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Preface to the Paperback Edition

In its formative years, from the 1970s through the 1990s, sabermetrics was pri-
marily an amateur undertaking. Publications were aimed at a relatively small
audience of baseball fans. To be sure, this ever-growing group of aficionados
brought a lot of sophistication to baseball analysis, and were constantly looking
for statistical insights beyond the listings of the top ten batters found in popular
newspapers and magazines. But their influence on the baseball profession was
very limited. A few consultants like Craig Wright developed temporary relation-
ships with various teams, but none were able to stay long enough to create a per-
manent sabermetrician staff position. (See Rob Neyer’s November 11, 2002, arti-
cle on ESPN.com.1) All of this changed, however, in 2002 with the hiring of Bill
James by the Boston Red Sox. With that move, we have seen the admittance of
the foremost proponent of sabermetrics into the top echelon of professional base-
ball management. The art and science of careful statistical analysis, it now
seems, had made it into the big leagues.

Since the publication of the first edition of Curve Ball in 2001, we have been
overwhelmed by the positive responses from readers and critics. We're pleased
with the reception, of course, but we don’t want to rest on our laurels. Like a
pitcher refining his repertoire, we've revised, expanded, and updated the book

for its publication in this paperback edition. Several readers and critics took us

1 http://espn.go.com/mlb/columns/neyer_rob/1456664.html

xiii



xiv PREFACE TO THE PAPERBACK EDITION

to task for the lack of an index and a glossary. These have been added. And so has
a chapter that analyzes the conventional wisdom of three standard strategies—
stealing bases, the sacrifice bunt, and the intentional walk—in various game sit-
uations. An appendix about tabletop baseball games (formerly available only
online) has also been added to clarify the material about board game models dis-
cussed in Chapter 1. And a significant number of examples from the original text
have been updated with data through the 2002 season, including its dramatic
World Series, as well as the extraordinary performance of Barry Bonds.

We would like to extend our warm thanks to all of the readers and reviewers
who have been so appreciative of Curve Ball, and especially those who have

taken the time to make valuable suggestions on the book’s improvement.

Jim Albert
Jay Bennett
January 2003
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Sntroduction

The public seems to have an insatiable appetite for baseball statistics. Evidence
for this assertion can be found everywhere. Baseball statistics in the form of box
scores, lists of player batting averages, and compilations of pitcher records are
published (and revised daily) in newspapers and on websites. Sportscasters on
television and radio quote them constantly. Callers to talk radio shows (many of
whom probably grudgingly endured math classes in school) cite them selectively
to make a point. Baseball encyclopedias, annuals, and yearbooks provide row
after row of numbers through which baseball fans can wade (much as Kevin
Costner waded through the corn in Field of Dreams), imbibing the game through
statistics. A true fan can disappear into these books for hours on end to emerge
freshened and enlightened. Even a film as emotional and nostalgic as Field of
Dreams featured Costner quoting the statistics of Shoeless Joe Jackson, and had
James Earl Jones presenting an oration on the meaning of baseball while
cradling a baseball encyclopedia in his arms.

The uses of statistics in baseball vary. Major League Baseball, of course, is
first and foremost a form of entertainment. Statistics on the players and teams
are used to supplement the fans’ enjoyment. Sportscasters broadcasting a game
cite the pitcher’s and batter’s statistics to heighten the suspense of the con-
frontation between the two and the possible strategies each might use to gain an
edge. And so it is that almost any situation that arises in the game presents an
opportunity for the color analyst to cite a related statistic:

XV



xvi INTRODUCTION

1. With an excellent runner on first base, the fan is treated to
statistics on the runner’s percentage of success in stealing second
base, the pitcher’s ability to prevent the runner from attempting
the steal, or the catcher’s success in gunning down runners
attempting to steal. Often the viewer or listener will be treated to
all three.

2. When a closing reliever enters the game in the late innings to
preserve a victory, it is de rigueur for the sportscaster to inform
the listener or viewer of the number of times the pitcher has
succeeded and failed in saving the game. Also often required: data
on how good the team is at holding on to the lead.

3. The appearance of a pinch hitter immediately elicits a brief
history of the new batter’s success against the pitcher, and against
comparable pitchers, and against pitchers in this kind of

situation. . ..

The leisurely pace of a baseball game not only makes such recitations possible,
it makes them desirable to many fans of the game, an aid to increasing drama

and sustaining interest.

And it’s not only fans who have an interest in statistics. Baseball is both a
vocation for professional athletes and a leisure activity for amateurs. But in
either case, it is a highly competitive and highly measurable activity, and it is
only human nature for those who are involved to want to know exactly how well
they are doing. Baseball statistics fulfill this “yardstick” role for players, of
course, but also for a team’s management (owners, managers, and coaches, for
example). They use statistics in making strategy decisions on the field, in plan-
ning player development programs, and in putting together teams. And on the
business side of the professional game, certainly, baseball statistics provide
ammunition in salary negotiations.

Off the field, gamblers have long been interested in baseball, today making
bets to the tune of $30 million dollars annually (Total Baseball, p. 667).
Analyzing the statistics of the game to gain an edge is a necessity in wagering.
While football overtook baseball in the gambling arena (with three times the
amount wagered on baseball in recent years), baseball has provided a gaming
venue that is totally dependent on statistics—no actual play required! In the
early 1980s, a small group of baseball enthusiasts began to gather annually at a
restaurant in Manhattan (La Rotisserie Francaise) to draft teams for every new

baseball season. While the names of the players and their statistics were all real,
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the teams and the league itself were a complete illusion, the dream of fans who
wanted to act out the fantasy of being a major-league general manager. The
basic game was (and is) very simple. Each player drafts a team of baseball play-
ers, taking names from the 30 major-league teams. Throughout the year, the
actual statistics for the players are counted for the fantasy teams that drafted
them. At the end of the season, using a variety of scoring algorithms, the team
with the best stats is declared champion. Rotisserie Baseball (or Fantasy League
Baseball) has so expanded in popularity that next to stock market analysis, it
may be the most widespread application of statistics in the United States. The
concept has expanded to Fantasy League Football, Fantasy League Basketball,
even Fantasy League NASCAR Racing (so we are told). To us, at least, this is a
unique idea: statistics spawning an entertainment industry!

Unlike other major sports, in which interest in statistics is confined almost
exclusively to the season in which the games are being played, baseball discus-
sions appear in the media throughout the year. In a sense, the baseball off-sea-
son, with its own schedule of awards and winter meetings leading up to spring
training, has a life of its own. The merits of various awards (Cy Young, MVP, and
Rookie of the Year) and honors (election to the Hall of Fame) are debated annu-
ally in statistical terms. (Bill James wrote an entire book, The Politics of Glory,
on the subject of Hall of Fame election.) Off-season trades are evaluated with
reference to player statistics. Multiyear, multimilllion-dollar contracts are ana-
lyzed in terms of stats. Clearly, it is statistics that provide the fuel for hot-stove
leagues (which have expanded from the neighborhood tavern to talk radio). In
the dead of winter, it might be said, statistics can keep the game alive.

Given our inundation in baseball statistics, given the year-round attention
thousands devote to the topic, one may wonder what in the world we hope to add
in this publication. To put it simply, we wish to contribute a statistician’s per-
spective to this massive collection of data. This statement may give you pause.
You may ask who is collecting all this data except statisticians, and once the
data have been collected, sorted, and totaled—clearly, something that’s already
been accomplished—isn’t the statistician’s job done? Actually, for a statistician,
once the data have been compiled (whether it’s baseball data, medical data, edu-
cation data, whatever), the job has only started. It is the statistician’s aim to
understand the underlying structure in a data set and to elicit the truths hidden
within it. The inspiration and imagination needed to accomplish this requires a
kind of art from the statistician, a reason why the pro forma production of pie
charts, bar charts, and ¢-tests is often ineffective in statistics, and indicative of

poor statistical analysis.
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At this point, we have to make a difficult and maybe boastful-sounding dis-
tinction in order to express what we mean when we talk about a statistician’s
perspective. It may seem paradoxical, but most sports statisticians are not stat-
isticians. We know that sounds like most chocolate candy is not candy, but bear
with us. We use the term “sports statisticians” to refer to those people who work
for sports teams, sports leagues, and media covering sporting events and whose
main job is to record data from the sporting event, summarize the data in totals
and averages, monitor records, and identify interesting patterns in the data that
might be used by broadcasters or by teams in bargaining with players. Although
somewhat dated now, in 1978, Arthur Friedman, a sports statistician for many
New York teams including the Mets, Rangers, Knicks, and Jets, documented the
basics of the job in The World of Sports Statistics. We guarantee that you won’t
find any references to linear regression or standard deviation in Friedman’s
description of the world he inhabits. Yet these are among the most basic tools
and terms taught in statistics courses in high school and college, and the on-the-
job tools of the professional statistician.

Sports statisticians do an excellent job of addressing the information needs of
their audience: management, athletes, broadcasters, and fans. However, this
audience is unaware of or indifferent to the fact that statistical analysis can be
performed at a higher level—and one that can be very rewarding because it can
lead to new levels of understanding. We are reminded of a story once told by Bud
Goode, a successful consultant for the NFL and a syndicated columnist on sports
statistics. While he had great success in selling his services to the NFL, Goode
found great resistance in persuading baseball management of the value of his
work. Meeting with the Los Angeles Dodgers, he told Walter Alston, their Hall of
Fame manager, that through his statistical analysis he could gain the Dodgers
half a run per game—a sizable increment. Alston described this wondrous prom-
ised result to one of his coaches, Danny Ozark, who responded, “How do you
score half a run?” Now, Ozark was never known as a deep thinker about num-
bers. “Half this game is 90 percent mental,” is only one of a full page of
Ozarkisms from Baseball’s Greatest Quotations. Still, it does give a picture of the
circumscribed horizon of many people toward more sophisticated uses of statis-
tical techniques. To paraphrase another Ozarkism, too often this audience’s lim-
its are limitless when it comes to statistics.

Because of the limited demands of fans, players, and management, sports
statisticians have not found it necessary to employ or even be trained in stan-
dard statistical applications or theories. As Goode discovered, being too sophisti-

cated about the subject can actually be a deterrent. Nonetheless, innovative sta-
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tistical research has been and continues to be done with baseball data. At first,
professional statisticians, interested in sports statistics but left unsatisfied by
the analyses in the national media, began exploring baseball data on their own.
Then, in the 1950s, out of their love for baseball and statistics and for the sheer
fun of it, professionals began to apply their skills to baseball data. Soon their
results were published in conference journals and in professional journals.

Only rarely have these works caught the attention of the media and thereby
the public. In the past, the majority of professional statistics colleagues looked
somewhat askance at these efforts, not unlike parents who chastised their chil-
dren for ignoring their studies to play baseball (in past generations, of course,
before ballplayers were multimillionaires). Recently, however, this attitude has
changed. Along with other scientific pursuits, the statistics profession has found
itself somewhat isolated from the public, to whom its methods appear arcane
and its goals at best a mystery. What better way to reconnect to the public (and
especially the nation’s youth) than through the application of statistics to
sports? In the 1990s, the American Statistical Association created a section on
Statistics in Sports, and the International Statistical Institute (ISI) created a
Sports Statistics Committee.

As described in Jay Bennett’s snapshot review of baseball statistical research
in Statistics in Sport, advanced use of statistics has not been applied exclusively
by professionals. Members of SABR, the Society of American Baseball Research
(the root of the term “sabermetrics”), also recognized deficiencies in the presen-
tation of baseball statistics. By means of its Baseball Research Journal and By
the Numbers newsletter, a dedicated coterie of members have made intriguing
analyses of baseball data. Several of these sabermetricians (Bill James, Pete
Palmer, and Craig Wright, among others) have gone on to build careers out of the
analysis of baseball statistics. The rigor and understanding of statistical theory
displayed by sabermetricians (professional or non-professional) in their publica-
tions can vary wildly, from the level of a talk-radio telephone caller to that of a
professional statistician. (Indeed, many professional statisticians, ourselves
included, are members of SABR.) But the impulse to bring more sophistication
to analysis of the data has certainly done a lot to broaden the appeal of statistics.

What differentiates the work of professional statisticians (and many saber-
metricians) from that of sports statisticians? In short, sports statisticians do not
apply statistical models to data. Their analysis generally consists of summing
numbers, finding averages, making comparisons of these computed numbers,
and perhaps inventing a new formula based on the raw data (Slugging
Percentage being an early example). At the highest level, the work of the sports
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statistician would be described by a professional statistician as exploratory data
analysis, looking for patterns in baseball statistics. For professionals, statistical
models are the key. They provide the means of getting to the truth behind the
data. By applying statistical models, professional statisticians can perform con-
firmatory data analysis, calculating the degree of confidence to which a pattern
or statement can be said to be true.

The primary goal of this book is to provide insights that can be gleaned when
statistical models are applied to Major League Baseball data. In our own
research and in the work of others, we have found that this type of investigation
sheds new light on the game, and increases our admiration for those who par-
ticipate in it, and especially those who excel. Our research has also given us an
increased appreciation for the power of advanced statistical techniques, and
thus the secondary objective of the book: to convey this appreciation for statis-
tics to the reader. The book does not just recite numbers, provide lists of players,
and recount a litany of astounding results; it also describes the logic that leads
us to conclusions that have a statistical basis. In this way, we hope that the
reader will gain a better understanding of statistics in general.

Many of you are probably more familiar with statistical models than you real-
ize. One of the more common examples is a simulation model. Tabletop baseball
board games use simple statistical models as their foundations. So, it is only fit-
ting Chapter 1 is in large part a discussion of these games, which have been
familiar to many of us since childhood. Chapter 2 moves on to a brief overview of
some common baseball statistics, but presented from a new perspective. The
chapter will introduce a number of data analysis concepts that will prove to be
useful in the remainder of the book.

In the next set of chapters, we make the crucial distinction between ability
and performance. Chapter 3 introduces the distinctions between these concepts
with respect to getting on base. These basic concepts are then extended to exam-
ine two issues much discussed among baseball fans. Chapter 4 looks at the sig-
nificance of breakdown statistics for different batting situations (e.g., facing a
righty pitcher vs. a lefty, hitting at home vs. away). These numerical darlings of
broadcasters are the bread-and-butter statistics of pre-game and post-game
shows. However, the restricted nature of the categories often leads to small sam-
ple sizes, leading us to ask whether the observed differences are truly significant
or just the product of chance. Another favorite of broadcasters is the batting
streak, which we focus on in the next chapter. Statistics are used to identify who
is hot and who is not in a given game (or week or month or season), and some

players are identified as being generally streaky hitters. They do not hit equally
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well over a season, instead tending toward hot spells and cold spells. Chapter 5
examines how we might determine whether a player is a streaky hitter, or
whether these streaks are random occurrences.

In the middle chapters, we shift gears a bit. The basic subject remains bat-
ting, but where earlier chapters stuck to traditional measures of hitting like
Batting Average, we now examine some of the alternatives that have been sug-
gested by researchers in recent years. Chapter 6 presents a thorough description
of how we can compare these measures and provides a test for the significance
of their differences. Most of these alternatives were developed from an intuitive
understanding of run production, in which the researcher starts with a “common
sense” explanation for how teams get runs. In Chapter 7, we look at some mod-
els that use the data from baseball history to develop measures of batting per-
formance. Chapter 8 starts with yet another approach, presenting a model based
not on intuition or data, but on a logical construction of the probabilities of scor-
ing runs. This “simulation model” can be used to provide support for two simpler
models, which are then compared in their capacity to measure the batting per-
formance of individual players.

As we move into the late chapters, we start to consider those elements of the
game that contribute to victory. In Chapter 9, we investigate the wisdom of some
of the time-honored strategies—the steal, the sacrifice bunt, and the intentional
walk. In Chapter 10, we look at the concept of clutch hitting—that is, getting a
hit at a critical moment, when the stakes for winning or losing a game are at
their highest. While the existence of the ability to hit in the clutch has been
much debated, a fan knows a clutch hit when he or she sees one. The question is,
can the value of a clutch hit be quantified not just with respect to run produc-
tion, but also as to how it actually contributes to winning the game?

Most of the chapters up to this point address different ways to evaluate what
players or teams have done in the past, and how this past performance relates
to ability. In Chapter 11, we examine how models can be used to make predic-
tions on the seasonal performances of players and teams, as well the future
career achievements of players. Chapter 12 makes a final statement about the
influence of chance on the ultimate goal of every team, winning a World
Championship. We always think of the World Series victor as the best team in
baseball, but you may have a new sense of the role of chance by the end of this
chapter.

It has been said that the primary difference between a successful minor-
league hitter and a successful major-league hitter is the ability to hit the curve

ball. All professional hitters (major or minor league) can hit a fastball when they
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are prepared for it. But in order to advance to the top level, the player must mas-
ter the skill of hitting the curve. The same can be said of baseball statistics. The
average fan gets a great deal of information on statistics from newspapers, mag-
azines, television, radio, and web sites. But to see the truth behind the numbers,
the fan’s ability to analyze data must be raised to a higher level. He or she must
master not just the records and averages printed on the sports page, but some of
the models we describe in Curve Ball, and above all else, as we reiterate in
Chapter 13, the role of chance in the game.
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Two boys stared out the window at the rain-swept streets. It looked like a long
afternoon with nothing to do. If this were today, the boys would have hurried to
the nearest available TV or computer to play the latest electronic game, but this
was the 1950s, when Nintendo could only have been another monster intent on
devouring Tokyo. Baseball was still the dominant sport in America, and if you
couldn’t play baseball outdoors, the next best thing was baseball indoors.

AU- Star Baseball (ASEB)

The closest equivalent to High Heat Baseball back then was the Cadaco board
game All-Star Baseball (ASB). The boys opened the box and started dividing up
the players into the American League and National League teams. The instantly
recognizable players were placed in the starting lineups. Mickey Mantle, Willie
Mays, Duke Snider, and Hank Aaron, all current stars, were snapped up imme-
diately. Then there were the great old-time players their fathers had eulogized—
legends like Babe Ruth and Lou Gehrig. These guys had to be included as well.
The lineups shaped up beautifully at first, but then choices started to become
difficult. Other old-time players were not so well known. And many of the cur-
rent players were familiar from baseball cards, but they were not titans, not
obvious choices like Willie, Mickey, Hank, and the Duke. The game did not come
with ready-made lineups or even tables of batting averages as current electronic

games do. How were the boys to choose the remaining players?
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Although they weren’t conscious of it, what they did next was an intuitive
form of data analysis. At the heart of All-Star Baseball were the disks repre-
senting the batting abilities of individual players. A rough replica of an ASB
disk, in this case for the incomparable Babe Ruth, is shown in Figure 1-1. When
the ASB version of the Babe came to bat, his disk was placed under a spinner.
With a flick of the finger, the mighty batter swung, with the result determined
by where the pointer came to rest (after reference to a chart on the giant score-
board dominating the field). Most results are clearly understood from the legend
in Figure 1-1; note, however, that GB and FB are ground-ball and fly-ball outs,
respectively.

The pie slices on the disk were in effect a visual representation of Ruth’s abil-
ity. Because they were experienced ASB players, the boys could quickly see why
the Babe was everything their fathers had claimed. The slice labeled 1 may not
look large, but compared to any other player’s 1 slice, it was enormous. Are
triples (slice 5) really that rare, or was Ruth just slow? (Of course they are rare.)
And look at those two expansive 9 slices for walks. Pitchers were fearful of
Ruth . . . with good cause.

Ruth was a player apart from all the others, and a natural choice for the
starting lineup. Choosing other players was not so easy. What about a starting
first baseman for the National League? Two candidates, Gil Hodges and Bill
Terry, looked promising. Hodges was well known to the boys, an All-Star for the

BABE RUTH

5

HR 8 FB
GB 9 BB
FB 10 K

FB 11 2B

3B 12 GB

q GB 13 1B
‘ ' B 14 FB

FIGURE 1-1  Replica ASB disk for Babe Ruth.
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powerful Brooklyn Dodgers. Terry was not familiar, having retired at the con-
clusion of the 1936 season, after 14 years with the New York Giants. To settle the
question, the boys instinctively made a direct visual comparison of pie slices. Of
course the first comparison was for the slice numbered 1, the one and only slice
for home runs. Figure 1-2 presents a doughnut plot of the Hodges and Terry
disks aligned for this comparison. (A doughnut plot places one pie chart inside
another for ease of comparison.) Hodges has the definite HR edge (slice 1), but a
closer look shows that, apart from power, Terry does have some real strengths.
His slices for singles, doubles, and triples clearly dominate those of Hodges.
Terry’s walk slices are not as large as those of Hodges, but his strikeout areas
are very small. (He averaged only about 30 strikeouts per season.) More or less
intuitively, the boys saw that their choice came down to whether they needed a
batter to get on base (Terry) or one to drive in runs (Hodges).
In this brief description of All-Star Baseball, we encountered two basic sta-
tistical concepts:
e Visual presentation is a powerful tool for identifying patterns and

making hypotheses. To the boys, the ASB disks were extremely

useful visual presentations, ideal for quickly assessing players

and making lineup choices. In particular, ASB disks introduced

the boys to pie charts, a graphic representation commonly used in

statistics.

inner GIL HODGES
outer BILL TERRY

1 HR 8 FB
2 GB 9 BB
3 FB 10 K

4 FB 11 2B
5 3B 12 GB
6 GB 13 1B
7 1B 14 FB

FIGURE 1-2 Comparison of replica ASB disks for Gil Hodges and Bill Terry.
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¢ Data often must be converted into a more useful form before
meaningful conclusions can be derived from it. Apart from batting
averages, baseball cards of the 1950s presented only event totals
(for example, the number of home runs in a season or a career).
Total numbers of home runs are important, but how many
opportunities (plate appearances) were necessary to achieve those
totals? For the purposes of the game, this baseball card data had
been converted into a form more useful for modeling what
actually happened on the field. The use of ASB disks (in the form
of pie charts) emphasized the importance of examining player
performance in terms of proportions of opportunity rather than

mere count totals.!

Perhaps the most powerful concept presented by All-Star Baseball was its
presentation of a relatively simple but effective statistical model of outcomes.
Again, many of the aspects of this model were picked up by the boys intuitively.
They understood that the spinner was a randomizing device. The outcome of a
plate appearance was a random event affected only by the proportion of disk
space occupied by each possible result. And this was the rationale for their com-
parison of slices on the disks: the larger the slice, the greater the chance of
obtaining that result. (Of course, this did not stop the boys from doing all they
could to consciously influence the outcome: incomplete spins and soft flicks from
carefully chosen starting places prompted numerous protests and calls for “offi-
cial” rulings.)

The disks presented in Figure 1-2 were created from the career statistics for
Terry and Hodges as shown in Table 1-1. The first column for each player indi-
cates the number of at-bats (AB), hits (H), doubles (2B), triples (3B), home runs
(HR), walks (BB), and strikeouts (K) given for each player in the book Total
Baseball. The number of singles (1B) can be determined by subtracting the num-
bers of doubles, triples, and home runs from the number of hits. The sum of at-
bats and walks is used as the number of plate appearances (PA), ignoring rela-
tively rare events such as sacrifice flies. The second column for each player
presents the percentage of plate appearances in which the event occurs. The
third column for each player translates each percentage into degrees of arc. The

entire disk has 360 degrees. Thus, the arc spanned by each type of play is 360

1 ASB disks were also more complete in their information. Walks were often not presented at all
in baseball cards i