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CHAPTER I 

INTRODUCTION 

Kim and Kohout (19 75) have noted that most texts de

voted to a discussion of analysis of variance and/or co-

variance routinely assume that the collected data are ex

perimental in nature and employ random assignment. However, 

social and behavioral scientists are increasingly dealing 

with variables which are nonmanipulative and designs which 

are observational rather than experimental. Wildt and 

Ahtola (1978) have proposed that analysis of covariance has 

numerous potential applications for behavioral research even 

though it has not been frequently utilized for problems in 

the various social science disciplines. Therefore, the 

major motivation behind this study was directed toward 

broadening the social scientist's currently restricted range 

of utilized methodologies and encouraging opportunistic and 

creative exploitation of unique measurement possibilities, 

especially with regard to the statistical technique of 

analysis of covariance. 

Analysis of Covariance 

Analysis of covariance is a special case of the linear 

model whereby the effects of uncontrolled variables, known 

as "covariates" or "concomitant variables," are suppressed 

by means of a simple linear regression method and the 



residual sums of squares are used in tests of significance 

(Taylor, 1972). Both regression analysis and analysis of 

variance are also special cases of the linear model, but, 

traditionally, regression has been implemented in conjunc

tion with survey designs or observational data, whereas 

analysis of variance has been used in connection with experi

mental designs. Analysis of covariance, which is in reality 

a combination of the two techniques, can be considered as 

either an extension of regression analysis or as an extension 

of analysis of variance. The reason that analysis of co-

variance can be viewed in this manner is that the technique 

is useful whether the underlying design is experimental, 

quasi-experimental, or purely observational, i.e., without 

any experimental control or manipulation (Wildt & Ahtola, 

1978) . 

Applications 

In research in the social sciences, the four principal 

applications of analysis of covariance are: 

(1) to increase precision in randomized 

experiments, 

(2) to remove bias which may result when test 

units cannot be assigned at random to 

experimental conditions, 

(3) to remove the effects of disturbing 

variables in observational studies, and 



(4) to fit regressions in the context of 

multiple classifications. (Wildt & Ahtola, 

1978, p. 13) 

This inquiry was primarily concerned v/ith the removal 

of the effects of disturbing variables since it was an 

observational study rather than an experimental study. 

However, Wildt and Ahtola (1978) have discussed the 

similarity between observational studies, which employ 

naturally occurring groups, and experimental studies 

utilizing intact groups. With experimental studies involving 

intact groups, test units cannot be randomly assigned to 

treatments. However, the researcher typically attempts to 

insure that treatments are randomly assigned into experimen

tal groups, an option not available in observational research 

since no random assignment can be made by the researcher. 

Therefore, the problems confronting the investigator when 

using intact groups in experimental settings are also pres

ent, and possibly compounded, in observational settings. 

Fortunately, a major contribution of analysis of covariance 

is that of repressing the impacts of disturbing variables on 

naturally occurring groups in observational studies. 

Assumptions 

In addition to the usual analysis of variance assump

tions of (1) samples drawn from populations which are 



normally distributed, (2) homogeneity of variance, 

(3) independence of samples, and (4) random sampling, the 

analysis of covariance procedure requires the additional 

assumption that the regression lines of the dependent 

variable as produced from the covariate(s) are parallel. 

Fortunately, the analysis of covariance model is fairly 

robust with regard to minor violations of the assumptions 

of normality and common variance, especially when behavioral 

variables are involved (Marascuilo, 1971). Moreover, the 

violation of these assumptions do not markedly affect the 

power of the F test if (1) the covariates have a normal 

distribution and (2) the subjects are assigned to treatments 

at random (Taylor, 1972). Nevertheless, in practice with 

both observational and experimental analysis of covariance 

designs, the stress upon the importance of random assignment 

is frequently relaxed since there are many instances in the 

social sciences when random assignment is not possible and 

intact groups must be utilized. 

The Importance of Statistically Eq.uating Groups 

In those research situations where the preferred pro

cedure of random assignment is not a viable option, Cornett 

and Beckner (1975) have noted that a basic prerequisite to 

an adequate comparison of the groups is that the subjects 

approximate each other with regard to one or more extraneous 



variables which might have a significant impact on the depen

dent variable. Analysis of covariance allows the researcher 

to statistically equate groups when no other alternative is 

available, and the technique minimizes possible bias in the 

comparison of groups due to lack of equalization with 

regard to the covariate(s). Furthermore, the power of the 

analysis of covariance technique is increased since the 

likelihood of detecting true differences among the groups 

is achieved by reducing the variability in the observations 

through, the removal of the variance accounted for by the 

covariate(s) (Taylor, 1972). 

The Research Problem 

In social science research, analysis of covariance is 

most commonly employed in experimental settings when dif

ferences between group means are of major concern and random̂  

assignment is not possible. However, with the exception 

of the repeated measures design, "groups" (the independent 

variable) have almost always been (1) composed of observa

tions from a number of collective individuals (subjects) 

or (2) assigned into intact groupings of subjects and 

labeled as treatments. In an attempt to demonstrate that 

the potential contributions of analysis of covariance and 

other linear models have been only partially realized due 

to their restricted, and usually conventional, im.plementa-

tions with both experimental and observational designs, the 



major purpose of this study was to illustrate how subjects 

can be treated as groups in an analysis of covariance pro

cedure when the repeated measures design is not a feasible 

alternative. 

Applications of the Repeated Measures Design 

The treatment of subjects as groups is not in itself 

an innovative approach since subjects are, at least generi-

cally, used as the "blocking" variable in repeated measures 

designs (Taylor, 1972). The procedure of blocking involves 

grouping the observations so that the variability of obser

vations within any grouping, referred to as a block, is 

less than the variability among the groupings (Wildt & 

Ahtola, 1978). The key to the recognition of a repeated 

measures design is that several observations are collected 

on each subject rather than just the usual one. 

Under normal repeated measures conditions, the re

searcher cannot assume that the observations are independent 

since a subject who attains a high score in relation to the 

other subjects under one condition tends to score high (in 

relation to the others) in subsequent conditions. Likewise, 

the lower-scoring subjects will tend to remain relatively 

low on subsequent performances. If the variance associated 

with these individual differences is ignored, the variance 

which is unaccounted for will be artificially inflated and 
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the risk of making a Type II error (rejecting a research hy

pothesis when it is true) will be increased. The investiga

tor can overcome this problem through the extraction of 

between-subject variance, a process inherent in the repeated 

measures design (Kelly, Beggs, McNeil, Eichelberger, & Lyon, 

1969). 

When the Repeated Measures Design Cannot be Employed 

In the repeated measures design, it is presumed that 

the subjects, the first independent variable, can be measured 

across all conditions of the factor, which is the second inde

pendent variable under investigation. However, since there 

is only one observation per cell in this type of "treatments-

by-subjects" design (Taylor, 1972) , an excessive number of 

empty ("missing") cells can represent an overpowering obstacle 

to the calculation, interpretation, and ultimate validity of 

the F values. In observational studies, the researcher has no 

direct control over the subjects, and he/she consequently has 

no influence on the distribution of observations over the 

levels of the categorical independent variable (Wildt & Ahtola, 

1978). 

The Baseball Model 

Baseball data from 1900-1978 served as a model to 

illustrate how subjects can be treated as groups with the 

analysis of covariance procedure even when the repeated 

measures design is not applicable. Although statisticians 
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have displayed a considerable interest in the sport of 

baseball since its modest introduction to the United States 

on the Elysian Fields in Hoboken, New Jersey, on June 19, 

1846 (Reichler, 1979), few studies have utilized sophisti

cated statistical methods to investigate some of the game's 

more intriguing questions despite the fact that few activi

ties have been so thoroughly, and even painstakingly, 

numerically documented as has the game of baseball (Gibbons, 

Olkin, & Sobel, 1978). In his classic work entitled Percen

tage Baseball, Earnshaw Cook (1966) took this contention one 

step further in rendering the opinion that baseball, because 

of its remarkably accurate and comprehensive system of 

statistics along with its repetitive game situations and 

carefully enforced rules of play, is the only athletic con

test truly susceptible to analyses by so much as elementary 

probability theory. In any event, even with this wealth 

of accessible information, most research activities involving 

baseball data have not embraced statistical techniques beyond 

those of a descriptive nature. 

Previous Scholarly Research with Baseball Models 

Rosenberg (1978) postulated that the bonds between 

sport and society are such that the study of one provides 

valid insights into the dynamics and structure of the other. 

Furthermore, Oliver's (1978) research led him to conclude 



that baseball is "more than a game" and consequently merits 

the additional attention of social scientists from all 

fields. Although no published study as of the time of this 

writing has utilized analysis of covariance with a baseball 

model in the same manner as it was employed in this investi

gation, some recent statistical studies relating to baseball 

are of particular interest since they did make use of linear 

regression models. Stranak (1977) employed multiple linear 

regression techniques in the development of a prediction 

equation for selecting college baseball players, and Rosen

berg (1978) utilized a similar approach to predict the 

length of careers for pitchers as well as non-pitchers. 

Perhaps the earliest study involving a linear model with 

baseball data was Hooks' (1958) attempt to determine the 

relation of selected structural and strength measures to 

success in various baseball skills and ascertain whether 

there were combinations of these measures which could be 

used to predict success in each skill area. 

Several studies (Efron & Morris, 1975; Gibbons et al., 

1978; Lindsey, 1961, 1963; Mosteller, 1951, 1952) have used 

various derivations of baseball models to either illus

trate or assess rather com.plex statistical techniques. 

These efforts accentuated the multitudinal advantages of 

examining and evaluating data which, although produced for 

purposes other than scholarly inquiry, can be exploited 
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by social scientists for furthering knowledge in statisti

cal theory and methodology. 

Previous Nontechnical Research with Baseball Data 

Since the introduction of a more lively baseball 

shortly following World War I (Neft, Johnson, Cohen, & 

Deutsch, 1977) , statisticians and baseball enthusiasts have 

been searching for a meaningful method of evaluating the 

comparative values of the offensive performances of pro

fessional baseball players who were active in different 

eras. Since in this investigation baseball data was sub

jected to the analysis of covariance procedure for the pur

pose of examining players' diversified batting abilities 

as reflected in their batting averages, four previous 

attempts at evaluating the relative worth of baseball 

players' offensive contributions will be presented in brief. 

Three of these endeavors primarily involved algebraic manipu

lations; the fourth involved a basic descriptive differentia

tion system. 

Maher (1977) , Lewis (1978) , and Cook (1966) elected to 

use rudimentary algebra in developing their own unique 

methods of evaluating an individual player's offensive 

value for insertion in a rating system v/ith other players' 

values. Maher devised what he labeled the "Offensive 

Average" based on a player's total bases, walks, stolen 
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bases, and official at bats. Lewis later developed a similar 

device he named the "Overall Offensive Rating" based on runs 

scored, runs batted in, batting average, and slugging 

average. Although both formulas possess strong features, 

Cook had much earlier originated a scoring index, known as 

the "DX," which encompassed a component not included in 

either of the two presented formulas. 

The DX, simply stated, is the sum of all probabilities 

of the batter reaching first base multiplied by the proba

bility of the runner advancing beyond first base to score. 

Of at least equal value to the DX, however, is Cook's 

unparalleled realization and adjustment of individual 

scoring indices for variations in performance due to the 

absence of a comparable environment during the various eras 

of the game's existence. Known deviations in the resiliency 

of the baseball itself, extended travel and night games, 

the use of relief pitchers, the early differences in score-

keeping, equipment and philosophy along with numerous other 

variables have all contributed to the observed, and sometimes 

pronounced, divergence in play from one era to another and, 

in some instances, from one season to the next. Therefore, 

although Cook's use of elementary probability theory in 

performing the adjustment for his index was relatively sim

plistic, his confrontation of the problem in an actively 

constructive manner was years ahead of the next major effort 
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by Nordhielm (1978) which directly addressed the evaluation 

of baseball players performing under dissimilar conditions. 

Nordhielm proposed a straightforward system slightly 

more fundamental than that of Cook's in an attempt to neu

tralize the varying effects of changing times upon the hitter 

while also to a degree compensating for deviations betv/een 

the two leagues themselves. A given batter's "hitting 

rating" for a particular year was obtained by calculating 

the difference between his personal batting average and the 

seasonal batting average obtained by the league in which he 

played. The resulting single-season set of numbers repre

senting the discrepancy between the individual and league 

batting averages provided a means of comparing players under 

somewhat equalized conditions who performed during different 

eras. Although the techniques developed by Cook and Nord

hielm reflected an understanding of the rationale behind the 

applications of analysis of covariance, neither actually 

referred to the technique in his analysis. Interestingly, 

both Cook's and Nordhielm's approaches resulted in identical 

findings identifying Ty Cobb as the greatest offensive per

former in the game since the turn of the century. 

Questions 

Specifically, this investigation sought answers to the 

following questions: 
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(1) How effective is the analysis of covariance 

procedure in treating individual baseball 

players as groups while statistically con

trolling for the influences of extraneous 

variables on achieved batting average? 

(2) In contrast, how effective is the analysis 

of variance procedure in treating individual 

baseball players as groups while failing to 

statistically control for the influences of 

extraneous variables on achieved batting 

average? 

Limitations of the Study 

This inquiry employed naturally occurring intact groups 

in an observational setting, and therefore no random assign

ment of observations was possible. An effort was made to 

compensate for this limitation by selecting the m.ost appro

priate linear model available for this research situation 

with the realization that the independence of observations 

was questionable and extraneous variables were present which 

could explain some of the variance in the observations. 

Since the repeated measures design was judged to be unsuit

able for this investigation, the analysis of covariance 

procedure was chosen. 
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In addition, the observations in this study consisted 

of seasonal batting averages, the measure of batting effec

tiveness most commonly quoted. A player's batting average 

for a single season, or even for his entire career, is sim

ply the proportion of official times at bat which resulted 

in safe hits (Lindsey, 1963) expressed to three decimal 

places (four or more decimal places may be used to break 

ties), Maher (1977), among others, has argued that batting 

average is not an entirely reliable indicator of a player's 

offensive value since it assigns the same importance to sin

gles as it does to doubles, triples, and homeruns and does 

not even take into consideration bases on balls. Maher's 

contention is certainly not without justification since 

batting average is often an erratic reflection of overall 

offensive ability, but at present there is no single perfect 

measure of a player's offensive effectiveness, and batting 

average is still the most recognized, understood, and widely-

accepted barometer of a player's batting proficiency. 

Nevertheless, the researcher should retain an awareness 

of the shortcomings of the batting average statistic in 

evaluating the findings of this investigation. 

Finally, the covariates employed in the analysis of 

covariance procedure cannot possibly account for all of 

the possible sources of disparate playing conditions during 

baseball seasons. The physical characteristics of the 
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player's home stadium, the quality of the batters who pre

cede and follow the player in the lineup, the quality of 

his own team's pitching staff which he does not bat against, 

and several other variables affect differing playing condi

tions which cannot be completely negated with regard to 

their impacts on a player's seasonal batting average. In 

any event, the covariates selected for this study were 

expected to account for a considerable portion of the vari

ance which would have otherwise adversely distorted the 

evaluation of the players' relative merits as expressed in 

terms of batting average. 



CHAPTER II 

METHODS AND PROCEDURES 

This chapter discusses the research design, the sub

jects, the variables, and the research hypotheses. The 

treatment of the data is discussed at the conclusion of the 

chapter. 

Design 

This study used secondhand simple observation with the 

archival approach as described by Webb, Campbell, Schwartz, 

and Sechrest (1966). This approach has particularly been 

advocated for longitudinal studies such as was the case with 

this research. Data was primarily obtained from The Base

ball Encyclopedia (Reichler, 1979) which contains the offi

cial set of major league baseball statistics. In those in

stances when a player was active in both the American League 

and the National League during a particular season, The 

Sports Encyclopedia: Baseball (Neft et al., 1977) was con

sulted for the number of official at bats in each league. 

Subjects 

Twenty of baseball's greatest offensive performers from 

every era since the turn of the century as represented by a 

total of 363 seasons in which at least one official at bat 

was recorded were included in the study. Ten of the players 

were proposed by Cook (1966) and ten additional players were 

16 
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added who had won three or more Batting Averace Champion

ships in either the American League and/or the National 

League as of the end of the 1978 season. Below is a listing 

of the selected players and their inclusive years of parti

cipation in professional major league baseball: 

Rod Carew (1967- ) 

Roberto Clemente (1955-1972) 

Ty Cobb (1905-1928) 

Joe DiMaggio (1936-1951) 

Jimmie Foxx (1925-1945) 

Lou Gehrig (1923-1939) 

Hank Greenberg (1930-1947) 

Harry Heilmann (1914-1932) 

Rogers Hornsby (1915-1937) 

Nap Lajoie (1896-1916) 

Mickey Mantle (1951-1968) 

Willie Mays (1951-1973) 

Stan Musial (1941-1963) 

Tony Oliva (1962-1976) 

Pete Rose (1963- ) 

Babe Ruth (1914-1935) 

Honus Wagner (1897-1917) 

Paul Waner (1926-1945) 

Ted Williams (1939-1960) 

Carl Yastrzemski (1961- ) 
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A minimum of 3,000 official at bats since 1900 was re

quired for eligibility as a subject in the analyses, and sea

sons in which a player participated prior to 1900 were not 

included in the 3,0 00 at bat minimum nor were they subjected 

to the analyses of the data. The number of seasons for any 

given player ranged from a low of 12 (Rod Carew) to a high 

of 24 (Ty Cobb), with a mean for the twenty players of 18.15 

seasons. The range in the number of allowable at bats for 

any given player extended from a low of 5,193 (Hank Green

berg) to a high of 11,429 (Ty Cobb), with a mean for the 

twenty players of 8,508.75 official at bats. All totaled, 

the players amassed 170,175 at bats, 55,681 hits, and com

bined for a robust batting average of .327. 

Variables 

The independent variables were the individual players 

as represented by their combined total of 363 seasonal bat

ting averages (PLAYER), the batting average of the league(s) 

in which a player participated for any given season (LEAGUE 

BA), and his age of the 15th of October for any given season 

(AGE) . The dependent variable was the seasonal batting 

averages of each player (PLAYER BA). LEAGUE BA and AGE were 

considered as the two extraneous variables and served as 

covariates for the analysis of covariance procedure. 
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Rationale for the Use of LEAGUE BA and AGE as Covariates 

With the implementation of the analysis of covariance 

procedure in the manner described in Chapter I, an adjust

ment was made in an attempt to compensate for the effects of 

LEAGUE BA and AGE with regard to PLAYER BA based upon three 

suppositions beyond the assumptions ordinarily required in 

conjunction with linear models. First, the adjustment of 

PLAYER BA by LEAGUE BA required the supposition that the 

higher a player's batting average for a particular season, 

the higher his league's batting average for that same sea

son is likely to be, i.e., a positive relationship. Like

wise, of course, the lower a player's batting average for a 

given season, the lower his league's batting average will 

tend to be. 

Secondly, implied in the use of AGE as a covariate was 

the supposition that, without compensating for AGE, a player 

could otherwise be- unduly penalized in terms of his batting 

average for the seasons in which he was able to participate 

beyond his prime years or, as the case may be, prevented 

from participation during some of his potentially finest 

seasons, i.e., a negative relationship. A case in point is 

perhaps best exemplified by Ted Williams, who twice had 

potentially highly productive years of his baseball career 

interrupted by a call to military service; yet he maintained 
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the stamina to remain active in the major leagues until the 

age of 42. Obviously, Williams' unadjusted PLAYER BA would 

in all probability have been much higher if he (a) had been 

able to play during all of his potentially finest years 

and (b) had not been so durable as to have been able to 

continue playing well past his prime seasons. 

The Concept of the "Average" Player 

Finally, the utilization of analysis of covariance in 

this design necessitated a third supposition which was that, 

for any given season under investigation, the league's bat

ting average represents an "average" player which thereby 

enables an individual player's performance to be measured 

in relation to an "average" player in either league for a 

particular year. Furthermore, it was theorized that the 

quality of the "average" baseball player has remained rela

tively constant over the years (considering the improve

ments in nutrition, training procedures, etc.) and the co

variates of LEAGUE BA and AGE, rather than the actual quality 

of the player, account for a significant percentage of the 

variance in terms of the inequities in the "average" 

player's batting average from season to season, or from era 

to era. Although this theory of the consistent quality of 

the player has unarguably been violated during the seasons in 

which foreign wars dismantled baseball teams of many of their 
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finest players. Cook (1966) believed there is little doubt 

that the great clubs of the past could have competed on an 

equal or favorable basis with teams of the present. 

In effect, the players in this study were equated with 

regard to the influences of LEAGUE BA and AGE on PLAYER BA, 

The suppositions were made that LEAGUE BA and AGE are sig

nificantly correlated with PLAYER BA in opposing directions, 

and LEAGUE BA was assumed to reflect the difficulty level 

of obtaining a safe hit rather than the quality of the 

"average" player. In short, this application of analysis 

of covariance to the research problem at hand represented 

an attempt to remove the effects of two disturbing variables 

which introduced bias because the seasonal batting averages 

of the players were not equated with regard to seasonal 

league batting averages and the players' seasonal ages. 

Hypotheses 

The two research hypotheses listed below were generated 

from the questions introduced in Chapter I. A major expec

tation of this investigation was that the results of the two 

hypotheses would provide strikingly dissimilar conclusions: 

(1) There will be significant differences among 

the lifetime batting averages of twenty of 

baseball's greatest performers while statis

tically controlling for the influences of 
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seasonal league batting averages and the 

players' seasonal ages. Furthermore, it is 

not anticipated that, in general, the players 

who achieve the highest adjusted lifetime 

batting averages will have primarily been 

active in the time period from 1920-1940, 

as is the case with the unadjusted (actual) 

lifetime batting averages. 

(2) There will be significant differences among 

the lifetime batting averages of twenty of 

baseball's greatest performers while failing 

to statistically control for the influences 

of seasonal league batting averages and the 

players' seasonal ages. In contrast to 

Hypothesis 1, it is known that, in general, 

the players who achieved the highest unad

justed (actual) lifetime batting averages 

were primarily active in the time period from 

1920-1940. 

Treatment of the Data 

For Hypothesis 1, a one-way analysis of covariance was 

performed utilizing PLAYER as the independent variable, 

weighted PLAYER BA as the dependent variable, and LEAGUE BA 

and AGE as the two covariates. For Hypothesis 2, a one-way 
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analysis of variance procedure was performed employing 

PLAYER as the independent variable and weighted PLAYER BA 

as the dependent variable. PLAYER BA was weighted by divid

ing a player's average number of at bats per season by his 

actual number of at bats in any given season. In the three 

instances where a player participated in both the American 

League and National League during a season, a composite 

LEAGUE BA was computed based upon his number of at bats in 

each league. The .05 level of significance was required for 

the acceptance of the research hypotheses tested with the 

analysis of covariance and analysis of variance procedures. 

When significant F ratios were encountered, the 

adjusted and/or unadjusted mean PLAYER BA's were analyzed at 

the .05 alpha level using the a posteriori nonorthogonal 

comparisons procedure known as Tukey's HSD (honestly signifi

cant difference) test. Tukey's HSD test was recommended by 

Wildt and Ahtola (1978) since it is appropriately sensitive 

when the researcher desires to make all pairwise mean compari

sons. 

Finally, a multiple correlation coefficient (R) was com

puted with PLAYER BA as the dependent variable and LEAGUE BA 

and AGE as the two independent variables in an effort to 

2 
establish the amount of variance (R ) accounted for by 
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LEAGUE BA and AGE with regard to PLAYER BA. In addition, 

a Pearson correlation coefficient (r) was computed between 

the adjusted and unadjusted lifetime (mean) PLAYER BA's in 

order to determine the degree of the relationship between 

the two derivatives of the same variable. 



CHAPTER III 

RESULTS AND INTERPRETATIONS 

The following analyses were performed with the aid of 

subprograms ANOVA and ONEWAY from the Statistical Package 

for the Social Sciences (Kim & Kohout, 1975) at the facili

ties of the Texas Tech Computer Center in Lubbock, Texas. 

This chapter will present the results of the analysis of 

covariance and analysis of variance procedures in addition 

to the findings obtained from the Pearson correlation and 

multiple correlation coefficients. As reported in Chapter 

II, the .05 level of significance was employed with regard 

to all test results. 

Analysis of Covariance Results 

Hypothesis 1 required the use of analysis of covariance 

in order to determine if there was a significant difference 

among the twenty players' lifetime batting averages after 

the influences of seasonal league batting averages and play

ers' seasonal ages were removed. Table 1 reveals that, as 

predicted, the analysis of covariance procedure yielded a 

significant difference among the adjusted lifetime batting 

averages of the players, F(19, 340) = 6,62, p <1.001. In 

addition, the F values indicated that the two covariates of 

LEAGUE BA (F(l, 340) = 119.32 £<.001) and AGE (F(l, 340) = 

15.07, p^.OOl) contributed significantly toward suppressing 

25 
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the extraneous variation in the seasonal batting averages of 

the players. 

Tukey's HSD Test 

Table 2 exhibits the results of Tukey's HSD test which 

divulged that Ty Cobb's adjusted batting average of .366 was 

not significantly different from those of eight other 

players—Nap Lajoie (.355), Ted Williams (,350), Rod Carew 

(.348), Honus Wagner (.347), Stan Musial (.3391), Rogers 

Hornsby (.3386), Roberto Clemente (.330), and Tony Oliva 

(.326). Tukey's HSD procedure further disclosed that, while 

Cobb's adjusted batting average was significantly different 

from those of the 11 remaining players, second-place La

joie' s adjusted batting average was significantly different 

from those of only five players—Willie Mays (.3146), Mickey 

Mantle (.310), Carl Yastrzemski (.309), Jimmie Foxx (.303), 

and Hank Greenberg (.298). Without a doubt, Lajoie's ad

justed batting average was not found to be significantly 

different from Joe DiMaggio's adjusted batting average of 

.314 as a result of DiMaggio's relatively small sample of 

seasonal batting averages (13). 

Continuing down the list of players, Tukey's HSD test 

detected that Williams' adjusted batting average v/as sig

nificantly different from those of three players (Yastrzem

ski, Foxx, and Greenberg), whereas the adjusted batting 
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TABLE 2 

TUKEY'S HSD TEST OF THE ADJUSTED LIFETIME BATTING AVERAGES 

OF THE TWENTY PLAYERS AS DERIVED FROM THE 

ANALYSIS OF COVARIANCE PROCEDURE 

Player 

Cobb 
Lajoie 
Williams 
Carew 
Wagner 
Musial 
Hornsby 
Clemente 
Oliva 
Rose 
Ruth 
Heilmann 
Waner 
Gehrig 
Mays 
DiMaggio 
Mantle 
Yastrzemski 
Foxx 
Greenberg 

No. 
of 
Ss 

24 
17 
19 
12 
18 
22 
23 
18 
15 
16 
22 
17 
19 
17 
22 
13 
18 
18 
20 
13 

Adj.^ 
Lt 
BA 

.366 

.355 

.350 

.348 

.347 

.3391 

.3386 

.330 

.326 

.325 

.323 

.321 

.319 

.3150 

.3146 

.314 

.310 

.309 

.303 

.298 

^^c SD 

.032 

.049 

.030 

.033 

.035 

.031 

.044 

.030 

.025 

.021 

.038 

.046 

.035 

.032 

.028 

.030 

.033 

.024 

.039 

.029 

CT> 
U 
CD 

<u 
CU 
5-1 

o 
• 

* 

* 

• 

* 

XJ 
X 
0 
fc 
* 

* 

* 

* 
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Number of Seasons. 

^ Adjusted Lifetime Batting Average 

^ Standard Deviation. 

Denotes pairs of players significantly different at the 
.05 alpha level. 
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averages of Carew and Wagner were significantly different 

from those of only two players (Foxx and Greenberg). No 

other significant differences were uncovered by Tukey's HSD 

test with regard to the analysis of covariance procedure. 

Multiple Correlation Coefficient 

The multiple correlation coefficient disclosed that a 

significant relationship existed between the seasonal bat

ting averages of the players and the combination of the sea

sonal league batting averages and players' seasonal ages, 

R = .48. The percentage of the variance accounted for by 

LEAGUE BA and AGE with regard to PLAYER BA (R = .23) was 

somewhat higher than originally anticipated. The Pearson 

correlation coefficients between PLAYER BA and LEAGUE BA 

(r = .45) and PLAYER BA and AGE (r = -.18) clearly accentu

ated the fact that LEAGUE BA accounted for by far the largest 

portion of the variance even though both correlations were 

significant in the expected directions. 

Analysis of Variance Results 

In order to contrast the findings from Hypothesis 1, 

Hypothesis 2 required the use of analysis of variance in an 

attempt to determine if there was a significant difference 

among the twenty players' lifetime (mean) batting averages 

without controlling for the influences of seasonal league 
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batting averages and players' seasonal ages. Table 3 

reveals that, as predicted, the analysis of variance pro

cedure produced a significant difference among the unad

justed (actual) lifetime batting averages of the players, 

F(19, 343) = 6.83, p <.001. 

Tukey's HSD Test 

Tukey's HSD test results following the analysis of co-

variance procedure determined that Ty Cobb's adjusted 

batting average was not significantly different from those 

of eight players. Table 4, on the other hand, exhibits the 

findings of Tukey's HSD test after the analysis of variance 

procedure detecting that Cobb's unadjusted batting average 

of . 367 was not significantly different from those of nine 

other players—Rogers Hornsby (.358), Ted Williams (.344), 

Babe Ruth (.3421), Harry Heilmann (.3416), Lou Gehrig 

(.340), Nap Lajoie (.337), Rod Carew (.334), Paul Waner 

(.333), and Stan Musial (.331). Further disclosures indi

cated that, while Cobb's actual batting average was signifi

cantly different from those of the ten remaining players, 

runner-up Hornsby's unadjusted batting average was signifi

cantly different from those of seven players—Roberto Cle

mente (.317), Hank Greenberg (.313), Pete Rose (.310), Tony 

Oliva (.304), Willie Mays (.302), Mickey Mantle (.298), and 

Carl Yastrzemski (.289). 
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TUKEY'S HSD TEST OF THE UNADJUSTED LIFETIME BATTING 

AVERAGES OF THE TT̂ TENTY PLAYERS AS DERIVED 

FROM THE ANALYSIS OF VARIANCE PROCEDURE 

P l a y e r 
^ 

C o b b 
H o r n s b y 
W i l l i a m s 
R u t h 
H e i l m a n n 
G e h r i g 
L a j o i e 
C a r e w 
W a n e r 
M u s i a l 
W a g n e r 
F o x x 
D i M a g g i o 
C l e m e n t e 
G r e e n b e r g 
R o s e 
O l i v a 
Mays 
M a n t l e 
Y a s t r z e m s k i 

a 
N o . 
o f >>./ J K 

S s 

24 
23 
19 
22 
17 
17 
17 
12 
19 
22 
18 
20 
13 
18 
13 
16 
15 
22 
18 
18 

b 
U n a . 

L t XJ w 

BA 

. 3 6 7 

. 3 5 8 

. 3 4 4 

. 3 4 2 1 

. 3 4 1 6 

. 3 4 0 

. 3 3 7 

. 3 3 4 

. 3 3 3 

. 3 3 1 
, 3 2 8 
. 3 2 5 3 
. 3 2 4 6 
. 3 1 7 
. 3 1 3 
. 3 1 0 
. 3 0 4 
. 3 0 2 
. 2 9 8 
. 2 8 9 

c 
SD 

. 0 3 2 

. 0 4 4 

. 0 3 0 

. 0 3 8 

. 0 4 6 

. 0 3 2 

. 0 4 9 

. 0 3 3 

. 0 3 5 

. 0 3 1 

. 0 3 5 

. 0 3 9 

. 0 3 0 

. 0 3 0 

. 0 2 9 

. 0 2 1 

. 0 2 5 

. 0 2 8 

. 0 3 3 

. 0 2 4 
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Number of Seasons. 

^ Unadjusted Lifetime Batting Average 

^ Standard Deviation 

* Denotes pairs of players significantly different at the 
.05 alpha level. 
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Moving down the list of players, Tukey's HSD test di

vulged that the actual batting averages of Williams, Ruth, 

and Heilmann were significantly different from those of 

three players (Mays, Mantle, and Yastrzemski), whereas the 

unadjusted batting average of Gehrig was significantly 

different from those of just two players (Mantle and Yas

trzemski) . Finally, the actual batting averages of Lajoie, 

Waner, and Musial were shown to be significantly different 

from the batting average of only one player (Yastrzemski). 

Carew's unadjusted batting average was undoubtedly not found 

to be significantly different from that of Yastrzemski's due 

to Carew's relatively small sample of seasonal batting 

averages (12). No other significant differences were un

covered by Tukey's HSD test with regard to the analysis of 

variance procedure. 

The Relationship Between Adjusted and Actual Batting 

Averages 

The Pearson correlation coefficient between the ad

justed batting average of each player and the unadjusted 

(actual) batting average of each player produced a r value 

of .91, indicative of a strong positive association between 

the two derivatives of the same variable. At the same time, 

however, this degree of correlation dem.onstrated that ap

proximately 83 percent of the variation in the adjusted 
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batting averages can be accounted for by the actual batting 

averages alone, leaving the remainder of the variance 

explained by the presence of the two covariates of LEAGUE 

BA and AGE. The following section will discuss some of the 

pronounced divergence from unadjusted to adjusted batting 

averages as a result of the variance accounted for by the 

covariates. 

Interpretations 

Table 5 represents a summary of the findings from both 

the analysis of variance and analysis of covariance proce

dures. The "Net Change" column lists each player's gain or 

loss in terms of percentage points in his lifetime batting 

average as a result of removing the impacts of seasonal 

batting averages and his seasonal ages from achieved batting 

average. As a result of taking into account these influ

ences, eleven players gained percentage points on their 

lifetime batting averages, but nine others experienced 

decreases in their batting averages. 

A Historical Perspective 

The explanation for the respective gains and losses of 

most players is not complex if one considers the difficulty 

level of obtaining a safe hit in the game of professional 

baseball in the time period from approximately 1920-1940. 



TABLE 5 

ADJUSTED LIFETIME BATTING AVERAGES, UNADJUSTED 

LIFETn^E BATTING AVERAGES, AND NET CHANGES 

FOR THE T̂ -JENTY PLAYERS 
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Adjusted Unadj 
Player Batt: Lng 

Average 

Ty Cobb ( 
Nap Lajoie ( 
Ted Williams ( 
Rod Carew 
Honus Wagner 
Stan Musial 
Rogers Hornsby 
Roberto Clemente 
Tony Oliva 
Pete Rose 
Babe Ruth 
Harry Heilmann 
Paul Waner 
Lou Gehrig 
Willie Mays 
Joe DiMaggio 
Mickey Mantle 
Carl Yastrzemski 
Jimmie Foxx 
Hank Greenberg 

: 1) 
: 2) 
: 3) 
; 4) 
[ 5) 
[ 6) 
( 7) 
[ 8) 
( 9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 

.366 ( 

.355 ( 

.350 ( 

.348 ( 

.347 ( 

.3391 ( 

.3386 ( 
,330 ( 
.326 ( 
,325 ( 
,323 ( 
.321 
.319 
,3150 
.3146 
.314 
.310 
.309 
.303 
.298 

Batt 
usted 
ing 

Average 

1) 
7) 
3) 
8) 

11) 
10) 
2) 

14) 
17) 
16) 
. 4) 
: 5) 
: 9) 
; 6) 
: i 8 ) 
[13) 
[19) 
[20) 
(12) 
(15) 

,367 
.337 
.344 
.334 
.328 
.331 
.358 
.317 
.304 
.310 
.3421 
.3416 
.333 
.340 
.302 
.3246 
.298 
.289 
.3253 
.313 

b 
Net"" 

Change 

-.001 
+ .018 
+ .006 
+ .014 
+ .019 
+ .008 
-.019 
+ .013 
+ .022 
+ .015 
-.019 
-.021 
-.014 
-.025 
+ .013 
-.011 
+ .012 
+ .020 
-.022 
-.015 

^ Numbers in parentheses indicate the respective ranks 
of the players. 

^ Computed by the formula (Adjusted Batting Average -
Unadjusted Batting Average). 
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During that time frame, the resiliency of the baseball it

self and other factors previously discussed contributed to 

some of the most productive batsmanship ever witnessed in 

modern times. The year of 193 0 exemplified the most extreme 

case of the hitter's domination of the game as a total of 

nine of the sixteen major league teams accomplished seasonal 

batting averages of .300 or better, including the last-place 

Philadelphia Phillies in the National League who themselves 

compiled a batting average of .315, a feat unnerving even 

by 1930 standards. When all of the offensive statistics 

were totaled at the end of the 1930 season, the National 

League had recorded a batting average of .303, compared to 

the American League's more modest figure of .288. 

By contrast to the period from 1920 to 1940 and the 

1930 season in particular, only one major league club since 

1937 has attained a batting average as high as .300. More

over, in several American League seasons since 1965, even 

the most potent teams have been unable to mount an offensive 

attack strong enough to rise above the .260 plateau. Per

haps the best example of this type of season was the 1968 

American League campaign when the entire league could ac

cumulate only a .230 batting average, and the highest bat

ting average any one club could muster was a mere .240, an 

abhorrent figure by criteria of the 1920-1940 period. The 
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"dead ball" decades prior to 1920 also produced their fair 

share of hitting anemia; the 1906 edition of the Chicago 

White Sox won the American League pennant in spite of a team 

batting average of .230 and proceeded to defeat their cross-

town rivals and perhaps the finest team since the turn of 

the century, the Chicago Cubs of 1906, in the World Series. 

Net Gains and Losses 

Of the twenty players selected for this study, seven 

could primarily be classified as participants from the 1920-

1940 period (Jimmie Foxx, Lou Gehrig, Hank Greenberg, Harry 

Heilmann, Rogers Hornsby, Babe Ruth, and Paul Waner), where

as the rest could primarily be categorized in either the 

1900-1919 or 1941-1978 time frame. As is exhibited in Table 

5, all seven of the players from the 1920-1940 period lost 

percentage points in their achieved lifetime batting averages 

due to the input of the covariates, but 11 of the 13 re

maining players experienced net gains in their adjusted 

lifetime batting averages after the analysis of covariance 

procedure had made the proper compensations for the influ

ences of LEAGUE BA and AGE. 

As a result of playing in the middle of the prolific 

hitting decades, Lou Gehrig incurred the greatest measure 

of the covariates' wrath with a net decrease of 25 percen

tage points in his batting average from̂  an actual .340 to 
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an adjusted .315. However, four other distinguished players 

from the same period also encountered severe declines in 

their batting averages—Foxx (-.022), Heilmann (-.021), 

Hornsby (-.019), and Ruth (-.019). Although not primarily 

from the 1920-1940 period, Joe DiMaggio (-.011) and Ty Cobb 

(-.001) probably lost a few percentage points in their bat

ting averages due at least in part to the overlapping of 

their careers with the 1930's and 1920's, respectively. 

On the positive side, Tony Oliva's adjusted batting 

average of .326 was the consummation of an increase of 22 

percentage points from his actual batting average of .304. 

Oliva's net gain was the largest of any of the twenty 

players principally because of his participation in the lean 

hitting years from 1965-1975. Other players enjoying 

healthy boosts to their batting averages comprised such 

celebrated performers as Carl Yastrzemski (+.020), Honus 

Wagner (+.019), and Nap Lajoie (+.018). 

The Top Ten 

Finally, from Table 5 it is evident that only one of 

the players ranked in the first ten in terms of adjusted 

lifetime batting average was primarily a participant in the 

1920-1940 time period, and this player, Rogers Hornsby, was 

forced to overcome a loss of 19 percentage points from his 

actual batting average in order to place 7th. On the other 
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hand, a glance at the unadjusted batting average rankings 

reveals that five players (Hornsby, Ruth, Heilmann, Gehrig, 

and Waner) from the 1920-1940 time frame were present in 

the upper ten. Therefore, the projections from Hypotheses 1 

and 2 regarding the composition of the respective list of 

rankings was confirmed since the influence of the advantages 

of playing during the decades of 1920 to 1930, highly 

visible in the unadjusted averages, was notably absent from 

the listing of adjusted averages. 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

A general review of the study, including the tested 

hypotheses and the results, are included in this chapter. 

The latter portion of this chapter is devoted to a discus

sion of the conclusions derived from the findings of this 

investigation. 

Summary 

Although most texts devoted to a discussion of analysis 

of variance and/or covariance routinely assume that the 

collected data are experimental in nature and employ random, 

assignment, social scientists are increasingly dealing with 

variables which are nonmanipulative and designs which are 

observational rather than experimental. Therefore, the major 

motivation behind this study was directed toward broadening 

the social scientist's currently restricted range of uti

lized methodologies and encouraging opportunistic and crea

tive exploitation of unique measurement possibilities, 

especially with regard to the statistical technique of 

analysis of covariance. 

Analysis of covariance is a special case of the linear 

model whereby the effects of uncontrolled variables (covari

ates) are suppressed by means of a simple linear regression 

40 
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method and the residual sums of squares are used in tests 

of significance. This inquiry was primarily concerned with 

the removal of the effects of disturbing variables since it 

v/as an observational study rather than an experimental study. 

In an attempt to demonstrate that the potential contribu

tions of analysis of covariance and other linear models have 

been only partially realized due to their usually conven

tional implementations with both experimental and observa

tional designs, the purpose of this study was to illustrate 

how subjects can be treated as groups in an analysis of co-

variance procedure when the repeated measures design is not 

a feasible alternative. 

Baseball data from 1900-1978 served as a model to dem

onstrate how subjects can be treated as groups with the 

analysis of covariance technique even when the repeated 

measures design is not appropriate. The study used second

hand simple observation with the archival approach which has 

particularly been advocated for longitudinal studies such as 

was the case with this research. The subjects were composed 

of twenty selected professional baseball players from vari

ous eras, and the observations for each subject consisted of 

weighted batting averages for those seasons in which at 

least one official at bat was recorded. 
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For the one-way analysis of covariance procedure, the 

independent variable was the individual players as repre

sented by their combined total of 363 seasonal batting aver

ages, the dependent variable was the seasonal batting aver

ages of each player, and the two covariates were the batting 

average of the league(s) in which a player participated for 

any given season and his age for any given season. In ef

fect, the players were statistically equated with regard to 

the influences of league batting average and age on achieved 

batting average, A one-way analysis of variance procedure 

was performed without the covariates in order to contrast 

the results of the analysis of covariance technique. When 

significant F ratios were encountered, Tukey's HSD test was 

used to make all pairwise mean comparisons at the .05 level 

of significance. 

The tested hypotheses and their respective results are 

as follows: 

Hypothesis 1. There will be significant differences 

among the lifetime batting averages of twenty of baseball's 

greatest performers while statistically controlling for the 

influences of seasonal league batting averages and the 

players' seasonal ages. 

As predicted, the results of the analysis of covariance 

procedure revealed a significant difference among the ad

justed lifetime batting averages of the twenty players. 
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Although Ty Cobb attained the highest adjusted lifetime bat

ting average of .366, Tukey's HSD test indicated that his 

adjusted batting average was not significantly different 

from those of eight other players—Lajoie, Williams, Carew, 

V7agner, Musial, Hornsby, Clemente, and Oliva. Several sig-

nigicant differences were also indicated by Tukey's HSD test. 

Hypothesis 2. There will be significant differences 

among the lifetime batting averages of twenty of baseball's 

greatest performers while failing to statistically control 

for the influences of seasonal league batting averages and 

the players' seasonal ages. 

As predicted, the results of the analysis of variance 

procedure produced a significant difference among the unad

justed (actual) lifetime batting averages of the players. 

Ty Cobb's actual batting average of .367 was not detected, 

according to Tukey's HSD test, to be significantly differ

ent from those of nine other players--Hornsby, Williams, 

Ruth, Heilmann, Gehrig, Lajoie, Carew, Waner, and Musial. 

Several significant differences were also identified by 

Tukey's HSD test. 

The projections from Hypotheses 1 and 2 regarding the 

composition of the respective list of rankings were con

firmed since the influence of the advantages of playing 

during the decades of 1920 and 1930, highly visible in the 

actual batting averages, was notably absent from the listing 
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of adjusted batting averages. The Pearson correlation co

efficient between the adjusted batting average of each play

er and the actual batting average of each player produced a 

value of +.91, indicative of a strong positive association 

between the two derivatives of the same variable. 

Conclusions 

The questions presented in Chapter I of this study will 

now be addressed concerning the effectiveness of analysis 

of covariance and, in contrast, of analysis of variance in 

treating subjects as groups when the repeated measures de

sign is not appropriate. The logic behind employing analy

sis of covariance in this investigation was to remove the 

effects of two disturbing variables in an observational 

study, thereby increasing the likelihood of detecting true 

differences between the subjects by reducing the variation 

in the observations through the suppression of the variance 

accounted for by the covariates. Consideration will also 

be given to the utilization of archival records, such as 

baseball data, to examples of potential alternative applica

tions in which such data might be analyzed with an analysis 

of covariance design, and finally to future applications and 

implications regarding baseball models themselves. 
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The Explained Variance 

Both hypotheses of the study were accepted with a high 

degree of confidence (p<.001), yet the relative size of the 

F value for both the analysis of variance and analysis of 

covariance procedures deserves further attention. As will 

be recalled from Table 3, the value of the PLAYER F(19, 343) 

for the analysis of variance procedure was 6.83, whereas, 

from Table 1, the value of the PLAYER F(19, 340) for the 

analysis of covariance procedure was, as expected, a some

what lower 6.62. However, additional inspection of Table 1 

shows that the total variance "explained" by PLAYER in 

addition to the covariates of LEAGUE BA and AGE produced a 

F(21, 340) value of 12.60. 

Therefore, with only a minor change in the degrees of 

freedom, the analysis of covariance procedure produced a 

F ratio of explained variance almost twice as large as that 

produced by the analysis of variance procedure. In light 

of this consideration, the conclusion can be made that uti

lizing subjects as groups in an analysis of covariance 

procedure which does not avail itself of the repeated mea

sure design is, indeed, an effective means of reducing 

extraneous variation in the observations, in turn increasing 

the probability of detecting true differences between the 

subjects. The advantages of the extraction of disturbing 

between-subject variance would, in all likelihood, have been 
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even more clearly demonstrated if the correlation between 

the actual and adjusted batting averages had been apprecia

tively lower than the obtained r value of +.91. 

Certainly the question might arise as to the rationale 

for not employing "gain scores" in this investigation rather 

than the more complex analysis of covariance technique. Gain 

scores could have been derived much in the same manner as 

presented by Nordhielm (1978) whereby a mean difference 

between a player's weighted achieved batting averages and 

respective league batting averages could have been computed , 

and a F value between the various players on these gain 

scores could subsequently have been obtained using analysis 

of variance. However, Campbell and Stanley (1963) have re

commended analysis of covariance with appropriate covariates 

as usually superior to simple gain-score comparisons. In 

addition, a very attractive feature of the analysis of co-

variance procedure, the inclusion of more than one adjusting 

variable (covariate), would not have been possible with the 

use of gain scores alone. 

The Use of Archival Records 

The eyebrows of many social scientists may be raised at 

the mere mention of using archival records, such as baseball 

data, rather than results obtained from experimental set

tings to illustrate or assess statistical techniques. How

ever, there are several advantages inherent in the employment 
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of archival material in observational research. Aside from 

the relatively low expense involved in acquiring a massive 

amount of pertinent data, another prominent advantage of 

archival data is its nonreactivity. Although the data file 

itself may contain a substantial number of errors, the re

searcher is not likely to find masking or sensitivity as a 

result of the producer of the data becom.ing aware of his 

being studied by some social scientist. This advantage 

in itself causes the use of archives to appear more attrac

tive if the researcher desires to compensate for the re

activity which often riddles the interview and the question

naire. Certainly, the risks of error implicit in many 

archival sources are not trivial but, if they are recognized 

and accounted for by multiple measurement techniques, the 

errors do not in themselves need to preclude the utiliza

tion of the data (Webb et al., 1966). 

The accuracy of the baseball data used in this studv 

has already been attested to by Gibbons et al. (1978) and 

Cook (1966) , yet errors have undoubtedly found their way 

into the official records. Umpires occasionally make mis

takes and possess differing interpretations of the rules 

of the game, and official scorers vary in their interpreta

tions of the scoring procedures, but there are no realistic 

means by which these "errors" can be identified. However, 

Henry (1978) has noted that although some of the information 
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contained within the official records is known in certain 

instances to be inaccurate, the records are nevertheless 

official and must be treated as such. An example of this 

type of erroneous entry was recounted by Henry in which a 

base hit by Ty Cobb was omitted when the batting results 

were tabulated following the 19 06 season. Even though David 

Neft, a baseball researcher, discovered and corrected the 

error in one of the earlier versions of The Baseball Ency

clopedia, the objection to the changing of a figure con

sidered as sacrosanct for half a century by many of Ameri

ca' s baseball sportswriters forced the retraction of the 

corrected entry and the reinsertion of the original fal

lacious figure into the official records, where it remains 

to this day (Reichler, 1979). In any event, the official 

set of major league baseball statistics probably represents 

one of the most accurate and detailed volumes of archival 

records currently in existence. 

Archival information offers a large mass of pertinent 

data for many substantive areas of social science research. 

Archival material is inexpensive to obtain, easy to sample, 

ideal for longitudinal studies, and the population restric

tions associated with these sources are often known and con

trollable through the construction of indices and data 

transformations. While there may be little explicit in 
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patent records, city budgets, actuarial records, or major 

league baseball statistics to suggest their research utility, 

the content limitations of archival information are not as 

great as the social scientist confined by orthodoxy might 

initially perceive if he is willing to venture into uncon

ventional methods of data collection (Webb et al., 1966). 

Potential Alternative Applications with Observational Data 

The specific applications of inferential statistical 

techniques such as analysis of covariance with observational 

data are bounded almost exclusively by the imagination of 

the researcher. Analysis of covariance as presented in this 

investigation offers several poential alternative applica

tions for social science and business research when random 

assignment is not possible and the repeated measures design 

is considered inappropriate. Below are two examples of such 

applications: 

(1) Education. An administrator for a school system 

desires to evaluate the effectiveness of those math teachers 

who have at various times taught within his systemi and who 

have accumulated ten or more years of service. The adminis

trator decides to measure the effectiveness of these teach

ers by utilizing scores obtained upon a standardized math 

examination administered for the past 35 years to each 

student enrolled in a math class at the beginning and end of 
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every school term. He notes that some of the teachers have 

been retired for several years, whereas others are still 

active and have only recently completed their tenth year of 

service. In addition, the administrator realizes that, 

since the math scores as measured by the standardized exam 

have been steadily improving over the past 35 years both 

within the school system as well as for the nation as a 

whole, it would not be fair to evaluate the teachers solely 

on the basis of their classes' mean scores at the end of 

each school year. 

The administrator knows that the repeated measures 

design will not be appropriate for his research situation 

since very few of the teachers have been teaching math in 

his system for all of the past 35 years and, as a result, 

there would be too many empty cells in such a design. There

fore, the administrator turns to analysis of covariance and 

determines that the independent variable will be each indivi

dual teacher as represented by his/her yearly class averages 

on the post-test math exam, the dependent variable will be 

the mean yearly class average on the post-test exam for all 

of the teacher's years of service,and the covariates will 

include the teacher's yearly class average on the pre-test 

exam, the yearly average of the other math teachers' classes 

within the school system on the post-test exam, the yearly 

average of all math students in nation on the post-test exam, 

and any other relevant variables the administrator might wish 

to include. 
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(2) Business. A sales manager for a corporation de

sires to evaluate the effectiveness of those employees who 

have at various times worked within his district and who 

have accumulated ten or more years of experience on the job. 

The sales manager decides to measure the effectiveness of 

these employees by utilizing their sales volumes as of the 

end of each fiscal period for the past 40 years. He notes 

that some of the employees have been retired for several 

years, whereas others are still active and have only recent

ly completed their tenth year of salesmanship experience. 

In addition, the sales manager realizes that, since sales 

volumes have been steadily increasing over the past 40 years 

both within the sales district as well as for the 38 states 

in which his corporation operates, it would not be fair to 

evaluate the employees solely on the basis of their sales 

records at the end of each fiscal period. 

The sales manager knows that the repeated measures 

design will not be appropriate for his research situation 

due to the fact that very few of his employees have been 

selling in his district for all of the past 40 years and, as 

a result, there would be too many empty cells in such a 

design. Therefore, the sales manager turns to analysis of 

covariance and determines that the independent variable 

will be each individual employee as represented by his/her 

sales volumes for the fiscal periods, the dependent variable 
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will be the mean sales volume for all of the employee's 

fiscal periods, and the covariates will include the aver

age sales volume of the other employees within the sales 

district for each fiscal period, the sales volume for the 

38 states in which the corporation operates for each fiscal 

period, the employee's age for each fiscal period (if the 

sales manager has reason to believe that age may be a 

factor in sales volume), and any other relevant variables 

the sales manager might wish to include. 

Recommendations for Future Applications with Baseball Models 

Although Ty Cobb achieved both the highest actual and 

adjusted batting averages in this investigation, the results 

are not wholly in agreement with the findings of Nordhielm 

(1978) and Cook (1966) indentifying Ty Cobb as the greatest 

offensive performer in the game since 1900. As a conse

quence of Nordhielm's and Cook's inabilities to incorporate 

into their studies a device equivalent to Tukey's HSD pro

cedure, they were unable to ascertain if Cobb's offensive 

value was significantly different from any of the other 

players in their respective analyses. Since this inquiry 

revealed that both the unadjusted and adjusted batting 

averages of Cobb were not significantly different from sev

eral other players, additional research with baseball play

ers' offensive statistics will be necessary in order to 
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obtain greater insight into the relative batting abilities 

of various professional baseball players. 

Future research with baseball models might include 

dealing with variables reflecting offensive skills in addi

tion to batting average such as slugging average, on-base 

percentage, homerun percentage, or the "Offensive Average" 

(Maher, 1977), the "Overall Offensive Rating" (Lewis, 1978), 

or the "DX" (Cook, 1966) discussed in Chapter I. Baseball 

models might also include the examination of pitchers' rela

tive abilities as measured by the earned run average (ERA), 

hits allowed per game, strikeouts and walks allowed per 

game, and any other variables incorporating pitching skills. 

Because of the wealth of unexplored baseball data, the possi

bilities for research with baseball models are practically 

unlimited. 

Implications for Baseball Models 

The teaching of statistical theory and methods in the 

classroom is frequently a tedious and repetitive process 

for the student as well as for the instructor. The use of 

baseball models in the teaching of statistics, along with 

other types of creative activities, can assist in relieving 

some of the tension and monotony usually inherent in the 

instruction of such a highly technical substantive discipline 

For example, the student who is aroused by an interest in 

baseball might indirectly become familiar with statistical 

concepts which he/she might otherwise fail to assimilate. 
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The primary objective of this study was to inspire 

further innovations in research methodology by demonstrat

ing a benefit of reorganizing a conventional statistical 

technique to accomodate a unique research problem. More 

specifically, the intent of this investigation was to reveal 

a few of the multitudinal advantages of applying sophisti

cated statistical techniques toward a better understanding 

of the relative offensive performances of twenty of the 

greatest players in the history of the game of baseball. 

With regard to providing a basis for the inclusion of base

ball models in the statistics curriculum, one writer has in 

glowing terms expressed the reciprocal relationship which 

exists between baseball and the eternal laws of probability: 

American sports are more than games and pro

fessional entertainment. Beyond this, they repre

sent the latent survival of chivalry, of courtesy, 

of the alertness of mind and body essential to the 

courage, tranquillity and happiness of any people 

in an age where man has gained such ascendance over 

his environment as to obscure and confuse funda

mental humility and spiritual progress. Baseball 

may indeed be a game of chance, but it is a great 

game and it has made its own peculiar contribution 

to that higher system of probabilities which control 

the ultimate destinies of mankind and of the uni

verse. (Cook, 1966, p. 314). 
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