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CHAPTER I

INTRODUCTION

In the highly competitive spor.t of football, the job of assessing

a player and the task he must perform requires insights and evaluation

techniques that are both elusive and intangible. A coach, for example,

may be well-qualified at judging the way a player performs certain

tasks and nay have some insight as to how well he can play in a game

situation. But, can a person who does not coach look at the different

task performance levels and, through a refined statistical technique,

predict how a player will perform, and what he will perform? In the

game of football, it is realized there are a number of abilities

involved that constitute a successful performance. At this point

the question is raised as to what factors make a good football player

and can they be measured accurately. The most important job is to

select a valid or meaningful criterion concerning what constitutes a

good football player and how is he different from the mediocre or

All-American.



CHAPTER II

STATEMENT OF PURPOSE AND DEFINITION OF TERMS

I. STATEMENT OF PURPOSE

•

The purpose of the study was to employ empirical methods to

evaluate a player's game performance from his performance on sev-

eral skills during his off-season training. This generated into

six objectives: (l) establishment of a criterion group; (2) col-

lection of data on the Klddleness test and ten variables of the

off-season program which would be evaluated against the criterion;

(3) construction of a regression equation for predicting the

percentage of plays correct for Freshman, Sophomore, and Junior

football players at Kansas State University; (^) identify the variables

that contribute most to the PPC (the criterion); (5) predict who will

play first, second, third, and fourth string teams for the Fall of

1969 and compare this prediction with the coaches' estimate of first,

second, and third string; and (6) establish a player profile for

evaluation purposes.

II . DEFINITION OF TERMS

Off-season Program . The off-season program refers to an eight

week work-out period for all football players, starting the first

week of the second semester. The scope of the program and the variables

(chin-ups, push-ups, stool-jumps, rope climb, sit-ups, vertical steps,

lateral quickness, ^0 yard dash, height, weight, and percentage of

plays correct- PPC) will be discussed in Chapter IV.



Percentage Plays Correct (PPC) . The criterion (PPC) is defined

as the number of plays executed correctly and divided by the total

number plays as judged by the subject's coach for nine season games

and will be used for -/ulidating thp eleven variables.

Kiddleness Test . This is a four minute pencil and paper test

in which the subject marks the middle circle of an asymmetrical

arrangement of dots.



CHAPTER III

REVIEW OF LITERATURE

Importance of Criterion Selection

The first objective of this research was to establish a criterion

group. Since the collection of data of the off-season program was

standardized at Kansas State University, the task became one of

finding an independent score that would correlate well with the data

of the off-season program. The enlightening information did not lie

within the off-season data by itself, but as it correlated with a score

that measured something else—namely, the percentage of plays correct (PPC),

From the degree of correlation, it became known as to how valid a test

was as an indicator of the PPC, which it was designed to measure. The

variable with which the off-season scores were correlated was called

the criterion.

The whole basis of this research was determined by the excellence

of acquiring a suitable criteria, as emphasized by Barnette: "The

success or failure of a test developmental study can be determined by

the quality of the criterion that is obtained. Therefore, it is of

extreme importance to evaluate the criterion data in every way pos-

sible."
2

Evaluation of Criterion Selection

Tyler suggested four methods of measurement: (l) Rating;

(2) Question; (3) Projective techniques; and (*0 Behavioral and Phy-

1Lecna E. Tyler, The Psychology of Human Differences , 19^5
(Meredith Publishing Company) p. ^0.

.7. Leslie Barnette, .Jr., Readings in Psychological Tests and

Measurements , (The Dorsey Press) 19-3, p. 120.



siological tests. J Of these, the rating seemed to be the most

practical approach. The possibility of team members rating each

other was eliminated because of possible bias of friends and lack

of experience. It was decided that^ experience of the coaching

staff should serve as a good indicator of ability, even though it

was hard to evaluate with a single score for the season. Also,

injury and the number of plays could affect the coach's judgement.

To eliminate any disagreement which may occur among competent

persons in scoring any given subject while using the same test, it

was decided to have each coach grade the number of plays executed

correctly for each subject who came under his jurisdiction. This

was done by having a football staff member, relative to the position

he coached, judge nine games of the previous season. The total

number of plays and plays executed correctly were recorded for each

game. Ey the use of slow motion projectors, the coach was able to

break a player's game performance into each separate play; thus,

allowing a more objective judgement as to a season's performance.

Barnette wrote, "Subjective criteria involves a judgement of per-

formance usually made by somebody who is in a good position to rate

that performance of each individual in the sample. "^ The coach's

subjective judgement, as a result of his experience and knowledge for

a particular position, has become one that is constant and accurate;

3Tyler. op. cit. pp. 155-162.

^"H. Harrison Clarke, Application of Measurement to Health and
Physical Education . (Prentice-Hall, Inc.) I967, p. 30.

^Earnette, op_. cit., p. 118



hence, his judgement becomes objective. Here, the author assumed,

another football coach, relative to some position, should be able

to review the same film and arrive at the same score of correct

plays. Objectivity, according to Clarke, is, "the degree of uni-

formity with which various individuals score the same test".

The following paragraph by Clarke served as an outline in

arriving at scores for all variables.

"Objectivity in measurement is secured by the following

means: (l) accurately phrased and fully detailed instruc-
tions in measuring procedures; (2) simplicity of measuring
procedures; (3) the use, wherever possible, of mechanical
tools of measurement; (h) reductions of results to mathe-

matical scores; (5) selection of intelligent measurers,

carefully trained; (6) maintenance of professional or scienti-

fic attitudes by testers; and (7) unremitting supervision
of measuring procedures by administrative officers. Only

by these practices may the objectivity of measures be
maintained at a high level."'

By using the technique of review films, the coach was able to

objectively remove himself from the stress of a game situation and

D
the bias effect of "motivational distortion". The score judged by

the coaches which served as the criterion, was determined indepen-

dently of the scores received from each subject during the off-season

9program, '

Function of Criterion Selected

The criterion scores and scores of the ten variables of the

off-season program plus the score on the Kiddleness test served as

-

Clarke, loc . cit.

Clarke, oo. cit .. p. 31

Q
Barnette, 0£. cit., p. 16*1

°American Psychological Association, American Educational Research

Association, and Rational Council on Measurement in Education, Standards

for Educational and Psychological Tests and I'-snuals , 19&6, p. 16.



data for the "Viodel" and establishment of the step-wise regression

equation.

The Step-wise Multiple Regression Program12 (Program Print-out

in Appendix A) was used for analyses and prediction. ^ In analysis,

the purpose is to determine the relative importance or contribution

of a given variable in contributing to the final result, namely

game performance. On the other hand, the prediction is made in

order to determine the effectiveness of the overall techniques in

estimating the percentage of plays correct (PPC) for the coming

season.

*°N. R. Draper and H. Smith, Applied Regression Analysis .

(John Wiley and Sons, Inc.) 1967, pp. 7-9, 235.

11Ibid . pp. 178-195.

12S/360 General Program Library 360 Step-wise Multiple Regression
Program 3.4.003.

13
Henry E. Garrett, Statistics in Psycholo;ry and Education .

(David McKay Company, Inc.) 1966, p. 410.



CHAPTER IV

PROCEDURE

Procedure for Criterion Group

Percentage Plays Correct (PPC). This was the criterion and

served as the variable to which all off-season variables were to

be correlated against.

Each football staff member, relative to the position he coached,

reviewed the films of nine games (Colorado State University, Penn-

sylvania State University, Virginia Polytechnic Institute, University

of Colorado, Iovra State University, University of Missouri, Oklahoma

University, University of Kansas, and University of Nebraska) of

the Fall 1963 Kansas State University season. From the films, he

judged the number of plays executed properly for the position he

coached. The number of plays executed correctly was divided by

the total number of plays performed for each game. The percentage

score for each of the nine games was summated and divided by the

number of games in which a player participated to yield a mean

percentage plays correct (PPC).

Procedure of Off-season Variables

Once the criterion was established, the task was to collect

data for each of ^9 subjects which performed during the previous

1968 varsity games and the off-season program. The following spring

conditioning variables were collected twice each week and served to

validate the PFC and predict player performance. The data was re-

corded on IBM computer cards in the following order:



Height (HT). The anthrophrometric data of Height was recorded

to the nearest inch, at the beginning of the off-season program.

Weight (WT). The weight of each subject was taken to the nearest

pound.

Chin-UPs (CH). Using a standard size high bar with hands in

an over-grasp position, each subject was allowed to execute properly

as many chin-ups as possible.

Push-ups (P3). Within a 30 second time limit, the subject was

required to do as many push-ups as possible on his finger-tips. On

each push-up, the subject's chest had to touch a three inch high

foam rubber block.

Stool ju"io (SJ). The subject was required to execute as many

jumps- as possible over a foam rubber block eighteen inches high and

four inches wide within a time limit of 30 seconds. The subject was

required to clear the eighteen inch block and upon landing on the

opposite side, he had to immediately jump back to his original

position. Each landing on the floor was counted as one unit toward

the total score.

Rope climb (RC). A stop watch measuring tenths of seconds

was used to time the subjects ability to ascend a standard rope

climbing apparatus. The subjects started from a standing position

and were allowed to jump, climbing hand-over-hand with the use of

their feet to ascend to a height of fifteen feet.

Sit-up

s

(SU). The subject started, laying on his back. The

sit-up was executed on an inclined board seven feet long. The raised
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end was eightesn inches from the floor and was fixed in such a

manner with a belt to secure the subject's feet. The subject was

required to lock his fingers behind his head and alternate elbow to

opposite knae on each succeeding sit-up. The number of sit-ups done

in 30 seconds constituted the score.

Vertical steps (V3). The scoring of vertical steps required the

use of a wooden box eighteen inches high and two feet wide and one

foot deep. The subject started by placing his right foot on top of

the box and stepping up, bringing his left foot up beside his ri.^ht

and standing on the box. Then, the subject placed his left foot

back to the original position, followed immediately by his right.

This represented one unit in the 30 second time limit. The subject

was required to alternate his feet as he stepped on the box each

time.

lateral quickness (L«). The test situation was set up by

having two individuals stand ten feet apart. The subject was required

to run and touch one individual, then run back, touching the other

and continue to do so for JO seconds. Each touch represented one

unit towards the subject's score.

kQ Yard dash (^0 ID). The subject started from a standing

position and his time was recorded with a stop watch to the tenths

of a second as they crossed the ^0 yard line.

Initiation of Xiddleness Test

Xiddleness Test (XI). A four minute pencil and paper test was
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administered to all subjects at the end of the off-season program.

The test consisted of a row of 3A inch circles. Black dots were

inside some of the circles. The circles were arranged in two

groups. The asymmetrical arrangement of dots was always an odd

number; thus, leaving a middle dot to be marked by the subject.

No previous information is known about this particular test

because it was created within the last week of the off-season program

by Dr. Fred Rohles, Director of Environmental Research at Kansas

State University. After the test was administered to a group of

upper level and graduate students to determine approximately how

long it took to finish the test, it was decided at that time that

it was very difficult to finish it within four minutes by judgement

of this group. This particular test was used, as with all the other

variables, to see how well it correlated with the criterion and also

its relation to the other eleven variables.

How Data was Analyzed

All the data for the eleven variables and the PPC were recorded

on the 13" Computer cards and the players' profile (see Appendix B).

The IBM 360 Step-wise laltiple Regression Program with a few modifi-

cations from the S/36O General Program Library was used to compute the

data (see Appendix A). The criterion data was compated in three

different groups: (l) the entire criterion group—N=49» (2) the

Linemen, which includes the Center, Offensive Guards, Offensive

Tackles, the Nose, Defensive Tackles, Defensive Guards, the I^nster,

•
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and linebackers—1!=2^; and (3) the Backfield, which includes the

Quarterback, Tailback, Wingback, Fullback, Split-End, Flanker,

Defensive Ends, Defensive Halfbacks, and Safety—11=25, (See Figure l)

Set-ut) of Flayer Profile

To establish the player profile, the data for each variable was

tallied into a frequency distribution with accumulative frequencies

and percentile scores being figured. The mean score and raw score

for each particular variable was listed on the players profile sheet.

The appropriate percentage figured from each raw score was marked at

the appropriate spot on the profile sheet for each player. (See

Appendix B. ) On the profile sheet, chin-ups, push-ups, rope climb,

and sit-ups were considered in the strength index. The percentile

scores of the above four variables were, converted to standard scores.

The Eean standard scores were computed and then converted back to

a total strength percentile score. The same procedure was followed

for the Speed index which included the variables of stool-jumps,

vertical steps, lateral quickness, the U-0 yard dash, and the yiddleness

Test,
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Figure 1. Positions Used in Analysis of Backfield (Designated by Circles)
and Linenen (Designated by Squares).

Legend

:

F3 = Fullback
T3 = Tailback
WB = '/ingback
QB = Quarterback
SE = Split-End
OT = Offensive Tackle
OG = Offensive Guard
S = Safety

C = Center
E = End
T = Tackle
N = Nose
M = Monster
LB = Linebacker

DFH = Defensive Halfback



CHAPTER V

RESULTS

Mean Scores of' Criterion and Prediction Grouos

The results of criterion data were divided into three groups.

Column One represents criterion football players (N = 49). Column

Two and Three show the mean score for Linemen and the Backfield,

respectfully. As a group, the Linemen were slightly taller, heavier,

and performed better on sit-ups and the Middleness Test.

TABLE I

MEAN SCORES OF ALL VARIABLES FOR THE TOTAL,

LINEMEN, AND BACKFIELD CRITERION GROUPS

Total Linemen Backfield

PPC 67.98 65.29 70.56
HT 72.58 72.88 72.00

WT 202.53 213.21 192.28

CH 12.57 10.75 lfc.32

PS 37.80 36.42 39.12

SJ 58.67 57* 08 60.20

RC 7.12 8.23 6.05
SU 29.61 29.75 29.^8

vs 31.08 30.17 31.96

LQ 24.22 24.08 24.36

40 Id. 4.93 5.03 ^.83
MI 70.16 ' 70.83 69.52

There were 74 football players that would be eligible to partici-

pate in the Fall 1969 season. Thirty-seven of this group played in

the 1968 Fall season and 37 had not played varsity football at Kansas

State University. The results presented in Table II show, as a mean
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group, the varsity to be better in chin-ups, stool
,
Jumps, push-ups,

sit-ups, and the Middleness Test. The non-varsity, predominantly

freshmen, were slightly taller, heavier, and execut;id slightly more

vertical steps and lateral quickness-.

TABLE II
-

KSAN SCORES FOR THE 7^ PREDICTION SUBJECT GROUP
TOTAL, VARSITY, AND HON-VARSITY

Total Varsity Non-Varsity
N = 7h N = 37 H = 37

HT 72.58 72.42 72.78
WT 204.57 202.53 207.11

CH 11.84 12.57 10.89

PS 37.71 37.80 37.59
SJ 57.9^ 58.67 56.97
RC 7.27 , 7.12 7.43
SU 28.50 29.61 27.05
vs 31.30 31.03 31.59
LQ 2^.23 24.22 24.35
40 Yd. 4.92 4.93 4.91

MX 69.39 70.26 63.38

Validity of line and Backfield

From the data collected on the criterion group , a product-moment

correlation matrix of the criteria (PPC—top row of Table III) and

the eleven treasured variables of the 2h subjects ca tagorized as

Linemen was computed as follows on the following pa i«.



16

TABLE III

DITERCOERSLATION MATRIX OF PRODUCT KDKENT CORRELATION
OF CRITERION AND ELEVEN VARIABLES

FOR THE LINEMEN POSITIONS

•

234567 8 9 10 11 12

-.037PPC .022 -.054 .084 -.043 .304 .012 -.021 .283 .402 .241

2 .306 -.013 -.508 -.274 -.14/+ -.307 .162 -.327 -.289 -.035

3 -.340 -.230 -.221 -.662 .056 -.256 -.463 -.690 -.269

4 .691 .510 .207 .336 .079 .219 .135 .280

5 .729 .107 .563 .087 .256 -.007 .327

6 .116 .409 .485 .251 -.058 .388

7 .011 .389 .450 .529 .223

8 '

.249 .058 -.124 .325

9 .182 .207 .377

10 .387 .267

11 -.194

PPC = Percentage Plays Correct 7 = Rope climb

2 = Height 8 = Sit-ups

3 = Weight 9 = Vertical Steps

4 = Chin-ups 10 = Lateral Quickness
.

5 = Push-ups 11 = 40 yard dash

6 = Stool jumps 12 = Middleness Test

••
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TA3LE IV

INTERCORRSLATION MATRIX OF PRODUCT MOMENT CORRELATION
OF CRITERION AND ELEVEN VARIABLES

FOR THE BACKFIEL9 POSITION

•

2 3^567 8 9 10 11

.123 -.036 .387 .023

- - .

.

12

-.079PPC .022 -.054 .084 -.022 -.001 ,3&1

2 .394 -.200 .0/11 -.292 -#1*1 .248 .103 .313 -.267 -.240

3 -.013 -.175 -.623 -.587 .081 -.286 -.216 -.126 -.339

4 .5^2 -.167 .19^ -.023 -.007 -.016 .280 .241

5 .131 .3^0 .328 .317 -.318 .170 .404

6 .422 -.021 .442 -, A35 -.282 .407

7 -.123 .281 -.106 -.075 .293

8 /
.291 -.058 -.205 -.066

9 -.247 .008 -.013

10 .433 -.025

11 -.265

PPC = Percentage Plays Correct 7 = Rope climb

2 = Height 8 = Sit-ups

3 = Weight 9 = Vertical Steps

4 = Chin=ups 10 = Lateral Quickness

5 = Push-ups
-

11 = 40 yard dash

6 = Stool jumps 12 = Middleness Test

•
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A product-moment correlation for the Backfield positions

(criterion group II = 25) was computed. The correlation of the PFC,

listed on the top row of Table IV, was correlated with the eleven

task performance variables. The correlation coefficients of the

Linemen (r = .653) and Backfield (r = .731) were both significant

at the .01 level.

From the regression equation, the eleven variables were picked

in the order of the most contributing weight to the criterion. The

amount of weight was indicated by the multiple correlation coefficient.

For both groups, Backfield and Linemen, lateral quickness was the

single best predictor of percentage plays correct. Rops climb, weight,

and the Middleness test ranked in that order in the top four of the

best predictors. (See Table V for the list of the eleven variables

plus correlation coefficient.)

TABLE V

'. SELECTION 0? VARIABLES FROM CRITERICM

Multiple Multiple
Selection Variable Correlation Variable Correlation

Coefficient Coefficient
LINE-IS BACKFIELD

1 Lateral Quickness r = .^02 Lateral Quickness r=.387
2 Vertical Steps M5 Rope Climb .5^6
3 Rope Climb .536 Weight .&J-8

4 Kiddleness Test .53^ ^0 Yard Dash .672
5 Weight .602 Md.ddlene.ss Test .695
6 Stool <himps .612 Chin-ups .70^
7 Push-ups .639 Sit-ups .71^
8 Height .6^8 Vertical Steps .722
9 Chin-ups .652 Height .728
10 Sit-ups .652 Push-ups .730
11 ^0 Yard Dash .653 Stool Jumps .731
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Prediction and Rankine

The coaching staff made a personnel sheet, listing the twenty-

two positions and the names of the individuals playing first, second,

third, and fourth string. The ranking of players by the coaches was

compared with the ranking by the PPC as judged by the regression

equation. The ranking of the coaches and the regression equation for

the linemen is shown in Table VI. The same ranking procedure of

Backfield positions is shown in Table VII. The two positions of

Right Tackle and Nose were ranked exactly as the coaches did. The

predicted Backfield positions of Left End and Right Halfback were

completely correct also. The variation of the PPC as shown by

standard error of estimate made prediction too fluctuating to be a

good predictor. The Linemen PPC varied + 6.65 while the Backfield

f

PPC scores were + 9.^.

A frequency distribution was constructed from Table VT and VII

to show the amount of difference between the coaches ranking and the

regression ranking. From the coaches' point of view, the regression

ranked 35.1$ °f the players correctly for Backfield and Linemen. The

result of the ranking differences is shown in Table VIII.
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RANKING OF FIRST, SE:OND, THIRD, AND FOURTH STRING
LINEMEN AS JUDGED BY THE COACHES AND THE REGRESSION

EQUATION COMPUTED FROM THE OFF- SEASON PROGRAM

o S >> © bO % N >> © bO

c © x> .0
8-S c ©

,0 i? 23
_S & p bO bO to © .M O c p bo bO (0 © a;

p e
1 | 5£ J* c

© cfl

•H ©P E | •5.S © dH © Jt: jd «-< Jh <«H © •H a ^ <m b

£3
p o
CO &.W P*

q Pi
«H

£3 w ftW ft IE £8

OLT DLT
a 67.26 1 1 a 63.60 2 1 1

b 61.39 3 2 1 b 58.67 4 2 2
c 64.07 2 3 1 c 62.24 3 3
d 52.47 4 4 d 72.49 1 4 3
OLG SL
a 69.26 1 1 a 58.40 4 1 3
b 66.11 3 2 1 b 63.90 3 2 1

c 53.27 4 3 1 c 64.39 2 3 1

d 68.25 2 4 2 d 67.63 1 ^ 3
C N
a 67.32 2 1 1 a 74.55 1 1

b 68.60 1 2 1 b 66.50 2 2

c 52.57 3 3
ORG BL
a 62.83 2 1 1 ' a 74.24 1 1

b 76.8*1. 1 2 1 b 67.33 2 2
c 49.00 3 3 c 58.50 4 3 1

d 62.49 3 4 1

ORT DRT
a 58.23 3 1 2 a 64.91 1 1

b 70.23 1 2 1 b 60.51 2 2
c 69.15 2 3 1 M

a 70.92 1 1

b 61.47 4 2 2

c 70.73 2 3 1

d 63.76 3 4 1

OLT=Offensive Left Tackle DLT=Defensive Left Tackle
OLG=Cffensive Left Guard SL =Strongsid e Linebacker
C =Center N =Nose
ORG=Cffensive Right Guard BL =Backside Linebacker
ORT=Offensive Right Tackle | DRT=Defensive Right Tackle

M =Monster

•

~»



TABLE VII
21

RANKING OF FIRST, SECOND, THIRD, AMD FOURTH STRING BACKFIELE 1

AS JUDGED BY THE COACHES . AND THE REGRESSION
EQUATION COMPUTED FROM THE OFF-SEASON PROGRAM

•c <wo >> >» © tj *>> S © &j
•o J3 &

||
•0 fi .0 cc i a © C -Ho c P U bO w © ^j c +> M to w <£, MH © 3$ c c u c •H O «s 5 c © fc c

**. E E •H .£* © <s -P S e •H x © CO

•H © ^t #irf 4si O <M U •H © •H X .m <M U
w P-#W P.

c
erf PhK Pu,

C erf

C3 O 84 13
5 £>

COk

FL SE
a 62.70 4 1 3 a 75.84 2 1 1

b 69.70 2 2 b 60.85 4 2 2
c 76.20 1 3 2 c 67.37 3 3
d 65.76 3 4 1 d 80.09 1 4 3
g LE
a 67.1? 3 1 2 a 72.78 1 1
b 69.30 2 2 b 62.84 2 2
c 81.12 1 3 2 c 45.63 3 3

SL RE
a 8O.32 2 1 1 a 62.22 3 1 2
b 82.19 1 2 1 b 62.43 2 2
c 61.27 3 3 c 80.62 1 3 2
d 51.86 4 4
TB LHB
a 71.30 2 1 1 ' a 82.

#

2 1 1

b 68.^8 3 2 1 b 84.78 1 2 1

c 9^.52 1 3 2 c

d
65.97
44.21

3
4

3
4

FB RHB
a 76.48 2 1 1 a 70.06 1 1

b 71.03 3 2 1 b 62.75 2 2
c 63.75 4 3 1 S
d 78.02 1 4 3 a

b
c

63.60
76.56
74.02

3
1

2

1

2

3

2

1

1

FL = Flanker SE = Split-End
10 = Wingback LE = Left End
QE = Quarterback RE = Right End
TB = Tailback LHB= Left Halfback
FB = Fullback RHB= Right Halfback- •

S = Safety

•
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TABLE VIII

FREQUENCY DISTRIBUTION OF THE COACHES* RANKING
AND REGRESSION PREDICTION FOR LINEKEN AND BACKFIELD

Amount of • Amount of

Difference Difference
in Rankin <? Frequencv i Correct in Ranking Frequencv io Correct

Linemen

:

Backfield

:

3 2 5.* 3 3 8.1

2 5 13.5 2 8 21.6

1 17 ^5.9 1 13 35.1

13 35.1 13 35.1
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DISCUSSION

The most beneficial factor to.be incorporated in this research

would be a large enough sample, sufficient to categorize players by

positions rather than simply linemen and Backfield. By such an

approach, a coach could begin to evaluate more specifically those

skills involved for a particular position.

The variables involved in this study were not in themselves

related to football skills, but served as calisthenics. Thus, in

order to obtain data that would be more reliable as a predictor of

player performance, it would be necessary to seek variables that

correlate higher with abilities. Such measures as finger dexterity,

spatial aptitude,, form perception, and intelligence would be possible

avenues to follow.

The results of this paper were presented to members of the Foot-

ball staff. The saost important observations acknowledged by them

were: (l) the pick of Lateral Quickness for both Linemen and Back-

field as the best predictor of player performance; (2) the high

correlation between push-ups and stool-jumps; and (3) the motivational

level of subjects as indicated by estimated PPC. The coaches unanimously

agreed that the predicted PPC score was an excellent indicator of

how hard the subjects were working during the off-season program.
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Injury and sickness caused predictions to be low, thus causing the

greatest amount of difference between coaches and the regression

ranking.

The method of analysis developed by the author has been adapted

for the Spring of 1970 off-season program to perform the following

functions: (l) a weekly computer print-out of all variables for each

player; (2) a tally of points for superior scores for each variable;

(3) a weekly computer print-out of estimated PPC for each player,

not as an indicator of projected game performance, but as an indica-

tion of a weekly motivational level for each player during the off-

season program; and GO a normalized profile as suggested in Appendix B.

One major weakness was the duration of time of the late Winter

off-season program and the Fall games. The physical abilities for

a given subject could be changed considerably; hence, the person who

may continue to condition himself through out the summer may have

been ranked too low according to the conditioning level during the

off-season program.
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//Step 1 Exec Figclgks

//Fort.Sysin DD *

C 360 Stepwise Multiple Regression Program, 3/lk/66 0010
C KSU Revised
C

c

C This prograr.i is in double precision. The number of variables
C is limited to 53, but this may be increased to a maximum of
C 999 by adjusting dimensions of all variables which now are
C Dimensioned for 58. 53 variables include 57 explanatory and
C one dependent.
C The number of observations is limited to 9999, and must exceed
C The number of variables by at least 2.
C The specified incoming F level must not be less than the speci-
C fied outgoing F level.
C The variable format for the data is read in with the control
C Cards. Transformations are performed in the subroutine trans,
C and must be added by the user. Subroutine trans must be pre-
C sent, even if no transformations are performed.
C Cards preceding data must be these, and must occur in this order:
C Number of problems
C Heading
C Problem parameters
C Variable name deck

,

C Data format
C Description of the formats for these cards is found in the
C program writeup.
C This program assumes that variable names will be used with
C the data.
C If variable names are not desired, statement Bo. 91 must be
C changed to read "NA=0, and the variable names should be ex-
C eluded from the data deck. Cards specifying the dependent
C variable for each regression must follow the data.
C

C

C Phase 1. Transform original data, compute and print means, 0260
C Standard deviations, and simple correlation coefficients. 0270

Implicit real*8(A-K,0-Z)
C Dimensions 0280

Dimension XX3AR(53), SSEKA(58)
Dimension Name(53,2),I3AVS(58)
Dimension Data (53;, RRIJ(58,58), FMT(20)
Dimension RIJ(53,53),XBAR(53),3iai'_l(53),AID(18) 0310
Dimension 3IG3(58),B(53),ID(60) 0320
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C Equivalences 0330
Equivalence (SIGM\(l ),DATA(l )

)

03^0
1 Fonuat (20A1J-)

2 Format (213,lM3,2F6. 3,11

)

3 Format (F10.4,F10.3,3F10.4)
k Format (2A4)

5 Format ('CVariable numbers and names')
6 Format (6(» ',13,3X,2A^,5X))
7 Format ('0 Step number , 13,1 OX, 'ENTER Variable ',13,3X,2A^)

51 Format ('OAverages'

)

1250
52 Format (*K» Var(',13,« )=',F10.2,A1 ))

53 Format ('OStar.dard Deviations') 1290
55 Format ('OSimule correlation coefficients') 1320
56 Format (M* Vars(',13, ',' ,13/ )=',F7.3,A1 ))

57 Format ('OStep Number ', 13, 10X, 'Enter variable ',13)
58 Format (• Standard Error of Estimate=',F11.3) 1890
59 Format (• Multiple Correlation coefficient =*,F6.3) 1920
60 Format (' Constant Term=',F12.'i) 1990
61 Format ('OVar Coeff Std Dev T Value Beta Coeff) 2010
62 Format (• Coeff) 2030
63 Format (• »,13,F10.^,F12.^,F10.^,F12.^) 2080
6k Format ('OStep "umber ', 13, 10X, 'Delete variable ',13)
65 Format ('l',18A20 1230
66 Format (' Goodness of Fit,F(',l4,',',l4, » )=',F10.^)
67 Format ('0 Obs Actual Estimate Residual') 2520
68 Format (' ',1^,3F12.2) 2610
69 Format ('-Selection ', 14, 10X, 'Dependent variable ',14,10X,

14,' in 1 dependent variables')
80 Sormat (IX, 'number of selections not specified. Job termi-

nated.' )

82 Format (IX, 'Degrees of freedom =0. Either add more data
observation IS or delete one or more independent
variables. '/'sample si^e must exceed number of
independent variables by at least two.')

83 Format (IX, 'F level for incoming variable is less than F
level for outgoing variable.')

84- Format (2613)
85 Format (1H- , * Normal end of program')

C Statement label 101 is not referenced. It marks the first 0350
C 2cecutable statement of the source program. O36O
C tCom is fixed decimal representation of alphabetic comma. 0370

91 EEA=1
101 ICom=1799372864 0380

Head (1,2) NPRCBS
Do 1033 KiJT=l, NPRCBS
SSewind 10

C Head I.D. 0400
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Read (1,1)(AID(I), 1=1,18) (&10
C Read Control Card C&30

Read (l,2)NVIN, RVAR, NOBS, NSEL, FIN, FOUT, IRES
if (F2T-F0UT) 1010, 730,370

730 g(BU.WK.l) Go to 7^0
Read (1,10 ((NAKE9I,J),J=1,2),I=1,RVAR)

7^0 Read (1,1) FMT
C Initialize. 0550

obs=£Obs
N3SDV=ir/AR-l 0570
DO 90 1=1, NVAR
XBAR(I)=0.0 0590
SIGMA(I)=0.0
Do 90 J=1,NVAR

90 RIJ(I,J)=0.0 0610
Read data, form sums vector, sums of squares matrix 0620
do 110 1=1, nobs 0630
Read (l,FMT) (Data(j), J=1,NVIN)

C Transformation of raw data 0670
750 Call Trans (Data)
860 If (IRES) 670,830,870 1010

C Write data file 1020
870 Write (10) (Data(J),J=l,NVAR)
880 Do 100 J=1,NVAR 1040

XBAR(J)=X3AR( J )+Data ( j ) 1050
Do 100 K=1,NVAR , 1060

100 RIJ(J,K)=?.IJ(J,K)+Data (j)*data(k) 1070
110 Continue 1080

C Compute Standard deviations*SQR Route (03S-1

)

1090
Do 120 I-1,NVAR 1100

120 Si£ma(l)=(RIJ(I,l)-XBAR(l)*X3AR(l)/03S)**.5 1110
C Compute correlation Matrix 1120

Do 130 i=i,:?;ar 1130
Do 130 J=1,NVAR nfyQ
RIJ(l,J)=(RIJ(l,j)-XBAR(l)*;3AR(j)/CBS)/(3IGI^(l)*5IGrA(j)

^
130 RRIJ(I,J)=RIJ(I,J)

V '

C Compute "eans and Standard Deviations 1160
Do lf;0 1=1,NVAR 1170
XBA2(I)=Z3AR(I)/C33 1180
Sigma(l)=Sigma(I)/(C33-1.0)**.5
S3igr:a(l)-SiEr-.a(l)

1^0 IX3AP.(I)=:Q.\3(I)
C Skip to new page, write I.D., Averages, Standard Deviations, 1200
C and simple correlation matrix. 1210

Write (3,65)(Aid(I),I=l,18) 1220
If(NX\.NE.l) Go to ?M
Write (3,5)
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Write (3,6)(l,(!Tame(l,j),J-l,2),I-l,NVAR)
7*H Write (3,51

)

Write (3,52)(I,X3.\R(l),IC0:-:,I=l,KIinD7)/r/AR,XBAR0r;AR) 1260
Write (3,53) 1230
Write (3,52)(It3Haa(I),IO0K l I=1,NINDV),N7AR, SUM(WAS) 1300
Write (3,55) 1310
Do 150 i*i,imm . 1330

150 write (3,56)(i,J,RU(i,J),icoM,j=i,:jiinr/),i,:!VAR,Rij(i,:T'/AR) 1340
C Phase 2. Perform Stepwise calculations and print results. I36O

If (I!3SL)1 030,1030,1031
1031 Do IO32 KD=1,NSEL

Read (1,8*) rD3?,NITN,(lSAYE(l),I=l,NIIN)
Write (3,6?) BI,NDEPfNHN
Do 151 I=1,?IVAR

Sigma(l)=SSi-na(l)
XBAR(I)=XXBAR(I)
Do 151 J=1,!!YAR

151 RIJ(I,J)=RRIJ(I,J)
C Initialize I38O

Do 190 1=1,mR I39O
SIGB(I)=0.0 !^00

190 B(I)=0.0 1410
NEIT=0 1420
DF=033-1.0 1U30
NST3P=-i 1440

C Transform Sigma Vector from Standard Deviations to Square 1^50
C Roots of Sums of Squares. 1460

Do 310 I-1,!!VAR 1470
310 Sigma(l)=3igma(I)*(03S-1.0)**.5 1430

C Begin Step Number NStep. 1490
200 N3tep=NStep+l 1500

STDED=((RIJ(:iDEP,:iDEP)/DF)**.5)*Sigma(!^EP)
DF=DF-1.0 1520
If (DF) 1000,1000,205

205 VNB!=0.0 1*0
VMAX=0.0 I55O
nu:=o 1560
nieu^het+i
isav3(i:ie!1 Hsdsp

C Find minimum variance contribution of variables in regres- 1570
C sion equation. Find maximum variance contribution of 1580
C variables not in regression equation. 1590

Do 300 I2=1,NIIN1
I=ISAVS(I2)
XffI.B3.KDEP) Go to 300
If(RIJ(I,I)-. 001)300, 300, 210 1610

210 VI=RIJ(I,:ID2?)*RIJ(I,T52P,*)/RIJ(I,I)
If(VT)2^0,300,220 I63O

220 If(VI-VyJLX)300,300,230 1640
230 r*x*n 1650

N2&x=I • 1660
Go to 300 I670
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240 NIN=NIN+1 !680
ID(NII0=I 1690

C Compute Regression Coefficient and its standard deviation. 1?00
B(HIN)aHIJ(I,!roEP)*SIGMA(KDEP)/SIGMA(l)
SrrB(NHl)=(STDEE*RIJ(I,l)**.5)/siaKA(l) 1720
If(VKIN)250, 260, 1000 I730

250 If(TI-VMlN)300t3OO,260 17^0
260 VKQwn * 1750

HMDW l76o
300 Continue 1770

If(NIN)l000,460,400 1780
C Compute constant term. I79O
400 BS rJ3C=XBAR(NDEP)

Do M0 1=1, NIK 1810
J=ID(I) 1820

410 BSUEC=33U30-3(l)*XBAR(j) I83O
if(NSNT)iooo,48o,42i

C Output for variable added 1850
421 If(KNA.NS.l) Go to 420

Write (3,7) NST3P,X,(NANE(X,l),I=l,2)
Go to 425

420 Write (3,57)NSTSP,K i860
425 Write (3,53) STDSS 1880

&»(l.-RIJ(KDEP,NDEP))**.5
Write (3,59 )R 1910
IDFN=03S-DF-2.0 , I93O
IDFD=DF+1.0 I921O

F=(SIGM\(:Z)EP)**2-(STDE2**2)*(D?+1.0))/((OB3-D?-2.0)*STDEE**2)
Write (3,66)ID?M,IDFD,F i960
Write (3,60)35U3P I980
Write (3,61) 2000
Write (3,62) 2020
Do '+30 1=1,KIN 2040
J=ID(I) 2050
T=3(I)/SIG3(I) 2060

430 Write (3,63)ID(I),3(I),SIG3(I),T,RIJ(J,NDEP)
C Compute F level for minimum variance contribution variable 2090
C in regression equation. 2100

FLEVI=7:-IIN*DF/RIJ (NDEP ,NDEP )

IF(FOUT+FLEVL)460,460,450 2120
C Initialize for removal of variable K from equation. 2130
450 K=IaHN 2140

NENT=0 2150
DF=DF+2.0 2l60
Go to 500 2170

C Compute F level for maximum variance contribution variable 2180
C not in equation. 2190
460 FLevl+VM.AX*DF/ (RIJ(NDEP ,NDSP )-

T
/l!AX

)

If(FLevl-FE')600,600,470 2210
C Initialize for entry of variable K into equation. 2220
470 K=N1'_AX . 2230
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NENT=K 2240
Go to 500 2250

C Output for variable deleted 2260
480 Write (3,64)"Step,K 2270

Go to 425 2290
C Update Katrix 2300

500 Do 540 I2=1,NIIN1
I=ISAV2(I2)
IF(I-K)510,540,510 2320

510 Do 530 J2=1,NHN1
J=ISAV5(J2)
IF(J-K)520,530,520 2340

520 RIJ(I,J)=RIJ(I,J)-HIJ(I,K)*RIJ(K,J)/RIJ(X,K) 2350
530 Continue 2360
5^0 Continue 2370

Do 560 J2=1,NIIN1
J=ISAVE(J2)
IF(J-K)550, 560,550 2390

550 RIJ(K,J)=RIJ(K,J)/RIJ(K,K) 2400
560 Continue 2410

Do 580 I2=l,?TIIi;i

I=ISAVE(I2)
IF(I-K)570,580,570 2430

570 RIJ(I,K)=-RIJ(I,K)/RIJ(K,K) 2440

580 Continue 2450
RIJ(K,K)=1.0/RIJ(X,X) , 2460
Go to 200 2470

600 IF(IRES )6l 0,1 032,610
C Print Residuals 2490

610 Rewind 10

Write (3,6?) 2510
Do 630 kd=i,::obs

Read(10)(DATA(l),I=l,NVAR)
EST=3SU30 2550
Do 620 i=i,::in 2560
J=ID(I) 2570

620 EST=EST+B(l)*data(J) 2580
RESID=data (MDEP )-E5T
Write (3,68) K0,Data(NDEP),EST,RESID

630 Continue 2620
Rewind 10

1032 Continue

1033 Continue
Write (3,85)
Go to 1020

1000 Write (3.82)
Go to 1020

1030 Writ* (3,80)

-
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Go to 1020
1010 Write (3,83)
1020 Stop

End
SUBROUTINE TRANS(DATA)
DIMENSION DATA (l)
DOUBLE PRECISION DATA

J TRANSPORTATIONS HERE
RETURN
END
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ABSTRACT

At Kansas State University, the Freshman, Sophomore, and Junior

Football players took part in an eight weeks off-season program,

which involved a rigorous work-out conditioning program. The measur-

ing of eight variables (chin-ups, push-ups, rope climb, sit-ups,

stool jumps, vergical steps, lateral quickness, and the ^0 yard

dash) were a regular weekly part of the program. A criterion group

(N = ^9) was established and the percentage of correct plays to

total plays (PPC) was determined by the appropriate coach (line,

backfield, end, etc.) who reviewed the films for nine games of the

1968 Fall season. A step-wise multiple regression equation was

determined in which the eight variables noted above together with

height, weight, and a 1-o.ddleness test served as factors. A separate

equation was computed for the line and Backfield positions. The five

variables contributing the greatest amount of the multiple correlation

coefficient (r - 0.60) for the line men were: (l) Lateral Quickness;

(2) Vertical Steps; (3) Hope Climb; (4) I'dddleness Test; and (5)

Weight. The variables contributing to the multiple correlation

coefficient (r - 0.70) for the Backfield were: (l) Lateral Quickness;

(2) Rope Climb; (3) Weight; (^) kO Yard Dash; and (5) I'iddleness Test.

Using the regression equation, the PPC was predicted for 37 varsity

players and 37 players who had not played varsity football. From the



ill

regression, the predicted PPC for each player was placed accordingly

on the first, second, third, and fourth string ranking. This ranking

was compared against the coaching staff ranking. The Backfield and

linemen positions were ranked 35»1/S correct. The Linemen were mis-

ranked by one place ^5.9^ and the Backfield 35.1fS. The consensus

among the coaches was that the regression estimate was an excellent

indicator of the motivational level of the players during the off-

season program.


