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ABSTRACT

Traditionally, major-league scouts have evaluated young “position players,” those who
are not pitchers, using the “Five Tools”: hitting for average, hitting for power, running,
throwing, and fielding. However, “sabermetricians,” those who study the science of
baseball, e.g. Bill James, have been trying to evaluate position players using quantifiable
measures of performance. In this study, a factor analysis was used to determine
underlying characteristics of minor-league hitters. The underlying factors were
determined to be slugging ability, lead-off hitting ability, “patience” at the plate, and
pure-hitting ability. Additionally, an ordinal response was created from the number of at-
bats and on-base plus slugging percentage in the majors during the 2002-05 seasons. The
underlying characteristics along with other variables such as a player’s age, position, and
level in the minors are used in a cumulative logit logistic regression model to predict a
player’s probability of notable success in the majors. The model is built upon data from
the 2002 minor-league season and data from the 2002, 2003, 2004, and 2005 major-

league seasons.
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Introduction

...By the time Billy [Beane] was fourteen, he was six inches taller
than his father and doing things that his father’s books failed to
describe. As a freshman in high school he was brought up by his
coach, over the angry objections of the older players, to pitch the
last varsity game of the season. He threw a shutout with ten
strikeouts, and went two for four at the plate. As a fifteen-year-old
sophomore, he hit over .500 in one of the toughest high school
baseball leagues in the country. By his junior year he was six foot
four, 180 pounds and still growing, and his high school diamond
was infested with major league scouts, who watched him hit over
500 again. In the first big game after Billy had come to the scouts’
attention, Billy pitched a two-hitter, stole four bases, and hit three
triples...

...He encouraged strong feelings in the older men who were paid to
imagine what kind of pro ballplayer a young man might become.
The boy had a body you could dream on. Ramrod-straight and lean
but not so lean you couldn’t imagine him filling out. And that face!
Beneath an unruly mop of dark brown hair the boy had the sharp
features the scouts loved. Some of the scouts still believed they
could tell by the structure of a young man’s face not only his
character but his future in pro ball. They had a phrase they used:
“the Good Face.” Billy had the Good Face...

...They all missed the clues. They didn’t notice, for instance, that
Billy’s batting average collapsed from over .500 in his junior year
to just over .300 in his senior year. It was hard to say why. Maybe
it was the pressure of the scouts. Maybe it was that the other teams
found different ways to pitch to him, and Billy failed to adapt. Or
maybe it was plain bad luck. The point is: no one even noticed the
drop-off. ‘I never looked at a single statistic of Billy’s,” admits one
of the scouts. ‘It wouldn’t have crossed my mind. Billy was a five-
tool guy. He had it all.’ Roger Jongewaard, the Mets’ head scout,
says, ‘You have to understand: we don’t just look at performance.
We were looking at talent.” But in Billy’s case, talent was a mask.
Things went so well for him so often that no one ever needed to
worry about how he behaved when they didn’t go well. Blalock
[his coach] worried, though. Blalock lived with it. The moment
Billy failed, he went looking for something to break. One time after
Billy struck out, he whacked his aluminum bat against a wall with
such violence that he bent it at a right angle. The next time he
came to the plate he was still so furious with himself that he



insisted on hitting with the crooked bat. Another time he threw
such a tantrum that Blalock tossed him off the team. ‘You have
some guys that when they strike out and come back to the bench all
the other guys move down to the other end of the bench,’ says
Blalock. ‘That was Billy.’

...Billy could run and Billy could throw and Billy could catch and
Billy even had the presence of mind in the field. Billy was quick-
witted and charming and perceptive about other people, if not
about himself. He had a bravado, increasingly false, that no one in
a fifty-mile radius was ever going to see through. He looked more
like a superstar than any actual superstar. He was a natural leader
of young men. Billy’s weakness was simple: he couldn’t hit...

...In his last three and a half years of pro ball Billy watched a lot
more baseball than he played, and demonstrated an odd knack for
being near the center of other people’s action. ‘The Forrest Gump
of baseball,’ he later called himself. He was on the bench when the
Twins won the 1987 World Series and also when the A’s won the
1989 World Series. He was forever finding himself next to people
who were about to become stars. He'd played outfield with Lenny
Dykstra and Darryl Strawberry. He’d subbed for Mark McGwire
and Jose Canseco. He’d lockered beside Rickey Henderson. In his
slivers of five years in the big leagues he played for four famous
managers. Sparky Andersen, Tom Kelly, Davey Johnson, and Tony
La Russa. But by the end of 1989 his career stat line (301 at bats,
.219 batting average, .246 on-base percentage, .296 slugging
percentage, and 11 walks against 80 strikeouts) told an eloquent
tale of suffering. You didn’t need to know Billy Beane at all — you
only needed to read his stats — to sense that he left every on-deck
circle in trouble. That he had developed neither discipline nor
composure. That he had never learned to lay off a bad pitch. That
he was easily fooled. That, fooled so often, he came to expect that
he would be fooled. That he hit with fear. That his fear
masqueraded as aggression. That the aggression enabled him to
exit the batter’s box as quickly as possible. One season in the big
leagues he came to the plate seventy-nine times and failed to draw
a single walk. Not many players do that...(Lewis, 2003)

The above passage is an excerpt from the book, Moneyball: The Art of Winning an
Unfair Game. This book wonderfully illustrates the why and how of a new approach

taken by some to evaluate baseball players. Traditionally, major-league scouts have



evaluated young “position players,” those who are not pitchers, using the “Five Tools”:
hitting for average, hitting for power, running, throwing, and fielding. They evaluated the
players while watching them in person, during either games or try-outs. However, there
are many stories like the one of Billy Beane, and there is a problem with this. Beane was
signed by the Mets in 1980 for $125,000; Luis Montanez, who some scouts compared to
Shawon Dunston, received $2.75 million from the Chicago Cubs as their number one
draft pick in 2000 according to baseballprospectus.com, and he has yet to play a game in
a Cubs uniform. Professional baseball is a very expensive industry. Teams cannot afford
to make too many mistakes. They need an efficient, trustworthy method for evaluating

young players.

Statisticians try to encourage researchers to make data-based decisions. It should be
considered that position players can be evaluated using quantifiable measures of
performance. Some “sabermetricians,” those who study the science of baseball, have
been trying to do that or at least something similar for many years. (Sabermetrics is a
term originating from the organization SABR, or the Society for American Baseball
Research.) Bill James, often known as the father of sabermetrics, has, for example,
created a statistic called runs-created. Runs-created is used to predict the number of runs
a team will score based on offensive statistics like hits, walks, and total bases. It is also
often used to estimate how many runs an individual player can “create” for his team.
Other sabermetric measures of offensive production such as on-base percentage plus
slugging percentage (OPS) have already become commonly used by players, managers,

and media.



I hypothesize that the offensive performance of prospective minor-league position players
can be evaluated by a statistical model in such a way as to predict their performance in
the major leagues. In order to assess this hypothesis, I will attempt to build a statistical
model, using offensive statistics such as hits, homeruns, walks, and strikeouts that both

accurately and precisely predicts offensive production in the major-leagues.

An overview of the approach to be taken follows:

1. Gather data on prospective minor-league position players’ performance
Observe their major-league performance, if any
3. Model some measure(s) of their major-league performance against

measures of their minor-league performance
4.  Make conclusions about significant predictors and final model
Discuss ideals and reality regarding collected data and scope of
inference

)]

. Data Collection

1.1 Brief Discussion of the Minor Leagues

In order from least to most advanced, the minor leagues consist of the rookie, advanced
rookie, short-season A, A, A+, AA, and AAA leagues. The teams in these leagues are
independently owned and operated, but they are directly affiliated with a major-league
organization. There are also independent leagues, but they have no affiliation with the
Major League Baseball. Mike Blake discusses each of these leagues in his book, The

Minor Leagues (Blake, 1991). Further discussion of the minor leagues can be found on




the Wikipedia website.! The purpose of these leagues is to develop young players so that
one day they may be ready to be called up by a major-league affiliate.

The rookie, advanced rookie, and short-season A leagues are all short-season leagues
taking place from June through September. They consist mostly of players recently
drafted out of high school and some out of college. These players are young enough that
they may never have lived away from home or made decisions without the influence of
their parents. A large portion of these young players are still honing their basic life skills,
as well as their baseball skills. Their future success may not yet be predictable with any

desired level of accuracy.

The single-A and double-A leagues are the levels at which most serious player evaluation
takes place. The single-A league consists of players moving up from the short-season
leagues, some high first-round draftees (particularly those with college experience), and
possibly very successful players from foreign rookie leagues. For many of these players,
this is a second or third promotion in the minors. They are commonly trying to work on
control as pitchers and consistency as hitters. The double-A league is often the level
from which players are called up to the majors. This is a level where a few small

remaining player faults are being corrected, and the level of competition is quite good.

Lastly, there is the triple-A league. This league has a very interesting mix of players.
Some are major-league players getting in some practice while rehabilitating an injury
(technically, these players may be found at any long-season league). Some are major-

league-caliber players getting one last evaluation before being called up. And, some are

! Wikipedia’s URL is http://en.wikipedia.org/wiki/Minor league baseball.



players at or near major-league quality, for whom the major-league team doesn’t have an
available roster spot. It may be that an all-star or very good player already plays their
position, or the minor-league player’s defense is not good enough to fill an open position,
or a combination of both. (Only 25 players may be a part of the major-league club until
September 1* when this is expanded to 40.) It is not uncommon for poor-fielding
sluggers to get “stuck” at the triple-A level for the remainder of their careers, thus
becoming what some call a “quadruple-A player.” This issue will become relevant later

when a minor-league prospect is defined.

So, a general profile of the players in the minor leagues is

o Short-season league players are very young and their skills very raw,
and thus, the leagues are “speculative” and filled with players of
unknown potential

o Single-A players are potentially good players working on control as
pitchers and consistency as hitters

o Double-A players are very good players often called directly up to the
majors

o Triple-A players are very good players at or near major-league quality,
for whom often there is not an open roster spot, or the defense required
to play their position is lacking; some are major-leaguers rehabilitating
an injury

So, many players in the single-A, double-A, and triple-A leagues have at least some
potential to become major-leaguers. And therefore, these leagues are the focus of the

data collection.

1.2 Data Sources



The following sources were scoured for player-performance statistics from the single-A,
double-A, and triple-A leagues during the 1994-98 seasons. (Collecting data from this
time period would give the prospects more than ample opportunity to progress and play
in the majors, if they were ever going to do so.)

o John Sickels, noted prospect analyst and author of The Baseball

Prospect Book
www.minorleaguebaseball.com

www.baseballamerica.com
www.usatoday.com
sportsillustrated.cnn.com
www.thebaseballcube.com
www.baseballl.com
www.baseball-reference.com

www.baseball-links.com — This site contained many links, into which I

checked.

o individual team websites such as the Durham Bulls, Wichita Wranglers,
and Fort Myers Miracle

o groups.yahoo.com/group/baseball-databank

The last source in the above list is a large webgroup (over 700 members) of

sabermetricians, both amateur and professional, and simply fans of baseball statistics.

No response was received from John Sickels. Minorleaguebaseball.com, Baseball
America, USA Today, Sports Illustrated, and the individual teams had statistics for the
current season, 2005. Baseballl and Baseball-Reference had major-league statistics only.
The baseball-databank webgroup was also in search of a source of minor league statistics.
The following message was received from someone at The Baseball Cube:

“Basically, I have statistics during this time period [1994-98] for

players who have major league experience and minor leaguers who

were active in 2002 or later. I have 6582 records for batting
statistics and 6690 records for pitching statistics.” - Anonymous



This data would not have been ideal because these data contain only those minor-leaguers
from 1994-98 who made it to the majors. They represent a biased sample of minor-
leaguers. Those players who washed out between 1994 and 2002 would not have been
included. There would have been no data with which to distinguish those who achieved

future success from those who didn’t.

In the end, a workable-but-not-ideal data set was obtained: complete offensive minor-
league statistics were found for the 2002 season from the baseball-databank webgroup, as
well as major-league offensive statistics from the 2002, 2003, 2004, and 2005 seasons.
This one-year minor-league sample limits the ability to obtain precise predictions in the
case of some players. A player may have one really good or really bad season in the
minors due to little more than chance or injury. It is not possible to take an average over
multiple minor-league seasons in order to reduce these effects. Also, because the sample
is from only three years ago, many of the players have not yet had adequate time to reach
their full potential, and hence it is unknown whether such players might still become
productive major-leaguers or even all-stars. This forces a change in the research question
[ will pursue. It is now, “What offensive statistics are indicators of major-league success
in the next three seasons?” If primary interests are short-term, then this question is
relevant. Or if one can assume that indicators of long-term success are no different from
those of short-term success, then the original hypothesis can still be tested. There is no

way to check this, however.



1.3 Defining a Prospect

One last step must be taken in order to create a working dataset. A minor-league
prospect must be defined. Not all minor league players are prospects on the way up.
There are the quadruple-A players as discussed in Section II.1, as well as those players
performing rehabilitation stints. Researchers have shown that the production of baseball
players tends to peak around 28 years of age (Krohn, 1983). Because of this, “prospects”
are players who have advanced through the minor leagues at a reasonable rate and may
therefore spend the years surrounding their peak level in the major leagues. The
following age restrictions on “prospects” have been imposed:

A prospect in A must be no older than 22.

A prospect in A+ must be no older than 23.
A prospect in AA must be no older than 24.
A prospect in AAA must be no older than 25.

If a prospect advances one level each year, the minimum rate a true prospect should
advance, this will place him in the majors at least two years before the average age at
which players reach their peak performance. A looser age restriction was considered, but
this included several players who were explicitly classified as too old for the competition

at that level by a popular minor-league player evaluator (Sickels, 2003).

Lastly, some players meet the age requirements for a “prospect” but already have
substantial major-league experience. Sickels (2003) no longer considers these players
“prospects.” His rule is that if a player has played in at least 50 major-league games by

the end of a season, that player is no longer a “minor-league prospect.” The rule adopted



for the present study is players who have played in at least 50 major-league games prior

to a particular minor-league season are no longer “minor-league prospects.”

II. Analysis Methods and Definitions

.1 Overview of Approach

The following steps are taken to predict major-league performance from minor-league

data:

1.  Define a measurement of major-league “success” or “performance”
2. Use a factor analysis on numerous minor-league hitting statistics to
identify independent, underlying factors common to all offensive

categories

3. Build logistic regression model providing an adequate fit to the data,
and rank players based on predicted probability of success

1.2 Determine Measurement of Major-League Success

In order to determine key indicators of success in the major leagues, a measurement of
success is needed. This measurement should take into account both production and
longevity. (The word ‘longevity’ is used loosely in this case because there is a 3-year
limit on the length of time a player can have played by the end of the 2005 season.) On-
base percentage plus slugging is a currently accepted standard for measuring productivity
because it measures both primary components of hitting: a player’s ability to get on base

and his ability to drive other players around the bases with extra-base hits. (This hitting

10



statistic is defined in the Glossary.) At-bats are a standard measure of longevity. Figure
1 shows how these two statistics are used to define our discrete response for success. If a
player has not gotten a major-league at-bat, then his response for the variable, Major
League Baseball (MLB) success, is a zero. As a player’s production increases over an
increased number of at-bats, the value of this response also increases until reaching a

maximum response of four.

The idea behind the discrete variable, MLB success, came from an unknown author, who
wrote an article on the website, www.birdsinthebelfry.com, comparing the rates of
success of baseball amateur draftees drafted out of high school vs. college. The author
used the following subjective responses to evaluate the players:

0 - Player never reached the major leagues

1 - Player had a “cup of coffee” in the majors
2 - Player was a major league “journeyman”
3 - Player was a starting position player

4 - Player was a star at the major league level

The quantitative responses for MLB success were an attempt to imitate these categorical

rankings based on our limited observation period.

11



Values for the Response Variable “MLB Success”

2 4
850
o
o) 2
700
2 2 2
100 200 300

Number of Major League At-Bats

Figure 1

Recall that the prospects being researched have had only three seasons since the 2002
minor-league season, in which to observe major-league performance. The cutoffs
defining longevity have been defined accordingly using my best judgment. The cutoffs
defining level of production can also be reasoned using the following anecdotal evidence.
Consider the Milwaukee Brewers for example. All nine of their starting position players
posted an OPS of at least .700 during the 2005 season. One starter, Geoff Jenkins, posted
an OPS of .888, which is at an “all-star level.” He was not an all-star in 2005, as fellow
teammate Carlos Lee was, but Jenkins was an all-star in 2003 when his OPS was .913.
Consider the 2005 World Series Champ, the Chicago White Sox, as another example.
Again, eight of the nine starting position players posted an OPS of at least .700. (Scott
Podsednik’s OPS was .699.) Paul Konerko, whose OPS was .911, was an all-star.
Ironically, Podsednik was also an all-star because his on-base percentage was good, he

stole 44 bases while only being caught 9 times prior to the all-star break (the next best in

12



the AL was 27), and he plays good defense in left field. I am speculating that the
findings will be similar with most major-league teams. Thus, these discrete rankings of

major-league success are reasonable.

1.3 Preliminary Analyses of Success Rate of Prospects

It would be beneficial to determine the chance that a prospect gets at least a taste of the
majors in the next three seasons, as well as to determine whether or not this probability
changes significantly given certain factors. The probability of a prospect getting at least
a taste of the majors in the next three seasons can be estimated by the sample proportion
of players who have at least one at-bat in the majors out of all prospects in 2002. (Pinch-
runners who appear in major-league games but have no at-bats are excluded, but the
number of pinch-runners is thought to be small enough so as to affect the estimation only
slightly.) Among the factors that may be associated with whether or not a player plays in
the majors in the next three seasons are the player’s position and the highest minor-league

level played in 2002.
Bill James (James, 1985) discusses what he calls the “defensive spectrum.” This
spectrum places the defensive position most easily played at the left end and the most

difficult at the right end, as shown below.

IB=>LF=>RF=2>3B=>CF=22B=2>SS
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The catcher, being so different from all the other positions, is not included in the
spectrum. However, in the data set to be analyzed, the center, left, and right field
positions are named more generally as outfield. So, the defensive spectrum used in this

research is as shown below.

I1B=> OF = 3B=>2B=>SS

In this light, position (excluding catcher) can be perceived as an ordinal variable. The
levels of MLB success are also ordinal. Correlation between these two ordinal
categorical variables can be examined. As the level of defensive difficulty increases, do
responses on the level of MLB success tend to increase, or stay about the same?

The anticipated direction of the relationship is not clear, nor is it clear that it must be
monotone. It may be that shortstops have a higher rate of MLB success because their
position is so difficult to play. They may get called up to the majors even if their hitting
abilities are not strong. It may also be that first-basemen have a higher rate of MLB
success because they tend to be good hitters, and their position is not as demanding. In
this case, it would be useful to treat position (including catchers) as a nominal variable,

and examine whether or not the row-mean scores for success differ between positions.

The other possible factor that will be considered, minor-league level played at in 2002,

can also be perceived as an ordinal variable. Thus, the correlation between it and level of

MLB success can also be examined. It would be expected that players who play at a high
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level in 2002 should have a relatively higher probability of at least making it to the

majors.

These analyses are marginal analyses not accounting for the possible confounding effects
of performance in the minors. But, they may lead to indications of potential predictors in

the final modeling of major-league success.

.4 Exploration of Trends across Levels of MLB Success

An exploratory step in the analysis is to identify which offensive variables exhibit trends
across increasing levels of MLB success. The offensive variables that are considered
follow (all statistics are defined in the glossary):

Singles

Doubles

Triples

Homeruns

Homeruns per At-bat
Strikeouts

Walks

Strikeout-to-walk ratio
On-base percentage (OBP)
Isolated power (Isopower)
On-base percentage plus slugging percentage (OPS)
Runs created

An analysis of variance F-test is performed in order to determine for which offensive
variables the mean responses differ significantly for at least one level of MLB success.

In addition, a series of contrasts tests whether or not significant patterns exist for any
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offensive variables across levels of MLB success. The contrasts and their respective

contrast coefficients follow:

Contrast Description Coefficients

Linear Test for linearly increasing 2-101 2
or decreasing trend

Quadratic Test for increasing and later 21212
decreasing pattern or vice versa

Ovs. 1-4 Test if group 0 mean is different 41111
from the mean of groups 1-4

Linear across 1-4 | Test for linearly increasing or 0-3-113
decreasing trend across groups 1-4

.5 Factor Analysis

[11.5.1 The Objectives

In a study with many variables being measured on each player, it is easy to believe that
these variables are related to one another in many different ways. A factor analysis (FA)
is therefore a reasonable next step in the analysis. An objective of a FA according to
Johnson (1998) is to use a set of variables to derive a new set of uncorrelated variables,
called underlying factors, with the hope that these new variables will be few in number
and give a better understanding of the data being analyzed. These new variables can then
be used in future analyses of the data. In order for the underlying factors to give a better

understanding of the data, reasonable interpretations of them must exist. A solid
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understanding of baseball ought to give these interpretations. But, most importantly, the
new variables will be independent of one another. Hence, they may be used together in a
regression model, for example, and their effects on responses can be interpreted more

cleanly.

[11.5.2 The Model and Assumptions

Johnson (1998) discusses all that follows. Consider a p-variate response vector x from a
population that has mean p and variance-covariance matrix X. In this research, the
response vector consists of the hitting statistics of interest listed in section II1.3. The
general FA model assumes there are m underlying factors (m < p) denoted by f1, f2, ...,

fm such that

X, =p AN+ A S, forj=12,...,p (3.5.1)

In the preceding model, we assume that
1 the fi’s are independently and identically distributed with mean 0 and
variance 1 fork=1, 2, ..., m;
2 the #;’s are independently distributed with mean 0 and variance y; for j
=1,2,..,p;and
3 frand 7, have independent distributions for all combinations of £ and j,
k=1,2,...,mandj=12, .., p.
The variables fi, f2, ..., fn are the newly created underlying factors called common
factors because they are common to all p original hitting statistics. The unknown

parameters 71, 1, ..., 1], are called specific factors because they describe the residual

effect due to the jth hitting statistic. Lastly, y; is called the specific variance of the jth
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response variable because it describes the player-to-player variation specific to the jth
hitting statistic. So, the response to the jth hitting statistic can be thought of as a function
of its overall mean y, the m underlying factors common to all p hitting statistics, and
some residual error due to player-to-player differences. The multipliers, the 4;’s, are
called factor loadings of the jth hitting statistic on the kth factor. These factor loadings

measure the contribution of the kth common factor to the jth hitting statistic.

[11.5.3 Factor Analysis Equations

It must be determined if f, A, and n exist such that x = Af + 1, which is Equation (3.5.1)
in matrix form where p is equal to zero. (The reason for p being set to zero will be made

clear later in this section.) First, it can be noted that x = Af + i implies that

Y = Cov(x)
= Cov(Af+n)
= ACov(fy A"+V¥
= AIAN+VY
= AN +Y

So, it is easier to instead try to find A and ¥ so that

T=AA"+ ¥ (3.5.2)

The relationships described in Eq. (3.5.2) are called the factor analysis equations. Rather

than analyze X directly, most factor analysis procedures are applied to standardized
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versions of X, say Z, and its respective correlation matrix P. (This is the reason for p
being set to zero.) This then means that A is the matrix of correlations between the z;’s

(standardized hitting statistics) and the f;’s.

The factor loading matrix A is not unique. By multiplying by an orthogonal matrix T
(called a rotation), A” = TA is also a loading matrix. Different rotations may yield
solutions that are more easily interpreted than others. For more details, see Johnson
(1998). Finally, note that the variance of x; can be partitioned according to the amount
explained by each factor, and the proportion of the variance of x; that is explained by the

common factors is called the communality of the jth hitting statistic. The communality of

the jth hitting statistic is » " A’

k=1""Jk *

[11.5.4 Solving the Factor Analysis Equations

Prior to trying to solve the FA equations, an estimate of the number of underlying factors
m is needed. A good place to start is with a scree plot. This is a plot of the eigenvalues
associated with principal components, which are new uncorrelated variables that account
for as much of the variability in the data as possible, against their rank in descending
order. Eigenvalues that are greater than one represent principal components that explain
more variability than any of the original standardized variables. The number of
eigenvalues that are greater than one, then, 