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Abstract

In this paper we compare some of the top seasons of home run hitting in Major League Baseball history using elementary statistical techniques.  The second section discusses one method of predicting the ultimate home run record, and involves mathematics that is a little more complicated. Potential areas for further analysis of this and related problems are included.

Baseball is America's game, with a rich history dating back to 1839.  Professional baseball leagues existed as early as the 1870's, and it has the oldest tradition as an organized sport in North America.  Baseball fans love their history and they love their statistics, especially anything that relates to home run bashing.


Many have applied mathematics in attempts to discover the greatest baseball players.  For example, Bill James has made efforts to determine the greatest overall player in Major League Baseball history [2].  Michael Schnell has recently written a book Baseball's All-time Best Hitters, in which he attempts to determine the greatest career hitter for average of all-time [6].  We will be looking solely at single-season home run hitting.


George Herman "Babe" Ruth, ranked second in ESPN's 1999 list of top 100 North American athletes, is the legend among legends when it comes to baseball. But in recent years many of his home run records have been surpassed.  In fact, in the summers of 1998 and 1999, fans of baseball were treated to an impressive home run display by sluggers Mark McGwire and Sammy Sosa.  But how do their seasons compare with the great seasons of the past, like those of Ruth?  In this article, we will use a few simple comparisons to measure the greatest season of home run hitting of all time.  Then we will attempt to predict the ultimate single-season home run record.  We will not try to determine the greatest home run hitter for a career; so to fans of Henry Aaron and Willie Mays we extend our apologies.

Raw Comparisons


The simplest way to determine the greatest season is by the total number of home runs hit by the player for the season, and in this way McGwire and Sosa have the all-time best totals.  McGwire hit 70 and 65 home runs in 1998 and 1999 respectively, while Sosa hit 66 and 63.  These are the four highest totals in history, with Roger Maris' 61 in 1961 and Babe Ruth's 60 in 1927 as the closest competitors.


Another easy way to rate these remarkable seasons is to compare the ratio of home runs to official at bats (so when a player walks, no at bat is charged).  The lower the ratio, the better is the season.  In this case, McGwire had a ratio of 1 home run per 7.27 at bats in 1998 and 1 to 8.01 in 1999.  Because Sosa walks less often, he accumulates more at bats, and as a result his home runs to at bats ratios are significantly higher: 1 to 9.74 and 1 to 9.92 for 1998 and 1999 respectively.  To put these into historical context, Maris had a ratio of 1 to 9.67 in 1961 while Ruth had ratios of 1 to 8.48 in 1920 and 1 to 9 in 1927.  If we use this as our comparison, McGwire tops the list again with Ruth not far behind.   This information is summarized in the table below.  Our reasons for including the seasons of George Foster and Mike Schmidt will be apparent later.

Player
Season
Home Runs 
Hr : At Bats

Mark McGwire
1998
70
1 : 7.27

Mark McGwire
1999
65
1 : 8.01

Babe Ruth
1920
54
1 : 8.48

Babe Ruth
1927
60
1 : 9.00

Roger Maris
1961
61
1 : 9.67

Sammy Sosa
1998
66
1 : 9.74

Sammy Sosa
1999
63
1 : 9.92

George Foster 
1977
52
1 : 11.8

Mike Schmidt 
1980
48
1 : 11.4

Comparisons which Account for a Player's Era

So while it seems that McGwire may have had the greatest season of home run hitting in history, we still have more comparisons to make.  Offense dominated the game during the late 1990's, and home run totals were at an all-time high.  One way to account for the era is to standardize the home run totals.  To do this, one takes the home run totals of all the players in Major League Baseball with a sufficient number of at bats.  Generally, this meant players with 500 or more at bats. For this group of players, find the mean and standard deviation of the home run totals.  The mean is simply the average of all the home run totals, while the standard deviation describes how close the data is to the mean.  The higher the standard deviation, the more spread out the data.


Once we have the mean and standard deviation, we take the total hit by each slugger, such as McGwire's 70, and subtract the average of the home run totals hit by Major League baseball players with 500 or more at bats for that season, 21.97 in 1998.  Then we divide the difference by the standard deviation, 13.48.  The result, called the standardized score or z-score, takes into account how far away the player's total, McGwire's 70 in the example, lies from the average.  This means that a higher number is more impressive, and a 0 would represent an average player.  For normal distributions, a z-score of 2 would indicate that the player did better than 97.7% of the other players, while a 3 indicated that a player did better than 99.87% of other players.


So to standardize McGwire's 70 home runs, we take his home run total, 70, and subtract the average number of home runs hit by major league players with 500+ at bats, and then divide that by the standard deviation: (70-21.97)/13.48, yielding a score of 3.56.  Sosa's 66 home runs becomes  (66-21.97)/13.48 = 3.27.  In 1961, the mean number of home runs was 20.4 for qualifying Major League players, and the standard deviation was 13.91, so Maris' 61 receives a score of (61-20.4)/13.91 = 2.92.  Clearly each of these players stood far above the competition.

In the 1970's, pitching dominated the game; this makes George Foster's total of 52 home runs in 1977 very impressive.  For those of you unfamiliar with George Foster, he played outfield for the "Big Red Machine," the Cincinnati Reds of the 1970's.  He is the only player to have hit 50 home runs in a season between the years 1966 and 1989.  In 1977, the average home run total for Major League players was 17.22 with a standard deviation of 10.8, so Foster's standard score is 3.22.  This places his great year among the all-time bests.  Mike Schmidt also had an outstanding season in which he hit 48 home runs, while the rest of the league hit very few. The result is a z-score of 3.21.  We can see that each of McGwire, Sosa, Maris, Foster, and Schmidt has an impressive z-score.


But these pale in comparison to the feats of Babe Ruth.  In 1927, the average number of home runs hit by Major League players was 8.26 with a standard deviation of 11.04; this means that Ruth's score for 1927 would be (60-8.26)/11.04 = 4.69.  For 1920, the average number of home runs hit by players was only 5.54, with a standard deviation of 6.95, and Ruth's score is an astonishing (54-5.54)/6.95 = 6.97.  This score cannot be described by mathematical chance; that is, if the home run totals in 1920 were normal, a z-score of 6.97 places Ruth as the best out of 1 trillion other players.  We can therefore conclude the data is not normal.  Regardless, Ruth not merely dominated the league during the 1920's, he invented the modern day home run.  We summarize the standardized scores in the following table.

Player
Year
HR by Player
HR Average MLB/Year
Standard Deviation
Player's z-Score

Ruth
1920
54
5.54
6.95
6.97

Ruth
1927
60
8.26
11.04
4.69

McGwire
1998
70
21.97
13.48
3.56

Sosa
1998
66
21.97
13.48
3.27

Foster
1977
52
17.22
10.8
3.22

Schmidt
1980
48
14.0
10.6
3.21

Maris
1961
61
20.4
13.91
2.92


One modification of the above procedure is to standardize the home run totals against the top ten home run totals for that season.  This way, we can compare the top hitters with their closest competition.  This will serve to eliminate the mediocre home run hitters from our analysis.  Ruth's 1920 season gets a score of 2.79 = (54-17.9)/12.95, while his 1927 season receives a 2.19 = (60-28.5)/14.38.  Maris receives a 2.04 = 

(61-45.1)/7.78, while McGwire gets a 1.94 = (70-51.40)/9.57 and Sosa a 1.53.  It is interesting to note that Foster's score is 2.43 = (52-38.1)/5.72.  What this statistic demonstrates is that Foster's total was considerably better than those of the other home run hitters of 1977 and his season should perhaps be considered as one of the all-time best in Major League history.

Player
Year
HR by Player
Average HR - Top 10 Players/Year
Standard Deviation
Player's z-Score

Ruth
1920
54
17.9
12.95
2.79

Foster
1977
52
38.1
5.72
2.43

Ruth
1927
60
28.5
14.38
2.19

Maris
1961
61
45.1
7.78
2.04

Schmidt
1980
48
36.2
5.87
2.01

McGwire
1999
65
48.5
8.40
1.96

McGwire
1998
70
51.4
9.57
1.94

Sosa
1999
63
48.5
8.40
1.73

Sosa
1998
66
51.4
9.57
1.53


Writer Matt Baron of Oak Park, Illinois Park developed another comparison, which recently appeared in the magazine Sports Illustrated [6].  This statistic, called the Home Run Power Ratio (HRPR), compares the home run to at bat ratio of each player with the home run to at bat ratio for his entire league (American or National, or both since interleague play began).  For example, McGwire had 1 home run per 7.27 at bats in 1998 while the league average was 1 home run per 33.36, so McGwire's 1998 HRPR was 33.36/7.27 = 4.59.  The higher HRPR the better is the season.  Each of the other great seasons we have mentioned resulted in HRPRs in the range of 3 to 4, except for the seasons of Ruth.  Ruth holds 11 of the 14 highest HRPRs of all time, with the 1920 season score of 15.54 as the best.  By the way, Schmidt has the highest HRPR since 1950 at 4.82.


Schnell [6] includes in his text statistics called mean-adjusted batting average and mean-adjusted home runs.  He also describes other formulas that interpret batting averages within the context of era.  These essentially take into account the z-score of the player with respect to the entire league.  He warns to beware of this type of statistic.  For example, when slugger Gavvy Cravath hit 24 home runs in 1915, he nearly doubled the next highest total in the league.  His HRPR for that year is 8.82.  In seasons when home runs are scarce, such as those of the dead ball era from 1901 to 1919, a hitter could stand out with a very modest home run total.  So we must be careful to look at the raw data as well as the statistics that account for era.


So one should include the 1998 and 1999 seasons of McGwire and the 1920 and 1927 seasons of Ruth when discussing the all-time greatest seasons of home run hitting in Major League baseball history.  McGwire had the greatest individual statistics, and Ruth dominated the league like no other player ever will.  While other players have had some impressive totals throughout history, those two made a dramatic impact on the game with their prodigious efforts.

Predicting the Next Great Season


Who will be the next Ruth or McGwire?  We may not know the answer to that question, but it is possible to guess the ultimate record for home runs in a season.  Using a mathematical theory introduced by De Haan in 1981 and developed by mathematical statisticians, we can obtain a 95% confidence prediction interval for the ultimate record.  The interval is based on the previous records of the top Major League Baseball home run hitters.  To obtain the interval, list the home run totals for the league leaders for each season in Major League history.  Arrange these totals in order from largest to smallest: 70, 65, 61, 60, 59, 58, 58, 58, 56, 56, 56, 54, etc. Call these Y1, Y2, Y3, etc.  Then use the following formula to obtain a 95% confidence interval:  

(Y1, Y1 + (Y1-Y2) / ((.95)-p - 1)).

Here p = ln k(N) / ln [ (Yk(N) - Y3) / (Y3 - Y2) ], ln is the logarithmic function, and N is the sample size.  For the theory to yield a valid confidence interval, the function k(N) must satisfy certain conditions.  k(N) should increase with N and tend to infinity as N tends to infinity.  Moreover, k(N)/N should decrease and tend to 0 as N tends to infinity.  Many functions satisfy these conditions.  One very reasonable choice for k(N) is the integer part of (N, since we have k(N)/N = 1/(N which shows that the rate of increase of k(N) is the same as the rate of decrease of k(N)/N.  Noubary in 2000 has suggested a much more meaningful choice that incorporates information that is relevant to the problem in consideration, namely prediction of the ultimate record.  The proposed choice is the integer part of  k(N) = Sqrt( (e)(Tr)) + Sqrt(tr), where Tr is the length of time in years between the present and previous home run record, tr is the amount of time in years the present record has stood to date, and e is about 2.718.  Simulations using different distributions confirm the superiority of the latter choice even for the most unfavorable cases. Now applying the results to our problem we get:

Tr = 1998 - 1961 = 37

tr = 1999 - 1998 = 1

k(N) = Sqrt((37e)) + Sqrt(1) = 11.03

p = ln 11 / ln (Y11 - Y3)(Y3 - Y2) = ln 11/ ln (56-61)/(61-65) = 10.75

Therefore the confidence interval is (70, 70  + (5)/ (.95-10.75 - 1)) = (70, 76.8).  So we expect that the ultimate record will be less than 77 home runs.  Using the same techniques for the data prior to the 1998 season, we would have generated a confidence interval of (61, 74), which includes the value of 70 that was the new record.  

The only data used to determine these confidence intervals is the list of top individual home run totals from each league, American and National, since 1920.  Basing the prediction of a future record on previous highest observations is called the Theory of Records.  We only consider the highest totals, and not all the data.  However, these techniques are best applied to data that is continuous.  Our data is discrete, since home run totals are always whole numbers.  That is to say, no player will ever hit 71.23 home runs in a season.  So we do run a risk in applying these methods to the home run data.

We also attempted to model the home run records with smooth functions, such as exponential and quadratic functions.  The fact that Mark McGwire's record of 70 home runs is so significantly greater than the other records makes predicting future records in this fashion difficult.  In fact, most of the models used resulted in predictions for the ultimate record that were below the current record, and of course this makes no sense.  This makes clear the advantage of having a prediction interval that begins at the current record.  


While we cannot mathematically predict the player that will eclipse the mark of 70 home runs hit by McGwire in 1998, we can attempt to predict the value for the ultimate record.  Our confidence interval of (70, 76.8) states that we are 95% confident that the ultimate record will be between 70 and 76 home runs, so it is unlikely that a player will ever hit 80 home runs.  One can be sure that the names of Ruth and McGwire will always be included in a discussion of greatest home run hitters in Major League history.

Possible additional avenues for exploration:

(1) Account for a slugger's home stadium.

(2) Attempt to develop a different statistic to evaluate single-season home run totals.  

(3) Make a determination of the all-time career home run hitter.

(4) Improve upon the prediction interval using either the Theory of Records of some other prediction model.  Perhaps a well-chosen smooth function could be used to model the home run records.

(5) Apply similar techniques to other baseball data, such as earned run average or strikeouts for pitchers or seasonal average.  Maybe try to answer the question, "Will someone (some Colorado player) hit for a .400 average again?"   

Notes:  This article is an extension of the article "Single-Season Slugging: Comparing and Predicting Top Home Run Performances in Major League Baseball" submitted to Carver Magazine. It is our hope that this material could be used in undergraduate statistics courses.
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