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“The ultimate math book for baseball fans.”

—Keith Devlin, “The Math Guy” on 
National Public Radio’s Weekend Edition

 

“This math book for baseball fans is a hard-core yet accessible volume and serves as an entertaining introduction to the ‘sweet science’ of probability.”

—Publishers Weekly

 

“I already love mathematics. This book reminded me that I love baseball. I’ll bet three to one it works the other way too.”

—Persi Diaconis, professor of 
mathematics and statistics, Stanford University




[image: 001]




PLUME 
Published by Penguin Group 
Penguin Group (USA) Inc., 375 Hudson Street, New York, New York 10014, USA 
Penguin Group (Canada), 90 Eglinton Avenue East, Suite 700, Toronto, 
Ontario Canada M4P 2Y3 (a division of Pearson Penguin Canada Inc.) 
Penguin Books Ltd., 80 Strand, London WC2R 0RL, England 
Penguin Ireland, 25 St. Stephen’s Green, Dublin 2, 
Ireland (a division of Penguin Books Ltd.) 
Penguin Group (Australia), 250 Camberwell Road, Camberwell, Victoria 3124, 
Australia (a division of Pearson Australia Group Pty. Ltd.) 
Penguin Books India Pvt. Ltd., 11 Community Centre, Panchsheel Park, 
New Delhi - 110 017, India 
Penguin Group (NZ), 67 Apollo Drive, Mairangi Bay, 
Auckland 1311, New Zealand (a division of Pearson New Zealand Ltd.) 
Penguin Books (South Africa) (Pty.) Ltd., 24 Sturdee Avenue, 
Rosebank, Johannesburg 2196, South Africa 
Penguin Books Ltd., Registered Offices: 80 Strand, London WC2R 0RL, England 
Published by Plume, a member of Penguin Group (USA) Inc. Previously pub- 
lished in a Pi Press edition. 
First Plume Printing, March 2007 


Copyright © Pearson Education, Inc., 2004

All rights reserved

“Fantasy Baseball and Statistics” by Dan Schlewitz. Copyright © Dan Schlewitz, 2007. Published by arrangement with the author.

[image: 002]

REGISTERED TRADEMARK—MARCA REGISTRADA

 

CIP data is available.

eISBN : 978-1-101-01084-6



Without limiting the rights under copyright reserved above, no part of this publication may be reproduced, stored in or introduced into a retrieval system, or transmitted, in any form, or by any means (electronic, mechanical, photocopying, recording, or otherwise), without the prior written permission of both the copyright owner and the above publisher of this book.

PUBLISHER’S NOTE

The scanning, uploading, and distribution of this book via the Internet or via any other means without the permission of the publisher is illegal and punishable by law. Please purchase only authorized electronic editions, and do not participate in or encourage electronic piracy of copyrighted materials. Your support of the author’s rights is appreciated.

BOOKS ARE AVAILABLE AT QUANTITY DISCOUNTS WHEN USED TO PROMOTE PRODUCTS OR SERVICES. FOR INFORMATION PLEASE WRITE TO PREMIUM MARKETING DIVISION, PENGUIN GROUP (USA) INC., 375 HUDSON STREET, NEW YORK, NEW YORK 10014.

http://us.penguingroup.com




Baseball fans love numbers. They love to swirl them around in their mouths like Bordeaux wine.

PAT CONROY, WRITER
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Preface
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When I was six, my father gave me a bright red scorebook that 
opened my heart to the game of baseball.1

DORIS KEARNS GOODWIN, WRITER AND HISTORIAN

 

My daughters first came to the ballpark when they were so young, they couldn’t even track what was going on. Their first understanding of baseball was that innings were amounts of time between dinner (after the 3rd inning) and Fudgesicles (after the 6th). The next insight was that when the ball sailed over the fence, that was a good thing—people stood up and cheered; and the billboard cow, advertising a local dairy, nodded her press-board head in approval. By the time the girls were nine and six, they were following the plays and learning to keep score.

Some of their questions were naive: “Dad, how come everyone is yelling ‘Go Die, Ump? ’”

“That’s ‘Good Eye, Ump,’ dear, and we’re being sarcastic.”

“Dad, what’s sarcastic?”

Other questions invited a discussion: “Dad, how come people are yelling ‘Yer Due! ’?”

“Well, that requires looking at batting averages. That guy’s batting average is 290 and that means that, until recently, he’s been getting hits about 29 percent of the time. But, in the past week, he’s had very few hits, so it seems like he’s overdue for some hits. One could question that logic because—”

“Thanks, Dad. Would you like some Cracker Jacks?”

Even in the olden days of my youth, baseball reached all parts of the United States and also other countries, especially Japan and Latin America. However, in America, Major League baseball was regarded as the ultimate level of baseball.

In those ancient days before satellite communications, the Major Leagues were physically restricted to the North-east and Midwest, a relatively small part of the country. From 1903 to 1952 there were sixteen of these teams located in ten cities in the parallelogram with corners at Chicago, Boston, Washington, DC, and St. Louis.

Many baseball fans and baseball writers from this era grew up in big cities like New York, Chicago, Philadelphia, Detroit, and Boston, so they experienced Major League baseball firsthand. Or at least they were able to follow the regular season by listening to the radio. For example, many baseball fans in the South listened to St. Louis Cardinals’ games on the radio. My situation was quite different.

I grew up in Utah, which seemed about as remote from the center of baseball action as a kid could get. I was aware of the brazenly named “World Series.” But, for a long time, I didn’t even wonder how the teams got to be in the World Series. It seemed like being in New York was a big advantage, if not a requirement, though teams like the Cleveland Indians made cameo appearances. I didn’t question this any more than I would have questioned how my parents came to be married or that Roosevelt and Stalin came to be world leaders. It had always been so. Even out in Utah, cool teachers would let their classes listen to the World Series on the radio; my cool teacher was a young lady who taught history. Thanks, Miss Lake.

The real professional baseball team in my home town was our local Salt Lake City Bees, a team in the class C Pioneer League. This league included teams like the Idaho Falls Russets (think potatoes) and the Billings Mustangs (think horses, not cars). I attended many games and I listened to all the other games on my radio, carefully hidden under the bed covers when necessary. I remember recalculating hitters’ batting averages—long division with a pencil!—and then checking the Salt Lake Tribune the next morning to see if I’d done them right.

Hub Kittle was the pitcher-manager of the Bees. He was a legend in the minor leagues for decades. On August 27, 1980, as a minor league pitching coach, he took the mound for Springfield (Illinois) versus Iowa, teams in the American Association. He was six months past his 63rd birthday and was the oldest player ever in organized baseball. He retired the Iowa batters in the first inning on two flies and a groundout; he threw one pitch in the second inning before leaving the game.

The most interesting ballplayer for the Bees was the catcher, Gus Triandos. He was nicknamed “Tremendous Triandos” because of his rather solid build. He was powerful, but not swift. Indeed, he was the only Major League player to play over 1,000 games, mostly with Baltimore, and end up with a perfect stolen-base record, 1 for 1. In addition, he holds the Major League record with 1,206 consecutive games without being caught stealing. In one inconsequential game, near the end of a season, he decided  to amble from first base to second base. The catcher was so surprised that he did not throw. (Uncontested stolen bases counted in those days.)

The Salt Lake City Bees, and the World Series via radio, were not enough to satiate my appetite for baseball. My favorite board game was All-Star Baseball,2 a game designed to simulate real baseball. This was a precomputer nonelectronic game that modeled the hitting of well-known ballplayers of the 1940s, including Cleveland shortstop and manager Lou Boudreau, Yankee center fielder Joe DiMaggio, the Pittsburgh slugger Ralph Kiner, St. Louis Cardinal Stan Musial, Brooklyn infielder Jackie Robinson and the Boston outfielder Ted Williams. Some pitchers were included, like Cleveland pitcher Bob Feller. For each such player, there was a cardboard disk that was to be placed over a spinner; see the samples on page vi. The edge of the disk was marked off with coded possible outcomes like Home Run, Triple, Double, Base on Balls, Strike Out, Ground Out, and Fly Out. There were two versions of the Single, the little single on which any runners advanced one base and the big single on which any runners advanced two bases. For example, the regions 1, 5, 9, and 10 represented Home Runs, Triples, Bases on Balls, and Strike Outs. The regions of these outcomes were proportional to the baseball player’s real lifetime performances. Thus sluggers like Ted Williams and Ralph Kiner had relatively large regions for Home Runs, while the pitcher Bob Feller had large regions for Strikeouts and other ways to make outs. All of the players had miniscule regions for Triples.

The idea of the game was to create a couple of teams and then have them play, at-bat by at-bat, until the game was completed. Each hitter’s at-bat was determined by flip-pingthe spinner, using the disk for that player. The bigger the Home Run region on the disk, the more likely it was that the spinner would land on Home Run! Two players could create a team, or one could play both teams by oneself. I learned about, and got a good feel for, probability by playing this game over and over. And over.

The probabilities on the cards were for players’ entire careers and did not take into account who the opposing pitchers were, strategies used by both teams, the size and shape of the ballparks, and many other factors that affect hitters’ performances. As we shall see in this book, probababilistic analyses become more realistic and valuable when more such factors are taken into account. In fact, later versions of the game, All-Star Baseball, took into account some basic strategies of the game as well as the batters’ lifetime records.

Thanks to baseball, I became comfortable with, and reasonably proficient at, elementary probability. When I later encountered probability as a formal concept, I found it completely intuitive. This contrasts vividly with how many people feel about probability, so I credit the game for my good intuition. As I think about it, I realize that my first statistical observation was the positive correlation, a word I didn’t know then, between home runs and strikeouts of the players; sluggers tend to strike out more.

Like other baseball fans, I’ve had different kinds of encounters with baseball: listening to the games on the radio, attending minor league games, later watching games on TV, reading baseball summaries in the newspaper, and of course my fantasies with my board game. In all of these encounters, I was bombarded with statistics like players’ batting averages. Why? Do these statistics tell me exactly what to expect? Is baseball predictable? The short answer is: No, past performance does not predict future results in the  short run as any baseball fan and some wise financial investors know. Nevertheless, we appreciate the statistics because they do give us an idea of what to expect. Moreover, in the long run, there are patterns. In fact, there would be patterns even if the players were robots with the same skills but no memory. Probability and statistics are tools that allow us to compare players’ performances with how they would do if they were robots. This helps us decide whether their recent changes in performance are due to real changes or just to randomness.

My family and I were big Eugene Emeralds baseball fans in the 1970s. During the 1969-1973 seasons, the Emeralds were the AAA farm team, in the Pacific Coast League, for the Philadelphia Phillies. Near the beginning of the second game of an Emeralds’ double-header, a certain batter from the opposing team came to the plate. I stood up, handed my scorebook to my wife, and said, “Here. Hold this. I’m going to get a foul ball.” In the next moment, the ball bounced off a wall and into my mitt just as I expected. My family was duly impressed, but I had noticed that during the first game all of this guy’s foul balls had been going to the same part of the stands above where we were sitting. So I positioned myself in the appropriate place. That was the only foul ball I ever recovered at a professional ballgame. Even though this event may have given my family the impression that baseball is perfectly predictable, it generally isn’t.

One day at the ballpark, we were sitting near a fellow from Philadelphia and his son. He explained that he was on a business trip, but that he had brought his thirteen-year-old son so that he could see a minor league baseball game. I paled and stammered, “I’m thirty-seven years old and I’ve never been to a Major League game!” My young daughters promptly planned a trip to Candlestick Park in  San Francisco, the nearest Major League park. I’ve now been to games in about fifteen different Major League ballparks. We still follow the Eugene Emeralds, which has been an A-level farm team for several Major League teams. And my daughters have even made me become a Seattle Mariners fan.

I’m a mathematician, and for thirty years I taught probability and elementary statistics at a college. I love probability and baseball. I enjoy casual gambling at casinos, especially blackjack, but I know enough about my long-term expectations, as I’ll explain in chapter 7, to avoid investing much time or money in this. Some examples in the book involve roulette and the lottery, but I take a close look at gambling on baseball in chapter 4.

Odds are a natural tool for gamblers but are something of a stepchild of probability, so I had only casual encounters with odds over the years. In my journey through the garden of probability, with a baseball mitt on my hand, I went from probability to odds, but I’m convinced that most baseball fans are more comfortable with odds than with probability. You’ll know intuitively many of the concepts discussed in this book. I will make the concepts more precise and then use them to explain some results in probability that have interesting applications to baseball. Probability is a wonderful window into the workings of baseball, gambling, and, sometimes it seems to me, life itself.




Chapter  1

Who’s the Best Hitter? 
Averages
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The box score, being modestly arcane, is a matter of intense indifference, 
if not irritation, to the non-fan. To the baseball-bitten, 
it is not only informative, pictorial, and gossipy but lovely in aesthetic structure.

ROGER ANGELL, AUTHOR

 

You don’t need to be a baseball fan to have heard that a certain player is having a good season and hitting .300. Or perhaps a bad season and not even batting .230. These numbers are a kind of average. In baseball, a player’s batting average, AVG, over a particular period of time is the number of hits, H, divided by the number of official at-bats, AB, during that period. That is,

[image: 006]

For example, Babe Ruth’s best season, from the point of view of batting average, was in 1923 when he got 205 hits in 522 official at-bats. Thus H = 205, AB = 522, and I will use ≈ whenever an equality is just an approximation. To seven decimal places, this average is .3927203, but it is traditional to give batting averages to three places. So, the average .393 is Babe Ruth’s batting average for the 1923 season. Babe Ruth’s lifetime batting average isn’t so shabby either. It is .342 because, for his lifetime, AB = 8399,  H = 2873, and

 [image: 007]
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By the way, the phrase “batting average” is an unfortunate choice. It should be “hitting proportion” because it gives the proportion of official at-bats that were hits. Thus throughout his career, about .342 of Babe Ruth’s official at-bats were hits. Or, if you prefer percentages, about 34.2 percent of his official at-bats were hits. Of course, “batting average” is absolutely standard and all baseball fans know what it means, so I won’t fight it.

There are other numbers that we can think of as averages that many baseball strategists feel more accurately measure hitting effectiveness. In their book [36, Baseball Dynasties, page 146], Rob Neyer and Eddie Epstein are emphatic: “Why do people have such a hard time letting go of batting average? On-base percentage and slugging percentage are more important, more significant, more  meaningful, more everything than batting average. Batting average is a red herring. Let go of it, friends. It’s not that important.” In case you missed that, they later say, on page 282: “Dear Reader, if you learn nothing else from this  book, please learn the fact that batting average is not the most important offensive number.”

Let’s look more closely at some of these other sorts of averages, which came into prominence in the 1980s. Slugging percentage, SLG, takes into account the total number of bases, TB, that is,[image: 009]

where 1B is the number of singles, 2B is the number of doubles, 3B is the number of triples, and HR is the number of home runs. Then the slugging percentage is[image: 010]

Here’s another formula for SLG: [image: 011]

which is easier to use when you’re not provided the number 1B of singles.

In 1923, Babe Ruth had 106 singles, 45 doubles, 13 triples, and 41 home runs. Therefore he had[image: 012]

total bases, and his slugging percentage was[image: 013]

This is spectacular, though his slugging percentage was .847 in 1920, which was a record up to the year 2001, when Barry Bonds finally broke it. For Babe Ruth’s career, 1B = 1517, 2B = 506, 3B = 136, and HR = 714, so[image: 014]

and therefore Babe Ruth’s lifetime slugging percentage was[image: 015]

which is by far the highest in Major League history, assuming at least 3000 plate appearances.

Let’s compare the batting average, AVG, and the slugging percentage, SLG. Because the number of hits is the total of the numbers of singles, doubles, triples, and home runs, we can write H = 1B + 2B + 3B + HR. Thus we have[image: 016]

The only difference between these formulas is that SLG  gives doubles double-the-value, triples triple-the-value, and home runs four times the value.

Recall that AB represents the “official” at-bats. This does not take into account the number of bases on balls,  BB, the number of times the batter is hit by a pitched ball,  HBP, or the number of times the batter hits a sacrifice fly,  SF. It is sometimes convenient to calculate batter effectiveness in terms of all plate appearances. The number of all  plate appearances is[image: 017]

We might regard the added terms, BB, HBP, and SF as the “unofficial” at-bats.

Another popular measure of batter effectiveness is the  on-base percentage, OBP, defined by[image: 018]

This is the proportion of plate appearances where the player gets on base. Note that home runs count as “on base,” even though the batter just touches the bases on his way back to home plate.

The numbers HBP and SF are not readily available for players, like Babe Ruth, who played before statisticians and mathematicians really started analyzing the game. Let’s calculate the lifetime on-base percentage, OBP,  for someone a little closer to our era, Pete Rose. His career numbers are AB = 14,053, H = 4256, TB = 5752,  BB = 1566, HBP = 107, and SF = 79. So[image: 019]

and Pete Rose’s lifetime on-base percentage is[image: 020]

His number of hits, H = 4256, is the all-time record. So is his number of at-bats AB = 14,053; next is Hank Aaron who had 12,364 lifetime at-bats. Pete’s lifetime batting average was[image: 021]

This is pretty good, but as Ted Williams put it, “Baseball is the only field of endeavor in which a man can succeed three times out of ten and be considered a good performer.”

Each of AVG, SLG, and OBP is an interesting statistic that provides useful information about a batter’s effectiveness. But none of these statistics provides a single number that summarizes batters’ overall effectiveness. AVG is the oldest established statistic and is invariably the one used to determine “batting champions.” But AVG doesn’t take into account extra-base hits, much less home runs, runs-batted-in, bases on balls, and other important measures of batter effectiveness. SLG certainly takes into account extra-base hits, but it gives too much credit for them. Is a triple  really three times as valuable as a single? For that matter, is a home run four times as valuable as a single? Getting on base is crucial, so AVG does measure an important statistic. But there are other ways to get on base, most notably bases on balls, so the on-base percentage OBP is also a useful statistic. In other words, AVG, SLG, and OBP are all useful statistics, but none of them is close to reflecting the whole picture.

Another measure of a batter’s offensive contribution is  On-Base Plus Slugging (OPS). The formula is very simple:[image: 022]

This is one of the statistics championed by Pete Palmer, one of the two gurus of baseball statistics over the past 20 years; the other one is Bill James. OPS is becoming increasingly popular because it’s easy to calculate. Moreover, though it may appear as an artificial statistic, it correlates quite well with some lesser known, but more complicated, statistics that are more realistic measures of overall hitting prowess than AVG, SLG, or OBP.

Let’s return to the enigmatic Pete Rose. To calculate his lifetime slugging percentage SLG, we need the breakdown of his 14,053 hits: 1B = 3215, 2B = 746, 3B = 72, and  HR = 223. Then Pete’s[image: 023]

so[image: 024]

Now Pete’s lifetime[image: 025]

It’s an interesting fact that Pete Rose does not rank in the top 100 of all ballplayers in any of the categories AVG, SLG, OBP, or OPS.

We now turn our attention to Barry Bonds, regarded by many as the best hitter of our time. In 2001, his statistics were AB = 476, H = 156, 1B = 49, 2B = 32, 3B = 2,  HR = 73, BB = 177, HBP = 9, and SF = 2. Bonds’ 73 home runs established a new season record. We have[image: 026]

so[image: 027]

In that last line, it looks like I can’t add. But, the approximation 1.379 is correct, because SLG ≈ .863445 and  OBP ≈ .515060, and so OPS ≈ 1.378505, which rounds up to 1.379. Bonds’ slugging percentage, .863, for the season exceeds the older record of .847 set by Babe Ruth in 1920. His OPS of 1.379 just beats Babe Ruth’s 1.378 set in 1920. Of course, the Babe never heard of the concept OPS.

In 2002, Barry Bonds’ statistics were AB = 403,  H = 149, 1B = 70, 2B = 31, 3B = 2, HR = 46, BB = 198, HBP = 9, and SF = 2. This time[image: 028]

so[image: 029]

In 2002, Bonds’ AVG = .370 led the majors. More impressive, his OBP = .582 exceeds Ted Williams’ .553, a  record that goes back to 1941. His OPS is also a new record, just beating out his own record of 2001. Bonds is a fantastic player, but it isn’t fair to say that he is as great as Babe Ruth because Ruth was the dominant player for nearly 20 years and changed the character of the game.

So much for household names. Let’s consider some players who haven’t yet ascended to the pantheon. Consider the 2003 regular-season offensive numbers for the two outstanding Japanese outfielders: the Yankee Hideki Matsui and the Mariner Ichiro Suzuki. Some of their numbers are in the next table.

Hideki Matsui and Ichiro Suzuki

[image: 030]

For Matsui,[image: 031]

and[image: 032]

Because his number of plate appearances is[image: 033]

Matsui’s[image: 034]

Finally, Matsui’s[image: 035]

We list these numbers in the next table, as well as Matsui’s number R of runs scored, number RBI of runs batted in, number SO of strike-outs, number SB of stolen bases, number CS of times caught trying to steal a base, and number E  of fielding errors. Exactly the same formulas were used to calculate the numbers for Ichiro, as shown in the following table.

Hideki Matsui and Ichiro Suzuki

[image: 036]

On the basis of the ever-popular AVG, Ichiro had a substantially better offensive season than Matsui. But their more significant numbers SLG, OBP, and OPS are amazingly close to each other. These numbers suggest that they are equally effective offensively, though one can always argue over related issues. For example, Matsui had more walks than Ichiro, and Matsui had an outstanding postseason. But the walks were already taken into account in calculating OBP and hence OPS. Matsui fans might point out that Matsui had significantly more RBIs, but that’s not  surprising since Ichiro was a lead-off batter. One offensive statistic that’s been overlooked so far is stolen bases. Ichiro stole 34 in 42 attempts, while Matsui stole two in four attempts, so Ichiro wins out here. Also, Ichiro’s fielding was better with two errors compared with Matsui’s eight. In fact, Ichiro had only six errors in the three years 2001- 2003.

In their important book [42, The Hidden Game of Baseball ], John Thorn and Pete Palmer prefer the product of  OBP and SLG, which is called the Batter’s Run Average or[image: 037]

They argue that BRA is a better measure of offensive power than the sum OPS = OBP + SLG because it correlates better with the number of runs produced. I don’t disagree, but OPS and BRA are closely correlated and, moreover, OPS is easier to calculate, easier to relate to, and more popular.

Some authors use SLOB in place of BRA. See, for example, [7]. There’s actually some merit to SLOB. This is a catchy, if not neat, acronym, and it’s easy to remember that[image: 038]

However, it is generally a bad idea to fight established notation, and BRA is the standard. By the way, some authors (e.g., [40]) call SLG and OBP the slugging average and the on-base average, because they are not percentages. I agree, but they aren’t averages either.

In much of the nonbaseball world, “average” refers to what you get if you sum a bunch of numbers and divide by the number of such numbers. Thus the average salary of players on a baseball team can be calculated by summing  the players’ salaries and dividing by the number of players. For example, if there were 26 players and the annual player payroll is $43,500,000, then the average salary would be

[image: 039]

Figuring out who is the best hitter is not a simple task, even when one understands what the various averages really mean. But some statistical phenomena can make the task seem impossible. We end this chapter with one such phenomenon, called Simpson’s paradox, which was first observed in the context of economics and that pops up in unexpected places. Let’s consider two recent ballplayers, Derek Jeter and David Justice. In 1995,[image: 040]

Justice also had a higher batting average in 1996:[image: 041]

It seems reasonable to conclude that, just based on batting averages, Justice did better than Jeter over these two years. However, if we combine the two years, we find that[image: 042]

while[image: 043]

This bizarre phenomenon seems to occur for some pair of interesting ballplayers about once a year. To make this particular story even more delicious, observe that Justice beat out Jeter again in 1997:[image: 044]

But if we combine all three years, we get[image: 045]

while[image: 046]

You could say that there’s no justice for Justice!

Simpson’s paradox isn’t a true paradox, but it’s called a “paradox” because it’s counterintuitive and even distressing. When batting averages are combined, one adds both the numerators and the denominators because that’s the way to get the total number of hits and at-bats for the longer period of time. This is different from adding the actual numerical fractions. Since Jeter’s 1995 and 1996 averages, .250 and .314, are less than Justice’s averages, .253  and .321, Jeter’s sum .564 is certainly less than Justice’s sum .574. But these sums are meaningless in this context, and one doesn’t get the longer-term averages in this way.

Who’s the best hitter? One reason that this question causes so many arguments is that there’s so many ways to measure hitting excellence. Which is the better measure depends in part on what are, in your judgment, the most important aspects of hitting. None of our averages will give you a simple absolute answer as to who is the best hitter, but they do have the power to reveal the truth about why a hitter is good.
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