final explanatory variable is whether or not the player resigned with his former 

team. This is a pertinent factor for several reasons; and it should help explain some 

of the many intangibles when looking at free agents. There has always been a belief 

that players would prefer to stay with their current teams, possibly at a lower rate 

than they could have obtained elsewhere. Economists typically assume that humans 

are rational; btit this behavior would seem to contradict that thought process because 

players would take less money to play for their old team. However, the story is not 

as simple as that. It is possible that the players are still being rational according 

to their own utility function. Players might weigh the bonus of not having to move 

their families, being able to continue to play for their favorite childhood team, or 

having a better chance at a championship. These could all lead to more happiness 

than additional contract money. While this does not account for all instances of this 

behavior-such as a player signing with a new team because he would prefer to live 

in a particular city, or a player's first entrance into free agency and choosing to move 

to their favorite team. Still, this variable should cover a large proportion of behavior 

that would traditionally be considered irrational. The resigned variable is expected 

to have a similar effect to that of the age variable since it will be less than one, thus 

having a negative effect on the equation as a whole. 
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4.2.2 Results 

After running the regression the following results were achieved: 

Table 1: Original Hedonic Regression Summary 

Variable Estimate Standard Error t- Value p- Value 

Intercept 16.210591 0.164776 98.379 
WAR 0.043429 0.010566 4.11 
Average WAR 0.11196 0.01633 6.856 
Age -0.014362 0.005037 -2.851 
Year 0.026772 0.005394 4.963 
Resigned? -0.030056 0.045978 -0.654 

Standard Error = 0.2756, Adjusted R2 = 0.3718 
Significance Codes: 5% *, 1% **, < .1% *** 

And the corresponding equation is: 

Salary= 

2.00E-16*** 
0.000058*** 
8.90E-11 *** 
0.00482** 
0.0000015*** 
0.51407 

1.097 * 107 (1.044 WAR) (1.127Average ·WAR)( .986Age) (1.027Year) ( .970Resigned?) {2) 

The above regression coefficients estimates do not match those in the above equation. 

This is because they must be put to the power of "e" to account for an exponential 

relationship. Overall, the fit of the regression seems to be relatively high. Almost all of 

the variables are significant. Most importantly, the WAR and average WAR variables 

are highly significant at p-values of .005 or better. Of the coefficients attached to the 

two variables, the one associated to average WAR has about three times the impact 

of WAR per every unit of measure. This is not surprising, given ~hat a player with 

a high average WAR will be seen as more consistent than a similar player with a 

high WAR from the previous season. This matters because in professional sports, 

there is such a high level of uncertainty that teams would be expected willing to pay 

more to eliminate some of the risk involved with signing big-name players. Still, both 

variables seem to have a significant effect on determining contract size of free agents. 

Even the less impactful WAR increases the contract size by an estimated 4 percent 

per WAR per year of the contract. 
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The age variable also had a significant effect on contract size. The effect of a single 

year only lowers the value of a contract by slightly more than one percent. It should 

be noted, however, that players sign most contracts when they are at least 30 years 

old. This effect will cause a decrease in salary of at least 25 percent to every player. 

This situation is unavoidable because there is no "hard floor" on the minimum age of 

the youngest free agent. Most players do not reach the majors until their 20s and are 

not eligible for free agency for as many as 6 years-but there are exceptions. These 

could be in the form of international players that are not restricted to the draft rules 

or special circumstances (such as occurred 1996 when agent Scott Boras circumvented 

the rules and allowed a few of his young clients to become eligible for free agency right 

out of college). Besides adding a slight inflation to the intercept to account for this 

offset, there will not be any adverse effects. From the significance of the age variable, 

it is clear that teams value younger players over their older counterparts. This effect 

has a noticeable impact on the size of free-agent salaries. 

Another variable that is significant for free-agent contracts is the year variable. 

As expected, the gains in baseball's revenue has outpaced inflation, and by a fair 

amount. After accounting for inflation, the average gain for free agents was approx

imately 3 percent over the last 13 years. The results obtained support the theory of 

larger contracts over time, in spite of two noticeable outliers. These happ~ned during 

the 2001 and 2008 seasons. To this day, the contracts signed by New York Yankee 

third baseman Alex Rodriguez remain the most lucrative in MLB history. From a 

mathematical viewpoint, these contracts would have the opposite effects. Yet, the 

equation shows a rise in contract growth over the years. The explanation for this 

comes from further examination. To keep pace with the two massive contracts, other 

contracts must have increased on average by a sizable amount. 
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The final variable-and the only one that was not statistically significant-is the 

variable signifying whether or not the player resigned with their previous team. As 

seen, the p-Value was nowhere near .10. There are three possible explanations. 

The first possible explanation is that the assumptions made previously do not 

hold. One example of this might be that players' value monetary incentives more than 

anticipated and are not willing to take steep discounts to avoid the disutility associated 

with moving. Also, it is possible that for every player that takes a discount to remain, 

there is a team that offers an above-market price to keep a "franchise player." This 

could be because there is more invested in baseball contracts than the production of 

the player. If the player is well known, respected, and-most importantly-a fan base 

is solidified around him, team ownership will be able to make additional revenue from 

merchandise. Already having a community of fans that support a player can result 

in him having more value to a specific team; if another team were to sign him, they 

would not receive this added benefit (at least not immediately). 

The second explanation, and the most likely, is that players wishing to stay with 

a team at a discounted rate will never make it to free agency. This paper only deals 

with players that have expired contracts, allowing them to enter free agency. A player 

who has an attachment to a team and would prefer to keep playing with that team 

will probably sign a contract extension rather than enter the open market. The main 

reason for a player to do this would be to let ownership know that they will continue 

to have him under contract and will be able to pursue improvements in other areas 

without having to waste unnecessary effort on his position. While this does not have 

any obvious benefit to the player, it must be remembered that they are willing to 

take less money to play for this team in this scenario and therefore would most likely 

be willing to help the team perform better in any way possible. There are definitely 

other reasons that players sign contract extensions before entering free agency (such 

as to improve job security), but this does not fall under the scope of this project. 
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The final reason that the resigning variable might have been insignificant is due 

to lack of data. The regression was run with over 200 free agents, but only 56 

of the players resigned with their previous team. This would seem to be a large 

enough sample size to determine any significance, if it was there to find. Still, the 

standard error on the variable is extremely large compared to the rest of the variables; 

by increasing the data, it would be lowered. Whether or not it would lead to any 

statistical importance is unclear at this time. The main takeaway is that, while there 

are reasons that this variable could be expected to be negative or positive, they would 

usually be determined by one party beforehand-which would lead to the new contract 

being signed sooner rather than having to wait until free agency. It would be more 

effective to include this variable in a project that looked at the differences in contract 

sizes between players that signed extensions and those that opted to enter free agency. 

4.2.3 Tests 

A majority of the coefficients have corne out as expected. That does not mean the 

results from the regression are sound. There are still other things to consider when 

grading the overall quality-such as constant error term variance (heteroscedasticity); 

omitted variable bias; and multicollinearity. We do not have to hope that the re

gression does not exhibit these problems, as there are tests designed to help identify 

them. 

To begin with, one must first understand what problems arise from heteroscedas

ticity. The issue is a pattern in the error terms, typically larger errors for larger 

observations. This is a problem because it violates one of the assumptions for or

dinary least squares regression. When an assumption such as this is violated, the 

conclusions drawn from the analysis can be biased. The test for heteroscedasticity 

is the White test, which is the most widely adopted measure. The results are found 

in Table 7 in Appendix D, and are conclusive. This is because the p-Value is .4536-
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relatively high. Since it is significantly above .10, we are not able to reject the null 

hypothesis of homoscedastic error terms at the 10 percent significance level. While the 

value could be higher, it is safe to conclude that heteroscedasticity is not a problem 

with this regression. 

Unlike heteroscedasticity, multicollinearity is a much simpler problem. Under

standing exactly what multicollinearity is will help with diagnosing the potential 

problem. It occurs when one or more of the variables describe another one. This is a 

form of specification bias, which can lead to unexpected signs in variables, and untrue 

magnitudes of importance in the coefficients. The easy way to check for this is by 

looking at a coefficient matrix. One such matrix has been provided in the appendix. 

The general rule of thumb is that values above .6 are worrisome. Besides salary and 

its natural log, no two variables have an absolute value above .5102. This is dismis

sible because variables that are a direct function of one another are expected to have 

a high correlation and, for that reason, they are not included in the same regression. 

From the multicollinearity test, we can conclude that the regression does not have 

any variables that should not have been included. However, there is still one question 

remaining: What if it is missing a variable that should have been including from the 

beginning? 

To answer this question, a test for omitted variables must be conducted. There is a 

test specifically designed for this question. It is called the Ramsey RESET test. This 

test attempts to model the dependent variable as different powers of the independent 

variables. If any of the coefficients are significantly different from zero, then there is 

evidence of omitted variable bias. One might argue that there is always some sort of 

omitted variable that, if included, would lead to a better estimation. While this is 

true, there could be thousands of practically useless variables that would provide such 

insignificant help that they are safe to ignore. This test's purpose is to determine if 

there are any highly significant variables ·missing from the equation. The results can 
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be found in Table 8 in Appendix D. The test was not able to reject the null hypothesis 

of a single .coefficient being different from 0 due to the p-Value being .4327-which is 

above .10, similar to the White test. This means that there is no evidence of omitted 

variable bias in the regression. 

4.3 Hedonic Regression with Positions 

Since all three tests supported the equation, its results may be accepted. Therefore, 

we may conclude that WAR-both over a player's career and, most importantly, in 

the previous year-play a major part in determining the size of their contract in free 

agency. However, in the previous section, it was theorized that there might be one 

other factor in determining contract size; namely the position the player played. By 

adding the position, hopefully, insights will be provided as to whether some positions 

are more highly valued than others. This will come at a cost, though. The only way 

to do this will be to introduce dummy variables for the various positions. This works 

out to eight different dummy variables (catcher, first base, second base, shortstop, 

third base, outfield, starting pitcher and relief pitcher). By doing this, the data will 

be split into eight unequal pieces; and what was once over 200 data points will be 

vastly reduced. 

4.3.1 Results 

Some of these positions are expected to be negative, while the others are expected to 

be positive. The best way to hypothesize the directions of each lies in what positions 

are viewed as "production" positions (or some positions have been typically valued to 

provide more production at the plate). Whether or not this viewpoint yields results, 

the bias is there in professional baseball.· These positions are first base, outfield and 

the starting pitchers. The reason starting pitchers are on the list of positions expecting 

a positive value is because a team typically needs five starters, and high-performing 
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players should get a bonus to be the anchor of a team's rotation. One other possible 

explanation for why players in these positions might receive higher salaries for similar 

WAR scores is because the positions they play happen to be less defensive. This 

would matter because, in professional sports, injuries are always an issue. A large 

number of injuries in baseball come from playing defense, and teams would rather 

invest in a star player that is less susceptible to injury. 

On the other side of this analysis, are the positions that would be expected to 

have coefficients of less than one. These are the intensely defensive positions, such as 

catcher, second base, shortstop, and third base. In addition, relief pitchers should be 

added to this list. This is not because they play a particularly high level of defense 

(actually pitchers play the least of any position), but because relievers are viewed as 

the least consistent position in the game. ·A reliever can have a great season one year, 

and then be average or worse for the rest of his career. While this happens often in 

baseball at many levels, it is most common among relievers. The only recent example 

of a relief pitcher who has been playing well for many consecutive years is New York 

Yankee Mariano Rivera. While signing a player such as Rivera in free agency would 

be advantageous, there are many more ·documented examples of consistency from 

position players. Since teams are risk averse-and due to the level of uncertainty 

already in professional sports-it is practical to assume that this would result in lower 

salaries for these positions and higher paydays for their counterparts. This regression 

had expected results as well: 
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Table 2: Regression Summary 

Variable Estimate Standard Error t- Value p- Value 

WAR 0.048808 0.011172 4.369 2.05E-05*** 
Average WAR 0.110069 0.016826 6.542 5.49E-10*** 
Age -0.015816 0.005305 -2.982 0.00324** 
Year 0.026046 0.005586 4.663 5.87E-06*** 
Resigned? -0.026046 0.047227 -0.620 0.5362 
Catcher 16.105124 0.196337 82.028 2.00E-16*** 
First Base 16.278277 0.175832 92.579 2.00E-16*** 
Second Base 16.007702 0.238222 67.197 2.00E-16*** 
Shortstop 16.212068 0.169362 95.725 2.00E-16*** 
Third Base 16.114221 0.18565 86.799 2.00E-16*** 
Outfield 16.264148 0.175686 92.575 2.00E-16*** 
Starting Pitcher 16.294536 0.174344 93.462 2.00E-16*** 
Relief Pitcher 16.21541 0.183998 88.128 2.00E-16*** 

Standard Error= 0.2739,- Adjusted R2 = 0.9997 
Significance Codes: 5% *, 1% **, < .1% *** 

Salary= 1.097 * 101(.900Catcher)(1.070First Base)(.816Second Base)(l.002Shortstop) 

( .908Third Base) (1.0550utfield)(1.088Starting Pitcher) (1.005Relief Pitcher) 

(1.044WAR)(1.127Average WAR)(.986Age)(1.027Year)( .970Resigned?) (3) 

4.3.2 Intercept Analysis 

At first glance, the regression statistics seem to indicate that the theory has failed. All 

of the position variables are positive. This does not make any sense. How can every 

position result in larger salaries? The answer lies in a closer look at the intercept, 

usually ignored, which is the key to this problem. While the coefficients attached to 

the variables from the previous regression have not changed much at all, the intercept 

term is gone. This is because all of the position variables are perfect linear combi-

nations of each other. The simplest way to address this is to suppress the intercept 

term. As a result, it has shown up in each of the position variables. This can be 

done because each observation has one-and only one-value of position. Each one will 

receive the increase of the value of the intercept from its respective position, modified 
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by any changes caused by that position. Since each term will be well over one, it will 

take a different kind of analysis to determine if the position has a negative or positive 

affect. 

The way to do this is to compare each term to the intercept of the previous 

equation (3). If they are larger, the position provides a higher salary; and if they are 

smaller, it has the opposite effect. The intercept from equation (3) was 1.097 * 107
• 

In the above equation, the interce.pt original intercept has been pulled to the front. 

The hypothesis testing was mostly correct. The catcher, second base, and third base 

positions have an intercept lower than that of equation (3). The other positions (first 

base, shortstop, outfield, starting pitcher, and relief pitcher) have values larger than 

one. The first base, outfield and starters-as were expected-had the largest effect with 

salaries rising by at least 5 percent for all of them. The unexpected results come 

from the shortstop and relief pitcher. Both of these values are slightly over one. The 

reason why the regression predicted that shortstop would make more money is most 

likely due to the aforementioned contracts signed by Alex Rodriguez. During the first 

of the two, he was considered a shortstop, despite moving to third base after joining 

the Yankees. As for reliever, there is no simple answer other than the difference is so 

negligible for both of these variables (.5 percent for reliever and less for shortstop), 

that the unexpected results should be attributed to lack of data. 

The lack of data caused many problems; some almost unnoticeable. The R2 for 

the new regression is almost a perfect 1. The reason for this, once again, lies in 

the intercept. By suppressing the intercept, the value is forced into the independent 

position variables. Since the intercept was so significant before it moved, this signifi

cance to user defined variables provides a false sense of fit. While this is unavoidable, 

the R2 should not be given any value. The significance of the position variables is 

questionable as well. Due to some positions having low amounts of observations and 

only slight variations frorn the original intercept, a definite picture is provided. More 
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basis for this comes when running a regression with just one position at a time and 

leaving the intercept term. When this is performed, none of the positions had a sig

nificance level more than 5 percent, with most in the 10-20 percent range. A table of 

all the significant values of regression with just one position is included in Appendix 

D (Table 12). 

4.3.3 Tests 

Another problem arises by not including the intercept term when considering the 

VIF factors test. Since the VIF test runs each variable as function of the other 

and looks at the R2 value as a measure, this has been interfered with because each 

one was run without an intercept resulting in an abnormally high R2 value. The 

best way to resolve this was to run the VIF tests individually without suppressing the 

intercept. The variables that were carried· over from equation (2) have almost identical 

results and the positions return "infinity." This is due to the fact that they are linear 

combinations of each other and the R2 is 1 in a case. To dismiss multicollinearity as a 

problem, we must logically consider that dummy variables (such as which position is 

played) will not have any sort of correlation with one another. This is confirmed by 

checking the correlation table. All values comparing two positions have an absolute 

value below .4387; thus, just as before, we can conclude that multicollinearity is not 

a problem in this second regression. 

The other two tests provide similar results to the first regression. Both p-Values 

are over .25 which implies that both problems, while not certain, are more likely. From 

the White test there is a greater chance of heteroscedasticity, although it can still not 

be confirmed with any standard measure of significance. The Ramsey RESET test 

has a similar interpretation. These two tests provide insight as to which of the two 

regressions are more meaningful. The problem with the second one is that it sacrificed 

some of its accuracy for almost no explanatory power. While the White and Ramsey 
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tests still do not signify a major problem, the p-Values are much closer to 0. All that 

has benefited from this is a slight adjustment for position. These adjustments are 

mostly insignificant {less than 5 percent) and their significance is still contested. The 

gains of explanatory power do not outweigh the cost of doubt cast from the second 

regression. To truly understand why the original equation is more useful, one must 

consider the original question: Do players with higher WAR values earn higher salaries 

in free agency? The original regression does a better all-around job of answering that 

question. 

4.4 Logistic Regression 

This analysis has set the stage for the second part of the project. Now that a sig

nificant relationship between WAR and salary has been determined, it is time to 

pursue the most consequential issue of this project: Whether or not the introduc

tion of sabermetrics to baseball has changed the way teams evaluate free agents. As 

discussed earlier in the theory section, this will be done with marginai analysis. 

The concept is that when deciding whether to offer a free agent a contract, teams 

will do so only if the team is expected to gain a net benefit in terms of wins. Thus 

the team with the most to gain will offer the player the largest contract, and he w~ll 

sign with that team. This will be done using the same free-agent data as before. The 

time series analysis will be over a period of 13 years. For the marginal analysis, the 

free-agent data will be compared to WAR data for each team in each year gathered 

from baseball-reference. com. By comparing a player's WAR to each team's WAR at 

his position, we should be able to determine which team would benefit most in terms 

of wins; however, that is only half the story. 

Some teams have higher payrolls and, thus, are willing to offer bigger contracts to 

free agents. While average WAR has been demonstrated to have a more meaningful 

effect on contract size, this part of the analysis will focus solely on WAR from the 

45 



previous season. The reason for this is, while average WAR will be available for all 

free agents, it will not be available for all position players each year. Players must 

have had at least 6 years of experience prior to entering free agency, whereas the 

fielder a team is replacing may have had only a year of experience or less. To avoid 

the many blank-data points that would have resulted from attempting this type of 

analysis, it makes more sense to focus primarily on the last season's WAR-as this will 

be readily available. 

The final regression is a logistic regression and will only have one independent 

variable, making it easier to visualize. This type of regression is subject to specific 

bounds. Rather than fit a linear or exponential line to a set of data, it attempts 

to model the probability of a certain event: in this case, the likelihood of success 

from marginal analysis. While most logistic models divide their data points into Os 

(failures) and ls (successes), this regression does not because it would be impossible 

to determine if each season was considered a success or what determined it to be a 

failure. If one were to examine each free agent as a single point, the same problem 

would occur. The marginal analysis might occasionally predict a signing, but in most 

cases it will not be 100 percent correct. As mentioned earlier, if we were to judge 

it purely based on correct choices, the results would incur a significant amount of 

unwanted variability. For example, what if the result of a signing was that the player 

signed with the team which, the model predicted, was the second-best fit? Should 

this be considered a failure when it correctly predicted that that team was optimal 

to 28 of the other 29? The way around this is to give each free agency observation a 

numerical value based on which of the 30 teams the model predicted the player would 

sign. 

After running the simulation for each free agent, the expectation is that there 

will be an upward trend in success over the years. The first points are taken from 

2000, a year before the basis of the book Moneyball: The Art of Winning an Unfair 

46 



Game\ and the analysis goes up until the start of the last baseball season (2012). 

Over this period there has been a gradual increase in the concentration of sabermetric 

references, especially in relation to WAR. A positive trend would imply that the front 

offices of MLB teams are catching on to this practice and using advanced statistics 

in their decision-making process. 

4.4.1 Example 

Before moving on to the results of the regression, it is paramount that the reader have 

a clear understanding of the marginal analysis. A detailed example of a free agent 

demand chart should help. The analysis for shortstop Rafeal Furcal of the Atlanta 

Braves is included on the next page. The second column is simply the payrolls for 

each team. The third column has nothing to do with Rafeal Furcal but, instead, 

lists the WAR of each team's shortstop from the previous season. Notice that the 

Braves have been set to zero due to the fact that Furcal was previously on their 

team; by including his WAR, it would incorrectly assume that he would be returning 

to the team and their final demand would be zero. The fourth column shows the 

difference in wins between Furcal's 2004 season (in which he obtained a WAR of 6.4), 

and each other team's shortstop. To get the demand, it only requires multiplying 

columns two and four. This table is sorted based on highest demand. Looking closer 

at the marginal wins column, illustrates it was actually the Washington Nationals 

that had the most to gain in terms of wins (7.8 compared to 6.6)-but the demand 

by the Dodgers was larger because they were willing to spend more money on their 

team. These demand rankings are ordinal as opposed to cardinal, thus the numerical 

values do not have physical meaning besides rankings among themselves. Opening 

4Michael Lewis, Moneyball: The Art of Winning an Unfair Game (W. W. Norton & Company, 
2003). 
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day salaries from USA Today5 were used for the payroll data. This instance proved 

to be a successful predictor, as Furcal ended up signing with the Los Angeles Dodgers 

in 2005. 

Table 3: Demand for Rafeal Furcal in 2005 

Team Payroll Previous Player Marginal Wins Demand 

Dodgers 98447187 -0.2 6.6 649751434.2 
Red Sox 120099824 1.4 5 600499120 
Braves 90156876 0 6.4 577004006.4 
Mariners 87959833 0.4 6 527758998 
Yankees 194663079 3.8 2.6 506124005.4 
Mets 101084963 1.5 4.9 495316318.7 
Nationals 63143000 -1.4 7.8 492515400 
Angels 103472000 2 4.4 455276800 
Giants 90056419 1.5 4.9 441276453.1 
White Sox 102750667 2.2 4.2 431552801.4 
Padres 69896642 0.4 6 419379852 
Blue Jays 71915000 0.9 5.5 395532500 
Cubs 94424499 2.4 4 377697996 
Diamondbacks 59684226 0.1 6.3 376010623.8 
Royals 47294000 -0.5 6.9 326328600 
Astros 92551503 2.9 3.5 323930260.5 
Tigers 82612866 2.5 3.9 322190177.4 
Cardinals 88891371 2.9 3.5 311119798.5 
Twins 63396006 1.8 4.6 291621627.6 
Brewers 57568333 1.8 4.6 264814331.8 
Rangers 68228662 3.2 3.2 218331718.4 
A's 62243079 3.6 2.8 17 4280621.2 
Rockies .41233000 2.6 3.8 156685400 
Reds 60909519 4.2 2.2 134000941.8 
Phillies 88273333 4.9 1.5 132409999.5 
Pirates 46717750 4.2 2.2 102779050 
Marlins 14998500 0.6 5.8 86991300 
Rays 35417967 4.3 2.1 74377730.7 
Indians 56031500 5.1 1.3 72840950 
Orioles 72585582 5.9 0.5 36292791 

5"Team Payrolls," accessed December 1, 2013, http:/ jwww.usatoday.com/sports/mlb/salaries/ 
2013/all/team/all/. 
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4.4.2 Results 

Now that the process of free-agent prediction has been clarified, it is time to move on 

to the results. The analysis has been divided into three different sections. First, the 

regression is run with all the data gathered. This is problematic for a few reasons; 

mainly due to the fact that some players signed with teams that the model predicted 

would have had !legative demand. The main reason for this is that some teams had a 

big-name players from the previous season leave and would be signing someone who on 

paper looked worse but in actuality they made the signing because they had already 

lost their previous player. A recent example comes from this past offseason (2013) 

when the Yankees signed Brian Roberts, who had a WAR of .7 last year. Looking 

at the marginal analysis, this would look like a nonsensical decision because their 

second baseman from the previous year-Robinson Cano-had a WAR of 7.6. What 

the analysis failed to pick up is that Can<? had already signed a contract to play with 

the Seattle Mariners for the 2014 season, so the Yankees would not have received his 

production. The second most likely reason is that a team would sign a player with 

the position already filled and move either the new player or the old one to a different 

position. This happened after the 2011 season when the Detroit Tigers signed first 

baseman Prince Fielder to a large contract. He appeared in the marginal analysis 

for the 2012 free-agent year and the model predicted that the Tigers would have the 

least demand for the free agent. This is because they already had one of the best 

first baseman in the game, Miguel Cabrera: They signed Fielder and moved Cabrera 

to third. By replacing Brandon Inge, the Tigers increased their marginal wins by 5.6 

instead of decreasing it by 3. The model" only saw a decrease of three which led to a 

negative demand, but that is not the whole story. 

Since some years had more occurrences of this phenomenon than others, the best 

way to deal with it without compromising the data was to remove all points from 

the analysis that had a negative demand. This new regression is found in figure 5. 
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Instead of trending downward as in the previous test, this regression had a positive 

relationship. Still, the points look random at best and there is little statistical signifi

cance. There is another method that can be used which might provide better results. 

As mentioned earlier, relief pitchers have been shown to be unpredictable. While 

they are inconsistent in their production, that is not their only problem. They also 

tend to sign short contracts. That means that bullpens in the MLB see much more 

turnover than the rest of the positions on a year-to-year basis. Marginal analysis, 

based on last year's performance, will be made more difficult if the majority of the 
.. 
staff being compared will be gone. We have seen that attempting to compare players 

to teams that have a changed player base doesn't work well, as was the case with 

Robinson Cano. As relievers tend to exhibit this phenomenon much more often than 

other positions, it is logical to drop them from the data. The graph from the final 

regression is provided below. For reference, the other two are in Appendix E (Figures 

4 and 5): 

Figure 2: Logistic without Relievers and Negative Values 
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With a final regression now run, the results are slightly improved; but they are 

still a major disappointment. The total data lost between these two corrections was 

about one-third of the free agents. Still, there were well over 100 observations that 

made up the 13 years of data points. From Figure 2, the trend is more noticeably 

upward, but the data still seems scattered. The most noticeable shortcoming is that 

it still does not look like any part of the logistic regression curve. Referring back to 

Figure 1, on page 23, there is no justification for the theory that the pattern should 

follow a logistic curve. The significance· of the year variable is completely useless, 

checking in at just under .75, a number that yields no information. While it may be 

hard to differentiate the red line on the regression, it is the logistic fitted line where 

the black line is a linear fit. The estimated equation for the final logistic regression 

is: 

Table 4: Summary for Final Logistic Regression 

Variable Estimate Standard Error z- Value p- Value 

Intercept 
Year 

1.20941 
0.01879 

0.35424 
0.05452 

3.414 
0.345 

0.00064*** 
0.73035 

Significance Codes: 5% *, 1% **, <.1% *** 

. 1 
1r(Year) = --------~ 1 + e-(1.20941+0.01879•Year) 

(4) 

The equation might not have much meaning in this form, but an enlarged version 

(for visual reference), is included in Appendix E (Figure 6). The most startling 

result is that in the distant past the model projects that the success rate will be 0. 

This is part of the mathematics as a logistic equation that always goes to 0 as the 

independent variables goes to negative infinity. The theory has dictated that this 

would be the case; however, the effects took longer than expected. The point where 

random guessing would be just as successful (p = .50) is projected to have been over 

50 years ago. While this is before free agency began, it is still not believable that 
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this would have been the case had it been in place during this time. The trend looks 

believable for the years where free agency was in place. Still, because of the inaccuracy 

of the regression statistics, no conclusions can be drawn. 

While the results might not be usable, it is still important to go through the steps 

of analyzing the regression-despite it failing the "eye test". The only problem is the 

test used previously will, for the most part, not yield any information in this case. The 

White test searches for a pattern in the error terms. From Figure 2, it is obvious that 

they have no pattern; thus, making heteroscedasticity not a problem. The traditional 

ways to search for multicollinearity problems will be useless. Multicollinearity cannot 

exist when there is only one independent variable. The only meaningful investigation 

would involve whether or not variables were omitted. This can be deduced from the 

lack of fit. Some variables must be missing. There are many possible variables that 

could be used in this regression. 

4.5 Room for Improvement 

The most obvious improvement would be some type of variable that measures the 

investment MLB teams made in sabermetrics. These investments could include the 

number of jobs offered to analysts or capital investment in high technology devices 

needed for complex computations, such as powerful computers. For practical reasons, 

these types of indicators would be hard to access, since teams typically do not make 

this data public. Many practices in which teams engage are concealed so that opposing 

teams do not get a competitive advantage. It is also possible that WAR is a too 

simplistic analysis model. While it is one of the most commonly known sabermetric 

statistics, WAR is not the most complex. It is possible that teams have moved past 

this type of analysis and on to many different advanced techniques simultaneously, 

which cannot be detected simply by investigating WAR. During this period, it might 

be the case that some teams went from using no type of advanced statistics to using 

WAR or something similar, while others used this type of analysis from the beginning 
52 



and morphed into a more complex system by the end of the data collection. If this 

is the case, it would appear from the analysis that there was not a major shift in the 

way teams collect data-when, in fact, the system as a whole has changed drastically. 

If more time were available, it could be beneficial to examine each team as a separate 

study rather than MLB as a whole. This would provide insight into each team's 

habits, rather than trying to group them as a whole. 

As is the case with most econometrics papers, data played the central role. While 

the WAR data has been readily available, the free-agent data and the corresponding 

salary information were difficult to find. For data from the early 2000s, it was hard 

to locate detailed free agent information. For this reason, only 15 free agents are con

sidered from each year. For less noteworthy players, it was almost impossible to find 

consistent data from the early 2000s. The data from that time period was pieced to

gether from many different sources, including Sports Illustrated, baseballanalysts. com, 

and ESP N. Even with many sources, the information was difficult to find, especially 

before the Internet boom of the 2000s. Before this time, free. agent salaries were 

almost impossible to ascertain, except for those of the biggest names. This, coupled 

with the fact that the Arizona Diamondbacks and Tampa Bay Devil Rays joined the 

league in 1998, made it optimal to start the analysis in the year 2000. Starting with 

the year 2000 would allow those two teams ample time to establish their presence in 

the league without having to account for how new teams would the free-agent market. 

In fact, salary information was only needed for the hedonic regression. This leaves 

room open for improvement, since the salary data is not necessary for the marginal 

analysis. By avoiding the trouble with gathering salary information, it could be 

easier to go beyond the year 2000 in this analysis. This would solve the problem of 

an insufficient number of years covered in the time series logistic regression. However, 

this process has its potential flaws. Most notable, when studying a large period of 

MLB history the CBAs changes multiple times. This would cause many problems by 

disrupting the underlying rules of free agency, possibly throwing off analysis. 
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To avoid this, the most elegant solution would be to examine each team in MLB 

specifically, rather than league as a whole. This would allow for the investigation of a 

single team incorporating sabermetrics, rather than studying all 30 in the aggregate. 

Another possibility is to go beyond 15 free agents each year, as the salary information 

will not pose a problem in this regard either. With more data points, the marginal 

analysis would be better equipped to deal with outliers such as the 2008 season (which 

had a significantly higher success rate than the rest). 

The final modification that could be adopted would be a switch in how positions 

with multiple players were explained. In Chapter 3, I detailed my approach for how 

outfielders and pitchers would be treated, but this is definitely debatable as to its 

practical application. Perhaps a different system would have been more effective, and 

I encourage others to test their theories. 
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Chapter 5 

Conclusion 

The simplest key fact from this project is that the free-agent system in MLB is very 

complex. This paper outlined the free-agent system primarily through the collective 

bargaining agreements. For only this one aspect of the game, it is evident that the 

game is complicated. This paper has only scratched the surface. After detailing the 

relevant pieces of the CBAs, this project assimilated previous work done by talented 

individuals that applied to the analysis of the free-agent system conducted in this 

paper. 

Although there are many avenues left to explore, this paper has offered a few 

insights into the process of free agency. Despite the fact that the final results did not 

lead to any significant conclusions, this does not mean that no important knowledge 

has been gained. The successful results, primarily in regard to the initial hedonic 

regression, offer insights into what a player's production can earn him on the open 

market. I believe that the most intriguing result of the project came from the results 

of the original hedonic regression. Taking another look as equation (2) on page 34, 

specifically the beta values attached to WAR and Average WAR. While both were 

significant the actual value of the Average WAR variable was about three times that 

of WAR. This gave us the insight that teams prefer sustained success as opposed 

to offering large contracts to players after a "breakout" year. This regression used 

over 200 different data points to obtain a significant result. It showed us that the 

WAR variable could, in fact, be used to measure contract values for free agents. This 

justified the hypothesis of a non-linear relationship between player talent and pay 

grade. The hedonic regression also led to the second part of the project, marginal 

analysis. 
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The marginal analysis used the same set of free agents as the hedonic regression. 

The purpose of the marginal analysis was to determine demand for a specific player. 

The marginal analysis did this by mapping generated demand values and actual player 

destinations over time, to find a relationship. The hope was that there would be a 

significant pattern, and that this would be observable by an increase in the success 

rate of the marginal analysis over time. It was theorized that by using WAR to equate 

players to each other, the implementation of new statistics ( sabermetrics) would be 

visible. The results of this part of the project, while consistent with the theory, were 

not significant. This implies that more work must be done in order to determine if 

there is a relationship. 

The area of professional sports, especially MLB, provides an interesting setting 

for economics inquiries. Free agency is not the. only part of the game that would be 

engaging for further study. As mentioned before, the results from this project could 

be improved by simply extending the timeframe considered for analysis.. Another 

intriguing area would be free agency in the NFL, a completely different landscape. 

In the NFL, contracts are not guaranteed in the same way they are in MLB. Rather, 

players usually receive large signing bonuses, which act as a deterrent to being cut 

later in the contract. Although the NFL provides an interesting twist, the solid 

landscape of obligated fulfillment of contracts in MLB free agency makes it ripe for 

economic analysis. 

While the results from the logistic regression were not significant, it does not 

imply that a more in-depth analysis wo~ld fail to find significant results. By using 

different techniques it is probable that the theorized relationship of the integration of 

sabermetrics into free agency would be observable. Improving the marginal analysis 

could be done in many different ways, which would lead to better results. The most 

simple of which would be to have more data, either by using more observations from 

each year (beyond the 15 in this project) or by spanning a greater number of years. In 
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addition, a change in the weighting system for players used in the marginal analysis 

would lead to drastically different results. Because the system used in this paper 

was highly speculative, it would stand to reason that the system could be improved. 

The best results would most likely come from taking a completely different approach. 

Instead of looking at MLB in the aggregate, it might be beneficial to split the analysis 

into a team-by-team view and evaluate trends per team. I encourage interested parties 

to attempt any these changes or implement ideas of their own in an attempt to obtain 

more meaningful results. 
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Appendix A: WAR 

A Brief Overview 

A large portion of this project focuses on the use of the statistic WAR. While it 

requires a complicated calculation, this will cover the basics. It is best to have an 

initial understanding of the process of calculating WAR. At its simplest, WAR mea

sures runs added for the player in question above that of a replacement player, and 

uses a normalization factor to determine wins from runs earned. Mathematically, it 

looks something like this: 

Where: 

W A~= ORAi + DRAi- RPR 
N 

WA~ = Wins above replacement for the i th player. 
ORAi = Offensive runs added for the ith player. 
DRAi =Defensive runs added for the ith player. 
RPR =Replacement player runs. 
N =Normalizing factor for converting runs to wins. (N runs= 1 Win) 

What Exactly is WAR? 

(5) 

All the calculations and comparisons in this project revolve around the statistic known 

as WAR. What is WAR? Conceptually, it is a simple idea. It measures how many 

wins a player nets their team over a replacement-level player. The concept of a 

replacement player is a player that any organization has access to, typically the "next 

in line" player from the team's AAA affiliate (more commonly known as the minor 

leagues). Every organization has players on a triple A team as well as double A and 

single A teams, to which they have practically exclusive rights. While the concept is 

simple, the calculations are not. 
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The first task is calculating what sort of benchmark the statistic should have; in 

this case, the performance of the replacement player. WAR is not a uniform statistic

meaning each outlet that reports it has a different formula for calculating the statistic, 

replacement player included. The current consensus is that, when calculating WAR, 

a team of replacement players would win 48 games in a season (.294 winning percent

age). This is unrealistically low, due to the fact that no team is made up entirely of 

replacement players. If this were the case, the team would be unnaturally bad. The 

following figure from baseball-reference. com should be able to help conceptually with 

the idea of a replacement player in relation to the rest of the population of major 

league players. 

Figure 3: Replacement Players 

Replacement 
Level is here 

Now that there is an understanding of what defines a replacement level, it is time 

to calculate the statistic for a specific player. The main premise is that the more runs 

a player provides, the more games his team will win. The general misconception with 

this idea is that most people think this only accounts for offense because they do not 

see how a player contribute runs on defense. While a player cannot directly contribute 

runs they can stop the opposing team from scoring by playing good defense. The logic 

is that if a player were to score one run in a game, it would be the same as if he kept 

the opponent from scoring a run. The trick is assembling the right concoction of 

statistics into one that will accurately determine a player's runs production to his 

team. 
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Without going into the details of the. exact calculation, there are two basic mea

sures that WAR utilizes. The first is for offensive production, and this is measured 

with some type of runs-above-average (RAA) statistic. For the defensive side of the 

ball, the same concept applies. Various measurements exist such as defensive runs 

saved (DRS), ultimate zone rating (UZR), and total zone rating (TZR)-all of which 

try to measure the runs added above an average player on the defensive side of the 

field. Once these numbers are obtained, it is just a matter of fitting them together 

in the right way while accounting for other factors, such as stadiums played in and 

adjustments for interleague play. These are just some of the complexities that go 

into formulating WAR. (Two of the most renowned compilers of WAR data are fan

graphs. com and baseball-reference. com.) This overview will provide a look into what 

is considered in calculating WAR, as well as the differences between two calculations. 6 

WAR is not a perfect statistic, as should be gleaned from its non-uniformity. 

WAR has many factors that are considered, but it does not currently incorporate 

all aspects of the game. Most notably absent is pitch framing, the process when a 

catcher uses his mitt position to entice an umpire to call a ball as a strike. This 

happens throughout baseball, and some catchers are more skillful at it than others. 

It may seem like a meaningless point, but it has been estimated by Lindbergh that 

some of the best catchers can save their team as much at .5 runs per game, while the 

worst can cost their team the same amount. This difference is enormous-considering 

the typical baseball game consists of only 9 or 10 runs. While most teams will have 

catchers that fall somewhere closer to the middle of this range and, therefore have 

a smaller impact, it will still have a significant effect over the course of a 162-game 

season. (For the interested reader there is more information on player value and how 

it relates to wins, Dave Cameron has a seven-part series on fangraphs.com for both 

pitchers and batters. 7) 

6"WAR Comparison Chart," Last accessed December 1, 2013, http:/ /www.baseball-reference. 
com/ about /war_explained....comparison.shtml. 

7"Sabermetrics Glossary," Accessed December 1, 2013, http:/ /www.fangraphs.com/blogs/glosss 
ary /#win values. · 

60 



An interesting article appeared in the Park Place Economist by Houser {2005), 

attempting to determine which statistics were most important in baseball. The con

clusion of the author was that On-Base Percentage (OBP) and Walks plus Hits per 

Inning Pitched (WHIP) were the most important statistics for their respective posi

tions. They have something in common: they both measure the rate at which players 

reach base. While runs are the primary focus of sabermetrics, it is generally accepted 

that more having base runners is the most important goal in scoring runs. The author 

goes to state that, 

Recently, Tampa Bay was awarded a franchise and they invested extremely heavily in 
home runs and slugging percentage. This philosophy error cost Tampa Bay a chance at 
being competitive for at least 10 years. Now Tampa Bay is focusing their drafting efforts 
and free agent signings through pitching, defense, and on base percentage. It may take 
several years, but eventually I would expect them to be able to field a competitive 
team. 

This prediction proved to be true, as the Rays have been one of the consistently 

above-average teams in MLB over the past few seasons. The philosophy of base 

runners (Evan Longoria) and pitchers that keep players off the base paths (David 

Price), has enabled Tampa Bay to have sustained success. This would seem to be 

evidence that teams in the majors are transitioning away from traditional methods 

and into more advanced techniques when evaluating their players. 

Why Use WAR? 

Why use WAR? It seems like a simple question but, in actuality, there is much more to 

it than that. The first goal in picking a statistic is to choose one that encapsulates all 

parts of the game. There are numerous statistics available that attempt to determine a 

player's offensive or defensive capabilities (such as oWAR or dWAR). These statistics 

would only cover half the games while leaving a hole in the analysis. With WAR, both 

sides of the field are put in play. Still, there are other advanced methods available. 

Perhaps wins above average (WAA) or runs above replacement (RAR) would have 
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been more prudent. This might be the case, especially for RAR, because the basic 

theory behind sabermetrics, according to its founder Bill James, is that runs = wins. 

Or perhaps runs above average {RAA) should be used, because by using the average 

player as a benchmark, it would avoid the trouble of dealing with what constitutes a 

replacement player. 

The decision to go with WAR above all these other options was based partially 

on name recognition. Being the most cited benchmark for calculating a player's total 

value, it seemed like the best measure to use for the standard reader. Also, for this 

reason, it is possible that it has caught on in MLB offices faster than some of the other 

statistics; therefore it may more frequently be used in decision-making. In addition, 

WAR gives the most concrete meaning of any of the other choices. For example, 

consider Albert Pujols from the 2006 season. This was a typical year for the slugger, 

as he offered his team, the St. Louis Cardinals, 69 RAA that year. When looking at 

that statistic, I attempted to determine how many wins that meant he contributed. 

Doing that is harder than it appears. Firs.t, one must know how many runs an average 

player would get; how many runs were required for a victory; and how much better 

an average player was than a replacement. 

The value of using replacement players is that, as every baseball fan knows, their 

team has another team-typically in a nearby city-that plays in AAA baseball. The 

AAA league is made for players just slightly below the big-league level, or for young 

stars to gain experience before joining the big leagues. Using this AAA league, one can 

easily judge what a replacement would look like in the event of injury or losing a star 

player to free agency or trade. Visualizing an average player takes much more than 

intuition. It takes into account a mathematical average: Does it include all players 

on the 25-man roster or the 40-man? Does it only consider day-to-day starters? Does 

it adjust for injuries in the league-or does it take these as part of the game? WAR 

provides the same information in a more streamlined simple way. While there is not 
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a straight one-to-one transformation between RAR and WAR, the basic principles 

are the same. (For those who are wondering, on baseball-reference.com the 69 RAR 

Pujol had in 2006 translated to a WAR of 8.4.) 

If you are a baseball fan reading this, you probably know the next topic. While 

WAR is commonly cited, none of the sabermetrics statistics have had a larger inte

gration in the game than on-base plus slugging (OPS). This simple statistic has gone 

a long way in essentially ending the debate whether batting for average or for power 

should be considered. The two mindsets were that getting on base in baseball was 

the first and most difficult step required for run scoring and thus IS what should be 

measured; others believed that a home run should be weighted more than a single, 

because you get to move four times as many bases-and that is where the slugging 

percentage originates. It counts homes runs essentially as four hits and singles as 

one. This allows the cap on slugging percentage to be 4.000 instead of the typical 

1.000 associated with batting average and OBP. Despite this,.most big-name players 

average around .600, still much higher than a batting average. OPS simply adds the 

two statistics together, thus creating a measure that still weighs home runs above 

singles but not to the extent that slugging percentage does. Now singles will get dou

ble counted and home runs will get counted five times (4 from slugging and 1 from 

OBP). This statistic was considered for this project, as of now most casual sports 

information outlets have given up reporting either OBP or slugging percentage and 

instead favor OPS. 

This statistic has three benefits over WAR. Most notably, it is an averaged statistic 

that will not be subject to injuries. A player that is injured for the majority of the 

season before signing a contract may have only played a month and earned a WAR of 

1. This would seem to be low and throw off the analysis if they were awarded a big 

contract in the offseason. Since OPS is ~ot a season-long statistic, they would most 

likely have a much more standard rate for their contract size. Another advantage 
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is that, while this paper attempts to Inodel a change in MLB front office habits, it 

would be beneficial to use the statistic that has made the most headway into the 

sport. The last advantage to consider is that OPS follows a set formula,' while the 

ways to specifically measure WAR change depending on who is doing the calculation. 

This matters because, typically, a standardized measurement system is preferred. 

For all the minor improvements OPS holds over WAR, it was not used in its 

place. This gets back to the concept of defense measured earlier. WAR measures a 

player's all-around value; whereas, OPS is purely an offensive statistic. When teams 

make decisions on players, they most definitely consider both sides of the ball. By 

not accounting for defense, analysis would be thrown off in unexpected ways. In 

a regression, it is possible to include more than one variable. Perhaps one could 

be included for defense and one for offense. However, this project deals primarily 

in marginal analysis; it would not work when having to marginalize two different 

statistics simultaneously. Many problems arise when dealing with multiple WAR 

figures at the same time. By using WAR this was avoided. 

Where the Data Comes From 

Baseball statistics are compiled by many -different organizations. In addition to com

piling these statistics, some of these organizations use the basic statistics to calculate 

some sabermetrics. Most of these advanced statistical processes do not have a set 

formula for how they are calculated. For instance, WAR may be calculated slightly 

differently at many different outlets, though the concept remains the same throughout 

all instances. As described above, WAR attempts to measure a player's usefulness to 

his team by calculating the amount of wins contributed. In such a complex sport as 

baseball, the method for doing this is controversial at best, and results in differences 

between the final outcomes. 
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Two of the most notable organizations that compile WAR data are baseball

reference. com and fangraphs. com. Still, the calculations from these two websites 

are known to have vast differences. Take for example recent baseball phenomenon 

Mike Trout. According to baseball-reference.com, Trout obtained a WAR of 10.9 in 

his first full season in 2012 and a WAR of 9.2 last year. This is contrasted by fan

graphs.com's calculation, which has his WAR at 10 in 2012 and 10.4 in 2013. Both, of 

course, agree that he had two tremendous years. Baseball-reference. com even claims 

that a WAR over 8 is worthy of Most Valuable Player (MVP) consideration. Still, 

while the numbers are in the upper echelon of single season WAR, the answer would 

differ if you asked, "Which of the two seasons was he better?" From 2012 to 2013, 

baseball-reference. com has calculated that his WAR dropped' by 1.7; while according 

to fangraphs.com, it increased by .4. This might seem inconsequential, but when 

considering that the difference between the two is 2.1 and that this is approximately 

20 percent of the original, a WAR of 2 or above is considered good enough to be a 

major league starter and 2 wins can mean the difference between making or missing 

the playoffs for some teams. 

This illustrates that the choice of which data to use should be seriously considered. 

This example is one of the more extreme differences between the two formulas. The 

differences are easier to notice when considering outliers, such as Mike Trout. When 

contrasting more typical players, they are less noticeable. Since this project deals 

primarily with players coming off above-average seasons, it is important to make 

careful decisions in deciding which site to use for gathering data. 

The most important factor when choosing a data source is which method resembles 

the goal of the statistic. That is, which method will most closely resemble how teams 

value the production garnered from players? Over the years, there has been a lot of 

criticism aimed at the increased implantation of sabermetrics and how it is pushing 

out traditional methods with inaccurate statistics. When transitioning to a new 
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system, there are bound to be a few glitches. In this case, these would be WAR 

values that fail the "eye-test." This refers to a player who had a great season and 

his respective WAR was very low; or a player having what would be considered an 

average to below-average season, with a corresponding WAR value that was higher 

than fair. The traditionalists have aimed most of their criticism of WAR at these 

unexplained outliers. From experience with the subject matter and having followed it 

for many years before writing this paper, I am under the impression that the majority 

of the criticisms concerning WAR have come from fangraphs.com. Take 2006 as an 

example. That year, Justin Morneau won the MVP award; his WAR was 3.7 on 

fangraphs.com. Whether he deserved the MVP is still debated, but this still seems to 

be drastically low for a player that baseball experts voted as the "Most Valuable." In 

fact his was 24th in WAR, among players eligible for that award. This is one of many 

possible examples of WAR failing the "eye-test." When a statistic is meant to gauge 

such a simple concept with complicated uniform methods, there are bound to be a 

few misjudgments when evaluating thousands of major league players. Since more 

problems are encountered with the system at fangraph. com, this paper is using the 

WAR data from baseball-reference. com for analysis. 
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Appendix B: Programs Used 

With the data that I had access to, I used a several different programs for calculations. 

The bulk of the data gathering was entered into Microsoft Excel, while the primary 

calculations took place in a statistical pr<:>gram known as R. The specific engine used 

for this project was a special makeover for R called Rstudio. Both R and Rstudio 

are free-to-use software that can perform a variety of statistical operations, given the 

right code. Much of this code is open source and was used to its fullest potential in 

this project. Many of the operations performed were not of my own creation, and the 

responsible parties have been noted in the bibliography for their generosity and time 

commitment to making these functions open to the public. While R provides a great 

and useful community, there are some parts of my code that I had to write myself. 

The work is based on imported Excel spreadsheets. The code is available at the very 

end of the paper, if anyone is interested. Latex was used to compile the PDF and 

I incorporated many packages for that program, as well. These were also available 

as open source. In addition, I will make the compiled Excel data readily available 

to anyone who wishes to pursue the topic further. The website hosting these files is 

http: I I colinleet.comlnickwoodiWARSIPData.zip. 
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Appendix C: Variable Correlation 
Table 5: Correlation Coefficients Table 

Salary Ln Salary Age WAR Average WAR 

Salary 1 
Ln Salary 0.9749 1 
Age -0.05578 -0.0346 1 
WAR 0.4725 0.4329 0.2326 1 
Average WAR 0.5102 0.4864 0.2326 0.4422 1 
Resigned? -0.0274 0.0226 0.3109 0.0397 0.1570 
Year 0.1200 0.1622 0.2531 -0.1372 -0.1098 
Catcher -0.0891 -.0820 -0.1119 0.0598 0.0061 
First Base 0.0989 0.0998 -0.0652 0.0796 0.0225 
Second Base -0.0720 -0.0677 -0.0368 0.1857 -0.0066 
Shortstop 0.0273 0.0029 -0.1746 -0.0272 0.0566 
Third Base 0.0524 0.0430 -0.0521 0.1395 0.1154 
Outfield 0.1351 0.1387 0.0198 0.1705 0.1561 
Starting Pitcher -0.0397 -0.0204 0.1310 -0.1609 -0.0608 
Relief Pitcher -0.1918 -0.2066 0.0800 -0.2773 -0.2687 

Resigned Year Catcher First Base Second Base 

Resigned? 1 
Year -0.0292 1 
Catcher -0.0426 -0.1867 1 
First Base 0.0437 0.0976 -0.0593 1 
Second Base 0.0157 -0.1420 -0.0214 -0.0416 1 
Shortstop 0.1087 -0.0568 -0.0456 -0.0889 -0.0320 
Third Base 0.0470 0.0425 0.0437 -0.0851 -0.0307 
Outfield -0.0526 -0.0053 -0.1011 -0.1968 -0.0709 
Starting Pitcher 0.0592 -0.0486 -0.1322 -0.2573 -0.0927 
Relief Pitcher -0.1511 0.1425 -0.0624 -0.1214 -0.0378 

Shortstop Third Base Outfield Starting Pitcher 

Shortstop 1 
Third Base -0.0656 1 
Outfield -0.1515 -0.1452 1 
Starting Pitcher -0.1981 -0.1898 -0.4387 1 
Relief Pitcher -0.0935 -0.0896 -0.2071 -0.2707 
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Appendix D: Hedonic Regression Tests 

Original Hedonic Regression 

Table 6: VIF Factors 
Variable VIF 

WAR 
Average WAR 
Age 
Year 
Resigned? 

1.299884 
1.3941 
1.31193 
1.117636 
1.128917 

Table 7: White Test 
Result 

White 19.0507 
Degress of Freedom 19 
p-Value 0.4536 

Table 8: Ramsey RESET 

Result 

F(2,195) .8412 
p-Value 0.4327 
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Hedonic Regression With Positions 

Table 9: VIF Factors 
Variable VIF 

WAR 1.471031 
Average WAR 1.498 
Age 1.472579 
Year 1.213009 
Resigned? 1.205604 
Catcher Infinity 
First Base Infinity 
Second Base Infinity 
Shortstop Infinity 
Third Base Infinity 
Outfield Infinity 
Starting Pitcher Infinity 
Relief Pitcher Infinity 

Table 10: White Test 
Result 

White 64.3725 
Degress of Freedom 58 
p-Value 0.2635 

Table 11: Ramsey RESET 

Result 

F(2, 187) 1.3341 
p-Value 0.2659 

Table 12: Positions Data when Independant of Others 

Variable Estimate Standard Error t- Value 

Catcher -0.144721 0.116472 -1.243 
First Base 0.035435 0.064680 0.548 
Second Base -0.238379 0.164983 -1.445 
Shortstop -0.040724 0.082437 -0.494 
Third Base -0.143705 0.083558 -1.720 
Outfield 0.022397 0.045688 0.490 
Starting Pitcher 0.068100 0.041111 1.656 
Relief Pitcher -0.058506 0.065947 -0.887 
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p- Value 

0.21552 
0.58442 
0.1501 
0.62186 
0.08704 
0.62454 
.0992 
0.376074 



Appendix E: Logistic Regression 

Figure 4: Original Logistic Regression 
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Figure 5: Logistic without Negative Values 
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Figure 6: Expanded View of Final Logistic Graph 
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Appendix F: R Code 

> #Packages Used 
> library(bstats) 
> library(HH) 
> library(lmtest) 

> #Read in Data 
> Rdata <- read.csv("C:/Users/[Userprofile]/Documents/R/ 
+ Rdata. csv") 
> Witheverything <- read. csv("C:/User/[Userprofile]/ 
+ Documents/R/Wl. theverything. csv") 
> Withoutnegatives <- read. csv("C:/Users/[Userprofile]/ 
+ Documents/R/Wi thoutnegati ves. csv") 
> Withoutrelievers <- read.csv("C:/Users/[Userprofile]/ 
+ Documents/R/Withoutrelievers. csv") 

> #Assigning Variables 
> sal <- Rdata$isalary 
> age <- Rdata$age 
> year <- Rdata$year 
> avewar <- Rdata$avewar 
> war <- Rdata$war 
> sqwar <- Rdata$sqwar 
> sqavewar <- Rdata$sqavewar 
> resign <- Rdata$resign 
> of <- Rdata$of 
> c <- Rdata$c 
> sp <- Rdata$sp 
> rp <- Rdata$rp 
> b <- Rdata$b 
> bb <- Rdata$bb 
> bbb <- Rdata$bbb 
> ss <- Rdata$ss 
> lnsal <- Rdata$lnsal 

> #First Hedonic Regression 
> res1 <- lm(lnsal - age + war + avewar + resign + year) 
> su.mmary(res1) 
> vif(res1) 
> white.test(res1) 
> resettest(res1) 
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> #Second Hedonic Regression 
> res2 <- lm(lnsal - age + war + avewar + resign + year + c + b + 
+ bb + ss + bbb + of + sp + rp - 1, x=TRUE) 
> summary(res2) 
> white.test(res2) 
> resettest(res2) 
> res3 <- lm(lnsal - age + war + avewar + resign + year + c + b + 
+ bb + ss + bbb + of + sp + rp) 
> vif(res3) 

> #Probalistic Regression 
> asisyear <- Witheverything$year 
> ondyear <- Withoutnegatives$year 
> oryear <- Withoutrelievers$year 
> asis <- Witheverything$prob 
> ond <- Withoutnegatives$prob 
> or <- Withoutrelievers$prob 

> #Logistic Regression as is 
> asis.glm <- glm(prob - year, data=Witheverything, family = binomial) 
> plot(asisyear, asis, xlab = "Year", ylab = "Probability") 
> abline(lm(asis - asisyear)) 
> lines(Witheverything$year, asis.glm$fitted, type="l", col="red") 

> #Logistic Regression Without Negatives 
> ond.glm <- glm(prob - year, data=Withoutnegatives, family = binomial) 
> plot(ondyear, ond, xlab = "Year", ylab = "Probability") 
> abline(lm(ond - ondyear)) 
> lines(Withoutnegatives$year, ond.glm$fitted, type="l", col="red") 

> #Logistic Regression Without Relievers or Negatives 
> or.glm <- glm(prob - year, data=Withoutrelievers, family = binomial) 
> plot(oryear, or, xlab = "Year", ylab = "Probability") 
> abline(lm(or - oryear)) 
> lines(Withoutrelievers$year, or.glm$fitted, type="l", col="red") 

> #Logistic Summary 
> summary(or.glm) 

> #Logistic Curve from regression 
> curve(1/(1+exp(-0.01879*x-1.2941)), from= -100, to= 100, xlab = 
+ "Year", ylab = "Probability", ylim = c(O, 1), col="red") 
> par (new=TRUE) 
> plot(oryear, or, ylim = c(0,1), xlim = c(-100, 100), xlab = 
+ "Year", ylab = "Probability") 
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