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Japanese Players in Major League Baseball: An Econometric Analysis of Labor
Discrimination
Senior Capstone Project for Kyle Audet

ABSTRACT

In recent years, Major League Baseball (MLB) teams have inngdasirawn talent from the
international market. This study employs econometric techniques to testithes\vabor
discrimination issues facing Japanese players playing in America’s NIThBre have been
remarkably few studies focusing on Japanese players in MLB. Data from the 1995 to 2007
season has been analyzed. High degrees of discriminatory pay scidesarfer Japanese
pitchers. The findings suggest that Japanese batters do not face sdidtipaynation.
Positional discrimination has also been the subject of investigation. Japayese pte

found to be disproportionally pitchers. Suggestions for future research topics anégarese
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INTRODUCTION

This paper will investigate issues pertinent to the assimilatiorpangse baseball players in

the United States’ Major League Baseball system. In order to gaimeacomplete

understanding of this issue, broad research has been conducted in the area ofshaseball’
historical place in Japanese history. In Japan, “America’s” gameshnives own right.

This study includes passages detailing various aspects of baseballinn JTapdundamentals

of Japanese baseball are introduced first. Following this section, a briechistontext of
baseball in Japan and an explanation of the posting system is provided. Koshien, the annual
high school tournament is also profiled. Game play differences between MajureLea

Baseball (MLB) and Japan’s Nippon Professional Baseball (NPB) leadjusevinteresting

to even the most casual baseball spectator. Several of baseball’s fattogbathetical

globalization efforts are also provided in the introductory pages of this study.

The main purpose of this study is to investigate the issue of discrimination, usnagyretric
analysis, regarding Japanese baseball players playing in Ameriapis IMague Baseball.
Of this topic, salary discrimination will be the main focus. Various econonagtdc
statistical devices, including linear regression, the Chow Test, “baygpatg”, random
sampling, and Oaxaca decomposition will be utilized in order to best reveal thettmgeaia
labor market discrimination towards Japanese-born players in Major Leagabdl.
Positional segregation as well as salary discrimination will be igatetl. Demographic
influences and inclusive team performance have also been analyzed, albe#str @xtent.

The following is a list of specific questions that this study attemptddeases:

1. What are the best salary predictors for Japanese-born players playiadJnited
States and do these differ from non-Japanese players?

2. Does the average salary level of equally talented plagéfer between Japanese
and Non-Japanese?

3. Do returns-to-experientén MLB differ between Japanese and Non-Japanese?

4. Do Japanese-born players playing in the United States face positional
discrimination?

! For both batters and pitchers
2 For both batters and pitchers
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5. Do Japanese-born players playing in the United States face customer
discrimination?

Do inclusive teantsperform bettefthan their homogeneous counterparts?

7. What are the characteristics of inclusive teaamsl do they differ from their
homogeneous counterparts?

Please note: “Call-out” boxes like
this one have been utilized in an
effort to help bring attention to the
main conclusions of this study;
look for them throughout.

3 With respect to Japanese born players
* In terms of team wins
® With respect to Japanese born players
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FUNDAMENTALS OF JAPANESE BASEBALL
In order to obtain a solid foundation of background knowledge concerning the history of

Japanese-MLB relations, five texts were read in preparing to writpaper. The first
section of this paper represents a summary of said works. The content of the books varied
from historical overviews of baseball in Japan, to modern Japanese players andn$iénr

to America’s Major League Baseball system, to the globalization of theafgmaseball.

The first book | read was Baseball Samurais: Ichiro Suzuki and the AsiammbgsRon

Rains. This book, although slightly outdated (copyright date 2001), provides solid
introductory information concerning the influx of Japanese professional tigdelars in

the United States. The book commences with a very brief historical overview béabase
Japan. Following this introduction, Rains discusses the first few Japanese’gtaysition
from Nippon Professional Baseball (NPB) in Japan to the Major Leaguesancam Rains
focuses his attention on Masanori Murakami, Hideo Nomo, Kazuhiro Sasaki, Hideki Irabu,
and Ichiro Suzuki among some other future prospects. The purpose of this study is not to
focus on certain individual player’s transitions from Japan’s Nippon Professioset&hto
Major League Baseball. However, learning of the different paths eagdr pbek to the

MLB, each with his own obstacles, proved fundamental to researching the histdatiohse
between NPB and MLB.

Next, | read a book entitled You Gotta Have Watten by Robert Whiting. Robert Whiting

is an American journalist who resides in Tokyo, having penned several woakdingg
Japan’s Nippon Professional Baseball league. Arguably Whiting’s most famous book, You

Gotta Have Waliscusses in much detail some of the main differences between professional

baseball in Japan and professional baseball in America. There are ddfereices, both on
the field and off. These differences will be highlighted in a subsequent sectios péper.

Another book written by Whiting, entitled The Meaning of Ichinas read next. Admittedly

there was much overlap between Whiting’s two books. The more recent instafinhedéd
topical information and stories on the latest Japanese and American basebaliame The
updated storylines focused namely on Ichiro Suzuki, Alfonso Soriano, Hideki Matsui and
Bobby Valentine.



Japanese Players in Major League Baseball: An Econometric Analysis of Labor
Discrimination
Senior Capstone Project for Kyle Audet

The fourth book | read was Baseball without Borders: The International Bastited by

George Gmelch. Gmelch organizes sixteen essays detailing basebaéisceran various

nations around the globe. The essays are organized by region—Asia, The Arieniops,

and The Pacific. The section on baseball in Asia is clearly the most relevan paper.
However, the remaining essays provided good information on baseball’s development in the

outstanding sections of the globe.

The last book read in my quest to acquire a solid background context was a vestirngtere
book written by Alan M. Klein. In his book, entitled Growing the Game: The Globaliva

of Major League Basebaklein conducts several case studies related to the continuing

internationalization of the game of baseball. A typical MLB small-markeh(s case the
Kansas City Royals) team’s efforts to acquire international talemttagosed with that of a
typical MLB large-market (here the Los Angeles Dodgers) team’s. i@ong, Klein writes
of the Major League academies as well as “buscones” (local agentsinoé® corrupt) so
prevalent in the Dominican Republic baseball scene. Chapters focusing on Japanese
European, and South African baseball are also included. Finally, Klein examijoes Ma

League Baseball's past, present, and future efforts in internationateigame.
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BRIEF HISTORY OF BASEBALL IN JAPAN
An American Professor teaching in Tokyo, Horace Wilson, introduced the Japanesetpeopl

the game of baseball in 1872 (Solloway, 2007). Albert Bates and Hiroshi Hiraoka are
credited for creating the first organized game in 1873 and team in 1883, resp¢Raink,
2001). A national high school tournament started in 1915; this tournament is known as
“koshien” and is detailed in a subsequent section of this paper. By 1936, a professional

league, called Nippon Professional Baseball, was created (Rains, 2001).

Opposing the United States in the Second World War, the Japanese created new words for
things such as “base” “strike” and “pitch” because previously the English wenmsused
(Rains, 2001). After the Second World War, Allied troops and officials encouragsubbas

to be played, both for recreation and as a way for the Japanese and Allied troopscdio intera
(Rains, 2001). The growth of baseball in Japan quickened after the war and by the 1950's,

there were two leagues in Nippon Professional Baseball, the Central and. Pacifi

Both before and after the Second World War, American teams made severalagurg
baseball against local Japanese teams throughout the nation. In addition to thes#ifmsjring
Major League teams invited Japanese players to play with them during spiminggt  This

was a mutually beneficial situation as the Japanese players could usenth@r America to
fine-tune their skills, while the American teams could explore the Japatasaislevel. In
1964 Masanori Murakami played in the farm system of the San Francisco Giantayéte pl
so well, that the Giants desired to have Murakami play the 1965 season with the Major

League club. This set off a large dispute between the two nation’s leagues.

The Japanese club believed they had the rights to Murakami, however, according to the
contract they had with the Giants, those rights were forgone if the Giants paid $ER0G0 (
2001). Inthe end, an agreement allowed the Giants to retain Murakami in 196%eafter t
season Murakami would be free to decide where he wanted to play. Murakami pitghed ve
well for the Giants, but because of intense pressure politically and spk&liiecided to

return to Japan in 1966. No other Japanese players would come to play in America until
Hideo Nomo in 1995.
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The “modern” (ie. from 1995 to present) influx of Japanese-born players in Magquée
Baseball began when Hideo Nomo signed with the Los Angeles Dodgers in 1995. Y¥he stor
of how Nomo came to play in America necessitates some explanation. At thdldme

was pitching well in Japan, earning $1.5 million per year. Nomao’s competitivesritare

him to bring his pitching to the highest level of play, the United States’ Majagues.

However, Japanese rules stated that a player had to be a ten-year vébeedneloeming a

free agent. To evade this rule, Nomo’s agents advised him to announce his “retirement
therefore becoming a free agent (Rains, 2001). After announcing his “retitemasgpan,

Nomo was free to negotiate contracts with Major League clubs in America.

The contractual loophole exposed by Don Nomura and Hideo Nomo was subsequently closed.
A clever system termed “posting” has been developed to facilitate the muvehptayers

from Japan’s Nippon Professional Baseball to Major League Baseball. Aadetine

description of this system is provided below.
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POSTING SYSTEM
Due to Hideo Nomo’s clever actions in evading the Japanese free agency rii#2Bthe

quickly modified them. Under the new system, players in Japan become freeadigemme
years of tenure. If a team anticipates a star player wishes to deetaegéncy as soon as
eligible, the team will utilize the “posting” system. The posting systteowsia team to
receive some compensation for a player that they would otherwise not receisesystam
has received much attention in the Northeast with the coming of such playerslas Hide
Matsui and Daisuke Matsuzaka; however, further explanation will be provided.

In the posting system, Major League organizations are given a tinoel pemprovide sealed
bids for the opportunity to negotiate with a Japanese player. The Japanese glayeoise
who would otherwise not be a free agent, but the player’'s Japanese club rbal@agdr
intends to leave the team soon (as soon as he becomes free agent eligiblaowsia
cash-strapped Japanese team to get something in return for the talent theypeave he

develop from a youth to a talented star.

Sealed bids are submitted by any interested MLB club. Bids must be submittedfeut
days of a player being posted. The club with the highest bid possesses the sa&aregoti
rights with the player for a certain length of time. If the Major Leaduie signs the player,
they have to pay the Japanese club the bid submitted earlier. If an agreemean bleév
Japanese player and American team cannot be reached, the player continugetahgay
Japanese team and the American team pays nothing to the Japanese team. ngreygiesti
is very unique and interesting. Some critics accuse the posting system ohbegoigtion of
U.S. antitrust law as well as an infringement of basic human rights (Whiting,. 2b@%ed,
an entire thesis could be written on the posting system; but that is not the purpase of thi
paper. However, it is important to understand the basics of the posting systenpashgart

basic relations between NPB and MLB.

The first positional player to come from Japan and play in the Major Leagsdshir@
Suzuki. Ichiro went through the posting system in 2000, as his Japanese club, the Orix Blue
Wave, knew of his intentions to sign in America as soon as becoming free-agéfd elig

8
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(Rains, 2001). The Seattle Mariners won the rights to negotiate with Ichiraséaled bid
of $13.125 million (Rains, 2001). At the time, Seattle already had a prominent Japanese
player on their roster in pitcher Kazuhiro Sasaki. Having a fellow countrymars oeelnn

may have been reason enough for Ichiro to sign with the Mariners (the 3-year, &% mil
deal may have helped as well). Clearly the Mariners, owned by Japanese migleoga

company Nintendo, have a high interest in Japanese players.

Why The Posting System Hurts Small-Market Teams

The player market in Japan is well developed and mature. The level of play insJajggm i
to such a degree that exhibition tours of American teams foster stiff ctimpe®ecause of
the high level of play and wide media coverage received by Japanese teams, falayes
can be thoroughly evaluated by MLB scouts. The posting system inherently orsswéh
less money to spend on player contracts. Allard Baird, former General Ma@agjeof(the
Kansas City Royals (the archetypical small-market MLB club) desdrihe penny-pinching
ways of small market clubs as: “Going shopping without a credit card"n(k2€i06). The
posting system essentially aides teams that can afford to pay large g@dayracts. The
posting system is a silent auction! Therefore, small-market teams catondttafsign
Japanese talent via the posting system because large-pocketed clubs [i.&.orkew
(Yankees and Mets), Boston, Los Angeles (Angels and Dodgers)] will rqutintdid them.
Small-market teams cannot afford to gamble on a proven Japanese starexjighsive
player flops in America, most of the teams’ salary expenditures aredwaste
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KOSHIEN

In Japan, an annual national baseball tournament of high school teams occurs each August
The tournament, held atokhien, is the most-watched high school sporting event in the world
(Gmelch, 2006). A stellar performance at the tournament, which is viewed bynsitin
television and in person, can catapult a player to the status of a national hero. ®akt the
high school teams make it the coveted tournament; many players in the Nipponiétrafess
Baseball league had the honor of participating during their youth. Dramatesddled with
emotion are the norm at this exciting event. America’s nationally tetbaise dramatic

Little League tournament in Williamsport, Pennslyvania pales in comparisonpré@ssoom

contains nearly eighty reporters, from all of the nation’s major newspdpersi¢h, 2006).

Once making it to the tournament, coaches frequently overextend (by Amerindard)

their players, especially the pitching aces. A story that epitomizesvidtiextension involves
current star for the Boston Red Sox, Daisuke Matsuzaka. In 1998, “Dice-K” pitthed al
seventeen innings (250 pitches) of an extra innings game one day, nine innings thadollowi
day, and threw a no-hitter in the tournament finals. While not on the hill (an infrequent
occurrence indeed), Matsuzaka was kept busy by patrolling the outfield (Gmelch, 2006).

Baseball's popularity among Japan’s youth population has recently seen a deetiregpsP

the creation of a Japanese professional soccer league and the corporal puristmigitt
training requirements of many youth baseball teams can account for thengdggbtpularity

of baseball among Japan’s youth. A committee, the Looking Forward to%ti@epiury
Committee, was created during the mid 1990’s to examine how to improve the popularity of
baseball in Japan. It was suggested that coaches stress the enjoymentroéttedaeduce

the rigid and discipline training requirements inherent in Japanese baseballvelddhe
Japanese system has largely been slow in adopting the suggestions (Gmelch, 2006).
However, baseball’s popularity is increasing as players like Ichiro SuadKki@eki Matsui

flourish in the major leagues.

10
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GAME-PLAY AND CULTURAL DIFFERENCES

The similarities between American Major League Baseball and Jspamgpon Professional
Baseball all but end after the fact that there are nine players on the felidn@. Perhaps
this is an overstatement, but the cultural and on-the-field differeneestriiing. Please note:
the vast majority of these differences have been revealed by Robert Wihitisgwo books
on the subject You Gotta Have Vdad The Meaning of Ichiro

« Japanese professional teams are owned by large corporations (media
conglomerates, railroad companies, large retailers etc.) mostly as r@iéions
vehicles. It is not uncommon for Japanese teams to earn negative profits as they
are frequently run by a businessman with little baseball knowledge.

o Japanese teams play a 130 game season, as opposed to MLB’s 162. Because of
the rainy season each summer, many games are postponed until the end of the
season.

o Ties are allowed. In the Pacific League, no new innings may be startetbafte
hours or twelve innings of play. Inthe Central League, a game lastegfift
innings results in a tie.

e The Japanese farm system (player development) is much less developed than the
system in America. There are only twelve minor league teams. Each jnodéss
club has one affiliated minor league team that plays only eighty gamespense

o The Japanese baseball is slightly smaller than the American versientinil
Japanese strike zone is slightly larger.

« On the whole, Japanese field dimensions are smaller than American ballparks’.

e Team aspects, the sacrifice bunt, the squeeze play and the hit-and-run are used
much more in Japanese baseball than in American. In 2003, Tokyo Giants
infielder Masahiro Kawai set the record for career sacrifice bunitsbiit

o Practice

e Spring training in Japan begins in mldauary in the bitter cold of winter.
Practices are seven hours long, consist of ten miles of running and are followed by
evening strategy sessions with coaches in the team dormitory. This stands in
marked contrast to American spring training which begins in March, lasts five or
six weeks, and consists of three to four hours practicing per day.

o Japanese teams conduct difficult training nearly every day during tharegul
season, even on afternoon game days and getaway travel days. This is certainly
not the case in America, where in the heat of summer, many players do not even
take on-field pregame batting practice.

11
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The “1000 Fungo Drill” — players are forced to field batted balls hit slighityof
their reach to their sides or rear until they collapse from exhaustion.

In Japan, a quota is in place on how many foreign players are allowed on each
team. The quota has varied but currently stands at four foreigners per téam (wi

no more than three position players or three pitchers). One Asian player (from one
of the leagues in China, Korea, or Taiwan) may be excluded from the foreigner
limit.

In general, the salary level in Japanese baseball is lower than in MajoreLeag
Baseball. To attract former Major Leaguers, gaijins (“foreignexs paid a

higher salary level (two to three times what comparable Japanese phayje)s

and treated to such luxuries as free cars, and living and travel accommodations not
offered to local players.

In Japan, a player is deemed a free agent after nine years of service; iceAmer
Six years gets a player to free agency.

Japanese players are on average much more discipline at the plate than their
American counterparts. Take this example—Ichiro Suzuki never struck out
swingingduring his entire high school care€36 at bats)!

The Japanese player’s union is much less forceful than Major League IBaiseba
player’s union. In fact, the players have never struck in Japanese basetail hist
whereas there have been several work stoppages in the history of MLB.

12



Japanese Players in Major League Baseball: An Econometric Analysis of Labor
Discrimination
Senior Capstone Project for Kyle Audet

INTERNATIONALIZATION OF MAJOR LEAGUE BASEBALL
There is no denying the increasing internationalization of Major Leagselll. The

international growth of the game is remarkable. Take this striking example—anbf tive
nine Florida Marlins starters in the final game of the 2003 World Series weeedan

citizens (Whiting, 2004). The growth of the game has faced obstacles, namely undgrfundi
in some nations, namely South Africa and Europe, as well the Internatiomapi©ly
Committee’s decision to remove baseball (and softball) from the summer Otysimaup
beginning with the London games in 2012. Baseball may be reinstated by the cerfunitte
action in the 2012 games, that prospect seems unlikely. Major developments in the
internationalization of baseball have taken the form of a FIFA (Fédérationdtiterale de
Football Association) style world-cup, called the “World Baseball @§ga addition to the
continued relations between Major League Baseball and Nippon ProfessioslbaBas

taking the form of tours, demonstrations, exhibition, preseason, and opening day games be

played in and around Japan.

World Baseball Classic

In the fall of 2001, Bud Selig, MLB Commissioner, first publicly announced his intentions f
a world-cup style international baseball tournament. In stark contrast tosFIFA’
organizational structure where the tournament is ruled by a board with reéptess from
competing countries, the WBC is a Major League Baseball IntenaMLBI) run
invitational tournament. This structure caused some uproar from baseball poweKureses
and Japan. After some negotiations, the tournament was able to be played wijbrall ma
baseball-playing nations in March of 2006. The revenue sharing process of theahaugur
WBC was as follows: the costs to run the tournament will be skimmed off the top. After
paying all costs, the national federations from each country would divide 53% of the
remaining revenue along the following lines: MLB 17.5%, MLBPA 17.5%, all other
professional leagues 13%, and International Baseball Federation 5%. The othadr 47%

revenue remaining would be allocated as prize money (Klein, 2006). Klein is quickto poi

13
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out that on a team basis (30 in MLB while only 12 in NPB) the revenue sharing plan is quite

fair.

It should be noted that Japan was given two seats on the WBC steering comnaittegfort

to improve the tournament and relations between MLBI and NPB. The next WBC will
commence on March 5, 2009, with the winning team crowned champion on March 23, 2009.
Venues include Tokyo, Mexico City, Toronto, San Juan, San Diego, Miami, and Los Angeles.
Again, a 16-team format is being employed with the same nations scheduled to return
(although initial pools have been slightly altered from the first WBC). MLBIdafted the
tournament from round-robin pool play to double-elimination pool play. This modification
was undertaken in order to avoid awkward tie-breaking procedures in-place duriingf the f

tournament.

The WBC is scheduled to occur every four years (although, only three ygmsdetetween

the inaugural tournament and the second occurrence of the WBC). This scheduling tappear
mesh nicely with the schedules of other major international events—SumynepiCs will

occur one year before the WBC, Winter Olympics will occur one yearth##a/BC, and the

FIFA World Cup (men’s tournament) will occur one year after the WBC.

MLB-NPB Merger

Currently a MLB-NPB merger seems quite unrealistic due to cultural, basares logistical
reasons. However, the situation has been occasionally mentioned and pondered. According
to Whiting, a Japanese division could be formed and included in the American and or
National League. Due to extremely long flight times as well as s#sees, a potential merger
between MLB and NPB is highly unlikely (Whiting, 2004).

Asian League

Perhaps an Asian League, consisting of teams from the professional lea§oath Korea,
Taiwan and Japan may be formed. The winner of the Asian League could then perhaps be
invited to participate in the MLB postseason as a wildcard team (Whiting, 200ak). Kidin
also offers a suggestion of how to realign MLB on a global scale. Klein ssggesating a

14
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“Pacific Rim” division consisting of most current MLB west coast teantstaams from
Tokyo, Seoul, Taiwan and Sidney. Continuing on that structure, a “Pan-Americamndrdivis
consisting of teams from Florida, Tampa Bay, Texas, Houston, Arizona, Havana, igignter
and Caracas could be developed (Klein, 2006). Currently, this realignment aedéatshed

at best, however, it remains a very intriguing way of creating an actudt®vethampion.

15
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INTRODUCTION TO ECONOMETRIC STUDY
Many people believe that the sporting industry represents a true “mattihgf diverse

people and culture. The motivations of winning, both the pride of winning in amateur sports
and the financial incentives in professional sports, are thought to rid the spatidgpfvany
labor discrimination. Because of their popular appeal, sports often become the focus of
scholarly research. Many research endeavors have focused on evaluatiegy &eecof labor
discrimination within various professional sports, towards a variety of ethdicagial

groups. In my review of the literature, | surveyed many of thesdeartichave chosen the

issue of labor discrimination surrounding Japanese players playing in America’s Major

League Baseball as the topic of my research.

The vast majority of labor discrimination research in professional basebakrns itself
with investigating the integration of African-Americans in Major LeaBaseball since
Jackie Robinson first broke the color barrier in 1947. In addition, a small portion of the
literature concerns itself with the issue of labor discrimination of Hisgamin players in
Major League Baseball. The specific issue of labor discriminatiorpah@se-born baseball
players in the United States’ Major League Baseball (MLB) has gogelyaunresearched.
In some studies, players of Asian descent were even excluded on the basis ointipéarobe

small a sample size.

Horace Wilson introduced the Japanese people to the game of baseball in 1872 (Solloway,
2007) and yet, over the 135 years that have since passed, a mere thirty-fourejslpsees
have come to play in Major League Baseball. With baseball’s strong popuiatdpan and

a 2007 population base of over 127 million peopdpén 2008), why has the number of
Japanese players to come to America been so insignificant? Relations bepesen Ja
Nippon Professional Baseball (NPB) League and America’s Major Leaaseball (MLB),

as well as cultural differences between Japanese and American peoplaimagg bpegin to
answer a portion of this question. The issue of labor discrimination also indeedgresent

itself. Relevant questions that come to mind include:

e Have fewer Japanese-born players come to play in American Major League
Baseball because they have faced labor discrimination or have fewer Japanese
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born players come to play in American Major League Baseball becaateeof
reasons?

o Is the recent surge of Japanese players coming to America due to thkemivgai
labor discrimination or has the surge been caused by other reasons?

« What fielding positions have Japanese players in Major League Baseball
traditionally played and why has this been the case?

This study will employ econometric regression analysis to best atterapswer these and

other relevant questions concerning Japanese integration in Major Leagpleal
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LITERATURE REVIEW — ECONOMETRIC STUDY
Gerald Scully’s 1974 pioneering articRay and Performance in Major League Baseladls

been heralded as one of the first significant articles examining salaryndetnts in

professional sports. As the title of his work indicates, Scully focused his att@mtiMajor

League Baseball. Using data from the 1968 and 1969 MLB seasons, Scullyezstaiaty
functions and marginal revenue products of the factors of production; he then found the rates
of monopolistic exploitation by comparing salary and marginal revenue product oeeisvar

performance levels and career lengths (Scully, 1974).

The most important part of this study, as it applies to my examination of disdfonina
towards Japanese players in Major League Baseball, resides in S@ldyysregression
equation’s specification. Scully attributes four main factors responsibdietfermining
baseball players’ salaries in Major League Baseball—hitting/pitgh@niprmance; the weight
of the players’ contributions to team performance; the number of years spent ijde ma
and the greater bargaining power of “superstar” players (Scully, 1974)y Souliwo

regressions, one for batters and one for pitchers.

For the batters equation, salary was regressed as the dependent vahdiktime slugging
percentagé the weight of a hitter's contribution to team performance, experience (me:asure
as years of Major League experience), and variables accounting farettod 'eam market,
intensity of fan interest and membership in the then-superior National Leaghe, as t
independent variablés.

The pitchers’ regression again regressed salary as the dependent vahahiledependent
variables used were: the lifetime strikeout-to-walk ratio, lifetamerage percentage of
innings pitched out of total innings, experience (measured as years of Magurel_ e
experience), size of team market, intensity of fan interest and a dummy e/éoiabl

® To include the more popular batting average siatiScully included a dummy variable if a playadrabove
average batting average and a lesser than avdtaggng percentage.

" The log (base 10) of each variable was used inetpeession equation and all performance measuees w
lagged one year to reflect the contractual natfitmseball contracts.
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membership in the then-superior National League. Once again, performanceas@ase

lagged and logs for all variables were used.

Scully’s batters’ equation accounted for 81% (R-squared=0.81) of the variati@yanl
salaries; the pitchers’ equation accounted for 78% (R-squared=0.78) of tteowuan
players’ salaries. The performance variables were all found to be sighdicthe 10% level
with all but one significant at 1% significance or better. These high R-shualees and
significant variables indicate that Scully’s regression was well spg@conometrically. The
variables accounting for team market size, fan intensity and membership iatibieaN
League were all interestingly found insignificant. Overall, Scully’s veankfirmed the

concept that ballplayer salaries are related to performance (Scully, 1974).

Using data from the 1976 season, Hill and Spellman investigated labor disclominati
Major League Baseball. Their study was conducted in a similar waytly'Sc Using both
linear and logarithmic formats, only small wage differentials betwesklaind white players
were found to be attributable to discrimination (Hill & Spellman, 1984). Included as
independent variables in the batters’ specification were runs scored panglegars of
major league experience. For pitchers, career earned run average neangsrpitched per
year and years of major league experience were included as independerds/afadakies
were dropped from the regression. Hill and Spellman used both a log-linear and log-log
specification and found the log-log specifications to have a higher R-squéwed vamost

cases.

Lawrence M. Kahn’s summary of all substantial previous research conctibarg
discrimination in professional sports, published in his 1991 article in Industrial and Labor
Relations Review, possesses tremendous value. In this survey of the &dfatun

conducts a “study of studies” presenting the previously discovered findings (&scalRnd
Rapping in 1972 to Kahn in 1989) from the scholarly community up through the late 1980’s.
In general, Kahn disseminates labor discrimination into three broad catddonms—

unequal pay for equal work, unequal hiring standards, and positional segregation. To a large
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extent, these three forms of labor discrimination, modeled specificallydswze issue of

Japanese players in Major League Baseball, sparked my curiosity amgtgaddhis study.

Let me focus on previous studies relating to Kahn's first form of labor discrionnainequal
pay for equal work. Most of the previous scholarly research has been conducted in a
generally similar way. This method can be described as regressing workers’ salaries (or the
natural log of workers’ salary) as the dependent variable, and usingyargasures of
productivity as the independent variables. To examine the issue of discriminatiormg dum
variable, or several if examining several races, (e.g. - White, Africaerisan, Hispanic,

Asian decent, etc.) is also included as an independent variable in the cegeegstion. The
coefficient of the dummy variable, and its significance (or lack of signifienindicates the
degree of discrimination (or labor equality) towards that race or group ofepeBpfore
including a dummy variable, separate regressions would be run for each group. Soaolars t
conduct a Chow te$to evaluate the difference in the two (or more) equations’ estimated
coefficients. If the Chow test provided evidence that the separate regresseffisients do

not differ significantly, the various race observations were allowed to be poo&tdengnd

further analysis would be conducted.

Kahn’s 1991 examination of previous “unequal pay for equal work” studies included a total of
twenty-four prior studies; of these, twelve specifically inspect discation in professional
baseball. These studies, and others published since Kahn’s summary, will be thé imgus o
research; they are varied, including research on different groups of (dagéras free agents

and non-free agent, as well as infielders, outfielders, and pitchers. The nadjtngystudies
focus solely on black (or nonwhite) versus white discrimination (eg. Scully, Mddgdioff,

Moguli, Cymrot, Raimondo, Hill and Spellman, Christiano) while a few others include
Hispanic and/or Latino (Pascal and Rapping, Kahn) discrimination. Some afdiesst

examine returns to performance across races, while others examine teeexpsrience.

8 Similar to that of Gerald W. Scully, and Hill aSgellman, discussed in detail above.
° The Chow Test is an econometric analytical toohed for its inventor, Gregory Chow. This testis a
specialized version of the F test.
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The results of these studies cannot be summarized in one or two sentences. Toegtasye
the conclusions drawn from the studies contradict one another. A significant amount of the
findings indicate a presence of salary discrimination in baseball while aaithe time a
significant amount of the findings report just the opposite. In an updated article in 2000,
Kahn indicates that “...regression analysis of salaries in baseball...have not found muc

evidence of racial salary discrimination against minorities” (Kahn, 2000).

These differences can possibly be explained by the fact that the scihgidoged differing
statistical and econometrical analysis tools in their research—some hised&sts, some
two-tailed significance tests, some one-tailed significance tests,rsmsignificance tests,
etc. In addition, the use of different era and player datasets perhaps sheds lightloa wh
conclusions between scholars differ to the extent that they do. The larges saatpin any
of the studies was only 885 players while the smallest sample used consistsrefsm
players. Perhaps more concrete conclusions can be drawn by increasingolleesszam

employed in this type of research.

The decision of which performance measures best indicate a player’s @ererand thus
are most important to include in the regression as independent variables can bé a heate
debate topic. Many early researchers make the common mistake of includingnpo m
independent variables. If utilized, this “everything-but-the-kitchen-sink” riigntall

produce an estimated regression equation with little value. | will examdigamnal
performance measures as well as contemporary research in salesrnmetnider to determine

which variables to utilize in my study.

The study of statistics in professional sports, specifically in basebaljrben tremendously
with the advent of computer technologies, rotisserie fantasy sport leagues, btertiet
(Luttrell, 1999). Statistical guru and lifetime baseball fan Bill Jame®&as recognized as
the pioneer of the “sabermetrics” movement. Loosely speaking, sabesncatt be thought
of as the use of extensive statistics in empirically quantifying new andead in baseball
thinking. James coined the terminology sabermetrics, after the Society &sicAamBaseball
Research or SABR (Ackman, 2007).
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Oakland Athletics’ front office, led by General Manager Billy Beane, ortrayed in

Michael L. Lewis’ best-seller, Moneyball, employs several new methoslidigat challenge
many of baseball’s traditional thinkers. In general, this new way of thinknpipasizes
generating runs for battéfsand preventing runs for pitchers and defense, as opposed to many
of the traditional statistical measurements that blatantly disregaeldabgectivest

(McGrath, 2003).

Some of the most traditionally referenced measures of performance farpitoe Wins (W),
Loses (L), Games (G), Games Started (GS), Strikeouts (K), Saves (&) Earned
Runs (ER), Home Runs (HR), Walks (BB), Intentional Walks (IBB), Wild Pitchd3)(\Mit
by Pitch (HBP), Balks (BK), Batters Faced by Pitcher (BFP), Gd&fmeshed (GF) and Runs
(R). In popular culture, these statistics gain much esteem; however, inyeaenthese
statistics’ ability to reflect truly on pitcher performance has beestiqued by those from the
sabermetric school of thought. Most pitching statistic measures ares{atdezewhat, and
some much more so than others) team dependent, and thus they fail to trulyhreflect
individual ability of the pitcher. To solve this problem, a new category of pitctatiptics
attempt to remove any teammate dependency and therefore better reffgtdhar’s ability.
These statistics fall under the terminology “defensive independent pitstaitigfics” or DIPS
(McCracken, 2001).

For batters, the traditional statistical categories have been: G@nes{Bats (AB), Runs
(R), Hits (H), Doubles (2B), Triples (3B), Homeruns (HR), Batting Aver&3&y), Runs
Batted In (RBI), Runs Scored (RS), Stolen Bases (SB), Caught Stea8hgwW@lks (BB),
Strikeouts (K), Intentional Walks (IBB), Hit by Pitch (HBP), Sacriftéis (SH), Sacrifice
Fly (SF) and Ground into Double Plays (GIDP). New waves of “sabermstatistical
categories have been developed to better stress the importance of sewinghese newer
statistical categories include — Slugging Percentage (SLG), SmHexcentage (OBS), On-
Base plus Slugging (OPS), and Runs Created (RC).

19 Examples: On-base percentage and slugging pegeenta
1 Examples: Batting average and stolen bases.
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It is important to avoid severe multicollinearity as well as omitted varlaibe For these
reasons, the choices of which performance measures to include, as well agpetifataton

to select, are of vast importance. Indeed, much of the work in developing a study $igh as t
one lies in determining the variables to include and the specification to use. Soundieconom

and sporting theory should always dictate these decisions.

It is essential that the performance measures are measured andirapcutately in the
datasets. If there are errors or missing data in the data sets, tfeexstiegression equation
will lose its accuracy and significance in depicting how the system trelatgs. As in any
estimated regression equation the size of the sample dictates how much fzatih plece in
the output. All else being equal, a larger sample size is preferred. Tlee s=dry
regression studies concerning labor discrimination in professional sports héat saraple

sizes than the more recently conducted studies (Kahn, 1991).
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SALARY REGRESSION ANALYSIS
| have attained my dataset for this study from Sean Lahman’s compreheokgction of

baseball statistical data available for free private-use onlimgpat/www.baseballl.com
The database is available for download in both Microsoft Excel (CSV) and Microsmdss

(.mdb) format. This dataset summarizes a widespread amount of statistickes$ipnal

baseball—everything from player biographical information, statisticabpeence,
postseason performance, awards to salary information is included. Much of the data i
available for dates as far in the past as 1871!

The database was modified in order to properly establish the correct relgisobstween the
many tables of data within the database. By establishing proper relationghips

Microsoft Access, | was able to conduct many queries that provided the propehdata
requested. Further modification of the database was necessary; for erghrgaeposes |
aggregated player statistics for players with multiple “stiitst positions by year. Much
credit and appreciation is due to Bryant University Computer InformationrSy$teofessor
and Honors Program Coordinator, Dr. Kenneth J. Sousa, for his earnest assistaace in thi
process of database management.

In all instances, player data from 1995 to 2007 was used in the empirical reseaecfrorDa
years prior to 1994 was eliminated because only one Japanese player, Masanori Murakam
1964, had come to Major League Baseball prior to Hideo Nomo in 1995. Separate
regressions have been run for batters and pitchers. Only batters with th@aie equal to

300 At-Bats (ABs) qualified for use in this study. Continuing, only data from pgaetién

greater than or equal to 30 Innings-Pitched (IPs) were used in the pitdlarg regressions.

Only players deemed to have some bargaining power in the salary process haaelbded
in the regression specifications. In Major League Baseball, the bedamnitially drafts a
player has exclusive rights of him for three years. After this treaeperiod, the player may
or may not be contractually bound by this same team for three additional yearsieShe

free agency are indeed quite convoluted and oftentimes each player’s indsitgaon will

2 Trades between teams, call-ups / send-downsgiratme season
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vary depending on how much playing time at the major league level he hagddoetive

first three years of his career (Kendrick). The decision to include a#nslgjaying in at

least their fourth yeatin the regression specifications was made. It is very unlikely that a
player would have 300 or more at-bats (for a batter) or pitch greater than 30s ifiameay
pitcher) in a season, without possessing some form of salary negotiatisgiceght

arbitration).

A review of the literature does not reveal any theoretical problems witihngi€how Tests

for small samples; but, there is reason to doubt the combining of data with such disesepanc

in observation sizé& To make my findings more robust, | have run thirty additional
regressions, ten for each of the three specifications. These additionssi@ggesampled

10% and 20% of the non-Japanese batters. Chow tests were then conducted on the additional
regressions. Only two of the Chow Tests indicated that it is incorrect to asguate e

coefficients. Thus, it appears that pooling the data and assuming equal cusfiecerrect.

For simplicity, this output has not been included in the Appendix; however, it may be

furnished upon requést

The thirty MLB teams have been broken down into groups based on market size. To this
extent, | employed the consolidated statistical metropolitan aeagpicted by Al Streit in

an article published ohnttp://www.baseball-almanac.coo break the teams into Large,

Medium and Small markets (with ten teams per category). Finally, in tordrly assess
increasingly rising salary levels in MLB across several yeacs, glayer’s salary has been
converted to year 2000 dollars using GDP deflator information available frormitezlU

States Bureau of Economic Analysis (BEAh#D://www.bea.gov Summary statistics

regarding the variables used throughout the study is presented both on the followiaggag

in the appendix.

13 Note that all Japanese players were included Isecais assumed that they have negotiating povienw
coming to play in Major League Baseball.

4 For batters, the dataset includes 3,061 Non-Japasteservations and 22 Japanese observationsitétoers,
the dataset includes 2,471 Non-Japanese observatimh44 Japanese observations.

15 Such inquiries should be sent via emaikénidet22@yahoo.cam
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Variable

Observations

Age
Age2
Japan

JapanxAge
In(ABper)
In(sal)
In(SLG)

InIP
InSW

RC_Bat

Runs

Small
SV_pitch
W_pitch

Description

A player's age, in years.

A player's age, in years, squared.

A dummy variable equal to 1 if the batter is Japanese.
An interaction variable equal to Japan*Age

The natural log of the player's ratio of individual at-bats
to team at-bats.

The natural log of the player's salary, lagged one year,
converted to base year 2000 dollars using the GDP
deflator.

The natural log of a player's slugging percentage.
The natural log of a player's total innings-pitched.
The natural log of a player's strikeout to walk ratio.

The number of runs generated by a player, computed as
(Slugging percentage)*(On-base percentage)*(At-bats).

The number of runs generated by a player, computed as
(0.41*singles)+(.82*doubles)+(1.06*triples)+(1.42*home
runs).

A dummy variable, equal to one, if the player's team is
in the bottom third of the league teams’ market sizes.

A player's total number of saves in a season.
A player's total number of wins in a season.

Average Value - Batters

Japanese

22

31.31818
986.3182

1
31.31818
-2.611814
14.99823

-0.8472776

72.4511

80.70091

0.1818182

Non-
Japanese

3,065

31.32822
992.7794

0

0
-2.814013
14.50726

-0.8639729

60.93429

67.48931

0.3187602

Combined

3,087

31.32815
992.7334

0.0071267
0.223194
-2.812572
14.51076

-0.8638537

61.01637

67.58346

0.3177846

Average Value - Pitchers

Japanese

44

31.02273

972.0227
1
31.02273

14.29548

4.70963
0.7335818

0.1136364
4.681818
7.5

Non-

Japanese

2,471

30.8361

965.3962
0
0

14.38429

4.617302
0.7393728

0.3269931
4.323756
7.106839

Combined

2,515

30.83936
965.5121
0.017495
0.5427435

14.38274

4.618917
0.7392715

0.3232604
4.33002
7.113718
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Batter Regressions
| will run three sets of regressions for batter—one set will employaldéional baseball

thinking (ie. Scully), the second will use more modern sabermetric sttisteory while the
third set of regressions will be conducted by combining the best aspects afrdreatftioned
as well as my own thoughts and theories. Each set of regressions will have aelapane-
Japanese and a combination equation estimated—thus a total of nine regresshmns will
initially run. Chow tests will then be performed to evaluate the degree to whichuiigoas
within each set differ. If it is possible to pool the data, this will be done ar:fuggression
will be run using Oaxaca decomposition. This process will allow quantitative tgalo&
differences in salary level attributable between differences imctaaistics (i.e. performance

measures) and the differences attributable to other sources (i.e. distomina

First 1 will supply reasoning and justification detailing the merit ohegzecification’s
theory. This justification will be followed by detailing the findings of eesgression.
Tables 1, 2 and 3 detail the results from the three regression specificatisnmnfary table,

combining these tables is also included.
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Traditionalist Method Specification - Batters

| will follow Scully’s methodology regarding the specification of the tiadial baseball

batter regression. Following Scully’s lead, | will regress the natogadf player’s salarié8

as the dependent variable with slugging percentage, contribution to team (edleslat

individual at-bats divided by total team at-bats), and experiéfm®xied by age) as the
independent variables. In addition, | have added age squared to account for the diminishing
property of returns to age in Major League Baseball. In laymen’s tesragplayer gets

older, he receives higher salaries, but only up to a certain point. Eventualiayea plays

past his “prime”, he will begin to earn decreasing salary levels.vétrisimportant to lag the
players’ salaries so that this year's salary is aligned witlyésts performanc® As

mentioned earlier, only players with sufficient bargaining power wehedad in the

regression analysis.

Many previous studies used the log of the independent variables in their spensicd his
“log-log” specification provides for evaluating the effect of independenthlaneercentage
changes with respect to the dependent variable (salapgraentageerms. | have selected a
semi-log specification—taking the log of some variables while using thalaariable for
others. The natural logs of players’ salary, slugging percentage, anddetirbution have

been used; the players’ age has been measured simply in years.
The specification of the equation is as folloWs:

In(salary) = By + B1In(SLG) + B, In(AB,,,) + B3 (AGE) + B,AGE? + ¢

The expected signs of the estimated coefficients were positive for eachradeépendent

variables, except for the square of age. It makes sense to believe thalball@dayer’'s

18 (converted to base year 2000 dollars using the G&fRtor calculated from Bureau of Economic Asigdy
data,http://www.bea.goy

7 Age is preferred to MLB experience because oténeency of Japanese players to develop theisgkilt
several seasons) in Japan’s NPB prior to comingLtB

18 The downside of this lagging is a smaller samfze. sEight Japanese players’ year's statisticeweopped
in order to lag their salaries.

19 Because Scully found fan intensity, market size ianblision in the National League to be insignifitd am
excluding variables that would account for suchdes
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salary will increase as he has a higher slugging percentage, more @itatsm at-bats and
gains seniority. A series of three regressions were run, one for Japanesg, plag for non-
Japanese players and one combining all batters. Next a Chow Test was pktfoerauate
if pooling the data were possible. The regression output from STATA as wied @how

Tests can be found in Appendix B.

Table 1 - Traditional Method Specification - Batters

Variable Japanese Non-Japanese Pooled Sample

Constant -33.059480 12.77249* 12.67581*
(-1.02) (13.68) (13.57)

In(Slugging Percentage) 2.885037 1.474381* 1.480376*
(1.69) (19.17) (19.28)

In(ABperteamAB) 0.7449075*  0.8940838* 0.8937928*
(2.37) (5.69) (33.94)

Age 3.355589 0.3323444* 0.3391687*
(1.68) (5.69) (5.81)

Age’ -0.053374 -0.0049254* -0.0050371*
(-1.74) (-5.44) (-5.56)

R? 0.5485 0.4781 0.4776

Adjusted R 0.4423 0.4774 0.4769

Number of Observations 22 3061 3083
Chow Test

Critical F value 2.21

F Statistic 1.601375374

Conclusion It is correct to assume equal coefficients.

't' values in parentheses
* Significant at the 5% level

In the first regression run, of Japanese batters only, each of the independerds’aiigi
was in the expected direction. The signs of slugging percentage, at-batsrpat beds and

age were positive, and the coefficient of the age squared variable wasaegati

The only variable deemed significant at the 5% level was the battersbeiatni to the team
(AB/team AB). However, slugging percentage, age and age squared weayaifdiagit at the
11% level. The specification’s theory is strong; this regression confirms thisevdgvan
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adjusted R-squared of 0.4423 is fairly low for such a small sample size. furtutes with

more observations, more robust specifications will be able to be produced.

The regression of non-Japanese batters was very encouraging. Again, aithdépeadent
variables’ signs are in their expected direction. Furthermore, eaebbeais significant at
the 1% level. The adjusted R-squared value for this regression was 0.4774.giEsisioa,

with 3,061 observations has a better fit than the Japanese batters’ regression.

The third regression, of all batters, was similar to that of non-Japanegs.battef the
independent variables were in the expected direction and significant at the 1%/ lewel
adjusted R-squared value was 0.4769. Scully was able to achieve much stnalgefle

overall fi*® and thus it appears that this specification is not without faults.

Finally, a Chow Test was conducted to determine

the degree of difference between the constraineg

regression’s estimated coefficients. An F statistic ~ Traditional Method
Specification - In terms of labor

of approximately 1.61 was calculated. This F- market discrimination, this
value is less than the critical value of the F conclusion supports the notion
o . that the wage structure across
distribution (approximately 2.21). We can Japanese and Non-Japanese
conclude that it is correct to pool the data. In batter populations is trsame

terms of labor market discrimination, this

conclusion supports the notion that the wage

structure across Japanese and Non-Japanese batter populations is the same.

2 Scully’s R-squared values ranged from 0.78 t0 0.81

30



Japanese Players in Major League Baseball: An Econometric Analysis of Labor
Discrimination
Senior Capstone Project for Kyle Audet

Sabermetric Method Specification - Batters

In choosing the specification for the sabermetric regression equation, édoaushe
performance measure of “Runs”. Runs is a composite statistic developed aad lbyea
sabermetrician George Lindsey. Essentially, the Runs staiistscto capture the offensive
production of a player or team, in terms of runs generated (Albert, 1999). BdsJamwell

as others) has developed more complicated formulas of the “Runs Createtits

However, in this specification, Lindsey’s simpler linear weight methodologyban utilized
(see Appendix A for formula). Lindsey developed the formula in the 1960s using baseball
data and probability theory (Albert, 1999).

A semilog specification will be used in order to determinautiieincrease effects of runs
generated and theercentagehange effect of age on thercentagechange on salary,
holding all other variables constant. Because the runs statistic is thought to do a good job
capturing a player’s offensive production, it will be the only performancesumeancluded.
Because of the importance of player experience in predicting salary,&geeaguare of age

were also included in the sabermetric specification.
The specification of the equation is as follows:

In(salary) = By + B (Runs) + B,(AGE) + B3 (AGE?) + ¢

Both runs and age are thought to contribute positively to a batter’s salary. Hgtheve
positive age effect is limited and thus, the variable for the square of age iktttmhgve a
negative coefficient. A series of three regressions were run, ongforeke players, one for
non-Japanese players and one combining all batters. Next a Chow Test was geédorme
evaluate if pooling the data were possible. The regression output from STAT& as the

Chow Tests can be found in Appendix B.
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Table 2 - Sabermetric Method Specification - Batters

Variable Japanese Non-Japanese Pooled Sample

Constant -46.795750 6.911381* 6.840096*
(-1.63) (7.96) (7.87)

Runs 0.0151046* 0.0236116* 0.0235852*
(3.00) (61.56) (61.69)

Age 3.857727* 0.351889* 0.3568111*
(2.16) (6.51) (6.60)

Age’ -0.0610776*  0.0050582* -0.0051389*
(2.16) (-6.04) (-6.13)

R’ 0.5600 0.5538 0.5532

Adjusted R 0.4867 0.5534 0.5527

Number of Observations 22 3065 3087
Chow Test

Critical F value 2.37

F Statistic 1.83414466

Conclusion It is correct to assume equal coefficients.

't' values in parentheses
* Significant at the 5% level

The Japanese batter regression is quite promising as each explanatorg'samafficient is
in the expected direction and significant at the 5% level. However, the adpistpehared
value is slightly low (for such a small sample) at 0.4867. Again, with more obsery#tis

specification could be strengthened.

The regression including all non-Japanese batters, with 3,065 observations, wasomeuch m
robust in its specification. The estimated coefficients of all explanatoigbles are in the
expected direction and significant at the 1% level. The R-squared of this equation was
significantly higher at 0.5534. The sabermetric method of thinking regression ngchlbi
batters was very similar to that of the non-Japanese players’ regredgitinvariables
estimated coefficients positive and significant at the 1% level. Thyu&ad value of this

regression was 0.5527.

Finally, a Chow Test was conducted to determine the degree of differencerbéievee
constrained regression’s estimated coefficients. An F statistic of apateky 1.83 was
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calculated. This F-value is less than the critical value of the kbdistn (approximately
2.37) at the 5% level. We can conclude that it is correct to pool the data. In teaingrof |
market discrimination, this conclusion supports the notion that the wage strucas® ac

Japanese and Non-Japanese batter populations is the same.

Sabermetric Method Specification - In
terms of labor market discrimination,

this conclusion supports the notion that
the wage structure across Japanese and
Non-Japanese batter populations is the
same
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Hybrid Method Specification - Batters

After running the initial two specifications, the traditional and sabermésaught to

develop a superior specification. The traditional and sabermetric bagigressions for

Japanese players have very similar overall fits (adjusted R-squaved vl0.4423 and

0.4867, respectively). The same cannot be said for the traditional and sabermetric non-
Japanese batter regressions. The sabermetric regression has a battdit, oweh an

adjusted R-squared value of 0.5534 versus 0.4774 for the traditional method. Thus, it appears
that a sabermetric statistical category like “runs” has more explgnatlue than a traditional

metric like slugging percentage.

In this new specification, | included a dummy variable to account for the vast spending
differences of small-market MLB clubs. Major League Baseball ferdifit from other major
sports’ leagues like the NBA, NFL and NHL in that no salary cap exists. The laury t
system attempts to even the playing field between large and small wlabk&tpayroll. A
tax is levied on teams that have payroll in excess of the statutorily sst(#h86.5 million in
2006) of the luxury tax system. Nonetheless, as any MLB fan can attestgthenkaket
teams consistently outspend the small market teams.

Using Al Streit’s breakdown of MLB teams ranked according to the size of thelictated
statistical metropolitan areas, | divided the thirty teams into thregaa¢s: Small, Medium,

Large.

Small

Cincinnati Reds
Cleweland Indians
Colorado Rockies
Florida Marlins
Milwaukee Brewers

Medium

Arizona Diamondbacks
Atlanta Braves

Boston Red Sox
Detroit Tigers

Houston Astros

Large

Baltimore Orioles

Chicago Cubs

Chicago White Sox

Los Angeles Angels of Anaheim
Los Angeles Dodgers

New York Mets

New York Yankees
Oakland Athletics
San Francisco Giants
Washington Nationals

Kansas City Royals
Philadelphia Phillies
Seattle Mariners
Texas Rangers
Toronto Blue Jays

Minnesota Twins
Pittsburgh Pirates
San Diego Padres
St. Louis Cardinals
Tampa Bay Rays

This is not the perfect breakdown—being located in a large market does noarigcessan

that a club will have an elevated payroll (ie. Oakland Athletics). In gemtecah be said that
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teams in the smallest markets have the lowest payrolls. The averagdmadgplayer in the
“Small” category is $2,934,577 compared to an average salary of $3,723,200 for a player in
the “Large” category. It is therefore expected that the coefficiehiedbimall variable will be

negative. Presented below is a summary of each category:

Market Observation Mean Standard Minimum Maximum
Size Deviation
Small

981 2,934,577 2,757,838 116,139 15,500,000
Medium

1,046 3,566,399 3,547,483 157,211 21,500,000
Large

1,060 3,723,200 3,678,443 159,825 23,000,000

This new “hybrid” specification is as follow3:

In(salary) = By + B1(Runs Created) + f3(Small) + ¢

The coefficient of Runs Created is expected to be positive while the coefotigntall

variable is expected to be negative.

ZL“Runs Created” has been used instead of “Runsium using Runs Created better depicted the nediip
between offensive production and salary level is tiase. See Appendix A for the Runs Created ftamu
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Table 3 - Hybrid Method Specification - Batters

Variable Japanese Non-Japanese Pooled Sample

Constant 14.35573* 13.18182* 13.18573*
(32.04) (464.47) (465.32)

Runs Created 0.0119007*  0.0221799* 0.022163*
(2.36) (59.57) (59.72)

Small -1.208448*  -0.8940838* -0.0858057*
(-2.50) (-2.79) (-2.93)

R’ 0.5737 0.5386 0.5383

Adjusted R 0.5288 0.5383 0.5380

Number of Observations 22 3065 3087
Chow Test

Critical F value 2.60

F Statistic 1.966999723

Conclusion It is correct to assume equal coefficients.

't' values in parentheses
* Significant at the 5% level

The regression results were very promising. In all cases, the estiowfficients’ signs

were in the expected direction and all of the estimated coefficients garkcsint at the 3%
level. The adjusted R-squared values were 0.5288 for the Japanese batsioredie>383

for the non-Japanese batter regression and 0.5380 for the combined batter regression. A
Chow Test was conducted to determine the degree of difference between the cdnstraine
regression’s estimated coefficients. An F statistic of approxiynat@67 was calculated.

This F-value is less than the critical value of the F distribution (approxinfa@®) at the 5%

level. We can conclude that it is correct to

pool the data. In terms of labor market

discrimination, this conclusion supports theg In terms of labor market discrimination,
this conclusion supports the notion that
the wage structure across Japanese and
Japanese and Non-Japanese batter Non-Japanese batter populations is the
same

notion that the wage structure across

populations is the same. A table providing|a

summary of this section’s results is

displayed on the following page; another

summary is provided in the conclusion to this report.
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Variable
Constant

In(SLG)
In(ABper)
Age

Age2

Runs

Runs Created

Small

R2

Adjusted R’

Number of
Observations

Critical F value

F Statistic
Conclusion

Traditional Method Specification

Japanese
-33.059480
(-1.02)
2.885037
(1.69)
0.7449075*
(2.37)
3.355589
(1.68)

-0.053374
(-1.74)

0.5485
0.4423

22

Non-Japanese

12.77249*
(13.68)
1.474381*
(19.17)
0.8940838*
(5.69)
0.3323444*
(5.69)

-0.0049254*
(-5.44)

0.4781
0.4774

3061
2.21
1.601375374

Pooled
Sampe

12.67581*
(13.57)
1.480376*
(19.28)
0.8937928*
(33.94)
0.3391687*
(5.81)

-0.0050371*
(-5.56)

0.4776
0.4769

3083

It is correct to assume equal coefficients.

't' values in parentheses

* Significant at the 5% level

Sabermetric Method Specification

Japanese
-46.795750
(-1.63)

3.857727*
(2.16)

-0.0610776*
(2.16)
0.0151046*
(3.00)

0.5600
0.4867

22

It is correct to assume equal coefficients.

Non-Japanese
6.911381*
(7.96)

0.351889*
(6.51)
0.0050582*
(-6.04)
0.0236116*
(61.56)

0.5538
0.5534

3065
2.37
1.83414466

Pooled
Sample Japanese
6.840096* 14.35573*
(7.87) (32.04)
0.3568111*
(6.60)
-0.0051389*
(-6.13)
0.0235852*
(61.69)
0.0119007*
(2.36)
-1.208448*
(-2.50)
0.5532 0.5737
0.5527 0.5288
3087 22

Non-Japanese

13.18182*
(464.47)

0.0221799*
(59.57)
-0.8940838*
(-2.79)

0.5386
0.5383

3065
2.60

1.966999723

It is correct to assume equal coefficients.

Hybrid Method Specification

Pooled Sample

13.18573*
(465.32)

0.022163*
(59.72)
-0.0858057*
(-2.93)

0.5383
0.5380

3087
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Oaxaca Decomposition - Batters
A powerful tool in labor discrimination analysis, called the Oaxaca Decongrobibdel,

was developed by Ronald Oaxaca in the 1970s. Ronald Oaxaca’s techniques have been
employed in this study in order to break down the differences in compensati@ebetw
Japanese and Non-Japanese baseball players into two parts—one that ciénuteel &bt
differences in characteristféaand one that cannot. The residual component represents
discrimination—the difference in compensation not attributable to diffesance

characteristics (Oaxaca, 1973).

Oaxaca decomposition analysis has been conducted on the sabermetric baigioregr
specification. As a reminder the sabermetric batter regression is:
In(salary) = By + B1(Runs) + B,(AGE) + B3 (AGE?) + ¢

The sabermetric specification was chosen as the researcher deemeubisttihebust
specification. Only one batter regression was chosen to undergo this analgaselbe
Chow Tests have revealed that pooling the batter data was appropriate. Thitsshppor
notion that Japanese batters face little discrimination. NonethelessaQBe@mposition
was still employed to increase the vigor of this study. The completesrasdliStata output
of the Oaxaca decomposition can be found in Appendix B.

Before explaining the results of this analysis, a question relevant to trg tiesuch analysis
warrants additional explanation. The main objection to running Oaxaca decomposition in this
instance is caused by the small sample size of Japanese batter observ&tensming from

the small sample size, the significance of the explanatory variables abtyeretric batter
regression is questionable. To help mitigate this problem, the statistbaldque of random
resampling (i.e. bootstrappirfwas utilized. Unfortunately, the bootstrapping breakdown
failed to result in strongly significant estimated coefficientslieriapanese batter

sabermetric specification.

22 As measured by the regression specification’sangibry variables

% The batter dataset includes only 22 Japanese batervations.

2 An iterative process in which a series of randamlings are taken and linear regression is suleselyurun
on the random samplings.
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The Oaxaca decomposition Stata output indicates that the differencenatuha log of

salary, between Japanese and Non-Japanese batters, is equal to 0.4895785. Because the
salary variable is expressed in log form, this means that Non-Japanesedratfeid salaries
48.95% higher than Japanese batters. This fact alone does not indicate the presence of
discrimination whatsoever. For example, certainly no discrimination woultiexis could
prove that 100% of the difference in pay is attributable to differences in skilHévisl is

where the Oaxaca decomposition comes in.

Some explanation of the interpretation of Oaxaca decomposition is needed. From a
theoretical perspective, there are four ways to analyze the differeradamnlsvel between

two groups. We could compare group A to group B; conversely, we could compare group B
to group A. Thirdly, could determine some half-way point and compare each group to that
point. And finally, we could apply weights to the observations and compare the resigts usi
the weighted point of view. In this study, largely due to the small sample of Jamdangsr

data, it makes the most sense to analyze the output from the weighted point of view.

The weighted results indicate that of the 0.4896

difference in salary level between the two groups,
.2305 (47.09%) can be explained by the difference ir

batter characteristi€sand 0.2590 (52.91%) cannot be Oaxaca Decomposition - It
appears that Japanese batters
face salary discrimination in
discrimination-free labor market, 100% of the Major League Baseball.

explained by differences in batter characteristics. Inja

difference in salary level would be attributable to

differences in performance characteristics. Because

only 47.09% of the difference in salary level can be
attributable to differences in batter characteristics, it appears peaateke batters face salary
discrimination in Major League Baseball.

% As indicated by the included explanatory variables
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Pitcher Regressions
A similar framework to the batter regressions was employed as piggressions were

developed. Again here three sets of regressions were initially run—aotratit

specification’® a sabermetric specification, and finally a hybrid specification utilitiegoest
aspects of each prior regression along with my own theory and ideas. Eachatecifid|
include three separate regression components—a Japanese pitcher, a hon-Jagzeresedi

a pooled pitcher regression. Chow Tests will be run for each specification sdriticor
evaluate the equivalency of estimated variable coefficients. If poolindathes deemed
appropriate, subsequent Oaxaca decomposition will be conducted to quantify the degree of

discrimination present.

The dataset has been modified to only include pitchers with ample playing timewill is
effect eliminate any outlying observations (i.e. pitchers who accumulatedlittle pitching
statistics because of injury, and September call up pitchers). The cut-ofbpthimty
innings-pitched was deemed appropriate by the researcher. In addition, only cdoservat
with lagged salaries and at least four years of expefitweze included. In making these
modifications to the dataset, a total of 2,381 observations were dropped. In tatalveher

2,515 observations—2,471 Non-Japanese pitchers ahdalganese pitchers in the dataset.

Each regression specification with detailed justification and resultbevpresented next.

The specifications will be presented in the following order—traditional methodnseinie
method, hybrid method. Summary tables, presenting the results of each spaciicati
regressions will be shown in tables 4, 5 and 6. The detailed STATA output, along with Chow

Test calculations may be found in Appendix C.

% | argely modeled off previous studies, namely Scsill

%" To include only pitchers with sufficient bargaigipower. Japanese players were included regaroliédsB
experience.

818 Japanese observations were dropped becausckey a lagged salary.
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Traditional Method Specification — Pitchers

For pitchers, as with batters, | will model the “traditionalist” basebathod of thinking
regression specification after Scully’s initial model. In Scully’st@tcregression, he
regressed the log of players’ salary as the dependent variable. The indeparidblgs used
to account for pitcher performance were the lifetime strikeout-to-watkaat the lifetime
average percentage of innings pitched out of total inrffhds.Scully’s regression, variables
to account for team market size, fan intensity and inclusion in the National Leagre w
included. However, these variables were found to be insignificant and will not be thaolude

my specification.

My regression will include mostly similar variables to Scully’s, howevégel that including
lifetime performance measures do not accurately depict the econonticsétie baseball
world. Intoday’s baseball world, your lifetime statistics are not as imgatayour current
statistics. Baseball can be said to be a “what-have-you-done-forehgtdiusiness. Thus,
these performance variables will be included on a season basis. Includbttsaia the
ratio of strikeouts to walks (SW), innings pitched (IP), #¥g@nd age-squared. The log of all
independent performance variables is used in order to interpret percentage ohémegss

variables on salary, in percentage terms. The specification of the equatidollicves

In(salary) = B, + B, In(SW) + 8, In(IP) + 3,(AGE) + 8, (AGE?) + ¢

As indicated in the equation, the estimated coefficient of each variable, witkcty@ion of
age-squared, is expected to be positive. The estimated coefficient of agesg@xpected

to be negative to depict the eventual diminishing returns to age in Major LeagmBas

A series of three regressions were run, one for Japanese players, one fparesd players
and one combining all pitchers. Next a Chow Test was performed to evaluate if poeling
data were possible. The full regression output from STATA as well as the Gistwah be

found in Appendix C. Presented below is a summarizing table of the results.

29 Measured as nine x games x years.
30 Again in this instance, age was used, as oppasexriperience, to better reflect the tendency ofdepe
players to develop in Japan for many years pri@otoing to MLB.
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Table 4 -Traditional Method Specification - Pitchers

Variable Japanese Non-Japanese Pooled Sample

Constant -18.491540 1.322308 1.135362
(-1.70) (1.41) (1.22)

InSW 0.342087 0.6271473* 0.6301392*
(0.98) (15.16) (15.35)

InIP 0.430970 0.9138889* 0.9043861*
(1.72) (30.25) (30.36)

Age 1.847313* 0.4754024* 0.3886703*
(2.57) (8.28) (.0571649)

Age’ -0.0275738* -0.0065061* -0.006697*
(-2.34) (-7.28) (-7.52)

R? 0.3705 0.3751 0.3709

Adjusted R 0.3060 0.3741 0.3699

Number of Observations 44 2471 2515
Chow Test

Critical F value 2.21

F Statistic 2.769937625

Conclusion It is incorrect to assume equal coefficients.

't' values in parentheses
* Significant at the 5% level

The Japanese pitcher regression was not strikingly strong, however, it wasillgtwierak.

The estimated coefficients of both age and age-squared were signifioahiyrirespective

directions, at the 5% level. The other variables were in their expected direlti@nnat

significantly. The adjusted R-squared is
quite weak, 0.3060. The non-Japanese
pitcher regression output is quite strong.
Each estimated coefficient was
significantly in its respective direction, at
the 5% level. The adjusted R-squared wa
0.3741, with 2,471 observations. The

pooled data largely mirrors the non-

S

Traditional Method Specification -

In terms of labor market
discrimination, this conclusion
supports the notion that the wage
structure across Japanese and Non-
Japanese pitcher populationsict

the same
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Japanese pitcher regression.

The important result from this regression lies in the Chow Test. The caltiatatistic is
greater than the critical F value. Therefore, it is incorrect to assumecegffatients. In
terms of labor market discrimination, this conclusion supports the notion thatgee wa
structure across Japanese and Non-Japanese pitcher populations is not the same.

It appears that the determinants of a pitcher’s salary differ betweamedapmnd non-

Japanese players. This issue will be investigated further via Oaxaca detmmposi
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Sabermetric Method Specification — Pitchers

A sabermetric specification, utilizing such well-developed statisticeéensive-independent
component earned run average (DICE), and walks and hits per innings pitch#?)) (wad
attempted to be sculpted. However, after modeling several different spmife;

combining various sabermetric pitching statistics and other independentesriabl
conclusive specification could be created. The specifcaitions run seemed ttodraye s
predictive value foeitherthe Japanese pitcher dataset or the non-Japanese pitcher dataset, but
not both. This tendency was evident in nearly each sabermetric specification muapsPe

this indicates that the statistics that predict pitcher salary varywjgiedy between Japanese
and non-Japanese pitchers. This may yield a conclusion of discrimination—unequmal pay f
equal work in the case of pitchers. The issue of discrimination will be investigatesl i
Oaxaca decomposition of the two other pitcher

regression specifications employed.

Sabermetric Method Specification —
No conclusive labor market
discrimination conclusions could be
reached.
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Hybrid Method Specification — Pitchers

The traditional specification includes the strikeout-to-walk ratio and innirigsgal of a
pitcher. By including these two variables as the only performance measurpsyaesng
pitchers are favored. Traditional staff “aces” tend to have overpowestizafis and
strikeout many batters, walking few, and aggregating many innings-pitateegyhout the
season. In sculpting my “hybrid” specification, | sought to develop a sps®fn that better
reflects baseball reality. A baseball team succeeds when it wiresgtras a pitcher’'s wins
was included as an independent variable. The wins statistics favors stanb@sosed to
relievers, so saves was also included as an independent variable. Although onantey c
that a pitcher’s wins is affected by his team’s defensive ability, and thpysoh&uly depict

his talent, wins are still a largely cited statistic in evaluating agite ability.

Continuing on the logic built in the hybrid batter specification, a variablectmuat for team
market size was included. This dummy variable was equal to one if as@athe smallest

third of league markets. The specification is as follows:

In(salary) = By + B1(Wins) + B,(Saves) + B3(AGE) + B,(AGE?) + B (Small) + ¢

A series of three regressions were run, one for Japanese players, oneJapaoese players
and one combining all batters. Next a Chow Test was performed to evaluate if po®ling t
data were possible. The full regression output from STATA as well as the Gistwah be
found in Appendix C. Presented below is a summarizing table of the results.
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Table 5 - Hybrid Method Specification - Pitchers

Variable Japanese Non-Japanese Pooled Sample

Constant -17.507370 5.811774* 5.677091*
(-1.90) (6.72) (6.61)

W _pitch 0.0267386* 0.133005* 0.1322973*
(2.78) (40.22) (40.28)

SV_pitch 0.0267386* 0.0325574* 0.0326926*
(2.43) (20.61) (20.88)

Age 1.923978* 0.4298984* 0.4378198*

(0.6097785) (7.92) (8.11)

Age’ -0.029257* -0.157071* -0.0060367*
(-2.94) (-7.00) (-7.18)

Small Market Team -0.8500109* -0.157071* -0.1565574*
(-2.45) (-4.63) (-4.64)

R? 0.5625 0.4408 0.4391

Adjusted R 0.5050 0.4396 0.4379

Number of Observations 44 2471 2515
Chow Test

Critical F value 2.10

F Statistic 2.303232731

Conclusion It is incorrect to assume equal coefficients.

't' values in parentheses
* Significant at the 5% level

The regression results were quite strong in each of the three regressiensry instance

the coefficient of each variable was significant, at the 5% level and ixpiésted direction.

The adjusted R-square values were higher than

the traditional specification in each regression.

Overall this regression appears to be better thgn
the traditional method specification. Again, the
important result from this regression lies in the
Chow Test. The calculated F-statistic is greate
than the critical F value. Therefore, it is incorrgct

to assume equal coefficients. In terms of labor

Hyrbid Method Specification —

In terms of labor market

supports the notion that the

=

and Non-Japanese pitcher
populations is1ot the same

discrimination, this conclusion

wage structure across Japanese

market discrimination, this conclusion supports
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the notion that the wage structure across Japanese and Non-Japanese pitchiemgapula
not the same. It appears that the determinants of a pitcher’s salary diffeebhdapanese
and non-Japanese players. This issue will be investigated further via @araogposition.

A table providing a summary of this section’s results is displayed on the iiodjpage.
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Traditional Method Specification

Variable Japanese Non-Japanese

Constant -18.491540 1.322308
(-1.70) (1.41)

InSW 0.342087 0.6271473*
(0.98) (15.16)

InIP 0.430970 0.9138889*
(1.72) (30.25)

Age 1.847313* 0.4754024*
(2.57) (8.28)

Age? -0.0275738*  -0.0065061*
(-2.34) (-7.28)

Small

W _pitch

SV_pitch

R? 0.3705 0.3751

Adjusted R® 0.3060 0.3741

Number of

Observations 44 2471

Critical F

value 2.21

F Statistic 2.769937625

Conclusion

't' values in parentheses

Pooled Data

1.135362
(1.22)
0.6301392*
(15.35)
0.9043861*
(30.36)
0.3886703*
(.0571649)

-0.006697*
(-7.52)

0.3709
0.3699

2515

Chow Test

It is incorrect to assume equal coefficients.
* Significant at the 5% level

Hybrid Method Specification

Japanese
-17.507370
(-1.90)

1.923978*
(0.6097785)

-0.029257*
(-2.94)
-0.8500109*
(-2.45)
0.0267386*
(2.78)
0.0267386*
(2.43)
0.5625

0.5050

44

Non-Japanese

5.811774*
(6.72)

0.4298984*
(7.92)

-0.157071*
(-7.00)
-0.157071*
(-4.63)
0.133005*
(40.22)
0.0325574*
(20.61)

0.4408
0.4396

2471

2.10

2.303232731

Pooled Data
5.677091*
(6.61)

0.4378198*
(8.11)

-0.0060367*
(-7.18)
-0.1565574*
(-4.64)
0.1322973*
(40.28)
0.0326926*
(20.88)

0.4391
0.4379

2515

It is incorrect to assume equal coefficients.
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Oaxaca Decomposition — Pitchers
Following the logic outlined in the Oaxaca decomposition analysis of the batethda

pitcher data has been analyzed. The same commentary regarding theamdtical
interpretation issues apply in this case. Oaxaca decomposition analyiseehasnducted

on both of the original pitchers regressions. The full Stata output can be found in Appendix
C. As areminder the two pitcher regression specifications are:

Traditional Method:In(salary) = 8, + 8, In(SW) + B, In(IP) + S, (AGE) + 8,(AGE?) + ¢
Hybrid Method: In(salary) = B, + 1, (Wins) + B,(Saves) + B5(AGE) + B,(AGE?) +
Bs(Small) + ¢

The results can be found below; complete Stata output is located in Appendix C.

The Oaxaca decomposition Stata output indicates that the differencenatuha log of

salary, between Japanese and Non-Japanese pitchers, is equal to 0.0888. Because the salary
variable is expressed in log form, this means that Non-Japanese pitchealar@aries

8.88% higher than Japanese pitchers. This fact alone does not indicate the presence of
discrimination whatsoever. For example, certainly no discrimination woultiexis could

prove that 100% of the difference in pay is attributable to differences in skilHévsl is

where the Oaxaca decomposition comes in.

Traditional Method

The Oaxaca output from both the traditional and hybrid pitcher specificationyis ver
interesting. The traditional method’s data will be presented first. Tlghteel results
indicate that of the 0.0888 difference in

salary level between the two groups, -

0.1267 (-143.74%) can be explained by the Oaxaca Deco_mpo_sition (Traditional
Method Specification) — Japanese

difference in pitcher characteristi¢end pitchers facdigh levels of salary
0.2154 (244.48%) cannot be explained by~ discrimination.

31 As indicated by the included explanatory variables

49



Japanese Players in Major League Baseball: An Econometric Analysis of Labor
Discrimination
Senior Capstone Project for Kyle Audet

differences in pitcher characteristics. The interpretation of suchgesumttake some time to
get used to. This situation is equivalent to a groupgfly educatedvorkers beingaid less
than a group oess educatediorkers. This situation goes beyond discrimination. The
Japanese pitchers exhibit superior pitching talent and receive less! OvepR0E%
difference in salary level cannot be attributed to differences in pitchermpance!

Hybrid Method

The results of the hybrid method specification mirror those of the traditionabdhet
specification. The weighted results indicate that of the 0.0888 differeisedany level

between the two groups, -0.1388 (-156.32%) can be explained by the difference in pitcher
characteristic§ and 0.2276 (256.32%) cannot be explained by differences in pitcher
characteristics. Because over 200% of the difference in salary leveltdze attributable to
differences in pitcher characteristics, it appears that Japanesegftdesa high degree of

salary discrimination in Major League Baseball.

Oaxaca Decomposition (Hybrid
Method Specification) — Japanese
pitchers facédnigh levels of salary
discrimination.

32 As indicated by the included explanatory variables
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Evaluating Average Difference in Salary Level
These regressions investigate the average difference in salary lsvetbdapanese and

non-Japanese (a) batters and (b) pitchers.

Batters

A dummy variable, “Japan”, equal to one if a player is Japanese and zero if aplayer i
Japanese, was added to each pooled batter regression specification previouslysrun. Thi
dummy variable will be tacked-on to each regression and the results wileh@éted. |
hypothesize that the dummy variable’s estimated coefficient will be ymsitihis makes
sense as it is likely that a Major League Baseball team would begntitlipay a Japanese
player a premium to entice him to play in America. A plausible explanation fas ttat
perhaps American baseball teams feel that they can capitalize frdftuantaAsian fan base
if their team includes Japanese players. The same hypotheses regardintaihing
independent variables’ estimated coefficients from the each pooled regreédisauply.

Table 6 displays a summary of the effect of including the “Japan” dummngbleiii

Table 6 — Average Differences in Salary Level - Batters
Regression Estimated Coefficient | Sign P-value Effect of adjusted R
of "Japan"
Traditional 0.2594886 | + 0.132 | Increase
Sabermetric 0.1500573 | + 0.347 | No Effect
Hybrid -0.0316807 | — 0.317 | Increase

% The full STATA outputs may be found in Appendix D.
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Traditional Method Specification Sabermetric Method Specificaition Hybrid Method Specification

Non- Pooled Non- Pooled Non- Pooled
Variable Japanese Japanese Sample Japanese Japanese Sample Japanese Japanese Sample
Constant -33.059480 12.77249* 12.71623* -46.795750 6.911381* 6.866354* 14.35573* 13.18182* -1.127553*
(-1.02) (13.68) (13.62) (-1.63) (7.96) (7.90) (32.04) (464.47) (-202.98)
In(SLG) 2.885037 1.474381* 1.481094*
(1.69) (19.17) (19.3)
In(ABper) 0.7449075* 0.8940838* 0.8927026*
(2.37) (5.69) (33.90)
Age 3.355589 0.3323444%* 0.3363722* 3.857727* 0.351889* 0.3551582*
(1.68) (5.69) (5.76) (2.16) (6.51) (6.57)
Age2 -0.053374 -0.0049254* -0.0049939* 0.0610776* 0.0050582* -0.0051134*
(-1.74) (-5.44) (-5.51) (2.16) (-6.04) (-6.10)
Runs 0.0151046* 0.0236116* 0.0235732*
(3.00) (61.56) (61.62)
Runs Created 0.0119007* 0.0221799* 0.0042926*
(2.36) (59.57) (59.06)
Small -1.208448*  -0.8940838* 0.0052367*
(-2.50) (-2.79) (0.91)
Japan 0.2594886 0.1500573 -0.0316807
(1.51) (0.94) (-1.00)
R? 0.5485 0.4781 0.4780 0.5600 0.5538 0.5533 0.5737 0.5386 0.5314
Adjusted R? 0.4423 0.4774 0.4771 0.4867 0.5534 0.5527 0.5288 0.5383 0.5309
Number of Observations 22 3061 3083 22 3065 3087 22 3065 3087

't' values in parentheses

* Significant at the 5% level
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The conclusion of these regressions, regarding the

average differences in salary level between Japanesel and
non-Japanese batters, is inconclusive. In some caseg, the
inclusion of the dummy variable strengthened the ovefall We cannot conclude that

fit of the specificatior while compromising the

significance of individual estimated coefficients of sonje

of the variables. In some cases the estimated coefficient

of the Japan dummy variable was in the expected

Japanese batters are paid
a premium over equally-
skilled, non-Japanese
players.

direction, however, the significance of this coefficient is

weak. We cannot conclude that Japanese batters are paid a premium over kitjed|ly-s

non-Japanese players.

3 As measured by the adjusted R-squared.
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Pitchers
A dummy variable, “Japan”, equal to one if a player is Japanese and zero if aplayer i

Japanese, was added to each pooled pitcher regression specification previously run. This
dummy variable will be tacked-on to each regression and the results will ipzatdd. |
hypothesize that the dummy variable’s estimated coefficient will be y&sitihis makes

sense as it is likely that a Major League Baseball team will liegvio pay a Japanese player
a premium to entice him to play in America. A plausible explanation for this ipehadps
American baseball teams feel that they can capitalize from an afAsent fan base if their
team includes Japanese players. The same hypotheses regarding thegentependent
variables’ estimated coefficients from the each pooled regresdiapsgly. Table 7 displays

a summary of the effect of including the “Japan” dummy vari&blehe more complete data

is presented on the subsequent page.

Table 7 — Average Difference in Salary Level, Pitchers
Regression | Estimated Coefficient of Sign | P-value Effect of adjusted R®
IIJapanll
Traditional -0.2159403 | — 0.088 | Increased
Hybrid -0.2288458 | — 0.056 | Increased

In both instances, the coefficient of the “Japan”

dummy variable is negative. This suggests that §ll All else equal, Japanese
pitchers argaid lessthan

else being equal (performance, age, and team comparable non-Japanese.

market), Japanese pitchers are pesdthan

comparable non-Japanese pitchers. These results
are very interesting, although they disprove my original hypothesis. Peeaaps feel that
the cultural and language barriers between Japanese and non-Japanesevpitaress
discounting their pitching ability. Furthermore, perhaps Japanese pitchensfairly viewed
as having less skill during the hiring (scouting in the case of Major Leagebd@Bsprocess.
Further investigation into the discriminatory pay practices agaapsingse pitchers can be
found in the Oaxaca decomposition performed in this study.

% The full STATA outputs may be found in Appendix D.
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Variable
Constant

InSW
InIP
Age
Age2
Small
W_pitch
SV_pitch
Japan
RZ

Adjusted R*

Number of
Observations

Traditional Method Specification

Japanese

-18.491540
(-1.70)
0.342087
(0.98)
0.430970
(1.72)
1.847313*
(2.57)

-0.0275738*
(-2.34)

0.3705
0.3060

44

't' values in parentheses

Non-Japanese

1.322308
(1.41)
0.6271473*
(15.16)
0.9138889*
(30.25)
0.4754024*
(8.28)

-0.0065061*
(-7.28)

0.3751
0.3741

2471

Pooled

Sample

1.070845
(1.15)
0.6298058*
(15.34)
0.9057056*
(30.41)
0.4925648*
(8.61)

-0.0067567*
(-7.58)

-0.2159403
(-1.71)
0.3717
0.3704

2515

Japanese
-17.507370
(-1.90)

1.923978*
(0.6097785)

-0.029257*
(-2.94)
-0.8500109*
(-2.45)
0.0267386*
(2.78)
0.0267386*
(2.43)

0.5625
0.5050

44

* Significant at the 5% level

Non-Japanese

5.811774*
(6.72)

0.4298984*
(7.92)

-0.157071*
(-7.00)
-0.157071*
(-4.63)
0.133005*
(40.22)
0.0325574*
(20.61)

0.4408
0.4396

2471

Hybrid Method Specification

Pooled Sample
5.616929*
(6.54)

0.441934*
(8.19)

-0.0061009*
(-7.25)
-0.1604358*
(-4.75)
0.1323636*
(40.32)
0.0327139*
(20.90)
-0.2288458
(-1.92)
0.4399

0.4385

2515
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Evaluating Returns to Age
These regressions investigate the difference in returns to age betweenelapdmesn-

Japanese (a) batters and (b) pitchers.

Batters
An interaction variable was added to each pooled batter regression specificationgye

run3® These specifications include an interaction variable to account for the diffetems
to age for Japanese players. | hypothesize that the estimated coeffitiestvariable will

be positive. When a team hires a young player (Japanese or otherwisgntheears a large
risk due to the uncertainty associated with predicting that player’s futdogmpance (i.e.

will success in college/high school translate to the major leagues, willl#yatr adapt to
professional baseball life, etc.). International scouting divisions are not as astihsir
domestic counterparts; therefore, team’s have even less information to uskiatieg

foreign prospective players’ future performance prospects.

The cultural change from playing baseball in Japan to playing in Americacévetisa) is a

large one. Indeed, much of Robert Whiting’s You Gotta Haveai@ The Meaning of

Ichiro, is devoted to explaining some of the major cultural differences between the two
nations’ baseball worlds. Therefore, it is logical to believe that a Nlaague Baseball team
would pay more for proven veteran Japanese players (i.e. older players), who haweedevel
and proven their skill set on American turf, in Major League Baseball, as opposed to a
Japanese player coming straight out of Japan. Table 8 displays a sumrhargftédt of
including the “Japan” dummy variabté. The more complete data is presented on the

subsequent page.

% The original specifications, as opposed from gheciications designed to evaluate average diffezsiin
salary level between Japanese and non-Japanesesp{the immediately previous section).
3" The full STATA outputs may be found in Appendix E.
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Table 8 — Returns to Age, Batters
Regression | Estimated Coefficient of Sign P-value Effect of adjusted R®
"Japan*Age"
Traditional 0.0076373 | + 0.164 | Increase
Sabermetric 0.0043989 | + 0.386 | No Effect
Hybrid 0.0068705 | + 0.183 | Increase

These results are mixed. The inclusion of the interaction term never hurt tHeapecs

overall fit®®. In all instances the estimated coefficient of the interaction ternpesitive,

indicating that the returns to age for a Japanese batter are greatéethetnimns to age for a

non-Japanese batter. However, the significance of the variable was slighklyn two cases

and very weak in one case.

3 As measured by the adjusted R-squared value.

We cannot conclude that
Japanese batters receive
higher returns to age
than non-Japanese.
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Variable
Constant

In(SLG)
In(ABper)

Age

Age2

Runs

Runs
Created

SmallMarket
Japan*Age

RZ
Adjusted R*

Number of
Observations

Traditional Method Specification

Japanese
-33.059480
(-1.02)
2.885037
(1.69)
0.7449075*
(2.37)
3.355589
(1.68)

-0.053374
(-1.74)

0.5485
0.4423

22

't' values in parentheses

Non-Japanese

12.77249*
(13.68)
1.474381*
(19.17)
0.8940838*
(5.69)
0.3323444*
(5.69)

-0.0049254*
(-5.44)

0.4781
0.4774

3061

Pooled Sample

12.71332*
(13.61)
1.480923*
(19.29)
0.8928816*
(33.90)
0.33661*
(5.76)

-0.004998*
(-5.52)

0.0076373
(1.39)
0.4779
0.4771

3083

* Significant at the 5% level

Sabermetric Method Specification

Japanese
-46.795750
(-1.63)

3.857727*
(2.16)

0.0610776*
(2.16)
0.0151046*
(3.00)

0.5600
0.4867

22

Non-
Japanese

6.911381*
(7.96)

0.351889*
(6.51)

0.0050582*
(-6.04)
0.0236116*
(61.56)

0.5538
0.5534

3065

Pooled Non-
Sample Japanese Japanese
6.864153* 14.35573* 13.18182*
(7.90) (32.04) (464.47)
0.3553071*
(6.57)
-0.0051159*
(-6.10)
0.023575*
(61.63)
0.0119007*  0.0221799*
(2.36) (59.57)
-1.208448*  -0.8940838*
(-2.50) (-2.79)
0.0043989
(7.90)
0.5533 0.5737 0.5386
0.5527 0.5288 0.5383
3087 22 3065

Hybrid Method Specification

Pooled
Sample

13.18464*
(465.15)

0.0221517*
(59.68)
-0.0850534*
(-2.90)
0.0068705
(1.33)
0.5386

0.5381

3087
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Pitchers

The same process detailed above was conducted on the original two pitcheiaegres
specifications. Using the same logic, the hypothesized estimatectieyefbf the interaction
variable is positive. The results are summarized and explained below. Theomgiete

data is presented on the subsequent page.

Table 9 — Returns to Age, Pitchers
Regression | Estimated Coefficient of Sign P-value Effect of adjusted R
"Japan*Age"
Traditional -0.0057914 | — 0.153 | Increase
Hybrid -0.0066338 | — 0.084 | Increase

The results are intriguing. The inclusion of the interaction term strengthened both
specifications® In both cases, the estimated coefficient of the interaction termewgasive
The hypothesis stating that Japanese pitchers with proven experienceréuemsing age as

a proxy) would be paid premiums, compared to non-

Japanese pitchers was proven false. These findirlgs

are more robust given the significance of the
Japanese pitchers with

proven success apaid
coefficient was fairly significant (see p-values). lessthan non-Japanese

pitchers.

interaction term; in both cases the estimated

39 As measured by the adjusted R-squared value.
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Traditional Method Specification Hybrid Method Specification

Variable Japanese Non-Japanese Pooled Sample Japanese Non-Japanese Pooled Sample
Constant -18.491540 1.322308 1.072015 -17.507370 5.811774* 5.611269*
(-1.70) (1.41) (1.15) (-1.90) (6.72) (6.53)
InSW 0.342087 0.6271473* 0.6298631*
(0.98) (15.16) (15.34)
InIP 0.430970 0.9138889* 0.9053865*
(1.72) (30.25) (30.39)
Age 1.847313* 0.4754024* 0.49249* 1.923978* 0.4298984* 0.4421845*
(2.57) (8.28) (8.61) (0.6097785) (7.92) (8.19)
Age® -0.0275738* -0.0065061* -0.0067547* -0.029257%* -0.157071* -0.0061037*
(-2.34) (-7.28) (-7.58) (-2.94) (-7.00) (-7.25)
Small 0.8500109* -0.157071* -0.1599309*
(-2.45) (-4.63) (-4.74)
W_pitch 0.0267386* 0.133005* 0.1323587*
(2.78) (40.22) (40.31)
SV_pitch 0.0267386* 0.0325574* 0.0327212*
(2.43) (20.61) (20.91)
JapanxAge -0.0057914 -0.0066338
(-1.43) (-1.73)
R? 0.3705 0.3751 0.3714 0.5625 0.4408 0.4391
Adjusted R? 0.3060 0.3741 0.3702 0.5050 0.4396 0.4379
Number of
Observations 44 2471 2515 44 2471 2515

't' values in parentheses

* Significant at the 5% level
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POSITIONAL DISCRIMINATION
Perhaps Japanese players experience on-field discrimination, in addition toameifgbay

discrimination. On-field discrimination takes shape when certain groypsopie are
restricted from playing certain positions. For example, research éasbeducted in
examining the utter lack of African-American quarterbacks in the Natiowtball Leagu®.
Other examples of positional discrimination research include discriminajeonsa African-
American infielders in baseball and French Canadian offense and defensemetigin Eng
Canadian hockey teams. The hockey example may be a better example gétsen—
where certain teams display discriminatory practices. This topic, asroedagith Japanese

players in Major League Baseball will be examined in a subsequent sectins dper.

The data used in this analysis is a combination of the datasets used in the abes®mnegre
analysis. This dataset includes both pitchers and batters from the 1995 season through the
2007 season. 569 records were deleted because positional information was not available
the dataset. The total dataset includes 10,971 records. When a player’s recordiitiditate

he play multiple positions, the first positional record was taken to be his prosition for

this analysis.

The player records were dichotomized into a Japanese and non-Japanest dlamalyzed
positional segregation by examining the proportion of players in each categorytimnposi
Positions were aggregated into two (Batters or Pitchers) and four cage@jofielders,
Outfielders*! Pitchers, or Catchers). Table 10 and Table 11 display the data from these

analyses; Figures 1 and 2 display this data visually in the form of pie charts.

Table 10 - Players by Position, 2 Categories

Batters Pitchers

Non-Japanese 5801 5077
Japanese 30 62
Grand Total 5831 5139

“OA paper by Jason Chung available at the followifRj_Us a good resource: http://ssrn.com/abstract2835
“! Includes designated hitters (DH).
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Figure 1 - Players by Position, 2 Categories

Japanese

Non-Japanese

The Z-test for two proportions was conducted on the above staffstidss type of statistical

test is used to determine whether two proportions are significantly diffefée null

hypothesis stating that both proportions are equal was tested. For both pitchetseasid ba
this null hypothesis was not confirmed. At the 90% confidence level, the proportion of

Japanese players who are pitchers is significantly different from dpenion of non-

Japanese players who are pitchers. The same
statement is true for batters.

At the 90% confidence level, the
proportion of Japanese players
who are pitchers isignificantly
different from the proportion of
non-Japanese players who are
pitchers. The same statement is
true for batters.

42 A handy calculator found &ttp://www.dimensionresearch.com/resources/calotsattest.htmivas utilized

for this analysis.
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Table 11 - Players by Position, Four Categories

IF OF C P
Japanese 11 17 2 62
Non-Japanese 3290 1814 697 507y
Grand Total 3301 1831 699 513p

Figure 2 - Players by Position, 4 Categories

Japanese Non-Japanese
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The Z-test for two proportions was conducted on the above staffstidse null hypothesis
stating that both proportions are equal was tested. For both pitchers and infieisiens) t
hypothesis was not confirmed. At the 90% confidence level, the proportion of Japanese
players who are pitchers is significantly different from the proportion of apankse players
who are pitchers. The same statement is true for

infielders. The null hypothesis was rejected or

the Z tests performed for catchers and
Between Japanese and Non-

outfielders—the proportion of Japanese players Japanese players’ the proportion
who are outfielders (catchers) is not significanfy ©f players that are outfielders and

_ ' catchers araot significantly
different from the proportion of Non-Japanese different.

players who are outfielders (catchers).
Between Japanese and Non-

Japanese players, the proportion
of players that are infielders and
pitchersare significantly
different.

43 Again, the calculator found attp://www.dimensionresearch.com/resources/calotséttest.htmivas utilized
in this analysis.
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CUSTOMER DISCRIMIATION: DOES MARKET REPRESENTATION
INFLUENCE TEAM REPRESENTATION

For this section of the study, United States’ Census data, from the year 200%) oerss
analyzed in relation to the number of Japanese players employed by given dagoelL
Baseball teams. The U.S. Census data utilized in this study was downloaded from

http://www.census.gavl hypothesize that teams with large Asian fan bases are more likely to

employ larger numbers of Japanese players. This kind of research, examineigtitveship
between fan base and team representativeness, has been widely conducted thesthga
of African-Americans in the National Basketball Association (NBAJThe customer-
discrimination hypothesis tells us that teams lose revenue and profits whewtpe color-
neutral hiring practices (Burdekin, Hossfield, & Smith, 2005). Put more simplyhduosyt
says that teams factor a player’s race into the hiring decision due to chatiam by the

fan®

For purposes of this study, | will model much of my analysis in the sameagjene

methodology demonstrated by Burdekin, Hossfield and Smith in their 2005 artield\NByk

Fans Becoming Indifferent to Race?” For my analysis, | createctadsgireet file linking:

teams, Asian populatiorf and the number of Japanese players employed (in total). Thus
there will initially be thirty-four observations, one for each Major leaggant’ In

conducting this analysis, several assumptions and limitations were encdurfbeemost

recent team location and stadiums were used for teams that have previously ntateed. S
populations were used instead of city populations. The Toronto Blue Jays were notlinclude
in the study because only 2000 United States Census data was used. Additionallypidne Tam
Bay Devil Rays were dropped because they did not have sufficient yeara,addiglabmpared

to the other organizations.

** | most frequently reference a 2005 study by Buimlgiossfield and Smith. Also see works by: BroBpjro
& Keenan (2001); Burdekin & Idson (1991); Hoang &€Rher (1999); and Koch & Vander Hill (1988).

“5 (i.e. white fans prefer watching white playersti¢dn-American fans prefer watching African-America
players, etc.)

*® Measured at the state level.

*" This is not equal to thirty due to teams that nibleations during the sample time period.
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The regression equation seeks to shed light on the determinants of a team'’s racial
compositior’® Therefore, the dependent variable in the regression specification is the team
racial composition. Building on earlier studigthe independent variables in this study—
those that act to explain a team’s racial composition—are: the racipbsdrn of the

team’s state and the ratio of the team’s stadium capacity to the populat®state. This

last variable is included because teams with larger markets needtobtth@ar teams’ roster
racial composition to that of their fan bases to the extent of their smékntampetitors®
Ultimately, customer discrimination affects teams in small markete. min equation format,

the regression appears as follows:

stadium capacity

team composition = + ercentpopwhite) +
p Bo + B1(p pop )+ B opulation

The regression results provide little value to this study. The full Stata dwatputot been
included because of its lack of significance. In hindsight, this analysis wgedliftom the
beginning. The data pool of observations was limited. The Asian/Non Asian sudy, a
compared to the black/white studies of customer discrimination in the NBA, comtaais
fewer data observations. As the years continue, more and more Asian playei3 wilML
increase the validity of such an exercise. Many of

the assumptionSwere made during the data

gathering process only compounded the problem.
This is an area that should be explored by furth

M4
-

The customer discrimination
analysis provided inconclusive
results and should be the basis of
a future study.

researchers.

“8 Race in the context of Asian or Non Asian. Theesgcher has observed that MLB teams are largelgl énj
their propensity to employ African-Americans.

9 Namely Burdekin, Hossfield and Smith’s 2005 aetithre NBA Fans Becoming Indifferent to Race?”

0 | arge market teams have a larger pool from whichttract paying fans.

°1 Using state census data instead of standard nediteopstatistical areas; simply using the mosengstadium
and locations for teams that have moved; elimiggtiie one Canadian team (the Toronto Blue Jays);
aggregating statistics.
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SEGREGATION AND PERFORMANCE ANALYSIS: INCLUSIVE VS.
HOMOGENEQUS

In the workplace, employers have incentives to hire a diverse pool of employeesnyin m

cases, the combination of people with unique histories, talents, and ideas produces superior
performance—as compared to homogeneous sets of employees (Davis & Bryant,A2008)
logical question to ask would be—does this affect of performance enhancement \@ydiver
apply to professional sports, specifically Major League BasebdlB tdams were 100%

white until the Brooklyn Dodgers hired Jackie Robinson in 1947. Although some teams were
slow to integrate (i.e. the Boston Red Sox through the 1950s), in the recent past all MLB
teams stand on roughly equal footing regarding the integration of Africani@dams.

However, teams do differ in their integration with respect to Japanese boenspldgams

like the Seattle Mariners, Boston Red Sox, and New York Yankees have integrated the
rosters with Japanese players much more rapidly than teams like the Manhest,

Pittsburgh Pirates, and Cleveland Indians. | will investigate which aeaistics Japanese
inclusive teams share as well as whether their integration has led @seati®uccess—

namely in the categories of wins and attendance.

For this aspect of the study, simple statistical fédlave been employed. First teams have
been categorized according to their nature of inclusion of Japanese playaesteam
breakdown and accompanying graphs are displayed on the subsequent pages.

*2 Mean, minimum, maximum and standard deviation

%3 The Toronto Blue Jays were dropped because af@aiadian location. The Arizona Diamondbacks e w
as the Tampa Bay Rays were dropped because they@aasion teams for which we do not have complete
data.
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Inclusive Semi-Inclusive Homogeneous
Teams Japanese Players Teams Japanese Players Teams Japanese Players
('95-'07) ('95-'07) ('95-'07)

SEA 18 MIL 3 ATL 0
LAD 11 TEX 3 BAL 0
NYM 9 COL 2 CHC 0
NYY 9 DET 2 CIN 0
WSN 7 KCR 2 CLE 0
ANA 5 SDP 2 FLA 0
CHW 5 OAK 1 HOU 0
STL 5 SFG 1 MIN 0
BOS 4 PHI 0
PIT 0
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Average Wins

Minimum Wins

1 - Inclusive 2 - Semi-Inclusive 3 - Homogeneous

1,150 980
1,100 960
940 -~
1,050 920 -
1,000 200 1
880 -
900 T 1 840 T T T 1
1 - Inclusive 2 - Semi-Inclusive 3 - Homogeneous 1-Inclusive 2 - Semi-Inclusive 3 - Homogeneous
Maximum Wins Standard Deviation (wins)
1,300 95
1,250 90
1,200
85
1,150
80
1,100
1,050 73
1,000 T . 70 . .

1 - Inclusive 2 - Semi-Inclusive 3 - Homogeneous
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W Average Wins

1,252

1 - Inclusive

Combined Wins Analysis

H Minimum Wins B Maximum Wins B Standard Deviation (wins)

1,230

1,111

1,043

909

2 - Semi-Inclusive 3 - Homogeneous

92
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Average Attendance by Category

1,003,298,821

890,878,033

841,651,486

1 - Inclusive 2 - Semi-Inclusive 3 - Homogeneous

Inclusive Teams by Market Size

M large M Medium ®Small

3 - Homogeneous 2 - Semi-Inclusive 1-Inclusive

71



Japanese Players in Major League Baseball: An Econometric Analysis of Labor
Discrimination
Senior Capstone Project for Kyle Audet

This section of the study is very interesting. Inclusive teams tend to edarathe east and
west coast and in large metropolitan markets. It appears that “early atoptlaganese
players* have achieved superior performance in the categories of wins and total attexslance
compared to those teams that have not integrated Japanese players into theirlroster
addition, inclusive teams’ win totals are more tightly centered around its, meaompared

to homogeneous teams. It should be

mentioned that this apparent causal relationghip

(Model A) could indeed be spurious (Model

More research needs to be
conducted prior to reaching

this relationship. The two models are concrete conclusions regarding
the causality between Japanese

player inclusion and superior
area that should be further investigated. By performance.

B). ltis likely that a second variaBfedrives

displayed below. Nonetheless, this is anothgr

controlling for variables like market size,

future research will yield more robust results.

Model A:
Japanese Inclusion Wins Attendance
(+) (+) (+)
Model B:

Market Size Japanese
Inclusion

Attendance

(+)

) (+)

% Those classified as Inclusive
% Likely market size
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CONCLUSION

Using Major League Baseball statistics of the 1995 through 2007 séasissstudy has
investigated the issue of labor discrimination, specifically in termspaingse players. As

outlined in the introductory section, this study intended to answer seven specifiorgiesti

1. What are the best salary predictors for Japanese-born players playiadJnited
States and do these differ from non-Japanese players?

A detailed summary of the salary regression and Oaxaca decomposition is poovjohegk
75. Salary discrimination, defined as unequal pay for equal work, was examinetyfjrst
results indicate that Japanese batters, compared to non-Japanese batteracdsalairy
discrimination. Japanese pitchers, however, do suffer from salary dis¢riminn some

cases, the level of discrimination is very high.

2. Does the average salary level of equally talented pl&\eiffer between Japanese
and Non-Japanese?

In terms of average salary levels, the distinction between batters amerpitc also evident.
All else equal, Japanese pitchers are paid less than comparable non-Japarase pit
However, the results from the batters’ regressions are not as condnetefofe, we cannot

conclude that Japanese batters are paid premiums over equally skilled, non-Jalpgaese

3. Do returns-to-experientein MLB differ between Japanese and Non-Japanese?
In answering this question, the results mirror the earlier results—Jagaiodses face high
levels of discrimination. Japanese pitchers with proven success are paidfessri-
Japanese pitchers with proven success. However, once again we cannot make concrete

conclusions regarding Japanese batters.

4. Do Japanese-born players playing in the United States face positional
discrimination?

Japanese players are disproportionally pitchers as compared to battereszeHdohe gap is

closing and more Japanese batters are coming to MLB each year. Betps®sdand

* The full dataset from Sean Lahman’s Baseball Areltian be downloaded lattp://www.baseballl.com
> Namely in the Oaxaca decomposition analysis

%8 For both batters and pitchers

% For both batters and pitchers
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Non-Japanese players, the proportion of players that are outfielders arenifictsity
different. The same statement is true for catchers. Thus, Japanesedoayatrgace unfair
disadvantages in the context of playing the outfield and catcher position. Belaysmese
and Non-Japanese players, the proportion of players that are infielders areasitipif
different. This means that Japanese players do face unfair disadvantages irettteo€ont

playing the infield positions.

5. Do Japanese-born players playing in the United States face customer
discrimination?

Previous studies have indicated that fans prefer watching players of theiragwriTtas
study reached inconclusive results regarding the customer discriminatiohdsipotThis
area should be the basis of a future study.

6. Do inclusive teant§ perform bettét* than their homogeneous counterparts?
Teams classified as “Inclusive” have achieved higher levels of wins ah@ti@ndance as
compared to teams classified as “Homogeneous”. These results alone camacbpsality.
Future studies could focus on this topic. In such studies, variables like markétosilcblse

held constant.

7. What are the characteristics of inclusive te¥raad do they differ from their
homogeneous counterparts?

Inclusive teams tend to be located on the east and west coast. In general, b oeEms
tend to be located inland. Inclusive teams tend to be located in large metropalikatsm

Homogeneous teams tend to be located in small metropolitan markets.

0 With respect to Japanese born players
%1 In terms of team wins
%2 With respect to Japanese born players
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Salary Regressions

Batters

Traditional Specificaition

It is correct to pool the data

Nondiscriminatory

Sabermetric Specification

It is correct to pool the data

Nondiscriminatory

Hybrid Specification

It is correct to pool the data

Nondiscriminatory

Oaxaca (Sabermetric)

47.09% of the difference in salary level can be attributable
to differences in batter characteristics.

Japanese batters face salary discrimination in Major League
Baseball.

Pitchers

Traditional Specificaition

It is incorrect to pool the data

Japanese pitchers face salary discrimination in Major League
Baseball.

Sabermetric Specification

N/A

N/A

Hybrid Specification

It is incorrect to pool the data

Japanese pitchers face salary discrimination in Major League
Baseball.

Oaxaca (Traditional)

-143.74% can be explained by the difference in pitcher
characteristics and 244.48%) cannot be explained by
differences in pitcher characteristics.

Japanese pitchers face high degrees of salary discrimination
in Major League Baseball.

Oaxaca (Hybrid)

-156.32% can be explained by the difference in pitcher
characteristics and 256.32% cannot be explained by
differences in pitcher characteristics.

Japanese pitchers face high degrees of salary discrimination
in Major League Baseball.
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Evaluating Average Diffe

rences in Salary Level

We cannot conclude that Japanese batters are paid a

Batters Mixed results - inconclusive premium over equally skilled, non-Japanese players.
All else equal, Japanese pitchers are paid less than
Pitchers Dummy variable's coefficient negative, increased R-squared. | comparable non-Japanese.

Evaluating Returns to Ag

()

We cannot conclude that Japanese batters receive higher

Batters Mixed results - inconclusive returns to age than non-Japanese.
Interaction variable's coeffcieint negative, increased R- Japanese pitchers with proven success are paid less than
Pitchers squared. non-Japanese pitchers with proven success.
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Limitations and Areas for Future Study

It is important to note the main limitations present in this study. The number ok3apa
player observations in Major League Baseball is significantlylemtalan the number of non-
Japanese player observations. With such a small sample size, it is possgnenthaf the
patterns observed may have occurred simply by chance. Relevant econ@uietigues—
bootstrapping and repetitive random sampling—have been used to help combat this
limitation. None of the econometric literature discounts the relevance of the Tasbwnder
such discrepancies; nonetheless, the conclusions of this study would be strengttietied wi

presence of additional Japanese player observations.

Several decisions were made in the preparing the relational databasdyfsisariche
database was modified such that only players with sufficient bargaining power gind pla
time were included. Also for my research purposes | aggregated plaigicstéor players
with multiple “stints”63 or positions by year. It is believed that any errotisis process

would be random and self-cancelling.

This research project has opened the doors for many future studies. Becaudiendéthe
number of Japanese players playing in Major League Baseball, there gramsesof this
study that could be made more robust, given more observations. All of the salary
regressions—the sabermetric, traditional, hybrid, returns to age, adsifagences in salary
level—would benefit from increased Japanese samples. Positional disagamimaly prove
to be spurious—perhaps an additional variable(s) is determining what positionesiapa
ballplayers play in Major League Baseball. Similarly, before ma&amgrete conclusions
regarding customer discrimination, future studies need to be conducted to accotimifor
variables. More data observations will help solidify any such theories. Ther®aorentry

and exit in MLB could be another interesting topic for future researchers.

% Trades between teams, call-ups / send-downsgirame season
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APPENDICES

78



Japanese Players in Major League Baseball: An Econometric Analysis of Labor
Discrimination
Senior Capstone Project for Kyle Audet

Appendix A — Statistical Category Calculations

Batters’ Regressions

AB — ABindividual
per ABteam

H + BB + HBP

OBP = B BB+ HBP + SH + SF

_ (1B)+(@2B=*2)+(3B*3)+ (HR+4) TB
- AB " AB

SLG

Runs Created = SLG * OBP * AB

Runs = (.41 % 1B) + (.82 * 2B) + (1.06 * 3B) + (1.42 * HR)

Key Abbreviations

1B=Singles
2B=Doubles
3B=Triples

AB=At bats
BB=Base on balls
H=Hits

HBP=Hit by pitches
HR=Home runs
RC=Runs created
SF=Sacrifice flies
SH=Sacrifice hits
SLG=Slugging percentage
TB=Total bases
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Pitchers' Regression

WHIP — BB+ H
- IP

ERA = ER 9
P

13HR + 3(BB — HBP) — 2K

DICE =3 +
IP

Key Abbreviations

BB=Base-on-Balls (or Walks)
ER=Earned Runs
ERA=Earned Run Average
H=Hits Allowed
HBP=Hit-by-Pitch

HR=Home Runs Allowed
IP=Innings Pitched
K=Strikeouts
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Appendix B — Batter Regressions

Variable Description

Age A player's age, in years.

Age’ A player's age, in years, squared.

Japan A dummy variable equal to 1 if the batter is Japanese.

JapanxAge | An interaction variable equal to Japan*Age

In(ABper) | The natural log of a player's ratio of a player's at-bats to team at-bats.

In(salary) | The natural log of a player's salary, lagged one year, converted to base year 2000
dollars using the GDP deflator.

In(SLG) The natural log of a player's slugging percentage.

RC_Bat The number of runs generated by a player, computed as (Slugging
percentage)*(On-base percentage)*(At-bats).

Runs The number of runs generated by a player, computed as
(0.41*singles)+(.82*doubles)+(1.06*triples)+(1.42*home runs).

Small A dummy variable, equal to one, if the player's team's market is in the bottom third

of the league's team's markets.
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Traditional Method - Batters

Japanese Batters — Traditional Method

reg Insa

Sour ce

Mode
Resi dual

I nslg | nABper age AGE2 if

13. 2678572
10. 9216381

Nunber of obs
F( 4, 17)
Prob > F
R- squar ed
Adj R-squared
Root MSE

22
5.16
0. 0066
0. 5485
0.4423
. 80153

I nslg

| nABper
age
AGE2
_cons

[ 95% Conf .

Interval]

2.885037
. 7449075
3. 355589
-. 0533735
- 33. 05948

Japan==1
df VS
4 3.3169643

17 .642449302

21 1.15188073
Std. Err t
1.707777 1.69
. 3141022 2. 37
1.992353 1.68

. 030708 -1.74
32.56218 -1.02

-. 7180571

. 0822098
-. 8479088
-.1181616
-101. 7597

6.488131
1. 407605
7.559087
. 0114146
35. 64072

In(salary) = —33.05948 + 2.885037 In(SLG) + .7449075 In(AB,,, ) + 3.355589(AGE)
—.0533735(AGE?)

100% Non-Japanese Batters — Traditional Method

reg |nsa

Sour ce

Mode
Resi dual

I nslg | nABper age AGE2 if

1809. 46296
1975. 56559

3785. 02855

Nunber of obs
F( 4, 3056)
Prob > F
R- squar ed
Adj R-squared
Root MSE

3061
699. 76
0. 0000
0.4781
0.4774
. 80402

I nslg

| nABper
age
AGE2
_cons

[ 95% Conf .

I nterval ]

1. 474381
. 8940838
. 3323444
-. 0049254
12. 77249

Japan==0

df VB

4 452. 36574
3056 .646454709
3060 1.23693744
Std. Err t
. 0768921 19. 17
. 0264454 33.81
. 0584219 5. 69
. 0009056 -5.44
. 9339354 13.68

1. 323616
. 8422313
. 2177943
-. 006701
10. 94129

1. 625147
. 9459362
. 4468945
-. 0031498
14. 6037

In(salary) = 12.77249 + 1.474381In(SLG) + .89408381In(AB,., ) + .3323444(AGE) — .0049254(AGE?)
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Pooled Batters (100% Non-Japanese) — Traditional Method

. reg Insal Inslg | nABper age AGE2

Source | SS df VB Nurmber of obs = 3083
------------- S F( 4, 3078) = 703.49
Model | 1821.75117 4 455.437793 Prob > F = 0.0000

Resi dual | 1992.70236 3078 .647401678 R- squar ed = 0.4776
------------- e Adj R-squared = 0.4769
Total | 3814.45354 3082 1.23765527 Root MSE = .80461

I nsal | Coef . Std. Err. t P>| t| [95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a =
Inslg | 1. 480376 . 0767654 19.28 0.000 1.32986 1. 630893

| nABper | . 8937928 . 0263312 33.94 0.000 . 8421644 . 9454213

age | . 3391687 . 0584055 5.81 0.000 . 2246509 . 4536864

ACE2 | -.0050371 . 0009053 -5.56  0.000 -.0068122 -. 003262

_cons | 12. 67581 . 9337786 13.57 0.000 10. 84492 14. 5067

In(salary) = 12.67581 + 1.480376 In(SLG) + .8937928In(AB,,,) +.3391687(AGE) — .0050371(AGE?)

Chow Test — Traditional Method Entire Batter Dataset

Step 1 Hy: o= By, X1= B1, Xy= P, X3= f3, X4= P4,
H,:Negation of H,

Step 2:x= 5%
Step 3:

v _(1992.70236 — 1986.487228)/(6) _ 1.035855333
53071 (1986.487228)/(3071) 6468535422

= 1.601375374

Step 4: Because the F statistic is less than the critical value of theilfutien -
(approximately 2.21) at the 5% level, we fail to reject the null hypothegislt i correct to
assume equal coefficients.

83



Japanese Players in Major League Baseball: An Econometric Analysis of Labor
Discrimination
Senior Capstone Project for Kyle Audet

Sabermetric Method — Batters

Japanese Batters — Sabermetric Method

reg Insal runs age AGE2 if Japan==1

Source | SS df VB Nurmber of obs = 22
------------- R F( 3, 18) = 7.64
Model | 13.5458167 3 4.51527224 Prob > F = 0.0017

Resi dual | 10.6436786 18 . 59131548 R- squar ed = 0.5600
------------- e Adj R-squared = 0.4867
Total | 24.1894953 21 1.15188073 Root MSE = .76897

I nsal | Coef . Std. Err. t P> t] [ 95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
runs | . 0151046 . 0050333 3.00 0.008 . 0045301 . 0256792

age | 3.857727 1.782648 2.16 0.044 . 112522 7.602931

ACE2 | -.0610776 . 0274847 -2.22 0.039 -.1188208  -.0033345

cons | -46.79575  28.78529 -1.63 0.121 -107. 2714 13. 67991

In(salary) = —46.79575 + .0151046(Runs) + 3.857727(AGE) — .0610776(AGE?)

100% Non-Japanese Batters — Sabermetric Method

reg Insal runs age AGE2 if Japan==0

Source | SS df VB Nurmber of obs = 3065
------------- R F( 3, 3061) = 1266.60
Model | 2103.26963 3 701.089877 Prob > F = 0.0000

Resi dual | 1694.32415 3061 .553519814 R- squar ed = 0.5538
------------- e Adj R-squared = 0.5534
Total | 3797.59378 3064 1.23942356 Root MSE = .74399

I nsal | Coef . Std. Err. t P>l t| [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mm o m— ==
runs | . 0236116 . 0003835 61.56 0.000 . 0228596 . 0243637

age | . 351889 .0540567 6.51 0.000 . 2458978 . 4578802

ACGE2 | -.0050582 .0008378 -6.04 0.000 -.0067009 -.0034156

cons | 6.911381 .8687093 7.96  0.000 5. 208068 8.614693

In(salary) = 6.911381 +.0236116(Runs) + .351889(AGE) — .351889(AGE?)
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Pooled Batters (100% Non-Japanese Batters) — Sabermetric Method

. reg Insal runs age AGE2

Sour ce | SS df VB Nunber of obs = 3087
------------- Fo e F( 3, 3083) = 1272.22
Model | 2116. 9966 3 705.665534 Prob > F = 0.0000
Residual | 1710.05203 3083 .554671434 R- squar ed = 0.5532
------------- R Adj R-squared = 0.5527
Total | 3827.04863 3086 1.24013242 Root MSE = .T74476

I nsal | Coef . Std. Err. t P>l t] [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e mm o mm ==
runs | . 0235852 . 0003823 61. 69 0. 000 . 0228355 . 0243349

age | . 3568111 . 0540565 6.60 0.000 . 2508208 . 4628015

AGE2 | -.0051389 . 0008378 -6.13 0. 000 -.0067815 -.0034963

cons | 6.840096 .8687111 7.87 0.000 5.136785 8. 543407

In(salary) = 6.840096 + .0235852(Runs) + .3568111(AGE) — .0051389(AGE?)

Chow Test — Sabermetric Method Entire Batter Dataset

Step 1:Hy: o= By, X1= B, X3= P2, X3= f3
H,:Negation of H,

Step 2:x= 5%
Step 3:

(1710.05203 — 1704.970518)/(5) _ 1.016302428

P = = 1.83414466
43077 (1704.970518)/(3077) .5541015658

Step 4: Because the F statistic is less than the critical value of th&ibution ko
(approximately 2.37) at the 5% level, we fail to reject the null hypothegislt i correct to
assume equal coefficients.
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Hyrbid Method — Batters

Japanese Batters — Hybrid Method

reg Insal RC bat Small if Japan==

Source | SS df VB Nurmber of obs = 22
------------- R e T R T F( 2, 19) = 12.78
Model | 13.8774581 2 6.93872906 Prob > F = 0.0003
Resi dual | 10.3120372 19 .542738801 R- squar ed = 0.5737
------------- e Adj R-squared = 0.5288
Total | 24.1894953 21 1.15188073 Root MSE = .73671
I nsal | Coef . Std. Err. t P>| t| [ 95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
RC_bat | . 0119007 . 0050486 2.36 0.029 . 0013338 . 0224676
Smal | | -1.208448 . 4832568 -2.50 0. 022 -2.219916 -.1969797
cons | 14.35573 . 4480994 32.04 0.000 13. 41785 15. 29361
In(salary) = 15.412 + .046962(Runs Created) —.0324151(Small)
100% Non-Japanese Batters — Hybrid Method
reg Insal RC bat Small if Japan==

Sour ce | SS df VB Nunber of obs = 3065
------------- Fo e F( 2, 3062) = 1787.50
Model | 2045.56041 2 1022.7802 Prob > F = 0.0000
Residual | 1752.03338 3062 .572185949 R- squar ed = 0.5386
------------- o Adj R-squared = 0.5383
Total | 3797.59378 3064 1.23942356 Root MSE = .75643
I nsal | Coef . Std. Err. t P>| t| [95% Conf. Interval]
_____________ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e —— i —m =
RC_bat | . 0221799 . 0003723 59.57 0.000 . 0214499 . 02291
Small | -.0818273 . 0293428 -2.79 0. 005 -.1393609 -.0242937
cons | 13.18183  .0283802 464.47 0.000 13.12618 13. 23747

In(salary) = 13.18183 +.0221799(Runs Created) — .0818273(Small)
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Pooled Batters (100% Non-Japanese) — Hybrid Method

. reg Insal RC bat Snal

Sour ce | SS df VB Nunber of obs = 3087
------------- Fo e F( 2, 3084) = 1798.02
Model | 2060. 19977 2 1030.09988 Prob > F = 0.0000
Residual | 1766.84887 3084 .572908193 R- squar ed = 0.5383
------------- R Adj R-squared = 0.5380
Total | 3827.04863 3086 1.24013242 Root MSE = .75691

I nsal | Coef . Std. Err. t P>l t] [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o m e mm o mm =
RC bat | . 022163 . 0003711 59.72 0. 000 . 0214353 . 0228907

Snall | -.0858057 .0292848 -2.93 0.003 -. 1432253  -.0283861

cons | 13. 18573 . 0283367 465. 32 0. 000 13. 13017 13. 24129

In(salary) = 13.18573 +.022163(Runs Created) — .0858057 (Small)

Chow Test — Hybrid Method Entire Batter Dataset

Step 1: Hy: Xo= B, %1 = 1, %= B>
H,: Negation of Hy

Step 2:x= 5%
Step 3:

; _ (1766.84887 — 1762.345417)/(4) _ 1.12586325
33079 (1762.345417)/(3079) 5723759068

= 1.966999723

Step 4: Because the F statistic is less than the critical value of th&iBution ko

(approximately 2.60) at the 5% level, we falil to reject the null hypothegisit i correct to

assume equal coefficients.
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Oaxaca Decomposition — Batters

Sabermetric Specification

In(salary) = By + B1(Runs) + f,(AGE) + f (AGEZ) +¢

oaxaca nonJapan Japan;
(high estimtes: Japan; |ow estimates: nonJapan)

Mean prediction 1 = 14.99823

Mean prediction 2 = 14.50865

| Coef Std. Err z P>| z| [ 95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
di fference | . 4895785 . 2527598 1.94 0.053 -. 0058216 . 9849787

Total | Coef Std. Err z P>| z| [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mmmmm o m— ==
three-fold

endownent s | . 2298492 . 1212733 1.90 0. 058 -. 007842 . 4675405
coefficients | -.017054 . 2557174 -0. 07 0. 947 -. 5182509 . 4841428
interaction | . 2767834 . 2278557 1.21 0.224 -. 1698056 . 7233723

oaxaca nonJapan Japan, weight(1 0.5 0 onega);
(high estimtes: Japan; |ow estimates: nonJapan)

Mean prediction 1 = 14.99823

Mean prediction 2 = 14.50865

| Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mmmmm o m— ==
di fference | . 4895785 . 2527598 1.94 0.053 -. 0058216 . 9849787

Total | Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mmmmm o m— ==
WL |

expl ai ned | . 5066326 . 2656083 1.91 0. 056 -.01395 1. 027215
unexpl ai ned | -.017054 . 2557174 -0.07 0. 947 -. 5182509 . 4841428
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmmm— ==
WE, 5 |
expl ai ned | . 3682409 . 1721857 2.14 0. 032 . 0307631 . 7057187
unexpl ai ned | . 1213376 . 2058956 0.59 0.556 -.2822103 . 5248855
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mmmmm o m— ==
WEO |
expl ai ned | . 2298492 . 1212733 1.90 0. 058 -.007842 . 4675405
unexpl ai ned | . 2597293 . 2129641 1.22 0.223 -. 1576727 . 6771313
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mmmmm o m— ==
Weonmega |
expl ai ned | . 2305448 . 1213653 1.90 0. 057 -.0073269 . 4684164
|

unexpl ai ned . 2590338 . 2124685 1.22 0.223 -.1573969 . 6754644

88



Japanese Players in Major League Baseball: An Econometric Analysis of Labor
Discrimination
Senior Capstone Project for Kyle Audet

oaxaca2 | nsal Inslg | nABper age AGE2, by(Japan) pool ed;

0 Nunber of obs 1 3061

G oup 1: Japan =
Number of obs 2 = 22

Goup 2: Japan

In
H

Mean prediction 1 = 14.50865

Mean prediction 2 14. 99823

| Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a =
difference | -.4895785 . 2527598 -1.94 0.053 -.9849787 . 0058216

Total | Coef . Std. Err. z P>| z| [95% Conf. Interval]

pool ed |
explained | -.2305448 . 1213658 -1.90 0. 057 -.4684173 . 0073278
unexpl ained | -.2590338
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. An Econometric Analysis of Labor

Appendix C — Pitchers Regressions

Variable Description

Age A player's age, in years.

Age? A player's age, in years, squared.

Japan A dummy variable equal to 1 if the batter is Japanese.

JapanxAge | An interaction variable equal to Japan*Age

In(salary) | The natural log of a player's salary, lagged one year,
converted to base year 2000 dollars using the GDP
deflator.

InIP The natural log of a player's total innings-pitched.

InSW The natural log of a player's strikeout to walk ratio.

Small A dummy variable, equal to one, if the player's team is in
the bottom third of the league teams’ market sizes.

SV_pitch A player's total number of saves in a season.

W _pitch A player's total number of wins in a season.
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Traditional Method — Pitchers

Japanese Pitchers

reg Insal InSWInlP AGE AGE2 if Japan==

Source | SS df VB Nurmber of obs = 44
------------- R F( 4, 39) = 5.74
Model | 15.4227371 4 3.85568428 Prob > F = 0.0010

Resi dual | 26.1989891 39 .671768951 R- squar ed = 0.3705
------------- e Adj R-squared = 0.3060
Total | 41.6217262 43 .967947121 Root MSE = .81962

I nsal | Coef . Std. Err. t P> t] [ 95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
I NSW | . 3420868 . 3488879 0.98 0.333 -. 3636056 1.047779

InlP | . 43097 . 2503918 1.72 0.093 -. 0754953 . 9374353

AGE | 1.847313 . 7180596 2.57 0.014 . 3949007 3.299726

ACGE2 | -.0275738 . 0117604 -2.34 0.024 -.0513613 -.0037862

cons | -18.49154 10. 8473 -1.70 0.096 -40. 43228 3. 4492

In(salary) = —18.49154 + .3420868In(SW) +.43097 In(IP) + 1.847313(AGE)
— .0285738(AGE?)

Non-Japanese Pitchers

reg Insal InSWInlP AGE AGE2 i f Japan==

Source | SS df VB Nunber of obs = 2471

------------- o e F( 4, 2466) = 370.01

Model | 1015.53816 4 253.884539 Prob > F = 0.0000

Resi dual | 1692.04845 2466 .686151033 R- squar ed = 0.3751

------------- e Adj R-squared = 0.3741

Total | 2707.5866 2470 1.09618891 Root MSE = .82834

I nsal | Coef . Std. Err. t P>| t| [95% Conf. Interval]

_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mm o mm ==

I NSW | . 6271473 . 0413619 15.16 0.000 . 5460395 . 708255

InlP | . 9138889 . 0300134 30. 45 0. 000 . 8550348 . 972743

AGE | . 4754024 . 0574072 8.28 0.000 . 3628311 . 5879736

AGE2 | -.0065061 . 0008938 -7.28 0. 000 -.0082587 -.0047535

_cons | 1.322308 .9364749 1.41  0.158 -. 5140503 3. 158667
In(salary) =

1.322308 +.6271473 In(SW) +.9138889 In(IP) + .4754024(AGE) — .0065061(AGE?)
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All Pitchers

. reg Insal InSWInlP AGE AGE2

Sour ce | SS df VB Nunber of obs = 2515
------------- Fo e F( 4, 2510) = 370.01
Model | 1019.89291 4 254.973228 Prob > F = 0.0000

Resi dual | 1729. 6564 2510 .689106137 R- squar ed = 0.3709
------------- R Adj R-squared = 0.3699
Total | 2749.54932 2514 1.09369503 Root MSE = .83012

I nsal | Coef . Std. Err. t P> t| [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e mm o mm ==
I nSW | . 6301392 . 0410637 15. 35 0. 000 . 549617 . 7106614

InlP | . 9043861 . 0297864 30.36  0.000 . 8459777 . 9627945

AGE | . 4886703 . 0571649 8.55 0. 000 . 3765752 . 6007655

AGE2 | -. 006697 .0008905 -7.52 0.000 -.0084431  -.0049509

_cons | 1. 135362 . 9321406 1.22 0.223 -.6924809 2.963206

In(salary) = 1.135362 + .6301392 In(SW) + .9043861 In(IP) + .4886703 (AGE)
— 006697 (AGE?)

Chow Test

Step 1:Hy: o= By, X1= B1, Xy= P, X3= f3,X4= B,
H,:Negation of H,

Step 2:x= 5%
Step 3:

_ (1729.6564 — 1718.247439)/(6) _ 1.9014935
3627 7 (1718.247439)/(2503) .6864752054

= 2.769937625

Step 4: Because the F statistic is greater than the critical value Bfdistribution £
(approximately 2.21) at the 5% level, we reject the null hypothegisltls incorrect to

assume equal coefficients.
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Hybrid Method — Pitchers

Japanese Pitchers

reg Insal Wpitch SV _pitch AGE AGE2 Smal |l if Japan==

Source | SS df VB Nurmber of obs = 44
------------- R e F( 5, 38) = 9.77
Model | 23.4131683 5 4.68263366 Prob > F = 0.0000

Resi dual | 18.2085579 38 .479172576 R- squar ed = 0.5625
------------- e Adj R-squared = 0.5050
Total | 41.6217262 43 .967947121 Root MSE = .69222

I nsal | Coef . Std. Err. t P>|t] [ 95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Wpitch | . 0700887 . 0251923 2.78 0.008 . 0190896 . 1210878
SV_pitch | . 0267386 . 0110037 2.43 0.020 . 0044628 . 0490145
AGE | 1.923978 . 6097785 3.16  0.003 . 6895456 3.15841

ACGE2 | -. 029257 . 0099627 -2.94 0.006 -. 0494254  -.0090885

Small | -.8500109 . 3476231 -2.45 0.019 -1.553737  -.1462848

cons | -17.50737 9.220435 -1.90 0.065 -36.17316 1.158424

In(salary) = —17.50737 4+ .0700887(Wins) + .0267386(Saves) + 1.923978(AGE)
—.029257(AGE?) — .8500109(Small)

Non-Japanese Pitchers

reg Insal Wpitch SV _pitch AGE AGE2 Smal |l if Japan==

Source | SS df VB Nurmber of obs = 2471
------------- S F( 5, 2465) = 388.54
Model | 1193.37355 5 238.67471 Prob > F = 0.0000
Residual | 1514.21305 2465 .614285214 R- squar ed = 0.4408
------------- e Adj R-squared = 0.4396
Total | 2707.5866 2470 1.09618891 Root MSE = .78376

I nsal | Coef . Std. Err. t P>l t] [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mm e mm o — ==
Wpitch | . 1330055 . 0033073 40.22 0.000 . 1265201 . 1394909
SV_pitch | . 0325574 . 0015798 20.61 0.000 . 0294595 . 0356553
AGE | . 4298984 . 0542982 7.92 0.000 . 3234236 . 5363731

AGE2 | -.0059235 .0008456 -7.00 0.000 -.0075817  -.0042653

Smal | | -.157071  .0339003 -4.63 0.000 -.2235471  -.0905949

_cons | 5.811774  .8647519 6.72 0.000 4.116059 7.507489

In(salary) = 5.811774 + .1330055(Wins) + .0325574(Saves) + .4298984(AGE) —
.0059235(AGE?) — .157071(Small)
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All Pitchers

. reg Insal Wpitch SV _pitch AGE AGE2 Snal |

Sour ce | SS df VB Nunber of obs = 2515
------------- Fo e F( 5, 2509) = 392.76
Mbdel | 1207.20137 5 241. 440274 Prob > F = 0.0000

Resi dual | 1542.34795 2509 .614726165 R- squar ed = 0.4391
------------- R Adj R-squared = 0.4379
Total | 2749.54932 2514 1.09369503 Root MSE = .78404

I nsal | Coef . Std. Err. t P>l t] [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mm o m— =
Wpitch | . 1322973 . 0032844 40. 28 0. 000 . 1258569 . 1387378
SV_pitch | . 0326926 . 0015657 20.88 0.000 . 0296224 . 0357627

AGE | . 4378198 . 0539679 8.11 0. 000 . 3319936 . 5436459

AGE2 | -.0060367 .0008409 -7.18 0.000 -. 0076857  -.0043877

Smal | | -.1565574 . 0337087 -4.64 0. 000 -. 2226571 -. 0904577

_cons | 5.677091 .8590604 6.61 0.000 3.992551 7.361631

In(salary) = 5.677091 + .1322973(Wins) + .0326926(Saves) + .4378198(AGE)
—.0060367(AGE?) — .1565574(Small)

Chow Test

Step 1:Hy: Xog= By, X1= P1, Xp= fo, X3= f3,X4= P4, X5= Ps
H,: Negation of H,

Step 2:.x= 5%
Step 3:

(1542.34795 — 1532.421608)/(7) _ 1.418048857

= = = 2.303232731
3,627 (1532.421608)/(2489) 6156776247

Step 4: Because the F statistic is greater than the critical value Bfdistribution £
(approximately 2.10) at the 5% level, we reject the null hypothesgisltls incorrect to

assume equal coefficients.
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Oaxaca Decomposition — Pitchers

Tradiitonal Specification
In(salary) = B, + B, In(SW) + 5, In(IP) + 8, (AGE) + 8, (AGE?) + ¢
oaxaca nonJapan Japan,

(high estimtes: nonJapan; |ow estinmates: Japan)

Mean prediction 1 = 14.38429

Mean prediction 2 14. 29548

| Coef Std. Err z P>| z| [ 95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
di fference | . 0888126 . 1590087 0.56 0.576 -.2228388 . 400464

Total | Coef Std. Err z P>| z| [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mm o m— ==
three-fold

endownents | -.1998524 . 1158087 -1.73 0. 084 -.4268334 . 0271285
coefficients | . 2151689 . 1485963 1.45 0. 148 -.0760745 . 5064123
interaction | . 0734961  .1015974 0.72 0.469 -. 1256312 . 2726234

oaxaca nonJapan Japan, weight(1 0.5 0 omega);
(high estimtes: nonJapan; |ow estinmates: Japan)

Mean prediction 1 = 14.38429

Mean prediction 2 14. 29548

| Coef . Std. Err. z P>| z| [ 95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a =
di fference | . 0888126 . 1590087 0.56 0.576 -.2228388 . 400464

Total | Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mm o m— ==
Wel |

explained | -.1263563 .0748764 -1.69 0.092 -. 2731115 . 0203988
unexpl ai ned | . 2151689 . 1485963 1.45 0.148 -. 0760745 . 5064123
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mm o m— ==
W, 5 |
explained | -.1631044 . 083238 -1.96 0.050 -. 3262478 . 0000391
unexpl ai ned | . 2519169 . 1346316 1.87 0.061 -. 0119561 . 51579
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mm o mm ==
WEO |
explained | -.1998524 .1158087 -1.73 0.084 -.4268334 . 0271285
unexpl ai ned | . 288665 . 1390377 2.08 0.038 . 0161561 . 5611739
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a =
Weomrega
explained | -.1266728 .0745641 -1.70 0.089 -.2728158 . 0194702
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unexpl ai ned | . 2154854 . 147636 1. 46 0. 144 -.0738758 . 5048467

oaxaca2 |l nsal I nSWInlP AGE AGE2, by(Japan) pool ed;

Goup 1: Japan = 0 Nunber of obs 1 = 2471
Goup 2: Japan =1 Nurmber of obs 2 = 44
Mean prediction 1 = 14.38429

Mean prediction 2 = 14,29548

| Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e mm o mm ==
di fference | 0888126 . 1590087 0.56 0.576 -.2228388 . 400464

Total | Coef . Std. Err. z P>| z| [ 95% Conf. Interval]

pool ed
explained | -.1266728 . 0745658 -1.70 0.089 -.2728192 . 0194735
unexpl ai ned | . 2154854
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Hybrid Specification

In(salary) = By + B1(Wins) + B,(Saves) + B3(AGE) + B,(AGE?) + B (Small) + ¢

oaxaca nonJapan Japan,
(high estimates: nonJapan; |ow estinmates: Japan)

Mean prediction 1 = 14.38429

Mean prediction 2 14. 29548
| Coef Std. Err z P>| z| [95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e
di fference | . 0888126 . 1580381 0.56 0.574 -. 2209365 . 3985616
Li near deconposition
Total | Coef Std. Err z P>| z| [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
three-fold |
endownents | -.3836826 . 1503578 -2.55 0.011 -.6783785 -.0889868
coefficients | . 2272539 . 1288806 1.76 0.078 -. 0253476 . 4798553
interaction | . 2452413 . 1197272 2.05 0.041 . 0105803 . 4799024

oaxaca nonJapan Japan, weight(1 0.5 0 omega);
(high estimates: nonJapan; |ow estinmates: Japan)

Mean prediction 1 = 14.38429

Mean prediction 2 14. 29548

| Coef . Std. Err. z P>| z| [ 95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e
di fference | . 0888126 . 1580381 0.56 0.574 -. 2209365 . 3985616

Total | Coef. Std. Err. z P>| z| [ 95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Wl |
explained | -.1384413 . 1002681 -1.38 0.167 -. 3349631 . 0580805
unexpl ai ned | . 2272539 . 1288806 1.76 0.078 -. 0253476 . 4798553
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a =

W, 5 |
expl ai ned | -.261062 . 1129023 -2.31 0.021 -.4823464  -.0397776
unexpl ai ned | . 3498745 . 1213365 2.88 0.004 . 1120594 . 5876896
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a e

WEO |
explained | -.3836826 . 1503578 -2.55 0.011 -. 6783785 -.0889868
unexpl ai ned | . 4724952 . 141429 3.34 0.001 . 1952995 . 7496909
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Weomrega

explained | -.1388299 . 1001779 -1.39 0.166 -. 335175 . 0575152

I

unexpl ai ned . 2276425 . 1279548 1.78 0. 075 -.0231442 . 4784292

oaxaca2 I nsal Wpitch SV pitch AGE AGE2 Snal |, by(Japan) pool ed;
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0 Nunber of obs 1 2471

G oup 1: Japan =
Number of obs 2 = 44

Group 2: Japan

In
H

Mean prediction 1 = 14.38429

Mean prediction 2 14. 29548

| Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a =
di fference | . 0888126 . 1580381 0.56 0.574 -. 2209365 . 3985616

Total | Coef . Std. Err. z P>| z| [95% Conf. Interval]

pool ed |
explained | -.1388299 . 1001798 -1.39 0. 166 -.3351787 . 0575188
unexpl ai ned | . 2276425 . . . . .
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Appendix D - Evaluating Average Difference in Salary Level

Batters

Traditional Method Specification — Batters

reg Insal Inslg | nABper age AGE2 Japan

Nunber of obs
F( 5, 3077)
Prob > F
R- squar ed
Adj R-squared
Root MSE

3083
563. 47
0. 0000
0.4780
0.4771
. 80445

Source | SS df VB
_____________ e,
Model | 1823.21938 5 364.643876
Residual | 1991.23416 3077 .647134923
_____________ o e e e e e e e e e e e e e e e e m e m e ==
Total | 3814.45354 3082 1.23765527
I nsal | Coef Std. Err t
Inslg | 1.481094 .0767511 19. 30
| nABper | . 8927026 . 0263357 33.90
age | . 3363722 . 058423 5.76
ACE2 | -.0049939 . 0009056 -5.51
Japan | . 2594886 . 1722749 1.51
_cons | 12. 71623 . 9339718 13. 62

[ 95% Conf .

1. 330605
. 8410653
. 2218202
-. 0067695
-. 078297
10. 88496

I nterval ]

1. 631583
. 94434

. 4509242
-. 0032183
. 5972742
14. 5475

In(salary) = By + f1In(SLG) + B, ln(ABper) + B5(AGE) — BLAGE? + Bs(Japan) + ¢
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Sabermetic Method Specification - Batters

reg Insa
Sour ce

Model
Resi dual

runs

2117. 48745
1709. 56119

3827. 04863

age ACE2 Japan

. 0235732
. 3551582
-. 0051134
. 1500573
6. 866354

df VB
4 529.371862
3082 .554692143
3086 1.24013242
Std. Err t
. 0003826 61. 62
. 054086 6. 57
. 0008382 -6.10
. 1595186 0.94
. 8691756 7.90

Nunber of obs = 3087
F( 4, 3082) = 954.35
Prob > F = 0.0000
R- squar ed = 0.5533
Adj R-squared = 0.5527
Root MSE = .74478
[ 95% Conf. Interval]

. 0228231 . 0243233

. 2491099 . 4612066

-. 0067569 -.0034699
-.1627162 . 4628309
5.162132 8. 570577

In(salary) = By + B1(Runs) + B,(AGE) — B3(AGE?) + B,(Japan) + ¢

Hybrid Method Specification — Batters

reg I nslg RC Snal

Sour ce

Model
Resi dual

Japan

76. 3732192
67.357521

. 0042926
. 0052367
-. 0316807
-1.127553

df S
3 25.4577397
3079 .021876428
3082 .046635542
Std. Err t
. 0000727 59. 06
. 0057262 0.91
. 0316667 -1.00
. 0055551 -202.98

0. 000
0. 361
0. 317
0. 000

Nunber of obs = 3083
F( 3, 3079) = 1163.71
Prob > F = 0.0000
R- squar ed = 0.5314
Adj R-squared = 0.5309
Root MSE = .14791
[ 95% Conf. Interval]

. 0041501 . 0044351

-. 005991 . 0164643

-. 0937708 . 0304094
-1.138445 -1.116661

In(salary) = By + B1(Runs Created) — B3(Small) + B,(Japan) + ¢
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Pitchers

Traditional Method Specification — Batters

reg Insal InSWInlP AGE AGE2 Japan

Source | SS df VB Nunber of obs = 2515
------------- Fo e F( 5, 2509) = 296.82
Model | 1021. 9045 5 204. 3809 Prob > F = 0.0000
Residual | 1727.64482 2509 .688579042 R- squar ed = 0.3717
------------- R e Adj R-squared = 0.3704
Total | 2749.54932 2514 1.09369503 Root MSE = .82981

I nsal | Coef . Std. Err. t P>l t] [95% Conf. Interval]
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mm o m ==
I NSW | . 6298058 . 0410485 15.34 0.000 . 5493134 . 7102981

InlP | . 9057056 . 029785 30.41 0. 000 . 8472999 . 9641114

AGE | . 4925648 . 0571884 8.61 0.000 . 3804235 . 6047062

AGE2 | -.0067567 . 0008908 -7.58 0. 000 -. 0085035 -. 0050099

Japan | -.2159403 .1263401 -1.71 0.088 -. 4636818 . 0318012

cons | 1.070845 . 9325483 1.15 0. 251 -. 7577984 2.899488

In(salary) = B, + B, In(SW) + 8, In(IP) + ,(AGE) — 8, (AGE?) + B.(Japan) + ¢

Hybrid Method Specification — Batters

reg Insal Wpitch SV_pitch AGE AGE2 Snal | Japan

Sour ce | SS df VB Nunber of obs = 2515
------------- e F( 6, 2508) = 328.26
Model | 1209. 45345 6 201.575575 Prob > F = 0.0000

Resi dual | 1540.09587 2508 .614073313 R- squar ed = 0.4399
------------- e Adj R-squared = 0.4385
Total | 2749.54932 2514 1.09369503 Root MSE = .78363

I nsal | Coef . Std. Err. t P> t] [ 95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Wpitch | . 1323636 . 0032829 40.32 0.000 . 1259262 . 138801
SV_pitch | . 0327139 . 0015649 20.90 0.000 . 0296453 . 0357825
AGE | . 441934 . 053982 8.19  0.000 . 3360802 . 5477879

ACGE2 | -.0061009 .0008412 -7.25 0.000 -.0077504  -.0044515

Small | -.1604358 .0337516 -4.75 0.000 -.2266197  -.0942519

Japan | -.2288458 .1194982 -1.92 0.056 -. 463171 . 0054794

_cons | 5.616929 .8591786 6.54 0.000 3. 932157 7.301702

In(salary) = By + 1 (Wins) + S,(Saves) + f3(AGE) — B4 (AGE?) — Bs(Small) + Bg(Japan) + ¢
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Appendix E - Evaluating Returns to Age

Batters

Traditional Method Specification

reg Insal Inslg | nABper age ACGE2 JapanxACE
Sour ce | SS df VB

_____________ o e e e e e e e e e e e e e — ==
Model | 1823.00584 5 364.601168
Resi dual | 1991. 4477 3077 .647204322
_____________ e,
Total | 3814.45354 3082 1.23765527
I nsal | Coef Std. Err t

Inslg | 1.480923 . 0767547 19. 29

| nABper | . 8928816 . 0263353 33.90

age | . 33661 . 0584255 5.76

ACE2 | -. 004998 . 0009056 -5.52

JapanxAGE | . 0076373 . 0054852 1.39

_cons | 12. 71332 . 9340248 13.61

Nunber of obs = 3083
F( 5, 3077) = 563.35
Prob > F = 0.0000
R- squar ed = 0.4779
Adj R-squared = 0.4771
Root MSE = .80449
[95% Conf. Interval]
1.330428 1.631419

. 8412451 . 9445182

. 222053 . 4511669

-. 0067736 -.0032223
-.0031178 . 0183923
10. 88194 14. 54469

In(salary) = By + B1In(SLG) + B, ln(ABper) + B5(AGE) — BLAGE? + Bs(JapanxAGE)

+ ¢

Sabermetric Method Specification

reg Insal runs age AGE2 JapanxACE
Sour ce | SS df VB
_____________ o e e e e e e e e e e e e e — ==
Model | 2117.41273 4 529.353183
Resi dual | 1709. 6359 3082 .554716386
_____________ e,
Total | 3827.04863 3086 1.24013242
I nsal | Coef Std. Err t
runs | . 023575 . 0003825 61.63
age | . 3553071 . 0540866 6. 57
AGE2 | -.0051159 . 0008382 -6.10
JapanxAGE | . 0043989 . 0050788 0. 87
_cons | 6. 864153 . 8691902 7.90

Nunber of obs = 3087
F( 4, 3082) = 954.28
Prob > F = 0.0000
R- squar ed = 0.5533
Adj R-squared = 0.5527
Root MSE = .74479
[ 95% Conf. Interval]

. 0228249 . 0243251

. 2492578 . 4613565

-. 0067594 -.0034724
-. 0055594 . 0143572
5. 159902 8. 568404

In(salary) = By + B1(Runs) + B,(AGE) — B3 (AGE?) + B,(JapanxAGE) + ¢
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Hybrid Method Specification

reg I nsal RC Small JapanxAGE

Source | SS df VB Nurmber of obs = 3087
------------- S F( 3, 3083) = 1199.57
Model | 2061.21583 3 687.071945 Prob > F = 0.0000

Resi dual | 1765. 8328 3083 . 57276445 R- squar ed = 0.5386
------------- e Adj R-squared = 0.5381
Total | 3827.04863 3086 1.24013242 Root MSE = .75681

I nsal | Coef . Std. Err. t P>| t| [95% Conf. Interval]
_____________ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e —— i —— =
RC bat | . 0221517 . 0003712 59.68 0.000 . 0214239 . 0228795

Small | -.0850534 .0292865 -2.90 0.004 -.1424765 -.0276303
JapanxAGE | . 0068705 . 0051584 1.33 0.183 -.0032437 . 0169847
_cons | 13.18464  .0283449 465.15 0.000 13. 12906 13. 24022

In(salary) = By + B1(Runs Created) — B3(Small) + B,(JapanxAGE) + €
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. An Econometric Analysis of Labor

Pitchers

Traditional Method Specification

reg | nsal
Sour ce

Model
Resi dual

I nSWI nl P AGE AGE2 JapanxAGE

1021. 29867
1728. 25065

2749. 54932

Nunber of obs

2515
296. 54
0. 0000
0.3714
0. 3702
. 82995

JapanxAGE
_cons

Interval]

. 6298631
. 9053865
. 49249

-. 0067547
-. 0057914
1. 072015

df VB
5 204.259733
2509 . 688820506
2514 1.09369503
Std. Err t
. 0410557 15. 34
. 0297885 30. 39
. 0572155 8.61
. 0008912 -7.58
. 004054 -1.43
. 9330017 1.15

F( 5, 2509)
Prob > F
R- squar ed
Adj R-squared
Root MSE
[ 95% Conf .
. 5493566
. 846974
. 3802955
-. 0085023
-. 0137409
-. 7575174

. 7103695
. 963799
. 6046845
-. 0050072
. 0021581
2.901547

In(salary) = B, + B, In(SW) + B, In(IP) + B, (AGE) — ﬁ4(AGE2) + B<(Japan x AGE) + ¢

Hybrid Method Specification

Nunber of obs
F( 6, 2508)
Prob > F
R- squar ed
Adj R-squared
Root MSE

[ 95% Conf .

. 1259204
. 0296521
. 3362848
-.0077538
-.2261149
-. 0141521

2515
328. 06
0. 0000
0. 4397
0. 4384
. 78373

Interval]

. 138797

. 0357903
. 5480843
-. 0044536
-. 0937469
. 0008845

reg Insal Wpitch SV _pitch AGE AGE2 Smal | JapanxAGE
Sour ce | SS df VB
_____________ o e e e e e e e e e e e e e — ==
Model | 1209. 0402 6 201. 5067
Resi dual | 1540.50912 2508 .614238084
_____________ e,
Total | 2749.54932 2514 1.09369503
I nsal | Coef Std. Err t P>| t|
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o m e mm o m ==
Wpitch | . 1323587 . 0032833 40.31 0.000
SV _pitch | . 0327212 . 0015651 20.91 0. 000
AGE | . 4421845 . 0540054 8.19 0.000
AGE2 | -.0061037 . 0008415 -7.25 0. 000
Small | -.1599309 . 0337517 -4.74 0.000
JapanxAGE | -.0066338 . 0038341 -1.73 0.084
_cons | 5.611269 . 8595615 6.53 0.000

3. 925746

7.296792

In(salary) = By + B1(Wins) + S, (Saves) + B5(AGE) — B,(AGE?) — Bs(Small) + Bs(JapanxAGE) + ¢
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