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PROBLEM

The purpose of thig study was ‘o examine basic siills ina
variety of sports activities through factor analytic techniques, The
skills examined comprise ocne aspect of the domain of physical pro-
ficiency.

The outcomes of the proposed study may open the way for
studies of transfer of learaing in the area of gross motor gkills, If
certain basic motor skills are factorially similar, it would then be
appropriate to study the extent to which development of prcficiency

in one skill would transfer to angther,




OBJECTIVES

Three alternate sets of factors were hypsthesized on the basis
of a logical a priori analysis, Derived lactfér analytic soclutions will be
examined to determine which of these tiiree aiternate sets represents
the way in which these motor gkilis tests function,

At least three tests were selected and/or constructed to meas~
ure each hypothesized factor, Chart A on page 3 represents (ke logical,
2 priori analysis. The columrs of the chart represent the three pos-
sible gets,

Pattern A, Pattera A represents an obvious a priori ciassifica-

tion of the variables by the extremity used in the projection. This pat-
tern is a very simple, yet possible breakdown into a single arm factor,
a two-arm factor, and a two-leg factor., These skille might be dzscribed
as gross patterns of skill. Factor I Projection Using Singie Arae would
identified by tests which measure the ability to forcefully project an ob-

ject with one hand, Factor 11 Projection Using Two Arms would be de=~

fined by tests which measure the same ability, using two hands, Tests

 of kicking gkill are included as measures of the potential Factor 1il

Projection Using Legs.

| Paitern B. Pattern B involves a more compiicated classification
of skill, The four arm patterns are similar in that all are unilateral
profections, In addition, all invelve trunk rotation, The primary
difference among thege patterns lies in the way in which the arm is

used, Tke Gverarm pattern involves medial rotation of the humerus,

extensic: of the & » and flexion of the wrist, The underarm paitera

4“0
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CHART A
ANALYSIS OF GROSS MOTOR SKILL PATTERNS
. Pattern A Pattern B Pattern C

Test Arms Legs Overarm Underarm Sidearm Push Kick Repeated

One Two Paftern Pattern Pattern Pattern Pattern Strike Release Movements
# 1 X X X
T X — —— X
# 3 X X X
# 4 X X X
#5 X X X
# 6 X ’ X I X
# 1 X X X
# 8 X X X
#9 X X X
#10 X X ] X ——
#11 X X X -
#12 X X X
#13 X X X
#14 X X X
#15 X X X
#16 X X X —_—
#17 X X X
#18 X X X
#19 X X X
#20 X X X
#21 X X X
#22 X X X
#23 X X X
#24 D4 X X
#25 X X X

* See key on following page.

Ma K ~ ;>.., A




> [T
4 mamesa O,

e 3
W

N W e = Ak
-3

#10
#11
#12

#13

#15
#18
#17
#18
#19
#20
#21

#22
#23

#24
#25

Key
Softball Overarim

Basketball Overarm

Tennis Serve

Badminton Clear

Bowling

Softbail Underarm

Volleyball Underarm Serve
Badminton Serve

Tennis Drive

Volleyball Sidearm Serve
Basketball One-Hand Push Pass
Basketball One-Hand Push Shot
Bagketball Chest Pass
Basketball Overhead Pass
Volleyball “hest Pass
Volleyball Overhead Pass
Hockey Drive

Basketball Underarm Fass
Wzll Volley

Bounce-dribble

Basketball Throw and Catch
Soccer Place=kick

Soccer Punt

Soccer Pass
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iavolves shoulder flexion and wrist flexion, The sidearm pattern in-

volves horizontal flexion-adduction of the upper arm and adduction or

flexzion of the wrist. These three paiterns are characterized by striking

- PPV I PVY PN kPP B o VR e W™ AL s cenmanD Y Yo 2D A
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by tests which measure the ability to forcefully project an object with

one hand, using ar overarm pattern, Factor II Underarm Pattern

wouid be defined by tests measuring the above ability using an underarm

pattern, Factor III Sidearm Pattern would be defined by tests measuring

the same ability, using a sidearm pattern, The fourth arm pattern is
the push pattern, involving shoulder flexion, elbow extension, and wrist

flexion, Factor IV Push Paitern would be defined by iests which meas-

ure the ability to project an cbject by pusking, using one or two hands,

Factor V Kicking Pattern would be defined by tests which neasure the

projection of an object by kicking with the instep of the foot or with the /

top of the instep of the foot,

Pattern C, The breakdown of Pattern C is based in part on two

N
0e
<\ &

types of projections, striking and releasing. These two typeg are all-

inclusive, since striking includes kicking and releasing includes throw-
_ ing and pust.ng, In addition, this breakdown separates projections in-
volving a single execution from those involving repeated movements,

Factor I Projection of Object by Striking would be defined by tests meas-

uring the ability to forcefuliy project an object by throwing or pushing,

measguring the ability to forcefully project an object by throwing or pushing,

Factor IIl Repeated Movements would be identifird by tests which measure

Factor Projection of Object by Releasing would be identified by tests i
the projection of an object by striking or pushing in repeated movements, 5




RELATED RESEARCH

Most of the research on patterns of movement has been di-
rected to the period of infancy and early childhood, The acquisition of
fundamental movement patterns is dependex; on the maturation of the
néuromuscular system, The evidence frons studies of human and ani-
mal development indicated that the emergence of basic movement pat-
terns follows an orderly sequence during the early period of develop-
ment (4,9,31), Efforts to speed up the appearance of these phyloge-
netic traits through training have met with little success (25), Thus,
there are 'critical’ periods in development when a particular neuro=-
muscular skill is most susceptible to modification, Studies of the ef-
fect of deprivation of opportunity at the time the skill would normaily
be acquired also provided evidencé of a "critical‘ period in the learn-
ing of basic gross mctor skills (6, 36). Unfortunately, the acquisition
of gross motor skills during the school years has received little at:
tention, Wild (35) and Dusenberry (7) have presented some evi-ence
on the optimum tinﬁe for attaining mature patterns in certain sports
gkills, but whether the components of a skill are similar enough with
those of others to facilitate the learning of these skills is unknown,

Patterns of action are developed by the human moter mech-

anism which are fundamentally similar within the g-oup but which

—
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are likely to nave individual variations in detail (10), "The neurons

which make up the nervous system of an aduii man are .,. arranged

ir a system the outlines of which have been ghaped by the euperiences
regarding skills which appear to be basicaily simiiar is that of transfer
of learning, Some psyhhologists have felt that the amount of transfer
of learning from one skill to another is a functicn of the exiest to which
there are similar elements in the two skills (17, 25), The greater the
similarity among skills, the greater the transfer, Physical educators
nave generally hypothesized that there are basic patterns of movement
common to many activities {2, §, 24, 33),

One primary intent of many foundaiion courses in physical edu-
cation has been to teach skills basic to all movement as well as an un-
derstanding of the relevant mechanical srinciples of movement, If
this objective can be achieved, learning a general underarm pattern
and understanding the principles underlying this pattern will facilitate
learning a specific skill using this pattern, such as the bowling swing,
However, the grouping of varicus skills into patterns hzs largely been
done on a logical basis, Occasgionally, some reference has been made
to the similarity of the mechanics of the girouped skilis or to the es~
tablishment of a neural pathway for a group of gkills, Beoth kinesiology
and neurology have great potential for contributing to the understanding

of skills and their relationships to one another, However, thege areas
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are largely unexplored, possibiy due to the complexities involved in

siundying gross motor skills,

MNrna annwasalh ¢4 dha cdecdee
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of any qomain is ¢
analysis procedures, One aspect of the domain of physical proficiency
commonty cailed physical fitness, has been examined in this way (8, 28),
Gther investigators (1,22, 23) have cxplored other aspects of prot:i-
ciency in additicn to physical fitness, The work of these investigators
has touched only briefly on the groupings of basic skills, Since this
study is confined to patterns of skill in the projection of objects, other
types of motor skill patteras will not be considered in the following
review,

Benson (1), L.iba (22), and Liba and Harris {23) have directly
attacx2d the question of the overarm pattern, Banson {1) extracted a
factor which she calied tunilateral motor patterns (other than kick) in-
volving forceful projections of an object!. Selected tests were meas=
ures of balance, kinesthesis, and unilatexal projections, Three types
of skills, all overarm péﬁems, loaded on this factor: throwing,
striking with hand, and striking with racket, Essentially the same .
factor was obtained with the incomplete component analysis and the
incomplete image analysis, Liba's data (22) included measures of
unilateral and bilateral patterns, including overarm throws, volley-
ball wail volley, Edgren bali handling, and bagketball dribble, Ali

thesc measures loaded on the same factor in three solutions:
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principal component, image analysis, and Alpha factor analysis, With
a fourth solution, that of Joreskog, these items formed two fac.ors,
One factor included the unilateral overarm throws., A second included
the various bilateral patterns, Liba and Harris (23) inciuded four
measures of the overarm pattern when applying more recent factor
analytic techniques to measures of strength, These measures included
two throws, one striking with hand, and one striking with racket, For
the three solutions - Alpha oblique, Joreskog oblique, andJoreskog
orthogonal - the throws and striking with hand wer: grouped uvnder the
same factor, The Alpha oblique inciuded the tennis serve with the
other three items, while the serve loaded on a geparate factor in the
Joreskog oblique solution. The tennis serve had no high loadings in
the Joreskog orthogonal,

Two studies yielded information about the overarm pattern, a!l-
thougn not by the direct intent of the investigators, Ponthieux and
Barker (28) factored the AAHPER Fitness Battery and identified one
factor which was defined by a test of the softball throw, In a study of
the nature of physical proficiency tests, Brogden {3) identified a factor
labeled 'abiiity to mobilize quickiy a maxirnum of force or speed'.

The measures that defined this factor were gofisall threw; basketball
throw, medicine ball put, and médicine ball throw,

In summary, the existence of basic movement patteras has

been established in the literature, In general, these potterns are
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acquired in an orderly sequence, and can be most cffectively modified
at 'critical' periods in the development of the individuai, Little atten-
tion has been given to patterns of gross motor skills invelving the bro-
jection of ocbjects, The survey of related literature yielded evidence
of the existence of at least one motor skill pattern, the overarm pat-
tern. In addition, the survey indicated the possibility of other patterns

which might exist,
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The proceduresg relevant to the collection of data will be pre-

sented in this section, The three major categories to be discussed
are subjects, organization for test administration, and description

_ of tests,
Subjects

The subjects were 166 junior and senior female students at
Brown Decr High School in Brown Deer, Wisconsin, The group con -

stituted nearly all of the total population of junior and senior girls at

Brown Deer, The total population consisted of three classes of junior
girls and three classes of senior girls., Five of these clagses were
selected for the study., All of these five were taught by the same in-
structor, and the curriculum consisted of a recreational sports unit
over the period of time designated for the testing program. The cne
class of senior girls which was eliminated did not fit the above cri-
tzria, and in addition was scheduled at the same time as oxe of the
other classes,

The original group contained 201 girls, However, five girls
had ‘medical excuses from physical education, and were only attend-

ing health classes., Twenty-eight girls were drcpped during the last
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two weeks of testing, Some of these girls had so many absences over
the testing period that it was impoesaible to make~up all the tests they
had missed, Most were ahgent on t!:e last day of testing, which was
a make-up period, These girls were dropped due to incomplete data,
By mistake, two girls were not tested on a few items, and thus were
dropped because of incompieie data, The sample used in this study
consisted of 166 irls, The breakdown by classes was: Period I-
Juniors, 33; Period Il-Seniors, 34; Period IV=Juniors, 34; Period V-

Seniors, 31; and, Period VI-Junioss, 34,

Organization for Test Administration

The data were gathered over a three~-month period beginning
in February, 1266 and ending in April, 1966, The tests were admin-
istered in a gymnasium in Brown Deer High School, or in a balcony
adjacent to that gymnasium, depending on t* : area to which the classes
in the group were assigned,

Time schedule for test administration, The testing program

was scheduled for two days a week, five periods a day. The testing
periods were the regularly scheduled physical education class periods
for the students, The five testing periods within a teéting day occcurred
at the following times: Period I, 7:45-8:45. Period II, 8:49-9:44;
Period IV, 10:47-11:42; Pericd V, 11:46-12:41; and, Period Vi,

1:13-2:07, On rare occasions, fewer than five clagses were tested
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on one day because of such events as school trips or assemblies, How-
ever, towar 4 the end of the testing program, certain clésses were test-
ed during pericds other than the regularly scheduled testing periods,
Ne nﬁore than two tests were completed per testing peric '
However, some subjects inight be tested on four items un one day.
The amount of testing done in any one period was determined by the
n@ber of subjects present, the difficulty of the test, and the number
of trials for the test, For example, two throwipg items (four triais
each) could be administered by one test administrator within one class
periocd, On the other hand, one striking item (eight trials) involving a
suspended ball would necessitate a time allotment of two testing days
per class for one tester,

Test administrators, The testing staff consiated of two college

students and fifteen high school students, In addition, the girls' physi-
cal education teacher assisted in many phases of the testing program.
The investigator remained free of assigned duties so as to generally
supervise the test administration, The college students were the timers
for all testg, Neither ¢f these two girls had had any previous exper-
ience with stopwatch timing, The investigator taught these giris the
basics of stopwatch timing, Then, a week before the testing program
began, the timers practiced timing the speed cf the bowling ball, since
bowling was the first skill to be tested, On the first day of the testing

program the timers again practiced using the stopwatches before
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beginning to administer the tests, In general, one timer tested all
suﬁjects on any one variable, rather than both timers testing the same
variable, During the two weeks of make-up testing, this division of

labor was not always possible, since 2 timer might conceivably test

" two girls on a skill which, in the past, had been the responsibility of

the other timer, This situation occurred, aithough infrequently, be-
cause one timer had a heavier rnake-up load than the other timer,

In addition to training the timers to use stopwatches, the pur-
pose of the testing program and ﬁh; nature of the tests were explained
to them, Then, at the beginning of every testing day, new tests were
carefully explained and demonstr:a.ted to the timers, They then prac~

=

ticed performing the skiil, as well as timing the skill, Practice in
the performance of the skiil was beneficial, since it seemed to help
them interpret the skill to the students,

Ten of the high school girls served as scorers, Two scorers
were needed each hour, one for each timer, Each scorer worked with
the same timer .throughout the testiné period, Segormg procedures
were explainedyin detail the weeck before the testing rrogram began,
The five remaitxg high schocl girls handied the suspension equipment

when such equipmek was in use,

Preparation for test administration, During the week previous

to the begirning of the testing program, the physical education teacher

presented an overall picture of this study to all five cleagses, On the
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first day of testing, the investigator discussed the nature of the tests
with all the subjects, Two points were emphasized: (1) that the test
items required all-out effort on the part of the subjects, and {2) that
each student would ke capable of performing every test item,

Tae explanation of each new test was carried out by either the
physical education teacher or the investigator, This explanation was
always followed by a demonstration of the skill by one of the timers,
the physical education teacher, or the investigator. The instructions
for #15 Basketball Overhead Pass will be used to illustrate the demon-~

stration-explanation,

In this test, we want to know how fast you can throw a
basketball from bet..:d this line (point to restraining line)
to the wall, ¥Y.a must use two hands to throw the ball,
Algo, the ball must be thrown from an overhead position
- like this (demonstrate), It does not matter whether
you have played basketbaill before, Simply tarow the

ball as fast as you can, You may take a step forward

ag you throw the ball, as long as you remain in back of
the restraining line, Remember that we are interested
in how fzst you can throw the bali,

The subjects were given a practice period before being tested, The
number of practice irials was-flexible, depending on the needs of the
subjects, For example, one subject might have difficuity performing
t> ‘em correcily, ard thus need more practice than a girl who could
perform the skiil properly, The practice trials were conducted by the

physical education teacher and the investigaic,
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Description of the Tests

The study was originaiiy designed to test twenty-eight variabies,
Four test items were dropped dufing the testing period, add one item
was added, The tests which were omitted were Basketbail One-Hand
Bounce Pass, Basketball Two-Hand Bounce Pass, Golf Drive, and
Batting, The two Bounce Pass items were dropped due to the length
of time necessary for the administration of these tests., The measure=
ment devices for the Golf Drive and Batting were poor, The goif de-
vice did not differentiate between girls who were good golfers and
girls who had never plaved golf. Aliso, it became apparent that most
subjects had not had edequate experience with this skill, and that the
process of familiarizing them with the skiil wouid have been excessiveiy
time-consuming, Aithough most subjects could contact a suspended
ball in the batting teét, l‘the majority had great difficulty hitting an
acrial ball, Again, obtaining velocity scores for this test would have
taken an excessive amount of time, The Basketball One~Hand Push
Shot was added to the remaining tests, making a total of twenty~five
items, The latter test was included because it utilized 2 wail height
restriction, a characteristic of only one other test, #16 Volleybali
Chest Pass. Although all of the items measured all-out abiliiy, there
were three types of scores. These types were velocity scores, time
scores, and number of repetitions, Velocity scores were used in all

but five cases. Time scorés were used for #18 Hockey Drive and
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#6 Bowling, Obviously, time scores were a satisfactory representa-

tion of force when the object was projected on the ground or fioor, be-

o

cause it was not necessary to ke concerned with the effent of gravity
and the angie of projection, The scores which represented the number

of repetitions were used for #20 Wall Volley, #21 Bounce~dribble,

and #23 Bagketball Throw and Catch,

Since there were certain elements comrmon to all tests which

H .lm

were scored in the same way, the tests were grouped by the type of
scores which were yielded. In this way, summary statements could
e made about each group of tests, followed by a brief description of
“ each test. It should be noted that Bhis grouping was merely for con-
venienee i describing the tests, and was in no way related to the hy~
poiheses about the tests, A detailed description of each test is in-

cluded in Appendix A,

Tests yieiding velocity scores, In this study, velocivy scores

were determined by four variables: three dependent and ope inde~
pendent, The three dependent variables were wall height, time, and
height of contact or releage, Distance was the independent varisble,
The wall height was measured on a grid of lines placed one foot apart
on the wall, Numbers representing feet from the floor were placed
between the lines, A projectile landing on the line was scored by the

number above the line, The time wag measured to the nearest hune~

L

dredth of a second using a fas! stopwatch, The contact or release

©

Hie

1dod by ERIC.
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height was the height at which the subject actually contactz i or re-
leased the projectile, This variable was measured for a small group
of subjects of varying heights for any givex test, and estimated for the
totai 2ample based on the student's height and the length of the imple-
ment used, if any, The horizontal distance was the number of feet over
which the object was projected by the subjects. The velocity scores
were obtained from tables which are degcribed in Appendix A,

#1 Overarm Softball Throw measured the ability to forcefully projact a

softball uging an overarm throw, with four trials taken at a distance of

thirty feet from the wall, ,

#2_Overarm Basketball Throw measured the ability to forcefylly pro-

ject a basketball using an overarm movement, with four trials taken at

a distance of twenty feet from the wall,

#3 Overarm Volleyball Serve meagured the ability tc forcefully pro-

ject a volieyball with one hand, using an overarm movement, with cight

trials taken at a distance of fifteen feet from the wail,

##4 Tennis Serve measured the ability to forcefully project a tennis hall

with a tennis racket, using an overarm moverment, with eight trials

taken at a distance cf thirty "feet from the wall,

#5 Badminton Clear measured the ability to forcefully project a cork

bzl with a squash racket, using an overarm movement, with eight triale

taken at a distance of forty feet from the wall,

#7_Softhall Underarm Throw measured the ability fo forcefully project

a softball with an underarm swing, with feur tri~is taken at a distance

of thirty feet from the wall,

#8 Volleybali Underarm Serve measured the ability to forcefully ..o~

ject a volieyball using an underarm swing, with gix trials taken at a

distance of thirty feet from the wall.

#9_Badminton Underarm Serve measured the ability to forcefully prec-

Ject a cork ball with 2 squ~sh racket, using an underarm movement, with

six trials takea at a distance of thirty feet from the wall,

#10_Tennis Drive measured the ability to forcefully project a tennis

vall with 2 tennis racket, using a sidearm movement, with eight trials

taken at a distance of thirty feet from the wall,

#11 Volleyball Sidearm Serve measure. the ability to forcefully pro-

ject a volleyball, by striking it with the hand, using a sidearm swing,

with eight trials taken 2t a distance of fifteen feet from the wall,

#12 Basketball One-Hand Push Pass measured the abality to forcefully

project a bagketball against the wall by pushing the ball with one hand,
o Wwith =ix triais taken at a distance of fifteen feet from the wall,

ERIC

Aruitoxt provided by Eic:
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#13 Taskeital! One-Hand Push Shot measgured the ability to forcefully
project a bagketball on or 2bove the 10' wall ares by pusling the ball
with one hard, with six #‘als taken a5 a distance of fifteen feet from

Hham ecen i1
cae wall,

#14 Basketball Two-Hand Chest Pass measured the ability ¢o force~-
fully project a bagketball by pushing the ball with two hards, with six
trials taken at a distance of fifteen feet from the wall,

#15 Basketball Cverhead Pass meagured the ability to forcefully pro-
ject a basketball by releasing the ball from an overhead position, using
two hands, with six triais taken at a distance of twenty feet from the wall,
#16 Voll_gvgall Chest Pass measured the ability to forcefully project a
volleyball on or above the 9' waill area, using two hands to strike the
nall, with six trials taken at a distance of fifieen feet from the wall,
#17 Volleyball Overhead Pass measured the ability to forcefully pro-
ject a volleyball from an overhead pesition, striking it with two hands,
with six trials taken at a distaace of fifteen feet from the wall,

#19 Basketball Underarm Pass measured the ability to forcefuily pro-
ject a basketball by throwing with two hands, using an underarm swing,
with six trials taken 2t a distance of twenty feet from the wall,

#23 Soccer Place-kick meagared the ability to forcefully project a
soccer ball by kicking the ball from a stationary position, using one
foot, with six trizls taken at a distance of thirty feet from the wail,

#24 Soccer Punt measured the ability to forcefully project a soccer
ball by punting it, with six trialg taken at a distance of thirty feet from
the wall,

#25_Soccer Pass measured the ability to forcefully proiect a soccer
ball usir:g the instep of the foot, with six trials taken at a distance of
thirty feet from the wall,

Tests yielding time scores, When the projectile remained on

tiie floor and the distance was held constant, time scores were adequate

r,f';' ' representations of the ferce component of the skill, In this case, only
one independent variable, time to the nearest hundredth of a seoond,

needed be obtained,

#6 Bowling measured the ability to forcefully project a bowling ball
using an underarm swing, with four trials taken at a distance of sixty
feet, :

#8 Hockey Drive mcasured the ability to forcefully project a hockey
ball using a hockey stick, with six trials taken at a distance of twenty
feet from the wall,
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Tests yielding numbers of repetitions. The basic charscter-

gute

gtic nf ¢thana -~ —

of these three iesis was ihat, within a 2iven time limit, the sub-
jects were asked to repeatedly execute a gkill as many times as possible,

The score was the number of satisfactory executions within the time

period,

#20 Wal Volley measured the ability to project a voileyball agains’

the wall repeatedly, using two hands, with three trials of thirty seconds
each,

#21 Bounce-dribbie measnred the ability to project a basketball re-

peatedly againgt the floor, using one hand, with four trials of five se-
conds each,

#22 Basketball Throw and Catch.measured the ability to forcefully

project a basketball repeatediy against a wall by releaging and catching
with two hands, with four triaig of thirty seconds each,
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ANALYSIS OF THE DATA

The data from a set of observed variables can be factored in
a number of ways., Oné c;.nnot, in general, say that one solution is
best, Often, an a priori notion of the factorial nature of the data is
formed., For example, one might formulaie athecry and attempt to
verify it by some factorial solution. Spearman‘s theory of general
mental ability led to the development of his Two-Factor theory (32),
Thurstone's idea of primary mental abilities could most logically be
studied through a model which handled overlapping group factors (34),
On the other hand, the methods of factor anaiysis may lead to the de-
velopment of sc.ne theory., When many tests exist in a particular
area, which are not clearly defined in terms of relationships, fac=
torial procedurves can yield a parsimonious description of the data,
For example, Fleishman factored a large number of strength tests
in order to more clearly define the construct of strength (8),

Two broad categories of multivariate analysis, component
analysis and factor analysis, will be discussed in this section. In

o

addition, derived solutions will be commented on.

Component Analysis

A component analysis is carried out with the test space, the

2vea which is defined by the observed variables, The primary
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objective in component analysis is to account for as much of the total
variance as gossible. When the observed data are reduced to R, a
correlation neatrix with units in the diagonals, the complete set of com-
ponents (or factox:s) of R can be developed by some computing algorithm,
When this algorithm is a principle' axis trangformation, the solution is
known as a principal componen:s solution of R, If, on the other hand,
the observed data are linearly transformed to the form of (i - SZR'I)Zg
the analysis on the transformation is known as itnage analysis, All
complete compenent analyser yield two matricess a factor matrix {F)
and a matrix of component (or factor) scores,

Complete Principal Components Model, In the principal com=

ponents model (Hotelling, 1933), one begins with the correlation matrix
R and extracts successive components., The factors are represented
by the principal axeg of the ellipgoids, The first general factor accounts
for a maximum amount of the possible variance. The second factor
accounts for a maximum in the residual space with the first factor re-
moved; and so on, until the last common factor accounts for whatever
communality remains, Tkis model yields a number of factors equal to
the number of obgerved variables,

When the data are reduced to a correistion matrix, the observed
scores for the variables are scaled 30 that each variable has unit var-
iance: If the dats were rescaied into some form other than the correla-

tion matrix R, the principal components model would yield a solution
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that is not related in any simple way to the solution obtained from R,
in other words, the prircipal components analysis is not scale-free,

This is a disadvantage of this model,

Incomplete Principal Components Analysis, The purpose of

using an incomplete priacipal components analysis over the complete
anal, 3is iz that the factors accounting for only a amali protion of the
variance are digscarded, The inccmplete solution yields, for the first
n factors extractied, the same facior scores as the complete soluticn
and factor loadings that are properiional to thoge obtajned in the come-

plete solution,

Complete Image Analysis, According to Guttman's theory (11},

any measurerment can be represented by two independent parts: the

image and the enti-image, The image of a variable can be predicted from
the remaining n-1 variabies, The anti-image is the unpredictabie part.
By geometric description, the image is represented by the pro-
B Jection of a wariable into the subspace of the remaining n-1 variables.
The anti-image is orthogonal to the image projection, The cosine of
the angle between the variable and its regpective projection ig the mul-
tiple correlation coefficient of that variable with the remaining vari-
ables, The square of the multiple correlation (smc) represents the
portion of the total variance that is depeudent on the remaining n-1

variables,

hf?&’ge an=lysis is scale~free; therefore, the image matrix can
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| be developed from R in the following ways
G = R +S°R"1s? - 252, where G is

the image variance-covariance matrix, R is the correlition matrix
with units in the diagonals, and s?isa diagonal matrix for which the
diagonals, s?, are the reciprocals of the diagonals of R'l. The square
of the multiple correlation of any variable, j, with the remaining set is
= represented by 1 - sgg The matrix G has these squared multiple corre-

lations in the diagonals, This matrix can be factored completely, giving

- ag many factors as variabies,

Incomplete Image Analysis. An incomplete image analysis ex-

fracts m factors, m representing Guitman's strong lower bound, Ia-

compiete image, then, discards some factors which are extracted by

complete image analysis,

~ As an alternative to incomplete image aralysis, R-Sz, a correla-
tion matrix with squared multiple correlations in the diagonals, can be
factored (14), The first m facters of R-S% willbe proportional to the
first m factors of G. Furthermore, the least squares estimates of the

factor gcores for R-S2 are identical to the computed factor scoreg of G.

Factor Analysis

Congider the variables represezting the observed data as vec~
- ° tors which are embedded in a space which can be called the test space.

The test spac: ig embedded in a gpace -nade up of vectors which
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represgent the individuals on whom the observations were made, The
latier space can be called the person space, Factor analysis can then

be defined as taking place in the common-factor apace, which is in the

person gspace but outside the test space,

The primary concdra in factor analysis is to yield a factor ma-
trix which bgst fits the correlation matrix, The factor analysis models
B discusged in this paper have the advantage «f being scale-free, The

factor scores, however, camot be computed precisely with these

models, but can only be estimated,
Rao's Canonical Factor Analysis. The Rao model is similar
' @ to Lawley's maximum likkelihood solution, where the number of faciors
can be determined by staticticai test, The canonical model for factor
“« analysis involves the derivaticn of uncorrelated common factors which
have the maximal canonical correlations with the c;bse rved variables
‘% (30).

The equation for this model is R - bﬁ’z » J, where R i3 a corre~
lation matrix with unities in the diagonals, U2 is an unknown matrix of
unique yariances. and b repregents the roots, The unique variances
are estimated and then the roots are golved for, under the restriction
of a hypothesized number of commoen factors. if the hypothesized
number of factors is rejected by this test, one additional factor is
postulated and the proceas is begun agein;

Since the number of common factors is determined by statistical
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test, thie number may be a function of the size of the sample of in-
dividuaig tested, rather than a function of the numbszr of variables

measgured (14), Harris {12} proposed & variant of the Rao solution,

Guitman's best lower bound {sme) is used to determine the minimum

number of factors, rather than using Rao's statisfical test, However,
the form of Rao's solution is retained. "This variant of Rao by way of
Harris rescales the varisbles in the metric of the unique portion of the
data, anaiyzes the rescaled dats, and then transforme the results back
into the originel mweiric of the variables if that iz desired, or into any
other metric one wants, such ag the egual-varicnce metric asscciated
witk standard scores’ {13, pl)Thus, through the Harsiz-Rao-Cuttman
solution, the number of common factors is dotermined by Guitman's
strong lower bound, but any »_ “5p nat significant by Rao's statistical

test is discarded, -

N

Algha Factor ﬁ?;;?ﬁéﬁgé\ Through the applicstion of canonical
s
factor analysis, certazin sﬁa&is%:ieﬁ“?&f@mmes can be made, In otheyr
words, certain inferences can be made abowt a population of individuals
from the characteristice of 2 random eample of individuals, Alsha

factor analysig {21}, on the other hand, aliows ous to make infersnces

about a populaticn of variables from 2 nonrandom sawnple of varigbies,

This type of inference is psychometric inference,
With Alpha factor analysis, the varisbles ave rescaled in the

metric of the common portions of the data, Cenonical fosctor analysiy
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rescales in the unique porticns of the data. Alpha factor analysis, iike
canonical, is scale«free,

The rule for the number of common factors is a psychomeirically

oriented one, "

.o« if a common factor has non-positive generalizability
{if its associated eigenvalue is less than or egual to ene), one may ap-
propriately —reject it (21, p.11), Thus, the factors that can be gen-
eralized to a universe of variables are retained, As the number of ca-
notical factors retained is a funetion of N, go the number of Alphe face

tors is s function of §, the rumber of ohaerved variables,

Joreskog's Factor Analysiz, I the Jorsskog model, the

parameiers may be estimated and tested statistically without the use of
iterative techniques, In addition, this model makes an agsumpiion abowt
the residual variances which elirninates the communality probiem. This
restriction is "that the residual variances are proportional to the re-
ciprocal values of the diagonai elements of the inverted population dige
persicn matrix” {18 p, 11},

Acceording to joregkog, Lawley's general maximum likelihcod
solution iz more efficient thon the above model, However, the Lawley
methed iz #erative, and thus involves an enormous amount of COMBUe
tations, Thus, the primary value of the Joreskog solution iies in the
fact that it closely approximates tac Lawley solution, The Joreskog
method determines the loading estimates divectly without the use of

tHerative technigues,
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Derived Solutiong

An initial solution is rotated to obtain a more meaningful inter-
pretation of the data, This rotation ylelds a derived solutic;h, which
may be either orthogonal or obligue. In ‘he orthogonal sclution, fhe
axez are kept at right angles, The factors are kept orthogonal of ﬁhéee- .\\\
pendent, uncorrelated with one anotirer, Witk an obligue solution, the
factors are related, An obligue aclution yi¢ids three matrices: {1} A
patiern matriz of coeflicients {factor lcadings) derived from paraliel
projections onio the factors, (2) A structure matriz of correlations be-
tween variables and factors based on perpendicuiar projeciions orto the
factore, and (1 A mairix of the intercorrelaticns ameong ¢iements, In
an orthogonal solution, the perpendicular and paralie! projeciions are
the same, i.2., the patlery is equal to the structze,

The probiem of orthogonal rotation kas been adequately solved
for some time (12,14), Several analytic methods of orthogonal rotation
are available, such as quartimax, raw varimax, eguamax, ad normal
varimax, However, normal varimax is often preferred since this is
the only rotaticral procedure that will nc” destray the scalc free fea*ure
oi 28 initial solution {14),

Recently, a general model has been built for all gsclutions, ore
thogonal and obligue {15), By using this general model, an initial op~

thogonal solution iz rescaled and rotated by aome analytic orthogonal
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rotation, to obtain an oblique solution, Harris-Kaiser have found that
there are two mutually exclusive classes of oblique solutions. One of
these subclasses is appropriate when the common factor poriions of a
particular set of variables can be expressed as a set of independent
clusters,

Even more recently, Kaiser has developed a derived oblique
solution which, for some sets of data, will yiclda pattern mairix with
a targer aumber of zero eiements than the oblique independent cluster
solution, Thig procedure i cclled Winsorizing, At the present time,

no iiterature s available on this technique,

apecifications of Four Factor Models

The four factor models used in thig study have been examined
extensively in a recent study {16). The descriptions of these models
will be given in this section exactly as preaented in the Harris-Liba
study,

"The methods of developing an initial sclution wiil be described
1n matrix notation., Iirst we establish these four definitions;

R The observed correlation n.atrix with units in the main

diagonal, of order p-by-p,

F  An initial factor (or component) matrix. The definition of

F depends upon the model and i8 made explicit below for

each of the models considered here. F always has p rows;
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the number of its columns equals the number of factors
(or components) extracted,
A diagonal matrix of order p-by-p, with non-zero entries
each equal to the reciprocal of the corresponding element
of R°1, Thus, 1-5% is a diagonal matrix of squared mul-
tiple correlations of each variable with the remaining p-1
variabies,
A diagonal matri.x of order p~by-p, whose non-zero entries
are the commralities, For Models A and D, I-I2 is com=-
puted after the xact and does not enter into the initial de-
termination of the factors {or componenis). For Model B
the first stage is one of seiecting trial communality values
and converging these to reasonably stable values under a
restriction on the number of factors, Modei C, IJ2 2] -92

is taken as proportional to Sz.

Next, we define the fc - models employed in terms of these Jefinitions as:

Model A

This is an incomplete principal components solution of R,
The cr:terion fox the number of components to extracs is
Guttman'’s "weak" lower bound to the number of common
factors (Guttman, 1954), This is the number of eigenvalues
of R that exceed unity. For this model, ¥ *QD, where Q
desiymated orthonormal columns of eigenvectors of the me-
trix R, and D is a diagonal matrix of the positive square

roots of the eigenvalues groater than unity of thia same méﬁrix.
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Model 3  This ie alph~ factor analysis {Kaigser and Cafirey, 1965).

F = HQD, where H is defined as above, Q designates or-

thonormal columns of eigenvectors of the matrix

H-I(R - 2)I-l'l. and D is a diagonal matrix of positive

d square roote of the eigenvalues greater than unity of this

e same matrix, The F for Model B has the same number of
columns as doez the F for Model A,

Model C  This is Joreskog's procedure {1963), which determines 2
constant, t, on the b2sis of a statistical test and then takes

vl

= H2 as t&fz. The number cf factors is alagc determinad
by the statistical test. The factor matrix is given by ¥ = SRD,

where § is as defined sbove, Q designates orthonormal

columns of eigenvectore of S”'RS™E, and D is 2 diagmal ma-
- trix of positive square roots of the rigenvalues of S"gﬁs‘”leﬁ. _
8 Model C hasg cartain correspondences with Medel D,

Medel D This ig rolated to Guitman's image theory {Guttman, 1953;
Herris, 196%; Kaiser, 1862}, F = SQD, where S‘is 28 de~
fized above, & designates orthenormal columns of eigen-
vectors of the matrix $™ RS, and D i5 4 diegonal matrix

of positive ggquare routs of the positive eigenvaluea of the
matrix SRS - 1, Thus, ‘he number of factors 2xiracted
equals Guttman’s “sirong'’ lower bound, This factor matrix
can e modified, by modifyiag D, to yield an incomplete

iuiage analysis' (16, pp.5-8),




This section will be divided into three parts: comparisons of
the four factor models, fiudings of the Alpha solution, and findings

of Model D, as specified in the previcus section,

Comparisons of Four _Eactor Models

Four factor models were applied to the data: incomplete prig-
cipal components analysis, Alpha factor analysis, Joreskog's procedure,
and Model D, Each initial solution was rota ~3 by normal varimax pro-

cedures to obtain a derived orthogonal sclution, ir addition, two dee

rived oblique solutions, independent cluster and Winsorizing, were ap-
B plied to the Alpha and the Model D soluiions,

Comparicon of measures of fit, A meagure of fit of the initial

; solution to the eriginal cortelationé was determined by the average
squareC residual correlation, The aversge squared residus! corvelation
wag obtained by squaring the differences between R anf FF" (excluding
the dlagonais;, and dividing the gum of gquares by the number of elc-
ments in the off--diagonals of either meatr' 1, Tadlel gives the measures
of fit for the four models, The four models providsd ecuentiatlly the
same measursa of fit (16),

Comparison of mean hz. The mean b referred to the sroportion
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of the total variance extracted Ly any one model, The incomplete
principzl compeaents model took cut the greatest proportion of the to-
tal variance, followed in order by Modei D, Alpha, and Joregkog, This

result was generally consistent with those of the Harris-Liba study 416),

TABLE 1

CHARACTERISTICS OF POUR FACTOR MODELS

Number Effective
of Numbes of 2 Average Squared
Model Factors Factors  Mean h® Residual Correlation
Fzctors Common
Factors
Incomplete
Princinai ] 7 7 . 603 « 090633
Components
Joreskog 5 5 5 . 384 . 00082
Alpha 7 7 7 . 453 . #0088
Model D 13 10 8 .475 .00091

rag
R P

Comparison of number of factors, The number of factors ex-

f~ tracted by each model ig given in Table I. Tke number of factors ranged
from thirteen for Model D to five for Joreskog, with Alphz and incom-

| plege principal components each yielding seven, However, in Model D,
derived orthcgonal solution, three of the thirteen factoxs were not effec-
tive, meaning that three factors did nct have at least one variable with

a coecfficien. of .30 or greater, Only eight of the thirteen factors had
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two or more variables with coefficients of . 30 or more. The latter
factors were classified as the effective number of common factors,
while the factors with at least one variable with a loading of . 30 or
above were clagsified ag the effective number of factors, Incompiete
nrincipal components, Alpha, and Joregkog had the same effective num-
ber of factors and the same effective number of common factors as the
number of initial factors, Even though the number of initial factors for
Model D was greater than the effective aumber of factors, the effective
number of factors exceeded in number the factors for the other three
models, ‘This was consistent with ‘he Harris-Liba results (16),

The range of effective number of factor: over the four models
was from ten factors for Model D to five for Joreskog, The range of
effective number of common factors was from eight factors for Model D
to five for Joreskog,

Discussion of model characteristics. The Joreskog model
yieided the zolution with the lowest mean communality and the smallest
nuaber of factors {five}, The incomplete principal components modei
extracted the graatest proportion of the total varfance, This model
yielded a larger number of factors (seven) than Joreskog, This was to
be expected since "the principal component mode! s designed for the de-
termination of the components which present the largest variability,
whereas the factor analysis models are intended primarily to find fac-

tors which contribute maximally to the correlations' (18, p,11), The




Alpha model yielded a mean communality slightly higher th. n joreskog,
and the 2ame number of factors (seven) as incomplete principal com-
ponents, The mean communality of Model D was similar to that of
Alpha, Model D extracted the largest number of factors (thirteen),

There wer« several considerations taken into account in the ge-
lection of models for presentation in this paper. In a recent study of
the four models used in this study, the presentation of the reseits of
two models was recommended (16),

First, Joreskog extracted fewer factors than Alpha, The num-
ber of factors extracted by Alpha is a minimum number; thus, a smeticr
rumber of factors would ceriainly be too few, For this reason, the
Joreskog solution was not gelected for pregentation, However, the
factor matrix for thie golution ig included in Appendix C,

As was expected, the incomplete principal cowponents model
yielded the highest proportion of vabtiability and the same number of
factors as Alphe. However, the component model is not a scale=free
analysis, Im other words, the. scsle of the criginal variables was
changed in the form of a correlation matrix, to which the component
model was applied, Should the data be rescaled in a different way,
such a8 2 variance-covariance matrix, the component analysis would
yield a solution which differed from the golution obtained from the
original rescaling, the correlation matrix, Aipha, on the other hand,

was a scale-free amalyeis. No matter how the data were rescaled, the
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soluticna yielded by Alpha would be proportionally reiated to one an-
other, For this reason, the Alpha solution was selected for presenta-
tion rather than the incczaplete principal components solution,

Model D was also selected for presentation, for two reasons,
One, Model D was scale-free., Two, this model exiracted the greatest
nuuiber of factors, This latter feature was important since Alpha, as
described carlier, probably extracted a minimum number of fsctors,

It was logical that niodel D would extract more factors than Alpha,
since Model D used Guttman's strong lower bound while Alpha employed
Guttman's weak lower bound, Since Model D was the only modetl to ex-
tract a greater number of factors than Alpha, this model might yidld a
more adequate description of the data,

Thus, the Aipha model and Model D were selected for presenta-
tion. Three derived solutirns, one orthogonal and two oblique, were
obtained for the Alpha initial solution. Two derived oblique solutions
were obtained for the Model D initial solution. The derived orthogonal
solution could not be presented because the set of nine factors for
Model D was selected, a3 discussed in the next paragraph, The derived
orthogonal solution was available only for the set of thirteen factors.
The methods for cbtaining the derived solutions were: orthogonal,
Kaiser's normal varimmx procedure (20); cblique, Harris-Kaiger inde~
pendent cluster solution (15); oblique, Kaiser Winsorizing solution,

An interesting feature of the dorived oblique models was that

P ke = TV NS
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the number of factors could be set below the number obtained in an
initial factor matrix, and a derived oblique sclution could be cbtained
for that smaller number of factors, For example, the number of
Model D factors could be set at ten, and the oblique rotations would
yield derived oblique solutions for ten faciors. In this study, the
number of Model D factors was set at seven, to equal the number of
ractors exiractsd by Alpha. Then the number of factors was aet at
eight, and this process was continued until the number of facters in
the initial factor matrix (thirteen) was reached, In thic way, it was
possible to observe the robustness of factors, and the points at which
other variables broke away from factors on which they originally ap-
peared, Through observation of the seven sets of factors (ranging
from seven to thirteen factors in a set), the set of nine Model D factors
was selected as the most 1ogicel representation of the data at hand,

In addition, the nine factors were effective common factors, having

two or more variables with icadings of .30 or above on each factor,
Although two derived obligue solutions were obtained for Alpha

and Model D, ornly one for each initial solution was selected for pre-

sentation, The choice between the two oblique solutione was deters

mined thfough a comparison of the pattern matrices of the two solutions,

The pattern matrix with the greatest number of ciements between

~. 100 and +, 100 was gelectefl for presentation, For the Alpha solution,

the independent cluster pattern matrix contained 95 such elements,
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while the Wingorizing pattern mairix contzined 86, For the Model D
golution, the former contained i23 slements, while the latter contsined
138, By this criterion, the derived cbligue independent cluster solution
was chosen for Alpha, and the Winsorizing sclution for Model D with
nine factors,

in summary, thrze derived soluticne will be presentsd in the
next gection, For Alpha, the derived orthogonal solution and the derived
independent cluster solution will be preseated, For Model D with nine

factors, the Winsorizing soiution will be presented,

; Alpha initial Sclution

Two derived solutions were selected for presentsticn, based on

the criteria discussed in the previous section, These aoclutions were the
e derived orthogonal and the derived oblique independent cluster. Since

5 the two solutions yiclded similar resuits, only one, the derived obiique
independent cluster, will be presented in Jetail. The b&sié gimilarities

and differences between the two golutions will then be noted,

Derived Oblique Independent Cluster Solution

" The Alpha initial solution extracted seven factors. Any variables
with coefficients below , 300 were discarded. In Table II are given the
factors and the respective variables and their factor ceefficients,

Factor I, Skills Involving Trunk Rotation - Extremity Action,

Nine variables appeared on Factor I. These variables were:
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TABLE |l

ALPHA INITIAL SOLUTION

Derived Orthogonal and Derived Obligue Independent Cluster Solutions

Independeat Clugter

Factor I: # 9 Badminton Serve : .813
# ¢ Howling . 721
# 8 Volleyball Underarm Serve . 6817
# 4 ‘Tennis Serve . 558
#24 Soccer Punt . 560
#11 Volleybali Sidearm Serve . 466
#18 Hockey Drive . 441
#10 Tennis Drive , 418
# 5 Badminton Clear . 346

Yactor 1%: #14 Basketball Two-Hand Chest Pass . 838
#12 Basketball One-Hand Push Pass . 492

Factor 11I: #19 Basketball Underarm Pass - ,539
#21 Bounce-dribble . 509
# 3 Volleyball Overarm Serve . 421
Factor 1V: §#23 Soccer Place=kick . 803
# 3 Volleyball Overarm Serve . 448
#24 Soccer Punt .311
Factor V: #15 Basketball Overhead Pass .131
#17 Volleyball Overhead Pass . 681
# 5 Badminton Clear - .565
# 4 Tennis Serve ,418
#25 Soccer Pass . 401
# 2 Basketball Overarm Throw .392
Factor Vii #20 Wall Volley . 791
#22 Basketball Throw ind Catch 710
Factor VII: #16 Volieyball Chest Péss . 507

#13 Basketball One=Hand Push Shot .504
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TABLE 11 {Cont'd,)

Orth_ggpnal

Badmintion Serve
Bowling

Voileyball Underarm Serve
Soceer Punt

Tennis Serve

Tennis Drive

Volleyball Sidearm Serve
Softbal! Overarm
Badminton Clear

Hockey Drive

Softball Underarm Throw

Bagkethall Two~Hand Chest Pass
Basgketbail One-Hand Push Pass

Basketball Underarm Pass
Bounce~dribble
Volleyball Overarm Serve

Soccer Place=kick
Voileyball Overarm Serve
Soccer Punt

Softball Overarm Throw

Basketb~11 Overhead Pass
Volieyball Overhead Pass
Badminton Clear
Baskeiball Overarm Throw
Tennis Serve

Soccer Pass :

Softball Overarm Throw

Wall Volley

Basglketball Throw and Cateh
Basketball Overarm Throw
Softball Overarm Throw

Volleyball Chest Pass

3 Baskeiball One-Hand Push Shot

. 852
. 6192
.568
.563
. 558
. 454
. 450
. 444
. 432
- 407
360

. 182
.554

.464
.441
. 381

.588
.465
.336
. 308

.568
.543
. 492
.416
. 404
. 367
. 342

.664
0611
.340
. 311

. 543
917

40
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#9 Badminton Serve, #6 Bowling, #8 Volleyball Underarm Serve, #4
Tennis Serve, #5 Badminton Clear, #10 Tennis Drive, #11 Volleyball

Sidearm Serve, #18 Hockey Drive, and #24 Soccer Punt. The =xecution

of all these skills involved hip and spinal rotation and arm or leg action,

However, the movements of these bod © iris may not have been wholly

sequential, For example, in a skillea sverarm throw, the body parts
were probably used sequentiaily. The hip rotation was followed by
spinal rotation, which iz superceded by medial rotation of the humerus
and finaily wrist actioﬁ. #1 Softball Overarm, which is executed se-
quentially, did not appear on this factor, The nine variables listed
above utilized hip rotation - spinal rotation - extremity action, but

“ some of these movements occurréa simultaneously rather than sequen-
tially. For example, in #10 Tennis Drive, the initial movement seemed
tc occur in the hips, The hip rotation was followed by spinal rotation
and arm action which seemed to occur a@ the saﬁ)e time, In other
words, the arm and the upper trunk essentially moved as a unit in the
force-~producing phase of the skill, Other skills seemed simiiar to the
above nire, but did not appear on this factor, These gkills were: #2
Basketball Overarm Throw, 83 Volleyhall Overarm Serve, #23 Scccer
Place eliié'k, “anci #17 Softball Underarm, Pessibly the softball urderarm,
like the sofiball overarm, was executed sequentialiy. However, the
softball underarm did not appear on any factor in this solution, W’ifth

the soccer place-kick and the volleybail overarm serve, the occurrence .
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of trunk rotation might have been practically non~existent, In the
place-ki Lk, the bzll was kicked from a stationary position on the flacr,
Thus, the range through which trunk rote.lon could vccur would cer-
taialy be Lauited in compariéon with the soccer punt, Possibly, the
execution of the volieyball serve tendea to be a punching action, and
so the trunk rotation would be minimal. The omission of the basket-
ball throw on t_ls factor indicated that this throw might be more like
a pushing action, In addition, only one reiease skill, #6 Bowliu3,

appeared on this factor. The rest were striking skills,

Factor II, Pushing Skills Wiili No Height Restriction, Two
variables appeared on Facior II: #14 Bagketbail Two-Hand Chest Fass
and #12 Basgketbail One<Hand Push Pass, Both skills were pushing
skills using 2 basketball, In addition, there was ro minimum wall
height for either test, Any wall contact height was acceptable, The
chegl pags was executed with two handa from chest level, wtkile the
push pass was executed with cne hand from approximaiely shoulder
level, However, these differences were not enoug™ to geparate the
two variables,

Factor W1, Skills Involving Elbow-Shoulder Action, Limited

Wrist, Three varizbles appearec on Factor Iil: #12 Bagketball Under-

arm Pass, #21 Bounce~dribble, and #3 Volleyball Overarm Sexve,

The similarities among thesge skiils were nct obvious cnes, The vol-~

leybai: serve, if properly executed, involved the sequential action
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digscussed under Fector I, The spinai roiation woula be added to the

hip rotation, aad then medial rotation of the humerus would follo>w the

= spinal rotation, Such an execution could be consgideraéd a gkilled ex .=

cution of the overasm volleyball serve,  On th: other hand, many of

v the subjects in this study were not skilled performers, Very few had
9 previously been exposed io an overarm s2rve, Thug, many may have
resoriad to the use of 2 punching action te exzecute the serve, Were

this the case, then certain similerities could be drawn amorng the
skiilg appeariang on this factor, The execution of a1l three skills in-
volved primirily shoulder and eloow action, Elbow extension was
common to the three gkillz, In addition, an’three involved shoulder
flexion, | Of eourse, the projected objects were in different locations
in celation 6 the body for all three akills, The wrist cecemed to be

relatively siabilized a ail three skills, except for radial deviation

in the basketball pass. Essentially, these skilis tended te fail into
the 'push’ category.

A
E
L Fastor IV, Btriking With Body Part-Sagittal Piane, Three

Li“*;\* Mmm‘v‘?—
fuv
varizbles appeared on ractor IV: #23 Soccer Place-kick, #3 Volley-

P
Kiang % =
- St

ball Overarm Nerve, and #2¢€ Succer Punt, These three skills in~
velved atrikiog the ball with a body paxt in the sagital plane, The two
wickiug skills were executed in 2 simiiay mamner, with the difference
iy'ng wm the point of contact, For the place-kick, ‘he ball wag cone

tected ontlze floor, PFor the nunt, the bali was contacted ia the air,
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sev.r2l feet off the ficoi, In the volleybail serve, the suspended ball
a8 contacied overhead, Two other skills did not appear on this fac-
tor tut fitied this category, These skills were #25 Soccer Pac~ and
#8 Vollerball Underarm Serve, However, the scccei pass wag executed
witls the instep of the foot, which reatricted the leg swing considerably,
In the volieyball serve, the ball was coniacted around waist or hip level,
Perhaps this mid-body contact served to differentiate this skill from
the three gkills which made up this factor, In the latter three skills,
the contact peints were toward the uprer zad iower sxtremes of the
tody.

Facior V, Overarm-Overhead Pattern, Six variables appeared

on Factor V: #10 Basketball Dverhead Paas, #17 Velleyball Cysrhead
Pass, #5 Badminton Clear, #4 Tennis Serve, #25 Scccer Pass, and

#2 Bagketball Overirm Throw. All of these skills, with one exception,
were executed wilh an overarm or overhead fnovement. The two skikls
with the high=st loadings on this factor were #15 and £17, Both skilla
were bilatcral, st the ball was released or contacted from an over»
nead position, The remaining skiils, with the exception of the soccer
pass, were executed with one hand in an overarm movement, (Overw
arm in this senge refers ¢c a release or tonteot over the shoulder and
gomewnat in front of the body.} The logical relationship or the soccer
pass to the other vive skiils waas not apparent. Two addition;l skills

whica were sxecuted with one h: nd in an overarm position did not load
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on thig factur, These gkills were #3 Volleyball Cverarm Serve and

#1 Softball Overarr. Throw, Since the softball overarm throw involved

releasing a small obje~t from the hand, this skill was probably executed
sequentially by all subjects, As medial rotation of the arm occurred,
the release point waa forceg out to the side and in front of the body,

4 rather than being at an overhead or over-the-ghoulder iocation, One
stould note, also, that the softba'’ overarm did not appear on any face
tor in this solution. In the volleyball overarm serve, the ball was con=
tacied at a position somewhat ir: front ¢f the body and above shonlde}
height, fn terms of point of contact, this skill was not very different
from some which appeared on ;his factor, However, the range through
which the movément @ceurred-was limited in comparison with the above
six skills,

Facior V1, Repeated Measures Against Wall. Two variables

apprared on Factoy VI, #20 Waili Volley and #22 Basketbal! Throw and

%
p

Catch, These variabies were both repeated meas ures, and were ege-

i |
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cuted against the wali, One gkill invoived striking a volieyball with

two har.ds, while the second invoived releasing a2 basketball with two

Y e
e

hands. A third repeated meagure, #21 Bounce=dribbie, failed to appear
on this factor, This ekill was etecuted agzinst the ficor, anﬁ apparently
involved some elemients not related to those used in the execution of

#20 and %22,

Factor VII, Pushing Skills With Height Kestrictions, Two
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variables appeared on Factor Vii: #16 Volleyball Chest Pass and
£13 Basketball One~-Hand Push Shot., These variables were similarin
two respects. One, both skills were executed by pushing the prcjecﬁi!g.
Two, the ball had to be projected so that it contacted the wall on ox
above a specified height, For #18, the mivimnum height was wine feet;
for #13, ten feet, The height reztriction forced the gubjects to execute
& diagomally npward push, The zkills were differsnt in that one inveived
striking 1 volleyball whereas ine othey involved releasing & basketball,
However, these differences were apparer'ly not great encugh io sepzrate

the two skills,

Derived Orthggnal Solution

The derived orthogonal solution yielded eszentially the sume
results as the derived independent cluster solution, Ratiher than re-
peating the latier resuits, this section will be devoted to noting the
minor differences between th~ two Gerived soluticns,

Factor I, Skills Involving Trunk Rotation-Extremity Action,

Eleven variables appeared on Factor I, This factor was similar to
Factor I, oblique, but two variables were added, These varihbies
were #1 Softball Cverarm and #7 Softbail Uaderarm. The inclusion
of these variables made a stronger case for clasc*fying these skills
under the above facter heading, but weakened the case for classifying

this group as striking skills,
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Factor 1%, Pughing Skills With No Height Restrictions, Two

variables appeared om Factor I, This factor was the same ag Factor

Ii, oblique,

Factor T2, Skills Involving Elbow-Shoulder Action, Littic Hrist,

Taree varisbles appeared on Facior i, This factor was the same 28

Factor 11, obligue,

Factor IV, Striking With Body Part=Sagittal Plane, Four vari-

ables appeared on Factor IV, This factor was gimilar toc Factor IV,
oblique, but one variabie was added, This varishle waa 1 Softball
Overarm, The relationship of this varighiz %o the cthers wasg not

readily eznlainable,

Factor V, Overarm-Overhead Pattern, Seven variables ape

peared on Factor V, This factor was similar to Factor V, oblique,
but one variabie was added, This variable was 31 Softhali Overarm,

Factor VI, Repeated Measures Aginst Wall, Four measzures

were included in Factor VI, This factor was similar to Factor VI,
obiique, but two variables were added, These varigbles were £2
Basketball Overarm Throw and #1 Softball Overarm, The inclusion
of these variables weakened the case for classifying thig factc: as ree
peated meagures, However, the two throws had mederate coefficients
on this factor while the repeated measures bad high coefficients,

Factor VII, Puehing_s_kms With Height Restrictions, Twe varie

ables appeared on Factor VII., This factor wag the same ag Factor VII,

chlique,




\d a8

Summary of the Findings for the Alpha Sclution, The Alpha solu-

tion yielded seven factors., The derived oblique independent cluster was
presented in detail, One factor was represented by items which meas-_
ure skills involving trunk rotation and extremity action, Most of these
skills were sturiking skills, Two factors were identified by pushing
skilis, where one factor inciuded a height restriction while the second
had no such restricticn. One factor was reprecented by skills which
invoived striking the ball with a body Hart, mecving in the sagittal

plane. One factor was represented by repeated measures against the
wall, One factor was represented by skills iavolving elbow-shoulder
action, with little wrist action, Cne factor was identified by; skills
which were executed from an overhead or cverarm position, For the
déerived orthogonal solution, the factors were identified in basically

the same way, except that for four of the faciors the number of vari=
ables which appeared cn the factor was slightly larger than iz the

eblique solution,

Model D Initiai Solution

-

One derived solution was selected for presentetion, based on
the eriteria deacribed in an earlier section, This solution was the

obligque Winsorizing solution,

Derived Cblique Wingorizing Sclution

The Model D initial sclution extracted thirteen factors, With the
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oblique solution, facter natterns were obtained for the range of seven
through thirteen factors, The factor pattern for nine factors was se-
lected for presentation in this section, This zet of nine factors is given
in Table 111,

Factor I, Skills Involving Hip-Spinal-Extremity Sequential

Action - Striking, Five variables appeared on Factar I: #4 Tennis
Serve, #8 Volleyball Underarm Serve, #9 Badminton Serve, #5 Bade
minton Clear, and #24 Qccer Punt, All of these skills were striking
skills, Two gkills inveived overarm movements, while the remaining
three involved underarm wmovzments, The four gkills involving the arm
might represeut the striking skills that utilize sequential action in some
limited form, At least these skills utilized more sequential action than
the sittearm striking skilis, which did not appcar on this factor, On the
other hand, the degrece of sequential action might have been less than
that of the softball throw, which also did not appear on this factor. The
soccer punt appeaced ot this factor, but not the soccer place-kick and
the acccer pass, Again, the range of movement of the latter two kicks
wag less than the fermer thus requiring less rotation, Also wissing
from this factor were #3 Voileyball Overarm Szrve and #18 Hockey
Drive, The pz_'obability of 2 smalil amount of rotation being used in the
gerve wag discussed in the. lagt gection, The hockey drive was a bi-
lateral striking skill, in which the body facing was forward and the

backswing was limited by the helglt of the shonlder, These features
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MODEL D INITIAL SOLUTION

Derived Oblique Wireorizing Solution
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#12

#21
#19
#3

#23
#3
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#18
#13

#17
#15
# 6
#25

#22
#20
# 2
#1

#18
#11
6
#1

¥ 2
#24
#11
&6

Tennis Serve

Volleyball Underarm Serve
Badminton Serve
Badn:inton Clear

Soccer Punt

Basketball Two-Hand Chest Pass
Basketball One~#Hand Push Pass

Bounce~dribble
Basgketball Underarm Pass
Volleybail Overarm Serve

Soccer Place=kick
Volleybail Overarm Serve
Tenunis Drive

Velleybail Chest Pass
Basketball One~Hand Push Shot

Volieyhall Overhead Pass
Basketball Ovarhead Pags
Badminton Serve

Soccer Pass

Bagketball ‘Throw and Catch
Wall Volley

Basketball Overarm Throw
Softball Overarm Throw

Hockey Drive _
Vollzyball Sidearm Serve
Bowling

Softball Overarm Threw

Tenniz Drive
Basgketball Overarm Throw

‘Soccer Punt

Volleyball Sidearm Serve
Bowling

. 907
. 995
- 570
.563
.375

a0

599

.677

.958
.383
. 366

. 982

. 366
352

» 449
. 408

:591
<935
-. 413
,310

. 883
177
. 964
. 457

.839
<582
. 378
»348

424

-. 375
.319
- 313
« 307
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lireited the amount of rotation thst could occur,

Factor iI, Pushing Skills With No Height Restriction, Two

variables appeared ca Factor II: #14 Basketball Two-Hand Chest Fass
and #12 Bagketball Cne~Hand Push Pass. This factor was the same as
Factor II, Alpha initizl sciution, derived independent cluster soluiion,

Factor IfI, Skills Involving Elbow<Shoulder Action, Little Wrist,

Three varizbles appeared on Factor III: 221 Bounce-dribble, #19
Basketball Underarm Pass, and #3 Vclle ball Overarm Serve, This
factor was the same as Factor 1I, Alph~ initial solution, derived inde-

pendent cluster soluticon,

Factor IV, Unnamed, Three variables appeared on Factor IV:

#23 Soccer Place-kick, #3 Volleyball Ovsrarm Serve, and £10 Teunis

Drive, The unique relationships among these skills were not readily

- .. apparent,

S~

Factor V, Pushing Skills With Height Restrictions, Two vari-

ables eppeared under Factor V: #16 Volleybail Chest Pass and #13
Bagketb2il One-Hand Push Shot, This factor was the same as Factor
VII, Alphs initial solution, derived independent cluster solution,

Factor VI, Overhead Pattern, Four variables appeared on Fac-

tor VI: #17 Volleybzall Overhead Pass, #15 Bagketball Overhead Pass,
£9 Badminton Serve, and #35 Soccer Puss, The first two itexns, #17
and #15, were executed similarly, Both were bilateral overhead move=

ments, although one was a striking skill and the other, a releasing skill,
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* Tae badmintun serve had a negative coefficient on this factor, indicating
? that the first two skilis involved elemente which differed from a uni-

. lateral underarm skill invelving striking with an implement, There

appeared to be no reasonable explanation for the soccer pass loading on
o this factor.
-

Factor Vii, Repeated Measures Against Wall, Four variables

“‘— appeared on this factor; #Z2 B;ékei'oaﬁ Throw and Catch, #2C Wali
Volley, #2 Baskecbali Cverarm Throw, and #1 Sofiball Overarm, This
factor is the same as Factor VII, Alpha initial solution, derived or-

o thogonal sclution,

Factor Vill, Unnamed, Four var.ables appeared on this factor:

#18 Hockey Drive, #11 Volleyball Sidearm Serve, #6 Bowling, and #1
Softball Overarm. The unique relationships among these skills were
not apparent,

Factor IX, Sidearm Skills, Five variables appeared on Factor

l IX: #10 Tennis Drive, #2 Bagketball Overarm Throw, #2% Soccer
Punt, #11 Volleyball Sidearm Serve, and #6 Bowling, The basketball
throw ioaded negatively on this factor, Two of thzse skills, the tconis
drive and the vollieybali serve, were striking skills inveolving sidearms,
This is the only factor on which both gsidesrm skills appeared. Since
the soccer punt and thebnwmg could be clagsified as undefarm move-

ments, perhans the dggxp@z of joint actione among these underarm aad

sidearimn moverecents was similar,
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Summary of the Findingg for tlle_ Modei D Solution. Modei D

yielded thirteen factors. The derived oblique Wingorizing soiution

was presented for the Model D solution of nine factors, since the get

of nine seemed to allow the mast logical interpretation of the data, Cue
factor was represented by skills involvieg hip-spinal-exiremity sequen~
#al action, These skills were striking skills, Two factors were iden-
tified by pushing skills, wheie one factor included a height restriction
while the secend had n;> such restriction, One factor was represented
by repeated measures against the wall, One factor was represented by
skills inveiving elbow-shoulder action, with little wrist aciion, One
factor was 'i;jentiﬁed primarily by skills executed from zn overhead
positicn, Cne f{actor was represented by the two sidearm striking

skills which were included in this study, Two factors were not named,




DISCUSSION

In the objectives section of this paper, three sets of factors
were hypothesized reprezenting different logical combinations of the
> variables which were to be included in this study, One set, Pattern A,

hypothesized three factors; gkills involving one arm, skills involving

4; both arms, and skills involving the legs, A éécmd get, Pattern B,
hypothesized five factors; overarm skills, sidearm skills, underarm
skills, pushing skilis, and kicking skills, A third set, Pattern C,
hypothesized three factors: releasing skiilg, striking skills, and skills
involving repeated ex;cutions. Examination of the results of the data

analysés indicated that the original hypothesized sets were an inadequate

representation of the skiils in question, The actual factor patterns
[ were almost totaily dissimilar to the hypothesized factor patterns.

Pattern A, céusisting of three factors, was much too simple to

Sy b

- accurately represent the data, There was no evidence that skills
group themgelves according to the extremi‘y used,
In Pattern C, ti:e breakdown of skills into a striking factor and
a releage factor was again too gross a representation of the data, How-
ever, a repeated measurcs factor, also hypothesi.zed under Pattern C,
was extracted in both Alpha and Model D solutions. The results of

@ these solutions indicated that certain directional differences might
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exist among repeated measures items, The items executed in a di-
agonally upward direction and in a forward directioxé appeared together,
while an item executed in a downward direction appeared separately,
This separation was not hypothesized in Pattern C.

In Pattern B, the hypothesized push factor was substantiated in
the resuits of both solvtions, However, two types of pushes, depending
on the direction of execution, were found in this study, but were not
originally hypothesized, One typz was executed in 2 diagonally upward
direction, while the second was directed straight forward, The remain-
ing hypothesized factors were not extracted in the resuits of either gsolu~
tion, The Overarm Pattern, Sidearm Pattern, Underarm Pattern, and
Kick Pattern were not, in the final analysis, me aningful groupings for
the variables in question, Instead, these skills seemed to be differen-
tiated by the degree of sequential action which occurred during executicr,
One might note that Factor V, Overarm-Overhead Skills, Alpha initial
solution seemed similar to the Overarm Pattern under Pattern B, Ac-
tually, the term cverarm referced to the hip-spine=shouider-wrist
sequential action, Thus, the Pattern B Overarm Pattern was undoubtedly
misnamed, This was borne out in the Model D solutior, where the bi-
lateral overhead passes appeared separately from the other so-called
overarm skills, The remaining 'overarm' skills were gcattered over
several factors in the Model D solution, probably because these skills

inveived different combinations of hip-spiml-arm action, The skills
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tnder the rem~ining patterns in Pattern B also seemed to be differen=

tiated aviong by the 2mount and kind of joint action necessary for execu~

tion,

The Alpha solution and the Model D sclution yielded similar re~
sults, although the Model D sclution seemed mcre accurate due to a
greater number of factors, Five of the factors in the Alpha golution
1 were almast identical to factors in the Model D solution, Two others,
Factors I and V, were broken down in the Model D solution and thus
made more explicit, The striking skills involving some sequential
action remained together, and the bilateral overhead passes were
pulled away from the other so-called overarm skiils, The pieces
broken off from Factors I and V formed Factors VIII and IX in the

Model D solution, but were difficult to explain adequately,

Some variables did not appear on any factor, or appeared on
several with low or moderate coefficients, These variables, then,
were not accurately placed by the analyses used in this study, and
were usually difficult ¢o interpret when they appeared, These variables
were #1 Softball Overarm, #2 Basgketball Overarm, #3 Volleyball Over~
arm, and #7 Softball Underarm Throw,

In a recent study cf strergth variables (23), five test items were
included which measured the ability to project objects, These tive

items were overarm throw, volleyball overarm serve, basketball over=

Q arm throw, tennis seyve, sud medicine ball put, Two avalyses were
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used: Alpha and Joreskog., In the Alpha analysis, all five test items:

loaded on one factor. In the Joreskog analysis, four of the items were

aplit into two factor
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serve, and baskeatball throw, while the szcond in~luded only the tennis
serve, The medicine ball put had a coefficient below . 30 on both of the
Joreskog factors, In this study, there was no factor on which the two
throws and the volleyball sexrve loaded together, as was true in the
Liba-Harns stmdy However, one throw the basketball, in the Liba-
Harris study was measured by distance, whereas this study used a ve-
locity measure, In addition, the subjects in the Liba~-Harris study were
college women, while the subjects in this study were high school juniors
and seniors, At any rate, the Liba<Harris Joreskog solution yielded a
differentiation among skills which seem ’similar in many ways, thus
indicating a need for further research in the so-called overarm pattern,
This study revealed added complexities among overarm-gidearm-under=
arm skills which need extensive investigation, The results also indicated
that there was no basis for differentiating between skills executed by

the upper extremities and skills executed by the lower extremities,

In conclusion, the findings of this study indicated tﬁat the under-
lying relationships among gross motor skills were more complex than
the logical relationships hypothesized in the literature and in this study.
In addition, the structure of gross motor gkills when petformed by sub-

jects of an average gkm levai ,might e different from the structure for

highly skilled individuals,
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APPENDIX A .

There were certain testing devices which remained constant

throughout the testing program, The wail target was used in twenty

i tests. The suspension device was used in five tests.. In addition, ve~
locily scores were computed fbr many tests, Therefore, these features
will be described prior to presenting the detailed test descriptions and .

directions for administratiox,

Wil target, Since velocity scores are used for twenty tests,

and since the distance was set, it was necessary to record the height of
wall eontact for each projectile. To facilitate recording these heights,

a simple target was placed on the wali, The target consisted of mask-

ing tape lines placed one foot apart on the wall, Large 5 x 8 index

cards numbered to reprecsent feet from the flcor were taped between

the lines,

The maximum height of the target was twenty-five feet. This
height was gelected because the wall space above that point was ob-
structed, The width of the target was eleven feet, nine inches, The
choice of this width was based on the following criterion, If an object
were projected against the wall geveral times at the sgame speed and
from the same distance, the projectile could contact the wall at any

point on & herizontal line within this range (11'9") without altering the

velocity mere than two feet per second.,
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Suspension devicé, A suspension device was constructed so

that certain striking skills ccould be executed using a suspended ball. A

drawing of this device is shown in Figure X. The pole, a hollow aluminum

tubing called conduit, was attached to a volleyball standard, A 25-pound

fishing line was threaded through the poie, The lower par: of the line wae
* Figure X

*

Suspension Device
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secured (o the standard, The upper part of the line was attached to
piece of magnetic lace, known as Veleron, Magnetic lace refzrs to two

piec 3 of material which adhere to one another, The other piece of mag=—-- -

o e s

-

netic lace was glued to a projectile, The two pieces of magnetic lace
were poessed together, and the ball was thus suspééded. The height of
the projectile could be adjusted by winding or unwinding the string at its
_attachmen: to the wulleyball standard,

Computation of velocity scores, Many of the tests in this szce

tion yielded velocity szores, These velocity scores are déscribed Spe -

cifically in the Procedures section. These scores can be coxzputed by
procedures described by Mortimer (26), However, this procedure has
been programmed for the computer, and tables of velocity scores are

now available,

This is a sample of the information which can be obtained from

the veiocity tables:
Horizontal Distance = 30!
* Difference in Height = 3'

Time Theta vO
(Sec.) Deg.) (Ft. 7Sec.)

+58 7,91 52, 22
.59 8.37 51,39
.60 8. 83 50, 60
, 61 9,28 19, 83

* Wall height minus release or contact height




i OVERAR FIBALL Tt

B

Objective, The objective of this test is to measure the ability to
forcefully project a softball using an overarm throw,

Equipment, = Softballs
Fast stopwatckes {capable of recording time to .01 of a
second)

Restraining line, 30'

Personnel, Timer
Recorder

Instructions to subjects. In this test, we want to know how fast you can
throw 2 softball against the wall. You should use an overarm throw, If
you would like to take a step forward as you throw, you may, However,
you must not step on or over the restraining line, Remember - ycu
should throw the ball as fast as you can

Instructions to timer, Start the watch when the ball leaves the hand,

Stop the watch when the ball contacts thic wall, Be sure the throw is

overarm, not gidearm. If the student uses a sidearm throw, do not
count that trial,

Instructions to racorder. Be sure the subject does not step on or cver
the restraining line. Note the wall height and record to the ncarest joct,
Record time to the nearest hundredth of a second, Record releage
height, *When a trial cannot be scored (for example, when the ball does
not hit the wail), put a check on the score sheet by the appropriate triai
number,

Number of trials. 4

Reliabﬂig. . 857

*Thig instruction was given to the recorder: at the beginning of the
testing program, and was appropriste for all tests,

—
{
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#2 OVERARM BASKETBALL THROW

Objective. The objcctive of this test is to measure tiie ability to force-
fully project a basketbail against the wall using an overarm pattern,

Equipment, Basketballs
Fast stor watch

Personnel, Timer
Recarder

Instructions to subjects, I this test, we arc interested in how fast you
can throw a basketball from behind this line {point to restraining line) to
the wall, Start with the ball resting in the hand, palm up. The ball should
te in back of the head, Be sure that you throw, not push, the ball,
(Demonstrate) You may take one step, if you wish, as long as you do not
step over the line, Remember to throw the ball ag fast as you can,

Ingtructions to timer, As soon as the ball leaves the hand, start the
watch, Stop the watch when the ball coniacts the wall, It ig your re-
sponsibility to note whether the student throws or pushes the bail, A
irow is indicat.d by bringing the baii in back of the head, and reieasing
the supporting hand there, A push is executed by keeping the bail in
firoat of the bedy, No push passes are to be recorded, If the student
executes a push rather than a throw, repeat the trial,

Instructions to recorder, Note the height at which the ball contacts the
wall, Fecord wall height tc the nearest foot, Record the time to the
nearest himndredth of a second, Record release height, Also, be sure
the student does mot step on or over the restraining line,

Number ci trials, 4

Reliability, 686

-
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#3 VOLLEYBALL OVERARM SERVE

Objective. The objective of this test is to measure the ability to force-
tully project a volleyball with the hand, using an overarm swing,

Equipment, Volleyballs {magnctic lace attached)
Fast stopwatches
Suspension equipment

Restrainingrline. 15¢

Personnei. Timer
Recorder
Ball suspender

Instructions to subjects, In this test, we are interested in how fast you
can hit a volleyball : against the wall, using an overarm swing, As you can
see, the ball is suspended, so you will not have ta toss it to yourseif, If
the height of the bail is not comfortable for you, it can be adjusted, You
may step into your hit, if you wish, as long as you do not step on or over
the restraining line, Try hitting the ball easily to get used to hitting a
suspended ball, Now make the next few hits harder. Remember, jou
should hit the ball as hard as you can.

Instructions to timer, Start the watch when the hand contacts the bali.
Stop the watch when the ball hite the wall,

Instructions to recorder. Be surz the subject does not step on or over
the restraining line, Note the wall height, and record to the nearest

foot. Record time score to the nearest hundredth of a second. Record
contact height,

Instructions to ball suspender, Adjust the ball height for each subject,
according to her reach with her striking arm held overhead, After each
hit, suspend another ball and stabilize it for the next trial,

Number of trials, 8

Reliability. 845




#4 TENNIS SERVE

Gbjeciive., The objective of this test is t0 measure the ability to force-
fully project a tennis ball with a tennis racket, using an overarm move-
ment,

A

Equipment, Tennig balls
Tennis rackets
Suspension equipment
Fast stop watches

w Restraining line, 30!

Personnel, Timer
Recorder
Ball suspender

Instructicns to subjects. In this test, we want {0 know how fast you can
hit a tennis ball against the wail, This skill is somewhat like a temis
serve; however, it does not matter whether you have played tennis before,
The ball is sugpended, as you can see, 30 you will not have to toss it to
yourself, Try hitting the ball easily one or two times to get used to
hitting 2 suspended ball, I the height of the bail is not comfortable for
you, it can be altered, Now try hitting the ball harder.,

Instructions to timer, Start the watch when the ball is contacted by the

racket, Stop the watch when the ball hits the wall, Note the time to the
W nearest hundredth of 2 second,

— I..s‘.ructicm to recorder, Adjust the ball height for each subjeci, See
. t the subject does not siep on or over restiaining line while hitting the
ball Note the wall height, and record to the nearest foot. Record time

to the nearest hundredth of a second, Note the contact height., Check all
misses,

Instructions to ball suspender, As soon as the subject hits a ball, sus-
perd another and stabilize if for the next trial,

Number of trials, 8

Reliabilit;z: . 813




#5 BADMINTON OVERHEAD CLEAR

Objective, The objective of this test is to measure the ability to force-
fully project a cork balFagainst the wall with a2 squash racket* using an
overarm swing,

Eguipment, Cork balls
Squash rackets
Suspension equipment
Fast stop watches

Restraining line, 40’

Personnel, Timer
Recorder
Ball suspender

Instructions to subjects, 1In this test, we want to know how fast you can
hit 2 cork ball against the wall with a squnsh racket using an overarm
swing, It does not matter whether or not you have ever played badminton,
Simply do the best you can, As you can see, the ball is suspended, so it
will be easier for you to hit it, (Adjust ball to heigiit of subject) Take a
few practice trials to see if the height of the ball is comfortable for you,
You may take a step if you wigh, as long 18 you remain in back of the
restraining line, Romember that we are interested in how fast you can
hit the bali,

Instrections to timer, Start the watch when the racket contacts the ball,

Stop the watch when the ball rzaches the: wall, INote the wall height to
the nearest foot,

iastructions to recorder, Record time and wall height, Watch the foul
line, Note the contact height. Check all misses,

instructions to ball suspender, After each hit, suspend another ball
and retrieve the one that has been hit,

Number of trials, 8

Reliability., .816

* The cork bali was chosen because it is similar in size tc a badminton
shuttlecock, the fiight of which is altered too much by air resistance
to obtain an accurate velocity measurc, The squash rackst was se-
lected because of its similarity to a badminton racket, which was teo

"light to handle a cork Ball,
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#£ BOWLING
Objective, The chiective of this test is to measure the ability to force-
fully project a bowling ball using an underarm movement,

Equipment. Bowtiing balls {Light weight balls ~- weight constant)
Fast stop waiches

Restraining line, 83°

Personnel, Timer
Recorder

Instructions to subjects. In this test, we would like for you to roll the
bowling ball down the illey as fast as you can, All the pins will be re-
moved, as we are not concerned with accuracy, but with speed, Re-
member to roll the ball ag fast as you can,

Instructions to timer. As soon as the ball pagses over the foul line,
start the watch. As soon as the lights at the end of the alley strike the
ball, stop the watch, Do not time a ball that goes into the gutter,

Instructions to recorder. Record the time to the nearest hundredth of
a gsecond, Watch the foul line, Check all misses,

Number of triais, 4

Reliability. . 409
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- # 7 SOFTBALL THROW (UNDERARM) B
Objective, The objective of this test is to measure the ability to force- r

_ fully project a softball uging an underarm throw,

Equirment, Softballs
Fast stop watch

Restrainit_;g line, 30°

Personnel, Timer
Recorder

Instructions to subjects, In this test, we want to know how fast you can
throw a softbail against the wall. You should use an underarm throw, If
you would like to take a step forward as you throw, you may. You must

not step over the restraining line as you throw. Remember -- you should
throw as fast as you can,

Instructions to timer, Start the watch when the ball leaves the hand,
Stop the watch when the ball contacts the wall., Be sure the throw is

underarm, not sidearm, If a student uges a sidearm throw, do not
count that trial,

Instructions to recorder., Be sure the subject does not step over (or on)
the restraining line. Note the wall height, and record to the nearest /
foot. Record time (o the nearest hundredth of a second, Note the re-
> lease height, Check all migses.

Number of trials, 4

Reliability, , 701
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#8 VOLLEYBALL SERVE (UNDERARM)

Objective, The objective of this test is to measure the ability to force~
fully project 2 volleyball using an underarm mcvement,

Equipment. Volleyballs
Fast stop watches

Restrainigg line., 30

Personnel, Timepr
Recorder

Instruciions to subjects, In this test, we want to know how fast you can
hit a volieyball against the wall using an underarm movement, {(Next
instructions are for a right-handed individuai,) This is just like an
underarm serve in volleyball, Hcld the ball in your left hand, and hit
the ball as hard as you can with your right hand, You may take a step
if you wish, as long as you remain in back of the restraining line. Re-
member that we are interested in how fast you can hit the ball,

Instructions to timer, Start the watch when the ball is e mtacted by the
striking hand, Stop the watch when the ball reaches the wail, Note the
wall height of ball contact to the nearest foot,

Instructions to recorder, Encourage hitting the ball out-of-hand rather
than tossing the ball and hitting it. Be sure the arm swing is underarm,
not sidearm, Check to see that the subject does not step over ttre line,
Record time and wall height. Note the striking height,

Number of trials, 6

Reliability, 834
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#9 BADMINTON UNDERARM SERVE

Objective. The objective of tnis test is to measure the ability to force=

fully project 2 cork ball szainst the wall with a squash racket using an
underarm movement,

Equipment. Cork balls
Sguash rackets
Fast stop watches

Restxainigg__lime._ 30!

Personnel, Timer
Recorder

Instructions to subjects, 1In this test, we want to know how fast you can
hit a cork ball against the wall with a squash racket using an underarm
movement, Hold the ball in your left hand (for right-handed individuals),
and drop the ball as you swing the racket forward, (Demonstrate). Re-
member that you should try to hit the ball as hard, or as fast, as you
can, You may take a step if you wich, as long as you remain in back

of the restraining line, It does not matter whether or not you have ever
played badminton, Simply do the best you caa,

Instructions to timer, Start the watch when the racket contacts the ball,

Stop the watch when the ball reaches the wall, Note the wall height to
the rearest foot,

Instructions to recorder, Record the time and the wall height, Watch
the restraining line, Note the contact height,

Number of trials, €

Reliability, 761
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#10 TENNIS BDRIVE

Objective, The objective of thig test is to measure the ability to force-

fully project a tennis ball using a sidearm movement (with a tennis
racket).

Equipment, Tennis balls
Tennis rackets
: Suspension equipment
- Fast stop waiches

\
[N

»,. Restraininﬂine. 30!

Personnel, Timer
Recorder
Ball suspender

e, e
SRR

Instructions to subjects, In this test, we want to see how fast you can

; ait a tennis ball against a wall, using a sidearm movement, As you can
see, the ball is suspended, and you will hit it frem that pousition, (The
ball should be suspended at the top of the subject's hip.) If the ball
height is not comfortable for you, it can be adjusted, Try a few hits

g ewinging easily, to get the idea of hitting a suspended ball in this way,
. You can step into the swing if you wish, as long as you dc not step on or
over the restraining line, Remember that you should hit the ball as fast
. as you can. Take a few more practice trials, hitting harder,

Instructions to timer, Start the watch when the rzcket contacts the ball,

Stop the watch when the ball hits the wall, Note the time te the nearest
: hundredth of a second,

= Instructions to recorder, Be sure that the subject does not step on or
- over the restraining line, Neote the wall height, :nd record to the
nearest foot, Rccord the time, Note the contact height,

Instructions to ball suspender, Adjust the height of the ball for each

subject, After each hit, suspend another ball and stabilize it for the
next trial,

Number of trials, &

Reliability, ,871
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#11 VOLLEYBALL SERVE (SIDEARM)

Objective, The objective of this test is to measure the ability to force-
fully project a volleybalt using a sidearm movement,

Equipment, Voileyballs
Fast stop watches
Suspension equipment

Restrainingﬁlin‘e. 15!

L Personnel, Timer
. Recorder
Bali suspender

Instructions to subjects, In this test, we would like to know how fast

5 @ you can hit a volleyball against the wall using a sidearw movement. You
can gee that the volieyball is suspended, Take a few practice trials,
hittiag easily, to get accustomed to hitting a suspended ball, Now try cne
or two hitting a little harder, Now we will take the actual test trials,
Remember we are interested in how fast you can hit the ball, You may
take a step, if you wish, as long as you do not step on or over the re-
strairning line, (Demonstrate, if necessary, )

Instructions to timer. Start the watch when the striking hand contacts

the ball, Stop the watch when the ball hits the wall, Note wall height
and time,

Instruciions to recorder, Check to see that the subject does not step
on or over the restraining line, Record the wali height to the nearest

foot, and time to the nearest hundredth of a second. Note the contact
height,

Instructions to ball sus ender, Adjust the suspeaded ball for each sube

——

u Ject to slightly below shoulder level, The ball height should force the

subject to use 2 sidearm patiern, As coon as the ball is hit, suspend
another ball and stabilize it for the next trial,

L
gt

'ﬁ}'_ 3 Number of trials, 3

Reliability. . 772
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#12 BASKETBALL PUSH PASS (ONE HAND)

Objeciive, The objective of this iest is to measure the abiiity to force-
fully project a baskettall against a wall by pushing the ball with one hand,

Eq hiﬁﬁéﬁl& Basketballs
Fast stop watches

Restraining line, 15

Personmnel, Timer
Recorder

Instructions to subjects. In this test, we are interested in how fast you
can push the basketbnll against the wall from behind this line {point to
resiraining line,) Be sure to push the ball this way (demonstrate) rather
than throwing the ball like this (demonstrate), You may only use one
hand, If you wish, you may take a step forward as you push the ball, as
1oag a3 you stay behinu the line. Remember thut you sxould push the
balil as fast as you can,

Ingtructions to timer, Start the watch when the ball leaves the hand,
Stop the watch when the ball contacts the wall, Be absolutely certain
that the student pushes the ball with one hand, If she throws the ball,
or pushes with two hands, retake the trial, ‘

Instructions to recorder. Note the wall height and record to the nearest
foot. Record the time to the nearest hundredth of 2 second, Note the
release height.

Number of trialg, ©

Reliability, . 829
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#13 BASKETBALL ONE=-HAND PUSHE SHOT

Objective. The objective of this test is tc measure the ability to force-
fully project a basgketbail on or above z specified wall keight, pushing
with one hand,

Equipment, Basketballs
Fagt stop watches

Restraining line, 15!

Minimum wall height. 10¢

Personnel, Timer
Recorder

Instructions to subjects. In this test, we are interesgted in how fast
you can prsh a basketball from eh.ata “rig line froint to restraining
line) agaiast the wall, The ball must contact the wall on or above the
10' mark on the wall, If the ball hits below that point, the trial must be
repeated. The ball must be pushed, not thrown, with one hand, You
may take a step forward if you wish, as long as yo1 do not step over
the line, Remember to push the ball as fast ag vou can,

Instructions to timer, Start the watch when the bail leaves the hand,
Stop the watch when the bali contacts the wall,

Instructions to recorder. Be sure that the student pushes the ball, If the

ball is brought inback of the shouider, repeat the trial.. In a properly exe-
cuted push, the ball is kept in front of the body. Record the time and
wall height. Note ihe reieage height.

Number of trials, 6

Reliability. .674
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Same as Basketball Push Pass, but with the use of two hands,

Reliabiiity. .82%




#15 BASKETBALL OVERHEAD PASS {TWO-HAND)

Objective, The objective of this test is to measure the ability to force~
fully project a basketball against the wall by throwing the haill from an
overhead position, using two hands,

Equipment, Basketballs
Fast stop watches

Restrainigg line, 20¢

Personnel, Timer
Recorder

Ingiructions to subjects. In this test, we want to know how fast you can
throw a basketball from behind this line (point to r:straining line) to the
wall., You must use two hands to throw the bali, Also, the ball must be
thrown from an overhead position -= like this (demonstrate). It doee
noe matter whether you have ever played basketball before, Simply .

" tirow the ball ac fast as you can, Vou ray take a step forward as you
o throw the ball, as long as you remain in back of the restraining line.

Remember that we are interested in how fast you can throw the ball,

Instructions to timer, Start the watch when the ball icaves the hands,
Stop the watch when the ball contacts the wall, Be sure that the student
uses two hands to execute the throw, and that she throws from an overe

head position, If she fails to do either, retake the trial, Note the con-
tact height,

Instructions to recorder, Note the wall height and record to the nearest

foot, Record the time to the nearest hundredth of a sacond, Note the
release height,

Number of trials, 6

Reliability, .653
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#16 VOLLEYBALL CHEST PASS

o~ Objective, The objective of this test is to measure the ability to force~
e fully project a volleyball against the wall using a chest pass,

Equipreent, Volleyballs
Fast stop watches

j‘j Reastra'ming line‘:_ 15!

Minimum wall height. g¢

Personnel, Timer
Recorder

Instructions to subjects, In this test, we want to know how fast you can
hit a volleyball from behind this line (point to restraining line) to the wall,
You must toss the ball to yourself, and hit it against the walil with two
hands, Tae ball must contact the wall on or above the 9' area, The ball
must be hit in front of the body,

" Instructions to timer, Start the watch when the hands contact (striking,
not tossing) the ball, Stop the waich when the ball hits the wall, Be sure

O that the student hits with two hands, and that the bsall is contacted in

o~ frront of the body az opposed to overhead,

-

Instructions to recorder. INote the wall height and record it to the
nearest foot, Record the time to the nearest hundredth of a second,
Note the contact height,

Numbes of trials. 6

Reiiabiiigv_._ . 648
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#17 VOLLEYBALL OVERHEAD PASS

- OE;ective; The objective of this test is to measure the ability to f_orce-
— fully project a volieybaii against the wall using an overhead pass (2
hands),

Equipment, Volleyballs
Fast stop watches

Restraining line, 15

Personnel, Timer
Recorder

Instructions to subjects, In this test, we want to know how fast you can
hit a volleyball from behind this line (point to restraining line) tc the
wall, You must toss the ball to youraelf, and hit it against the wall
with two hands. Also, the ball must be hit overhead, Do not hit with
the fists, If you wish, you may take a step forward as long as you do

: not step on or over the restraining line, Remember that we are in-

- teregted in hiow fast you can hit the ball,

Instructions to timer, Start the watch when the hands contact (strike,
not toss) the ball, Stop the watckh when the ball hits the wall, Be sure
that the student hits the ball with two hands, ind that the ball is con-
tacted overhead -= ag opposed to in froat of the body.

Instructions to recorder, Note the wall height and record it to the

nearest foot, Record the time to the nearest hundredth of a second,
Note the contact height,

Number of trials, &

Reliability, . 768
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#18 HOCKEY DRIVE

Objective. The objective of this test is to measure the ability to force~
fully project a hockey ball, using a hockey stick,

Equipment, Hockey balls
Hockey sticks

Restraining line, 20!

Personnel, Timer
Recorder

Instructions to subjects, In this test, we want to know how fast you can
hit 2 hockey ball from behind this line (point to restraining line) to the
wall, The ball should remain on the floor. You must stand facing the
wall, with the toes of both feet pointed directly toward the wall. Your
backswing must not be higher than your shoulder., You do not have to
check the height of the backswing yourself. If your awing is too high,
you will be agked to retake the trial. Remember that you ghould hit

the ball ag hard as you can.

Instructions to timer, Start the watch when the stick hits the ball,
Stop the watch when the ball reaches the all,

Instructions to recorder, Check the facing of the student, Be sure
the toes of both feet are pointed toward the wall, If, in the backswing,
. the stick moves above the shoulder, * retake the trial. Record the time

to the nearest hundredth of a second,

Number of trials, 6

Reliability, 555

* Physical Education teacher checked this,
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#19 BASKETBALL UNDERARM PASS

Objective, The cbjective of this test is to measure the ability to force-
fully project a basketball against the wall with two hands, using an
underarm movement,

Equipment, Basketballs
Fast Stop watches

Restraining line, 20°'

Dergonnel, Timer
Recorder

Ingtructions to subjects. In this test, we are interested in how fast you
throw a basketball against the wall, You must stand in 2 side stride
stance (demonstrate), and throw the bill from between the legs (demon-
strate). You must not step forward either during or after the throw,
Remember that you should throw the ball as hard or as fast as you can,

Instructions to timer, Start the watch when the ball leaves the hands.
As the bali contacts the wall, stop the watch., Note wzall height,

Instructions to recorder, Reccrd time and wall height, Be sure the
student does not alter her stance, and that she throws with two hands
from between the legs. Note contact height.

Number of trials, @

Reliability, .644 /
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#20 WALL VOLLEY

Obje.tive, The objective of this test is to measure the avility to pro-
ject a volleyball against a wall repeatedly, using two hands,

Equipment. Volleyballg
Fast stop watches

Restrainiwines. 5' line on ficor 3! from wall
10! line on wall 7 2! from floor

Personncl, Timer
Recorder

Instructions to subjects, In this test, we would like to know how many
times you can hit a volleybail against the wail in a 30 second period of
time, You must remain in back of the restraining line, and kit the ball
above the line on the wall. if you step on the line, or hit on or under
the line on the wall, that hit will not count, To get started, toss the
baii to yourseif, if the bail hits the floor or geis away from you, re~
trieve the bail and start again. Your score will be the number of good,
but not necessarily consecutive, hits, You will be given the signal
Ready, Gol. Do not stop until you heaz the sigral Stop !

Allow a brief practice trial, but do not time,

Instructions to timer, Give the signal Ready, Gol, Start the watch as

you say Gol. At the end of 30 seconds, give the signal Stopl. Stop the
watch as you say Stopl|,

Instructions to recorder, Count the number of satigfactory hits, The
score for each trial is the number of times the ball is clearly volleyed
from behind the 5' line on the fioor above the 15! line on the wall in the
30 seconds time interval, Record the numter of hits,

Number of trials, 3

Reliability, . 755




#21 BOUNCE-DRIBBLE

Objective., The objective of this test is to measure tae ability to pro-

ject a basketball repeatedly against the fioor as fast as possible for a
specified number of times,

Equipment. Basketballs
Fagt stop watches

Personnel, Timer
Recorder

insiructions io subjects, In this test, we want tc know how many times
you can bounce a basketball in five seconds, You should not move around
while bouncing the ball, You may move one foot, but the other foot
should remain in the sam~ spot throughout the test, Vou wili be given

a signal Ready, Go! You should bezin bouncing the ball as fast as you
can, You do not need to count the number of bounces, When you kear

the signal Stop! you will know you have compieted the test. Remember
to bounce the bzll 25 fast as you can,

Allow the student to practice a few bounces, but do not time,

Instructions to timer, Start the watch as you say Czi, At the end of

five seconds, give the signai Stop! and stop the watch,

Instructisns to recorder, When the ball hits the ficor on the first
bouace, begin counting, Count zach time the baii hits the floor, Be
certain not to count the hand nitting the balt, but rather the ball hitting
the floor. Do not count say bounces 2fter the signal ‘Stop' is given,
Record the number of bounces, See that the student does not move

¥~ pivot foot,

Number of trials, 4

Reliability, 842
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#22 BASKETBALL THROW AND CATCH

Objective. The objective of this test is to measurs the ability to force-
fully project a basketball repeatedly against a wall by throwing and
catching witk two hands,

Equipment, Basketballs
Fagt stop watch

Restraining line, 10!

Personnel, Timer.
Kecorder

Instructions to subjecis, In this test, we are interesied in how many
times you can throw the sasketbail against the w:il during a thirty
second pericd, You must vse two hands to throw snd caich the bali.
Also, you musi remain in back of the restraining line while tlrewing
and catching, Should your foot be on or over the resiraining line as

3

you tarow, that throw wil: not count, You will be given a starting sig-
nai, Ready, Gol

Allow a brief practice time == not timed,

Instructions to timer, ' Give the signal, Ready, Gol when the subjects
are ready, Start the watek as you say Gol At the end of thirty seconds,
stop the watch and simultaneously say Stop!

Instructions to recorder, Count the number of throws whick the student
executes from pehind the restraining line during the thirty seconds,

Any time the student steps on or over the restrainingz line, 4o not count
that throw, Remind the student that she is on t2e iine if she remains
there, Record the number of satisfactorz throws,

Numher

)
b
(-3
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#23 SOCCER PLACE-KICK

- Objective, The dbjective of this test is to measure the ability to force-
fully project a soccer ball by kicking the bail frem a stationary position
using one foot,

Equipment, Soccer balls
Fast stop watches

Restraining line, 30°

Personnel, Timer
Recorder

instructions to subfects, In thic test, we want to know how fagt you

v
kick a soccer ball from behind this line {point to restrzining iine) to the
wall, The ball will be staticnary on the floor. Yecu should kick it with
the top of the instep of the feot. You may take one step forward, if you
wish, before kicking the ball, Remember that you shouid kick the ball
as hard as you can,

Instructions to timer, Start the watch when the fou contacis the ball,
Stop the watch when the ball hits the wall,

Insiructions to recorder, Be sure $hat the ball is kicked with the top
of the instes, fThe ball should be coirpletely immobile before it is
kicked.) Note the wall height to the nzarest foot and record it. Record
the time to the nearest hundredth of a second,

Number of trials, 4

Reliability, 718
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#24 SOCCER PUNT

Objective, The objective of this test is to measure the ability to force-
fully project a soccer ball by punting the ball,

Equipment, Soccer balis
Fast stop watches

Restraining line, 30

Personnel, Timer
Recorder

Instructions to sabjects, In this test, we would like to see how fast
you can kick the soccer ball from behind this line (point to restraining
line) to the wall, You will begin with the ball held in your hands. The
ball should be kicked from your hands, You may release the bail and
then kick it, if you wish, but you should kick the ball before it touches
the floor., The ball should remain in the air until it touches the wall,
You may take one step, if you wish == like this (demonstrate), Re-
member that you want to kick the ball as hard as you can,

Instructions tc timer, As soon as the kicking foot contacts the ball,
start the watch. Stop the watch when the ball contacts the wall, Note
the v.2il height, and record te the nearest foot, Record the time, Note
the contact height,

.'-l

Number of trials, 6

ety A Yl P
A Gty TN e L LT
< v <o . - P

Reliability, . 751
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#25 SOCCER PASS

Objective. The objective of this test is to measure the ability to force=
fuuy project a soccer ba!l on the floor using the instep of the foot,

Equipment, Soccer balis
, Fagt stop watches

Restraining line, 30!

Personnel, Timer
Recorder

Instructions to subjects, In this test, we are interested in how fast
you can kick a soccer ball from behind this line (point io restrairing
Vine) to the wall by using the instep of the foot, The b~ll should stay
on or clcse to the floor, It does not matter whether you have ever
kicked a ball this way before. Simply do the best you can, You wiil
be allowed to take one step, if you wish -- like this (demonstrate).
Rewember that you want to kick the ball as hard as you can, and
attempt to keep it on the floor,

Instructions to timer., As soon as the kicking foct contacts the ball,
start the watch, Stop tlie watch when the bail contacts the wall,

Instructions to recorder, Be sure the kick is with the instep of the
foot, and that the leg swings ir the sagittal piane, If not, retake the
tnal If the ball ig kicked in the air, note the wall height, and re-
" cord to the nearest foot, Record the time to the nearest hundredth
of a second, Check all misses,

,-ww Sem it . A .‘4;(; . -
PR Yo et -
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Number of trials, 6

Relisbiiity, . 790
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Necan Scores
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APPENDIX B

Mean Scores

Overarm Throw Overarm Throw Overarm Serve

;
#1 #2 #3 i
Subject Class Softball Basketbalil Volileyball !

001 1 57,39 35.50 46, 28
002 1 41,58 29, 86 40,08
003 1 41,60 31,09 40. 68
004 1 38,10 31,58 46, 35
005 i 51,09 31,83 31.82
006 1 41.81 30. 90 34,88 «
007 1 43,58 34.13 42,83 o
008 1 39,21 27, 35 29, 45 .
009 1 50, 99 31, 95 41,43 )
610 1 46, 24 35.13 27,12
011 1 36.62 27,09 35.22
012 1 38, 35 a3, 37 34,12
013 1 b1, 44 26, 77 4,17 ‘
014 1 48,64 35, 29 48,57 %
015 1 39,73 31,12 32,99 A
018 ’ 46,71 28, 90 33.31 i
017 | 48,62 31, 80 38.03 ’
018 1 44,89 33.32 38.28
019 1 45,42 31, 22 37.06
020 1 51.22 31, 14 45,29
021 1 38,45 25, 83 39,50
022 i 44,986 30, 40 31.85
023 1 39,85 30, 43 33,29
' 024 1 37.98 31, 84 26. 34
- 625 1 50, 05 32, 37 38.50
- 028 1 49.18 34, 72 41,83 >
e 027 1 50, 85 34, 62 46,00 3
b 028 i 41,10 27, 86 33.17 B
K 028 1 38,52 21, 68 39, 92 "'
" 030 i 42,93 238, 01 32,08 ..
= 031 1 54,75 35, 72 41,84
< 032 1 50, 46 34,11 48, 05 9
R 035 1 45.13 33, 82 43, 74 o
RE o 034 2 47,92 34, 35 38, 28 X
s 035 2 38,05 29, 66 39, 61 i
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Subject

036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
082
064
0€5
066
067
068
069
070

Class
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B-2
Mean Scores -- (Cont'd.)

#1 #2 #3
Softball Baskethali Volleybali
Overarm Throw Cverarm Throw Overarm Serve
42. 24 31, 14 26,01
45, 08 30, 67 29,46
50,53 33,12 39,75
44,170 34,05 37,11
47,17 30, 58 30, 28
41.23 32. 04 36,89
54, 17 34, 30 34,41
53,29 34, 82 35,83
84, 15 29,59 36,13
30, 7C 29, 62 27,24
43, 54 29, 88 30,25
35,03 31,58 32,87
33. 36 30, 21 29, 44
47, 73 30, 04 3%, 59
58, 31 30, 48 46, 27
41,50 28, 18 38,62
46,57 29, 26 28,78
43,08 31, 97 27, 33
36,62 33,33 29,18
54, 20 35, 82 40. 64
40, 96 30, 70 37, 30
43,32 32,59 28,71
48, 91 31,43 31, 22
47,22 29,17 30, 29
46,18 28, 71 29, 81
55, 61 35, 32 34, 45
42,03 30, 18 29, 88
41,37 29, 74 28,45
43,17 28,87 35, 45
45, 44 30,82 - 30, 85
39. 36 30.48 30, 69
41, 34 31,563 217, 83
52,00 28,61 38,19
48,58 33,70 41, 42
43,44 28, 83 48, 59
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B-3
Mean Scores =- (Cont'd, )
#1 #2 #3
Subject Clags Softball Basketball Volleyball
Cverarm Throw Overarm Throw Overarm Serve

071 4 50, 28 32.16 39,01
0’2 4 38,55 31,44 27.32
073 4 43,17 32,79 39. 28
074 4 43,46 31,46 38, 83
075 4 45, 93 37, 72 40,81
078 4 37,63 238,03 44,50
077 4 €0, 05 41,75 47, 2%
078 4 40, 42 217,98 44,84
c79 4 41,24 31,22 30, 34
080 4 48, 64 29, 36 - 28,25
081 4 43, 54 30, 73 45, 68
082 4 83,17 33,65 33, 55
683 4 50, 78 33,29 33,02
084 4 47,28 29,16 45, 34
085 4 33.69 29,74 31,26
086 4 39, 97 26, 97 32,21
087 4 56, 20 32,63 38, 40
088 4 42,38 27.33 32,18
089 4 39, 35 29,33 38,82
050 4 44, 59 36,12 37, 88
091 4 44, 08 31,26 30,21
092 4 55, 89 34, 46 41, 59
093 4 34, 80 27,76 37,33
094 4 48, 32 33,79 42, 85
— 095 4 33. 50 26, 91 30, 83
- 096 4 49,12 32,49 31,20
697 4 44, 06 28. 60 43,01
098 4 41, 28 30, 72 29, 50
099 4 50,54 40,01 37.01
100 4 43. 26 30.29 3¢e. 99
101 4 43, 83 31,66 40, 34
102 5 43,53 32,22 44,18
103 5 56, 35 32,29 - 37.80
104 5 43, 11 34, 62 39, 88
105 5 33,57 28,901 28, 18




Mean Scores -=- (Cont'd, )

e #1 #2 #3
- Subject Class Softball Basketball Volleyball

e Overarm Throw -Overarm Throw Overarm Serve

106 5 30, 88 31.63 30, 70

107 5 51,20 33. 90 53.54

108 8 £7, 73 37. 35 435,85

“ 109 5 37, 92 27, 27 35,47

. 110 5 51, 28 33,173 37,82

< 111 5 99, 32 33. 81 51,61

112 5 41, 28 34. 43 33,67

113 8 39, 52 32,14 35,16

114 5 52, 88 35, 41 43,00

115 5 37, 12 27,10 38, 89

116 5 38, 85 29,57 31,23

117 5 36, 33 31,09 32,19

118 5 42, 80 31, 37 42,94

118 d 49, 50 33,86 31,53

120 o 50, 74 33. 70 49,179

121 5 43, 63 32.39 35, 44

122 5 40, 93 31,84 27,92

123 5 42, 49 28,60 41,95

124 ] 44, 52 35, 69 34.61

‘ 125 5 46, 39 32,01 34,09

- 126 5 45, 12 29, 30 35, 715

Ei 127 5 51,12 30, 60 34,00

128 5 51,49 43, 65 36, 28

129, 5 41, 87 30, &2 40,8°

130 5 40, 29 32,39 44,51

131 5 55, 00 31,59 38,173

132 5 47,28 35, 27 43,02

133 6 55, 63 34, 24 39, 42

X 134 8 38, 76 28, 65 85, 84

: 135 6 39, 93 33, 69 33,86

136 6 47,08 32,47 38,39

137 6 50,60 30, 29 34,37

138 6 58, 21 35, 85 42, 05

139 6 45, 60 28,20 47,90
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Mean Scores == (Cont'd,)

— #1 #2 #3
. Subject Class Softbalil Basgketball Volleyball
Overarm Throw Owverarm Throw Ovezrarm Serve

141 6 41, 84 33,53 36.18

142 6 53. 81 38,93 63. 25

- 143 o 91,83 34, 66 42,14
144 6 50,67 31,65 38. 49

145 8 39, 00 31,85 43,11

148 8 38, 68 29, 26 40, 34

147 8 51,60 38, 58 43,18

148 8 48, 8% 34, 90 28,72

143 8 48, 53 ‘ 28, 88 57,83

i80 8 47,10 3%, 34 35,81

i8} 8 20, 18 23, 82 85%.5¢

183 8 38. 78 33,87 21,82

153 8 44, 80 2i.40 40,84

154 8 96, 15 33, 85 : 48,20

155 8 §0,74 28, 08 57.32

156 6 37, 28 33, 43 41,88

. 151 6 47, 41 35, 83 34,73
» 158 6 37. 45 30, 7 38,85
: 159 6 44.16 30, 03 47, 29
- 180 6 34, 36 29, 99 2%, 24
' 161 6 43, 25 31,64 52,12
162 6 36, 55 28, 89 41,12

183 6 44, 52 28, 27 33.84

184 G 21,10 25, 8% 3%.22

1685 6 44, 32 31,83 36,086

166 8 51,15 32,61 31,23

1617 6 52, 21 39, 88 38,53




Mean Scoresg -« (Cont'd.)

#4 #5 #6 #7
Subject Clags Tenrnis Badminton Bowling Softball
Serve Clear Underarm Throw

001 1 118,88 78.51 2,99 4%, 30
002 1 51,89 395, 96 2,95 47,55
003 1 63.93 62,07 2,178 46,13
004 1 84, 71 50, 90 2.66 36,51
005 1 43,78 55, 28 2,49 46,56
008 1 81,04 82,45 2,77 43,79
007 1 81,42 52,63 2,45 37,28
008 1 49,57 57,81 2,81 41,53
009 1 92.74 88,84 2.25 48, 28
16 1 82.09 34,80 3.i2 42,54
011 1 52,18 43,28 3.51 46,35
012 1 88,42 45,61 3.18 34,01
013 i 55.81 €4,08 3.30 47.53
014 i 81,27 83,80 2,48 45, €5
035 i 706,07 34,87 2,97 42, 73
018 H 87,80 71,41 2,83 4G, 32
017 H 68,18 83,21 2,58 42,38
018 i 54, 86 88,02 2.28 42,44
019 1 ei. 40 08,18 2.34 40,13
020 1 67,16 80,31 2,82 43, 80
021 1 86,08 48,32 4, 30 87. 7%
022 i 81,30 60,11 2.7% 40,16
023 1 49,83 43,55 3.G65 42, 34
GZé i 9%, 83 63,85 2. 84 38. 84
023 3 92,20 64.57 2,48 44,49
02é 1 81,22 15,1C 2,23 48, 28
027 | 62, 87 81,94 2.81 42, &%
028 i 8%, 31 78,77 2.36 &0, &2
029 i B4, 588 45,09 3,81 37.86
330 1 60, 49 53,17 &. 82 86, 28
031 i 78, 84 78, 86 2.7 5i. 3C
032 1 79.57 59,89 2,63 43,12
N33 i €8, 83 67,26 2,89 48, 41
034 p 84,62 87,60 3. 53 43, 88
035 2 64, 14 88, 7% 3.19 42,82
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B-7
Mean Scores -- (Con’c'd.) | .
»

#4 #5 #6 #7
Subject Clags Tenniz L.adminton Bowli Softball
Serve Clear owiing Underzarm Throw
036 2 45,75 48, 48 2,417 35, 82
037 2 57,79 80, 24 2,71 37.44
038 2 58,16 66, 30 2.99 37, 82
039 2 62.55 71,53 2,41 40,01
040 2 58,38 59, 28 3,37 38, 530
041 2 81,18 73,79 2.92 34, 38
042 2 73,28 73,47 2,58 48, 38
043 2 89,88 T4, 10 3,082 a4, 7%
044 2 58.20 52, %8 2,22 3%.31
045 2 80,82 &0, 88 2.88 30,17
848 2 58,41 48, 85 3.08 41,38
047 2 890,15 §1.89 2,83 33. 86
048 2 58,88 64,48 3.84 35,56
048 2 77.02 74,93 2,86 43, 37
HELE 2 89,01 §8,28 2,2% 42, 88
3851 3 54,75 33.88 2,81 431,52
$82 2 57.82 88, 84 3,08 48, 40
$53 2 30,88 85,48 2,84 3G, 8¢
084 2 87,020 81,88 2,31 41,88
055 2 88,00 71,28 g, 51 42,71
056 2 32, 22 54, 290 2.83 34,85
057 2 54,45 58, 75 3,08 40, 99
058 2 70,02 79,18 9. 41 38, 31
Q59 2 68,63 78,78 2,37 34,58
089 P 88,35 A, 16 2.82 43,88
081 2 72.59 €2,33 2,22 37,67
082 2 88,78 &3, 990 2,91 41,55
083 p §9,20 72,87 3,24 35.81
064 p- 3. 11 54, 71 3.04 36, 23
085 2 £3,50 48,28 3.14 37,88
068 2 54, &7 88, 74 3.84 34, 25
08% 2 56, 29 92,44 2,45 39, 22
568 4 72,190 81.21 2. 58 37,89
089 & §1,483 54,04 3,87 43, 78
010 4 56,53 58,40 2,88 48,71
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Mein Scores <« (Conttd, )

#4 #5 #6 #7
no Subject Clszs Tennis Badminton Bowlin Softball
5= Serve Clear g Underarm Throw

071 4 76, 44 87.72 3.16 41,36
072 4 63. 61 60,80 2.88 22, 51
07+ a 84, 83 69, 42 3.22 40.18
074 4 54,53 59. 05 2,23 33,80
7% 4 84, 20 88,08 2,59 44, 64
03¢ - 89, 23 37. 8¢ 3.38 44, 48
677 & 73,70 7E. 28 2,48 48, 78
678 4 48.30 80, 84 3.28 43,51
079 4 $8,58 88. 027 2,6% 44, 31
080 4 88, 44 82,08 2,77 42, 36
051 4 63,83 85, 32 2,84 39, 26
082 4 76,99 g1.10 2,23 41,79
083 4 70,92 72,31 2,68 48, 38
084 4 88,73 35,15 3. 30 41,18
085 4 43,82 51,41 2,86 36. 74
GE§ 4 58,72 93, 33 3. 39 39,30
087 & 85,84 98,04 2.10 44, 54
2 4 80,77 o6, 59 2. 70 40, 50
489 4 51,88 52,80 3, 3 32. 85
880 4 63,04 37.08 3.10 43,13
081 4 58,93 67, 48 2. 78 41,68
082 4 78,73 30,24 2. 44 42, 87
993 & 81,45 8¢, 45 3.8¢ a% 01
094 4 96,52 57.57 3. 11 D, 85
095 4 §1.82 64,29 3.86 39, 54
096 4 64,63 60, 60 2,57 46, 718
097 4 93,54 52,89 2,47 44,94
098 4 53.73 58,1 3.30 '8, 73
093 4 58,70 51,95 3.77 40, e
180 4 71.25 63.34 2,57 39. 20
161 ¢ 32.18 61,12 2,69 40. 61
102 & €7.58 67,43 2,87 41,32
103 $ 83,83 €89, 40 2,72 40,99
164 5 87.84 88,04 2,44 46. 67
105 5 §7.22 37, 285 3. 3¢ 35. 14




Mean Scores -~ (Cont'd.)

-
s #4 #5 #6 #7
) Subject Class Tennis Badminton Softball
Serve Clear Bowling s ngerarm Throw
108, 5 52, 85 49, 02 3.09 37.71
107 5 76,93 73,217 2,39 44,15
108 5 59, 08 72,20 3,01 40, 38
103 5 88. 20 59, 45 2. 70 38,77
110 5 68, 22 71,78 3,01 47. 20
111 5 67,60 74, 00 2,10 46, 54
112 5 89, 96 64, 72 2.63 37,07
113 5 82, 08 87,29 2,57 48, 14
114 5 58, 75 64,46 2.24 42,85
115 5 58, 24 65,54 2,81 39, 86
118 5 42,90 54,02 3.62 35, 78
117 5 48, 00 5C, 30 3,45 35,12
118 5 57, 75 71,84 2,72 38,21
119 5 74, 17 79, 45 3.00 49, 28
120 5 57, 22 87,23 2,43 48, 24
121 5 87,50 81,31 2, 99 40, 25
122 5 65, 36 70,17 3,22 38, 40
133 5 49, 84 83,97 2,82 37,47
124 5 55,93 81,38 2,99 a7, 7
125 5 84,48 66.57 2.40 44,93
126 5 52,72 62,47 2,88 44,43
127 8 52 94 62,52 3.33 37,46
128 8 $1.05 89, 34 2. 77 &4, 39
129 g 76,20 63,65 3,12 38, 64
130 5 56,03 65.53 3,5" 41,12
131 5 59, 37 12,79 2. 14 43, 10
132 5 59, 05 70, 84 2,82 33,24
133 6 78, 82 69, 04 2, 26 42,67
134 6 51,75 51,27 3. 46 40, 0§
135 6 51,12 56, 27 3.55 37,74
o 136 6 48, 98 63,25 3,40 46, 32
‘ 137 6 62,42 68,55 2,65 33, 80
138 6 84, 74 '75.84 3. 11 35 91
6 77.01 €8, 97 2,74 41,99

Y 139




B~10

Mean Scores == {(Cont'd,)

#4 #5 #6 #7
Subject Cliss Tennis Badminton Softball
Serve Clear Bowling Underarm Throw

45 6 56, 8% 53,99 3, 30 41,19
142 § 7 173,75 18,92 2,40 43. 65

43 6 67,74 13,26 2,71 45, 70
144 6 54,72 55,78 2, 96 34, 20
145 6 58, 00 47,80 2,46 34, 96
148 6 69,48 71,49 3. 35 48, 33 ~
147 6 84, 60 74,27 2, 65 41, 75 '
148 6 5F.16 68,21 3.20 35, 81 "
149 6 T 76,77 2. 59 46, 21
150 9 62, 56 56,44 2,43 41,59
151 8 71,22 67,87 2,93 46, 14 s
152 6 45,57 52,83 2,684 36, 33 ‘.
153 6 €5, 8% 64, 80 3.04 39, 89 -
154 8 85,00 70,21 2,47 40, 06 et
155 5 12,17 85,80 2,64 40,24 B
156 6 85,71 53, 06 3. 41 25, 77 s
157 6 80, 58 70,03 3.04 80, 17 ]
158 8 54, 98 87,20 3,02 38,73 > |
159 6 $7.56 58,63 3.57 33,54 ]
160 8 54, 80 59.45 3.91 33,07 :
i61 8 61,42 61,59 3. 82 27,81
162 6 51,01 85,08 2,89 36, 44
163 6 63,87 60, 42 2,90 39,50
164 6 75,36 £5. 81 3.02 34,47
165 6 €9, 04 817.28 2,72 40, 49
166 8 84,83 3,02 3.36 29,02
167 8 2,38 36.43

72,43 68,904




B-11
Mean Scores -- (Cont'd, )
#8 #9 #10 #11
Subject Class Volleyball Badminton Tenais Volleyball
Underarm Serve Sexrve Prive Sidearm Serve
001 1 39,85 58,17 64, 71 33,94
002 1 29,29 39,01 49,53 29, 98
003 1 30, 49 39, 26 68, 77 40, 21
004 1 30,03 42,83 54,72 41,68
005 i 24,10 38, 56 52,14 49,52
006 1 30,87 57,98 58, 93 36, 05
007 i 30, 20 51, 50 72, 34 35, 70
008 -1 28. 80 38, 24 53,96 39, 08
009 1 32,99 73,84 84, 25 42, 86
010 1 29,70 40,06 1,50 34,55
011 1 26.18 42, 17 56, 66 32,48
012 1 30.12 39, 98 64,16 42, 32
013 i 28,34 34, 2% 57. 81 3¢. 80
014 1 32,40 44, 14 87,01 35, 55
015 1 31,77 43,62 64, 34 33, 48
018 1 32,49 5:,868 53,67 33,81
017 1 20, 38 43, 92 66, 20 34, 47
018 A 3:1.85 81,87 52,29 44, 57
018 1 28,21 48, 78 65,17 37, 28
020 1 33.81 €92, 78 70, €5 40, §2
021 i 28,42 29, 83 40, 32 24, 12
022 1 28, 42 51.84 54. 47 41,78
023 - 25,69 38,63 68, 92 37, 37
024 i 22,84 41, 09 86, 98 38, 2%
0z9 1 41,30 55, 90 54,82 43, 87
028 i 38,73 T8, 98 73, 40 38, 02
227 1 28, 8% 35, 98 73, 31 34,171
' 028 1 41,49 51,17 84, 34 44, 31
0 029 i 26,63 51,66 62, 30 31,52
- 0390 i 30, 47 35, 79 52,23 32. 25
031 N 32,86 41,36 €6, 80 45, 54
032 1 34,91 53,56 62, 21 40, 47
033 i 27,67 48, 48 48, 85 33, 317
¢34 2 40, 81 49,61 €6, 36 42, 23
035 2 26,73 43, 45 %) W+ d 38, V6




B-12

Mean Scores -« (Cont'd, )

bi #8 #9 #10 #il
= Subject Clags Volleyball Badminton Tennis Volleyball
(e Underarm Serve  Serve Drive Sidearm Serve
r‘ 036 2 24,72 46.7¢ 51,21 42,80
» 037 2 31,85 42.52 46,37 29, 29
. 038 2 30,97 83.11 57,68 39,08
LF 039 2 28,78 50.39 19,13 57,22
= 040 2 30,01 43,15 57.40 30,98
041 2 30, 84 43,83 55, 31 45, 32
042 P 28, 37 60, 09 91.60 45,88
043 2 34,54 51,88 57,08 36, 79
044 2 25,81 27,51 51,28 35,27
045 2 29, 07 42,74 48,01 29, 42
048 2 80, 35 43.€8 58,835 32,06
047 2 30,02 3£. %0 46,33 38,77
048 2 28,87 48,11 49,12 43,54
646 2 28, 3% 37,14 €3.51 33.56
280 2 31,87 50,57 69,89 47,42
051 2 23,7%3 42,04 5C, 31 32,95
052 2 38,42 43,19 29,13 34,85
053 2 32.85 52,19 59,23 30, 98
054 2 32,80 53,98 50,42 31,08
055 2 30,81 57. 20 €0.91 4i.46
058 2 28,89 45, 88 62,929 34, 3¢
057 2 37.52 50,17 52,23 35, U6
058 2 33, ¢3 63.39 63.51 39,78
0582 2 3%,27 47,26 54,63 2. 10
080 2 33.80 417,87 46,18 37,51
061 2 34,42 48,64 €1,63 39, &0
032 2 27,69 47,31 57,36 38,35
083 2 25,50 38,91 52,55 29, 3%
082 2 24,68 45,53 80,01 32,49
0865 2 25,42 48,65 45,00 38,590
066 e 25,52 63, 89 47,73 38,78
0687 2 31,03 43,32 37,48 40, 88
063 4 34,73 88. 14 82.3% 38,08
c6& 4 32,84 54,27 58,92 39, €8
070 4 &3, 41 45, 08 63,52 34,88




B-13
Mean Scores -~ (Cont'd,)
&8 #9 #10 #11
Subject Class Volleyball Radmiaton Tennis Volleyball
Underarm Serve Serve Drive Sidearm Serve

071 - 28.32. 48, 03 64, 33 37,19
072 4 28, 88 91,95 59, 89 30, 56
073 4 23,81 44,95 47,12 30, 88
074 4 29,08 45, 00 79, 13 £3, 27
075 4 33.93 53, 45 67,43 41, 24
078 4 27,17 3G, 94 37.54 29,42
077 & 36, 28 44,54 64,19 41, 05
078 & 25,73 32,84 85,17 44, 22
079 4 34,82 38,94 67, 18 38,53
080 4 30,89 47,26 58, 70 31, 26
081 4 26,71 A8, 59 55, 79 35,09
082 4 29, 92 95,14 82, 82 45, 10
083 4 31,42 47,16 58, 58 27, 46
084 4 298,66 92, 22 62, 41 39, 75
085 4 23,80 44,94 59,02 31,33
086 4 28,08 47,76 63,02 32,04
087 4 36,68 42,58 58, 20 32, 0o
083 4 44,20 53,20 64,27 31, 44
289 4 . 23,33 34,17 43.19 295, 90
020 4 35.43 47,74 €7.8%7 43,51
091 4 33.69 46, 35 54, 18 42. 15
092 & 32,44 85,954 €8, 20 41, 24
093 4 0,93 37,61 49, 4§ 24,64
094 4 29, 52 45,17 52,51 31, 63
655 4 24, 2y 3%, 02 9%, 08 3¢, 42
068 § 24,58 53,22 53, 93 33. 33
637 4 32.69 55,13 84, 07 39, 80
388 4 29,82 41,53 57, 63 31,56
489 4 30,90 40,23 83, 63 38, 22
102 4 32,12 53,23 78, 24 39, 3%
193 4 33,14 48, 81 84, 09 a1, 66
102 5 28, 82 40,72 58,01 33. 67
103 5 33,88 49, 50 67.13 €5, 85
194 5 33,14 90,42 BL. 20 35,05
105 § 3%, 84 80,15 48, 14 29,58




B-14

Mean Scores -- (Cont'd,)

; #8 #9 #10 #11
- Subject Class Volleyball Badminton Tenais Volleyball
Underarm Serve Serve Drive Sidearm Serve

. 108 5 31,50 38,74 51,37 27,69

o 107 5 28, 98 §0,84 69,21 3%, 92
e 108 5 33,11 60.85  57.30 35, 91
s 109 5 34.62 36.28 55,31 34,22
> 110 5 40, 08 37,38 56,58 35,84
= 111 5 35. 80 59,68 78,173 40, 61
s 112 5 28,15 52,98 55,87 30, 30
5 113 5 28,47 42,85 57,47 41,20
114 5 35,59 59,40 54,83 28, 34

115 5 33,13 45,78 61,37 29, 88

116 5 29,20 39,35 58,75 22, 88

117 5 28,09 34,82 51,29 30. 50

118 5 28,17 50,65 63,59 32,71

116 £ . 39,12 45,50 84,15 43,42

120 5 31,64 51.09 75,47 36, 59

121 5 29, 85 49,38 62,96 33, 50

122 5 34,93 38,27 51,78 41,13

123 5 24,06 51,368  €5.16 37, 25

. 124 5 37,22 46.88 62,90 40, 53

— 125 5 38, 45 54,24 64,82 85, 20
] 126 5 28.77 52,06 60,87 36, 74

127 5 27,43 44,92 54,37 34, 92

2 128 5 29,56 47,18 54,77 37,57
Bk 129 5 30, 88 49,22 170,76 38, 36
- 130 5 25,86 49,11 57,51 89, 25

. 131 5 88, 80 43,02 178,04 40, 98
. 132 3 35, 20 58,05 172,57 39, 84
B 133 8 34,97 43,30 67,99 40, 34
i 134 6 23,03 30,92 44,36 28, 60

135 6 32,25 48,55  ©1,36 29, 80

136 8 27,55 48,77 53,39 31,98

137 8 29,87 42,87 51,74 31,72

138 6 32,95 55,55 58,21 47, 87

139 6 37.87 57,56  176.29 41, 88




E-15

Mean Scores -- (Cont'd. )

#8 #9 - #10 #11
Subject Class Volleyball Badminton Tennis Volleyball
Underarm Serve Serve Drive Sidearm Serve

141 6 31,19 47,71 56, 64 32.41

142 6 317.59 43,81 88,06 43,572

143 6 31,98 56,29 75,40 38,24

144 6 26,59 38.59 73,07 40,51

145 é 25,63 46,62 52,687 36,37

146 6 29.51 56,28 70,97 31,86

147 6 32,29 48,99 69,71 33,97

148 6 22, 94 40, 34 €0.18 31,04

149 6 32,95 43,03 61,89 35, 8¢

150 6 31, 65 54,68 52,89 46, 35

151 6 35, 46 72,22 67.41 35,04

152 6 30, 84 37.27 58, 24 37,79

153 6 29,97 53,51 95,92 30, 41

154 6 41,60 52,56 60,53 38,22

155 6 44,84 57,93 84,35 42,97

15¢ 6 28,14 37,09 54,17 34.12

157 6 35,777 51,28 59, 96 45, 36

i58 6 30, 20 43,58 50,17 34,99

159 6 26,97 43,49 53, 16 30,85

, 160 6 23,17 40,02 07,33 24,98

, 161 6 23,41 34,63 90,58 35,77
- 162 6 24,83 40,00 52.54 27,18
i 163 6 26,68 51,51 59, 31 26. 92
. 164 6 32,72 49, 20 38,47 37.51
= 165 6 29.88 51,20 56, 76 40,58
‘ 186 6 29, 35 40,48 568,30 42,34
B 167 ) 3%,09 40,28 54,00 40, 00




B-1

Mean Scoras == (Cont'd,)

ﬂ!

#12 #13 #14 #15
Basketball Basketball Basketball Basketball
Subject Clags !<hznd Push Shot ChestPass Overhead

Push Pass Pass
001 | 36, 46 20.75 34,41 31.58
002 1 24, 14 a1, 17 26, 61 29, 62
003 1 28,29 21, 14 29,01 33,72
004 i 31,94 21,56 31.65 32,51
005 1 26, 43 22,54 28, 35 29, 55
006 1 20,46 0, 87 28,27 33.48
007 1 26, 87 21,73 31,17 34,04
008 1 27, 43 22,15 31,64 27,04
009 1 29,15 22, 64 29,01 34,31
010 1 317.18 23, 30 30,54 32.19
011 1 28,08 21,08 28,68 29, 82
012 1 30, 90 21,19 32,51 31,62
013 1 31,85 23,06 34,617 30, 817
014 1 27,52 21,12 24,49 31.59
015 1 25, 35 20, 66 24,70 29,96
016 i 32, 62 21,44 29, 74 35,87
0117 1 33,05 24,14 31.69 31.20
018 1 29,41 20, 26 28,87 31.50
019 1 30,75 22, 66 25,59 31,94
020 1 35, 51 24, 36 36.87 34.10
n21 1 25, 94 21,33 25, 85 29,40
0ZZ i &6, 45 20, 98 26,12 28, 83
023 1 217, 33 20, 73 28,79 32,87
024 1 27.60 21, 34 29,23 32.46
025 1 28,16 21,986 27.42 32,21
026 1 33, 94 25, 88 28,24 35,38
027 1 27,13 22,05 29,73 32,79
028 i 35,00 22,00 28,41 35,590
029 1 28, 39 21, 99 32.19 24,89
030 1 24, 98 20,09 22,686 29,24
031 1 390, 62 24,54 33.17 37.35
032 1 30, 33 22, 95 29,22 29, 65
033 1 28,33 22,16 26.49 80,72
034 2 34, 88 23. 49 31,60 33,92

035 2 28, 37 21, 17 28,96 34,12 E
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B-17

Mean Scores -« (Cont'd, )

LS

#12 ~ #13 #14 #15
- Bagketball Basketball Besketball Bagketball
L Subject Class 1-hand Push Shot Chest Pass Cverhead

Push Pass Pass

> . 036 2 27. 41 21,16 33,66 31,83
1 037 2 30, 68 19, 86 34,31 30,57
. 038 2 29, 15 22, 27 32,95 28,13
y 039 2 37,20 25, 11 29,52 29, 65
ff‘ 040 2 33, 92 20, 10 28,60 28,33
o : 041 2 32,13 20, 16 26,73 36,917
042 2 30, 65 22, 29 30,60 34,84

043 2 28, 31 20, 45 33,59 30, 41

044 2 25, 38 18, 94 27.31 28,51

045 2 26, 97 21, GO 28, 91 30,73

043 2 30, 11 22, 34 33,67 27,88

047 2 30, 16 19, 84 28, 30 29, 0%

048 2 30, 99 22, 15 33.41 34,18

049 2 32.79 20, 69 31,91 29,17

050 2 26, 94 21, 24 27,90 26,86

| 051 2 23, 36 21,35 29,45 28, 35
& 052 2 29, 55 21,43 26, €5 29, 14
B 053 2 27, 40 23, 88 25, 82 28, 39
. 054 2 33,24 23, 78 29, 89 28,85
| 055 2 28, 88 21, 96 28, 21 33,48
' 056 2 29, 04 21, 34 33, 62 32,54
057 2 31, 38 25, 76 39, 55 30, 98

058 2 29, 39 23,18 30, 29 28, 69

059 2 30,44 21, 87 28, A7 32,71

060 2 28, 43 23, 20 30, 4 29, 20

061 2 27,43 . 23,01 30, 69 25, 72

. 0632 2 30, 46 22,63 28,94 31,55
: 063 2 27, 70 23, 68 25, 06 27,02
064 2 28, 85 19, 72 27, 69 27, 31

085 2 29, 02 20, 75 30, 07 27,19

066 2 26, 91 23, 05 268, 43 27,43

087 2 28, 23 20, 04 29,33 25,45

068 4 31,55 20, 48 217, 48 27. 61

089 q . 217, 55 21, 32 29, 61 30, 95

070 4 21,97 20, 49 33,50 28, 07
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Subject

071
072
073
074
578
076
077
078
079
080
081
082
083
084

085
08¢

v

087
088

088

090
081
092
003
004
095
096
0987
098
099
100
101
102
103
104
105
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Mean Scoreg e (Cezﬁt'd.)

£12

#13

#14
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B-38

#15

Basketball Basketball Basketball Raskethall
Puah Shot Chest Pass Overhead

i-haad
Pass

26, 52
25,57
217,28
33, 23
23.07
28,27
38, 14
25,12
28,486
22,08
26,00
28,57
3i. 11
32,47
2% 45

an oo
gV, OV

21,14
28, 98
2%, 32
27,98
33,85
31,25
24,02
23, 81
23, 14
30, 89
27,490
22,81
33. 85
29, 25
29, 82
28, 73
W70

wwe *w

33 8

19,21
20,31
21,32
21, 26

91 O
Gady &

19,50
21,94
23,317
1. 81
20,58
22, 54
22. 3%
18,74
20,68
22,70
20,04
20, 84
21,30

N N A

2e, 04
22,86
21,02
27,45
19,63
21,49
2N, 14
20, 23
21,41
19,04
23,15
21,89
20, 99

22,43
22,54

21,21
21,41

24,74
26,54
. 31,83
38,95
33,15
28,27
42,95
30, 43
33.41
36,92
28, 44
33,10
33.74
34.27
30,20
31,23
31,50
41,10

an oam

29,87
30,45
37,79
33.64
31,80
27,47
26,68
30,43
31..6
25,65
30,72
30.39
26.84
31,18
32,98
34,25
32,47

Pass

39,12
28,80
29,53

. 32,25

34,31
268,97
27.20
27,90
29,60
30,03
32, 98
30, 83
31,82
29,99
&5, 19
32,55
27,27
30, 30
33, 07
26,57
32,23

. 29,60

30, 2%
26, 98
32,13
28, 46
29, 83
33.14
31,03
30, 21
29, 87
30,89
29, 86
27,24




Subject

168
107
108
109
110
111
112
113
114
115
116
137
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

190
AVY

139

Class

ac»mmamasmmmmwmalmcumcnmmcnmmcnmmmmmmmmmc.n

Mean Scores == {Cont'd, )

#12 #13
l1-hand Push Shot
Pass

28,21 20, 48

31,61 23,58

38, 45 2Z. 61

33.43 19.84

30, 50 21,83

35, 00 21.00

29, 15 19,27

30, 95 20,85

30, 78 19,95

28, 61 21,56

30, 61 20, 34

30, 95 19,86

30, 11 19, 42

33, 26 21,19

30, 26 22,52

29, 50 20, 22

38,06 20,75

30, 69 21,17

32, 99 21, 97

29, 80 22.15

3z, 92 20,55

29, 84 21,27

32,33 21,43

31,22 22,25

295, 82 20, 28

32, 44 22.98

26, 40 20,57

28,.97 23.91

30, 07 20, 68

38, 26 23,56

21, 33 22, 27

25, 82 22,59

30, 65 23. 21

31,317 22,75

£14

36, 00
37,93
36,19
36, 33
32,34
28, 50
32,61
34,28
35,10
28,51
32,10
31,76
31,38
36, 32
32.54
30, 23
40,12
34,73
29, 94
32.89
38,76
33.7°
37,05
31,08
30, 89
33.91
32,05
28, 96
27,08
32,01
29, 37
28,172

24 N9
I3y OO

30, 87

£15
Bagketball Basketball Basketbail Basketball
Chest Pass Owerhead
Pass

30, 64
29, 28
34,69
30, 24
29,40
33,23
31, 6¢
31,84
33,27
27,43
28,59
30,380
29,30
35,11
28, 71
33,02
31,63
28,87

. 27,64

31,44
33, 04
34, 49
34,79
36. 06
30, 65
30, 60

28, 20

30, 60
28,19
29,34
31,37
32,178

22,31

31,31



Subject

14%
142
143
144
145
146
147
148
148
150
151
152
153
154
155
156
157
158

a9 rmn

19V

160
161
162
163
164
185
166
167

Class

ammcﬂmamma}mmmmmmammmmmmmm@mm

Mean Scoreg -« {Contid, )

#12

#13

#14

B-20

#14

Basketbali Basketball Basgketball Basketbali
Push Shot Chest Pass Overhead

i-hand
Pass

32.71
36, 25
29, 86
33.18
29,73
31,76
27.59
30, 78
29, 64
27,43
28,17€
33.19
29.59
33.95
32, 89
34,29
33. 75,
31,18
30, 43
28,20
32,08
2%, 38
23, 88
29, 72
26, 66
26, 58
28, 80

21,12
24,51
27,72
21,25
22,59
22,72
25, 68
22,27
22,23
21, 82
18,76
21,83

21,42

28,27
22.19
21,56
22,89
22, 86
20, 60
21,54
21,90
20, 41
21,81

o M

2a, i
21,15
23,48
22,36

27,19
29,30
31,76
30,02
26.60
31, 81
28,33
28,94
30,49
32,27
26,43
30, 72
30,41
32.16
30,74
27,50
34,37
31,77
28,90
28,176
31,31
27, 45
28,12
28, 63
26,49
29, 34
28,21

Fass

28,62
36, 44
33.43
28,12
30,16
31,22
30,78
30, 93
36, 18
32,04
26,171
29,91
31,10
31,73
32,88
29, 89
34,93
30,41
24,52
31,07
33.55
32, 22
28,74
27,61
32,39
33. 87
35, 58




B-21

Mean Scores -= {Cont'd,)

#16 #17 #18 #19 #20
Volleyball Volleyball Hockey Basketball Wall
Subject Class Chest Overhead Drive Underarm Volley

Pass Pas Pass
e 001 1 20, 65 23,95 . 66 28,37 25
002 1 19, 36 24,63 .98 26, 02 12
003 1 20, 25 25,21 1,18 23,68 24
= 004 1 20, 33 28,10 .95 31,87 i7
= 005 i 21,14 24,08 . 80 28,02 21
606 1 19, 76 26, 31 . 83 23.173 37
007 1 21,11 30, 80 . 86 28,09 29
008 1 21,10 26,15 .95 21,16 20
00¢ 1 20, 43 25,33 .70 29, 43 26
010 1 20, 44 25, 85 . 66 29, 82 25
011 i 20,58 28,57 1,03 24, 62 28
¢i2 1 21,50 24,41 1,07 25, 03 26
013 1 21,37 24, 87 .81 30, 14 21
014 1 18,93 - - 31,80 . 13 25, 40 21
015 1 19,35 28,83 K 28, 83 14
018 1 20, 95 24,83 . 89 24, 43 X
017 1 22, 14 24, 96 0 11 30, 56 22
018 1 19, 40 21,60 .19 31, 71 24
015 i 20,76 27,05 .86 34, 54 19
020 ] 21,35 31,83 . 88 24,00 23
021 1 19, 00 22,53 1,14 29, 01 10
022 1 20,01 24,83 . 82 22,88 21
023 i 19,45 23,92 1,03 22.17 22
024 H 20, 75 27,50 .93 28, 49 20
c25 1 20, 69 28,19 . 66 24,81 20
026 1 23,317 25,79 .61 25,01 31
027 1 20, 46 29,68 . 86 27,47 27
028 1 19, 00 24, 81 . &0 30, 24 21
029 1 19, 29 22,74 . 98 25, 78 13
030 1 18,75 28, 39 . 88 26, 96 13
031 1 19,02 40,50 . 88 30,93 28
032 1 22,64 26,38 .83 28, 82 23
033 H 20,89 20, 70 . 70 %8, 97 i7
034 2 20,97 34,75 .13 256, 87 32
035 2 20, 31 30,32 .81 28, 99 28




B-22
iMiean Scoreg «e {Cont'd, )
g16 # 19 18 #19 # 20
Volleyball Voileyball Hockey Basketball Wall
Subject  Class Chest Overhead Drive Underarm Volley
Pass Pass Pass
038 p 21,32 27,53 1,01 29,47 14
037 2 19,02 25,58 1,03 23.68 29
338 P 19,22 27,83 80 28,98 19
03S 2 20, 47 27.25 s 61 25,32 19
040 2 20,58 23,32 .39 25, 2% 24
D41 P 18,95 27,988 .83 27,14 25
042 2 17,83 306, 34 .87 28,82 22 '
043 2 21,33 31,47 1,04 28,04 25 ¥
044 2 18, 30 12,77 . 88 25, 10 15 :
045 2 18,09 25,83 .95 23, 50 17
048 2 20, 33 25,88 .75 28,15 17 N
347 2 ig, 79 2i.26 . S0 26,77 19 &
042 2 18,87 22,85 . 87 23,23 21 5,
048 2 20, 05 27.47 .78 27, 55 17 N
050 2 19,84 24,20 . 70 22, 82 22 3
051 2 17,98 22,18 . 82 26, 34 19 =y
052 P 21,36 217, 88 .21 25, 78 34 o
(183 2 19,87 23,38 . 81 24,35 20 ]
254 2 %2, 10 25,00 .73 26, 95 29 v
W, 98B0 7.2 21,02 24,09 .91 26,51 23
)58 2 21,29 28,65 1,01 27,23 19 o
08% 2 20,31 27,78 .83 28,92 1€ -
058 2 21,47 23,50 .84 27, 14 23 P
659 2 20, 16 30, 49 » 96 24, 6% 24 .
660 -2 20, G% 21,09 .31 26, 55 19 ot
061 p 21,21 25,987 K 23,3 23 d
052 2 22, 44 24, 35 « 83 27, 45 28 A
0963 p 19, 87 24,06 1,03 26, 64 11 %
034 2 23, 24 24,07 . 98 22,83 09 %
1. 14 2 18,52 24,C. .81 27, 85 10 5
086 2 20, 91 22,80 1,1 23, €7 16
087 2 20,10 28, 7% , 84 22,73 23 =
558 4 19,70 23, 98 0 13 2¢, £6 29 &
0.3 4 19,69 31,65 .83 23,04 31 N
070 4 18, 94 26, 04 .73 28, 62 18 N
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B-23

Mean Séores - {Cont'd, )

416 #17 {18 ¥i9 #20
Volleybail Volleyball Hockey Basketballi Wall
Subject Clasgs Chest Overhead Drive Underarm Voliey

Page Pasgs Pags

071 4 20, 83 26, 62 .81 28, 69 14

072 4 19, 61 26,74 . 10 28, 88 22

073 4 18,76 21.87 . 84 27, 38 19

074 4 21,85 27,86 . 53 25, 82 20

075 4 22, &1 292,53 .11 28,33 27

078 4 18, 32 23,21 1,08 27,117 18

077 4 25,01 33,80 .13 28, 44 34

078 4 2u, 16 25,27 .80 26,58 i¢

079 4 15,84 27,683 K 87, 38 24

080 4 20,61 217, 44 ] 25,65 13

081 4 19,38 24,51 . 86 28. 80 20

082 4 a0, 96 28,25 1,06 27,32 29

083 4 20,62 26, u8 .38 23,94 25

084 4 29,26 26,58 -1 27.28 30

0esg & 18,46 20,76 » S0 25, 33 16

086 4 29,08 25.59 1.26 27,06 22

- 087 4 i3, 08 28,03 .83 25,76 i8
b ‘ 088 4 19,02 21.62 .92 27,58 17
> 089 4 21.35 26,52 1,07 24,217 08
029 4 23,98 27,09 .81 25,85 27
i 031 4 21,73 22, 45 73 26,98 C 14
\‘ 992 4 20, 80 31,87 1,15 N7. 96 28
o 093 4 19,96 22, 34 1,27 23, 93 19
S 094 4 20,48 23,05 15 23,78 23
- 095 4 24, 94 3¢, 72 . 63 24,32 13
i 096 4 20.27 &3,48 .14 27,81 25
0Q7 4 2169 26,87 .21 22,67 26
b - 038 4 19, 49 22,36 1.08 24, o 19
: 099 é 20, 98 28, 47 .68 30 99 &5
i00 4 16, 48 28,16 012 28,717 31

161 4 21,48 32, ¢ .51 28,10 32

102 8 18, 99 25.59 1,978 25,80 23

103 5 29.%2 28,52 . 84 29, 26 28

104 5 13,51 20, 93 » 5% 30, 7€ 2}

105 5 22,37 22,07 » 95 28,412 18
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B-24

aean Scores ~= (Cout'd,)

#168 #17 ¥18 19 #20
Vulleyballi Volleyball Hockey Basketbail Wali
Subject Class Chest Overhead Drive Underarm Volley

Pass Pass Pass

106 o 20,07 22,13 . 86 28,71 13

107 5 20,223 28,09 . 83 28, 60 28

108 5 20,78 31,10 .14 26. 68 28

139 5 18,38 23.22 1,02 21,68 18

110 5 21,83 29,58 . 16 25,58 25

111 5 21, 30 28,55 .10 31,42 30

ii2 5 21,01 25,51 o 17 26,51 31

113 5 20,01 22,20 .11 24, 93 17

114 5 18,82 28,51 .88 27,80 24

115 5 20,99 24,25 £, 13 25.73 16

116 3 20,49 29,46 .81 25,53 25

117 5 20, 38 24,55 1,13 24, 48 18

118 5 19,58 22,72 « 80 26, 38 27

i18 5 i3,85 30,58 . B4 25,52 i8

120 5 21, 27 26,06 . 87 30, 33 28

121 5 18 41 23,77 1,01 28,82 28

122 5 20, 83 31,39 . 98 28,53 24

i 123 5 19,16 24,82 .75 2¢, 16 21
o 124 5 20,60 33,45 .79 39,21 16
N 125 5 21,82 26,94 1,10 24,35 24
2z 128 5 20,98 24,00 . 88 29, 42 20
127 5 22.35 25,30 .80 23, 88 23

128 5 21,28 32,04 .75 32,63 17

129 5 19,561 21,38 . 19 29, 3u 1

130 5 19,4% 28,77 . B4 24,04 16

131 ] 21,11 30,55 74 20, 85 33

132 5 18, 9& 28,17 - . 57 28,00 23

133 8 20,59 30,81 » 18 32,72 29

134 6 18,50 22,88 « 96 23, 12 08

135 6 19,38 29, 58 » 98 2¢, 86 17

136 5 21,92 26,23 . 88 25, 81 25

137 e 19, 3¢ 34, 88 1,14 a7, 54 21

136 £ 21,78 30.45 . 88 21, 85 31

L2 é 50,18 28,59 o7 30, 84 27
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B-25

Mean Scores -- (Cont'd.)

#16 #17 #18 #19 #20
Volleypvall Voileyball Nockey Basketbali Wall
Subjeet Class Chest Overhead Drive Underarm Volley

rass rass rass
141 6 19,03 25, 35 . 97 27,10 24
142 6 23, 85 30, 03 . 85 27, 67 34
143 3 23,61 or 58 .18 30, 06 23
144 8 19, 96 27, 22 , 99 26, 10 27
145 8 24,02 25. 88 .93 3S. 36 26
14 6 19,56 23, 93 . 81 26, 04 14
147 8 20, 83 28, 08 .16 29, 11 25
148 8 16,77 217, 10 . 87 28,12 20
149 6 18. 173 33, 87 .74 27, 98 22
150 6 20, 716 27, 59 .6 28, 26 22
151 6 21,12 26, 59 . 89 29, 68 36
152 6 19. 88 25, 59 .95 24,38 21
153 6 20, 51 24,51 .ot 2%, 37 i8
154 5 22,88 38,82 ¥} 29, 84 23
155 6 23,85 32, 32 .86 27, 51 33
" 156 6 16, 83 22,07 1. 11 28, 65 27
i 157 6 20, 13 28, 76 . 80 32, 35 12
L2 158 8 21,18 26, 70 1,12 28, 78 15
s 153 6 19,98 23, 27 .87 25, 25 12
180 8 29, 40 28, 08 1, 06 25, 18 22
N 161 6 20, 15 33,02 .35 23, 48 28
5 162 6 20, 38 27, 41 . 82 31,57 22
i 183 6 18,65 25, 49 . 89 27,21 14
N 184 6 22, 64 23,71 1,07 2%, 79 21
i 185 8 20, 8¢ 28, 54 . 91 28, 00 24
ot 168 8 13,92 26, 63 . 62 28, 41 14
& 187 8 21,03 36, 42 1,01 30, 69 32




B-28

Mean Scoras == (Cont-d)

#2i #2% 123 #24 #25
Bounce Bagketbail Soccer Soccer Soccer
Subject Class Dribble Throw and Place=kick Punt Pass

Catch
001 i 28 22 38, 89 39.13 33,08
002 1 19 17 37,11 38,15 39,63
. 003 1 18 17 35,49 33,83 40,82
- F 004 1 26 18 37,56 38,61 35.45
— 005 1 21 22 36,83 32,88 40,585
i 006 1 19 i9 40,19 40,15 36,18
i 007 1 22 21 40, 85 37,36 39.29
008 1 20 12 36, 45. 34,086 41,50
009 1 23 25 49, 30 50,83 43,68
010 1 18 21 39,37 35.2¢ 32,32
011 1 32 17 35, 66 32.94 33,53
012 1 18 22 35,75 41,78 34,31
013 i 2l 18 40,05 34,48 30,82
014 1 18 21 35, 91 35.61 31,17
015 i 2o i8 35,68 29.42 24, 33
016 1 17 18 41,50 43,26 44,61
017 i 22 i9 37,86 45,16 21,53
018 3 22 18 33,41 33,92 34,04
018 1 23 19 38,79 37,12 36,29
020 1 19 20 39, 51 42,48 40,39
021 1 18 16 39, 7% 27.89 25,81
922 .. 1 20 18 40, 72 33,73 32.55
(22 i 25 i2 34,93 32,43 35 38
024 1 29 ig 37,54 32,12 38,85
025 3 21 18 34, 55 47,07 34,10
626 1 24 23 37.25 44.52 32,38
027 1 21 20 42, 8% 6,88 41,47
028 3} 18 b 28,78 42,77 38,87
029 3 22 19 40, 89 3R, 55 53,27
030 i 18 19 34, 84 33,10 35,38
031 1 in 19 37, 8% 41,44 38.%7
032 i 22 20 42,45 36,7 48,25
033 1 24 20 40, 5@ 37.52 40,17
034 2 25 22 33.8¢C. 30.89 42,18
035 2 13 i9 40,13 32.85 39,45




AR

Subfect Class

036
037
038
03S
040
041
042
043
044
045
048
047

- 0435

naAn
Ve

050

-]

053
052
053
054
055
056
N57
58
059
069
G661
062
063
064
065
066
067
(38
089
070

NN NNNMNOA2OONND OO NN DN DN DN

Mean Scores -« (Cont'd,)

#21

Bowice Basnketbalil
Throw and Place«kick

Dribble

22
24
18
16
21
16
24
21
21
22
16
21
18
17
18

18
14
19
21
26
18
23
18
16
16
10
19
13
14
20
18
17
19
13
17

# 22

Catch

i8
20
18
19
20
19
22
20
19
i8
20
18
18
18
19
18
19
17
20
23
19
18
19
15
18
22
20
18
15
18
18
19
22
21
20

# 23
Soccer

29, 31
29,10
41,40
39, 40
34,80
38, 34
33,76
36,60
40, 86

35,04
35 2%

g w

37.89
38,48
47, 36
33.49
§%,12
33.63
35,07
38, 47
35, €1
35,48
34,84
38, 88
38, 7¢
38, 74
36, 87
33.87
37.33
36.79
38,44
3%, 81
35, 37
41,563
34, 74
38,82

824 #25
Secccer Soccer
Punt Pass
29,22 84,60
34,87 37,16
41,53 37,78
48, 16 42, %0
32,37 33,11
32,68 41,35
380,14 51,59
32,38 37.39
35,87 36,01
a7, 72 33,11
36,81 42,37
35.88 34,82
22,49 36,14
32,15 42,43
28,78 32,24
30,46 21,19
32.98 21, .42
32,12 18,7¢
34,3¢ 38,57
47.52 38.88
30,31 31,38
31,97 29,80
69,25 29,65
35,26 30,23
32,97 35,72
$2,00 44,94
32.43 28,14
32,85 586.85
33,12 43,28
36,23 27,78
35,88 88,18
33.80 40.48
48,38 34,75
35,48 27,88
83,86 3%.87

B-217




B-28
Mean Scores ~- (Cont'd.)
#21 # 22 # 23 # 24 #25

Bounce DBasketball Soccer Soccer Soccer
Subject Class Dritle Throw and Place~kick Punt Pasgs

Catch
071 4 i5 15 36,79 39,77 39,93
072 4 16 18 40, 19 37.00 28,93
073 4 17 18 36. 44 35.17 28,11
074 4 i5 16 43.43 38,88 36,45
075 4 17 19 40,17 43.80 42,04
076 4 15 16 37,09 28,99 29,16
077 4 17 20 . 42,03 45,70 44,57
078 4 14 19 34,20 33.9¢ 28,11
079 4 20 20 35, 30 34,04 40,07
080 4 15 20 41.11 44,94 29,63
081 4 18 20 34, 39 31,33 36.74
082 4 22 25 36, 12 36.51 41,50
083 4 18 21 41,45 45,61 38,65
o84 4 22 2 38,71 30.30 25,72
085 4 17 20 32.88 32,72 38,47
) 4 i 21 40,28 39,17 25,85
087 4 15 19 33, 81 38,33 41,97
088 4 32 16 42,87 43.25 38,88
089 4 15 17 37.83 30,44 26,60
090 4 20 19 43, 29 40,67 83,17
11 4 19 18 38, 65 32.15 17,78
082 4 18 20 36, 61 44,32 41,24
¢33 4 16 18 40, 77 28,39 39,952
094 4 20 20 40, &2 20.60 34,40
ko 085 4 14 18 41,77 33.12 27,82
o 683 4 23 29 41.08 - 34,83 41,64
f 097 4 18 20 38, 82 41,879 41,51
e 098 4 17 21 38,45 35.71 42,35
4 099 4 32 22 41,03 45,06 39,79
160 8, 18 21 ‘38, 24 38.23 36,13
101 4 18 a2 38,13 43,066 35.28
132 8 i 13 38, 36 32.62 49,33
163 5 23 20 4%, 87 37,04 22,23
1G4 8 i 18 36, 62 36,28 48,80
{EE] 8

16 a1 39, 88 §8,82 81,38




B=29

Mezn Scores -- (Cont'd,)

= #2i i#22 #23 #24 #25
- Bounce Basgketball Scceer  Soccer Soccer
. Subject Class Dribble Throw and Place-kick Punt Pasgs
T Catch :
< 106 5 15 i6 30, 37 36,42 22,68
107 5 20. 20 44,68 42,03 32,29
108 5 19 i9 42,78 43,35 35.17
. 109 5 14 10 37, 60 34,87 35,54
e 110 5 20 18 43,88 37.6¢ 38.08
3 111 5 22 23 41,74 44,84 48,90
112 . 5 18 21 38, 32 39,50 33,40
113 5 17 17 38,02 28,88 38,70
114 8 17 19 41,43 41,61 47,03
115 5 16 19 38, 71 35,57 27.52
116 s 1% 18 317.27 37,43 36,01
117 & i1 18 32,590 31,58 31,02
118 5 20 21 38, 16 31,57 38,30
118 5 18 2d 37.85 37,22 43,12
120 5 17 20 38.05 45,70 38,86
121 8- 20 19 35, 78 29,81 39,52
122 ) 13 i8 40,178 40,10 40,48
123 5 20 20 36, 93 34,17 38,58
124 5 19 21 40, 81 33.82 42,51
.25 5 16 21 39, 04 38,87 38,63
126 5 20 18 41,25 26,50 35,09
12% 8 17 20 36, 46 32,77 35,31
128 5 23 23 37. 117 36,93 42,34
129 5 21 18 37.97 34,68 35,18
130 5 21 19 36, 59 30,82 43,70
131 5 2" 22 38,93 37.41 39,72
132 5 “3 18 44,31 37.24 352,03
133 3 22 25 43,45 35,21 45,67
134 6 28 17 39, 45 30,39 40,00
135 8 13 19 36, 30 33,06 32.59
138 e 28 22 38,8¢  33.81 39,81
137 6 16 18 36. 52 32,54 46,97
138 6 20 21 39, 62 43,92 36,173
¢ 23 26 23, 58 43,77 39,77

139




B -30

Mean Scores -~ {Cont'd, }

721 22 #23 #24 #25
‘ Bounce Basketball Soccer Soccer Soccer
Subject Class Dribble Throw and Place«kick Punt rass

Catch
141 6 21 17 35, 90 29,53 37,43
142 6 25 22 41,55 389,69 38,465
143 6 19 20 40, 11 38,97 39,70
144 ¢ 15 19 35, 99 31,18 33,12
145 6 21 21 24,61 27.38 29,61
146 g 18 20 40, 18 38.65 37.8%7
147 6 20 19 40, 70 33.47 51,628
148 6 15 19 38,25 33,43 31,68
149 8 23 15 490, 42 40,97 40,10
150 6 16 21 38, 32 40,75 43,22
151 3 22 21 44, 50 36.79 41,16
152 € i8 13 40, 61 31,56 25,04
153 g 13 17 44,15 36.12 40,54
154 1 i6 21 51,07 42.29 39,87
155 ¢ 25 20 51,02 43,33 42,52
158 6 21 19 41,85 29,00 29,00
157 & 18 20 41, 33 41,42 32,42
158 6 14 17 37,19 38.16 37,84
159 6 18 b 20 38,33 35.55 49,10
160 e 17 19 35, 33 31,08 34,77
18% 6 12 19 42,07 36,11 32,43
162 6 17 g :) 35, 93 29,35 39,85
163 ] 18 17 3%, 97 36,13 29,84
5 164 6 i8 21 38.84 41,49 42,37
- 165 6 20 21 41,88 40,66 38,02
168 6 19 18 50, 96 30,97 34,34
187 6 21 22 38,01 36.19 44 173




APPENDIX C

: Pattern Matrices
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Factor Intercorrelations {Four Medels)
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TABLE XXVI

MOCDEL D INITIAL SOCLUTION
Derived Oblique Independent Cluster Factor Pattern *+ (9 Factors)

Variable 1 11 J U1 iV Vv V1 Vil vill IX
1. Softball Overarm Throw 136 065 165 037 163 043 «007 159 423
2. Basketball Cverarm Throw 088 140 224 195 -051 065 118 =048 378
3. Vollevball Overarm Serve -121 091 031 108 528 239 =030 «023 052
4, Tennis Serve 764 -008 -082 050 074 055 -119 =042 103
5. Badminton Clear 4417 -108 =035 184 134 -126 047 051 177
6. Bowling 229 -125 186 051 -156 030 -053 538 =004
7. Softball .Underarm Throw 158 -212 -015 035 146 124 051 200 120
8. Volleyball Underarm Serve 576 057 030 052 -028 042 219 141 -181
9. Badminton Serve 474 c34 225 -34 31 =071 015 «305 195 -008
10, Tennis Drive 048 031 231 -038 343 084 005 336 =192
11, Volleyball Sidecarm Serve -028 095 -053 135 -066 -019 042 633 035
12, Basketball One¢e-Hand Push Pass 066 116 047 039 -023 089 641 -057 -032
13, B-gketball One-Hand Push Shot 050 408 -104 117 053 118 011 138 096
14, Basketball Two-Hand Chest Pass -088 084 -040 -003 045 -105 656 074 660
15, Basketball Gverhead Pass 217 -028 - 009 470 -130 142 066 060 -023
16, Volleyball Chest Pass -010 445 199 031 1290 -116 046 -001 -031
17, Volleyball Overhead Pass -001 133 113 522 c94 «057 013 047 082
18, Hockey Drive =064 058 «103 -211 082 099 071 429 275
19, Basketball Underarm Pass «078 117 -096 103 094 361 078 014 204
20, Wali Volley -006 027 717 098 -044 -006 036 039 «047
21, Bounce-Dribble 106 -047 128 =030 -001 507 «051 034 «053
22, Baskethall Throw and Catch -037 016 646 -071 003 103 -054 =014 103
23, Soccer Plece~Kick 134 113 -109 -039 636 -062 032 -123 055
24, Soccer Punt 299 103 120 -102 313 -14%7 108 220 -091
28, Soccer Pass v04 -243 168 245 229 -048 -008 104 069

%% Decimal Foints omitted




JU—

e my L

C-24

TR ER RN RS RN AN R CUREE
000°1 X1 203084
Ie¥°=- 000°1 IIA 20303
pLZ - P9E° 060 °1 A I0308J
ovg*~ 893’ 611° 000°1 1A 1030%sg
1 14 2y 169 ° eie’ 81 ° 000°1 A JI2308g
36e°- 98¢° L83 "° 881 ° €0g ° 006 °1 Al £030eyq
6%~ €e%S° ete’ LS3° {1 L38° 000°1 IIT 103984
2 861 °~ 1L¢°= g80°- 0%2°~ 202°- LEZ°~ 000°1 I x03eyg
vy ° 929 °- €8¢ °- 82¢ ‘- ¥16 °~ &ve *- 716 '~ (1) 4 000 °1 I 10%10%eyg

X1 A IA IA A Al I 11 i

(SI0319eg §) uUOWNICS 2918N1D juspusdapu] PoALIS(
NOILATTOS “IVILINI d TIAON ‘SNOILLVIAHEHODEILNI HOLOVI
ITAXX d1T49VL




——_t i ———

L D4
T e e et g o ey e e -

(830908 8) waXILIEY] J03I8F PIZLIOSUILM PIALIAY
NOILLATOS "IVILINI d "TEION

IIIAKX WTEVL

Wgﬁﬁigg TS R R R G D P » R AT e e ) I R ey
o pautimo sjuiod (BUWIIS2(q
¥ 0 20 100- 193 ote ove- £€¢ €00~ ¢00- ¢00 8sed 492008 °gg
o 6I¢ ¥S0 ¢80 880~ 180 £9¢ 1 4 o 880 Lt jund J9TT0F “HE
) L10 €90~ 660- .60~ Pl 28s 180 600 28% Hory-308|{ JI2008 ‘gg
_ 6L1-  %00- €88 9L~ 200 500- 860 $Z0- e10- o) pue aoayy, jivqrseg ‘gg
) 806 €10 8%0 L80- ¢%0- Lv0 6G¢ LcOo~ GEO alqqla(g~aduncyg °Ig
690 681~ LLL €L0 €10 goo- 210 0.0 £S0~ A3I0A 11BM 02
ﬁ 1c¢~ ove c10 8%0 o1l 690 £8¢ 940 ¥60-~ ssvg waelapuf) jleqisyseq ‘1
100~ 6¢9 ¥00 oté- 100 L10 L0 6€0 yco- 2Ala(g L9700 ‘@i
cE0~ 610 8917 169 LAY ! 6LC ¢80~ EVO0- G50~ 88td peauIaa neqlsien Az
L850 L00- LSe £00- 1474 ¢80 Pri- €00 200 88¥d 189y (1eqlstion ‘97
810 geo~ L90- ¢ces (41 601~ cel 2¢0 Ll 88tdq peays2a) jreqrame ‘5
¢00 ¢90 9¢0~ ¢00 691~ 1.¢0 a80- 00& €506~ 598 189y purg[~omj, jfeqensed 1
€I0- LSC Gvo- 901 80¥ €10~ 660 ¥90- +£0 105 Ysnd puepi-2uQ jieqizyeeyg °¢l
910~ 0660~ 0S0 cco- 0SS0 6iC- il LLY9 €L0 B8t ysng puEji-auQ jjraidiseq °gil
3 2 €3 289 vSi- 862 9%0 921~ I%G- 020~ Let- a2axsg tuIeapls (Ieadoron 11
¥ev $60 400 629 LIQ ¢S¢E €81 900 ¢0o- DAII(T BIEUD Y, °01
LLT~ {18 622 g1~ 100~ €90~ 630~ 209- .S 2Akag uojuixpuyg °g
98¢~ 280~ gel~ €S0 620 g8€0~ 120 L0¢ ¢85 dAax3g WxaeI3puU() 11eqhsIoAn °3
1€0- 002 ¢20- 950 cee~ 613 4/ £G0 L81 M0JY ], WIBIIPU(] [IBCJOT °L
L0€ gLE 560 ¥%0 L1~ 681~ 800~ 890~ 8LY Sugieog °9
8¥0- gGe 660 281 clI- ¥90 L9T~ €10 €99 AWIYY) nojurmepeyg °g
80~ 0€£0~ vec- L20~ 210 €00 900~ 991~ .06 A.I98 s1UUaj, P
clo~ 100 110~ 860 L90~ 1§44 99¢ rA 11y it~ IAZIG WITBIDAQ 112QAATICA °%
gLE- oLt 96 €01 44 181~ 200 980 est A0IYJ, WIAVIDIAQD TIBgiaYsegy °Z
4 FA 8ve LSV L00- 68(- 8s0 680~ LE0- 662 smoayJ, wiaeaaaQ 11edyos ‘¢
Xi A A IA A Al s II i ILTETYN




C-28

009 °1 . X} 403084
148 000°T IHA So108d
£09°  L£9°- 000°| DA $63083
¢ZT*  1€6°- 09§'  006°1 1A dojoeg
890°  9LI°~ TI9T°  0¥Z°  000°F A 20%0%3
g10° 126"~ LPE°  IE’  S8E°  000°% Al “o30eg
292°  6pE°- LPB°  09E°  C€8O°  120°-  000°% 1T J0308
€12  eL¥°- £98°  ASHP°  €2v°  wge°~  G¥l°  000°1 I J030Eg
9(p°  eL,°- 1€9°  9€9°  €6I°  OEF°  ADF®  9SF°  000°T I 303064
X1 A HA A A AL i o ;

(8I030%ey] ¢) UOIIN|OS PIZIIOSUTM DIALISC

NOILNTOS "IVILINI d XHAON ﬁZﬁﬁ?ﬁJNﬁﬁ@Umw&»ﬁ HOLY v

RIXY &1IaV,




AN R

| . paniwo sjuiod 1BWID(QA e

& 640 L20 ggo-' 061 L2e- 281 92 600 ssed 199208 *GE

%) 281 26¢ LPI~- 282 121 LIt £6T- 601 und 359908 ‘8

oe- 211 Ly0- 099 001 L8O~  LI0-  0€0 Hoyy-008ld 292008 ¥

u 270 0L0~- 90T~  €£0 900~ 169 L10 ¥90~ yo3e) pue moayy, lirqreneed g

210 183 €05 880~  g¥O- 1€ 690~ 870~ 21qqrIg-2dunog g

. 630- 190 §i0- €60~ G0 4oL £90 8%0 £a110A TiEM °02

. 660 121= 1L 2% 440 ZLO0~ 602 L90 §8eg videdIpuq) [IegoNsey ‘6Y

_. 6SS L60~ 1) 0€T 910 856~ 160~ 2s0 aatag LasyooH ‘g1

010 %10 850- 90 (13 L01 893 L20 ssed peaus»aQ 11Bqh1I0A 4T

N L L00- 200 L0t- 521 6EY v6 1 050 50 8seq 1894D 11EGAS[I0A 91

| 610~ €62 yET 081- 810~  9€0- 69V L0 BSed PesyIsAQ NeqeRseg Gy

. 661 640~ YOI~  ¥SO 980~ 680~  LIO 9v9  8sed isey)) pueH-omJ, 1ieqionsed ‘Hi

6L1 8€0 821 vL0 LLE Z0T1- 661 200 104S Ysnd pueH-suQ Neqieused ‘gl

990- 780 €60 gz0-  GIT LEO 959 629 esed ysng pueg-wO 1leqmavsed ‘21

809 %0 0go~ 7¢I~  ¢©OT 8v0-  OST £60 2Ax3g WEap]S [1eqdation *11

; SHe 291 PLO 192 6L0 922 6LT- 180 2a1xQ SyUuag, 01
% 202 Z8% 510 600 920 82 oge-  $230- aAidg uoymjwIped °g
: g%0 %9 ge0 2L0- 820 100-  ®i0- 912 9AJSS UIIBISPUL 11EQASTIOA °8
” 922 091 121 ovT 612> 400 90 050 MOIYJ, WIBAIPUN IERIOS 4
L6V 262 %10 L0Z-  8ol- 461 080-  6%0- Sunjaog °9
W‘ 180 $1¥ £21-  OLT €eT- 220-  £82 $€0 Jea1D uoyurmped °g
| 020~ 132 290 73} 2H0- 180~ €51 ehi- aa33g Stuuaj, ‘p
M L00- 18§ SIS 7 96% cgr- 080 80 vio- 9AJ3S WIBIVAQD 11BAASTION °C
r ZLo 100~ 640 5€0 LD 992 91¥ 680 MOaYJ, WEBIAQ 118Q1396EH °2
Z0€ £50 €E0~  A¥T £el= 928 252 1€0- MOV Y, WABIL0 NBRJOS °T

] s A A A Al It I I J1qelIEA

(8103084 §) 33UJI}IBJ JOPVJ X36n]D yuspuadapuy anbliqC PIALIa(]

XXX d79V.L

|
__
|
|
|
“
M NOILATOS TVILINTG d TIAON
|
|
;
|
|
)




C-28

(810308 g) uoyINjoS XP3ISNID jJuapuadapu] paALIA]

NOLLATIOS TVILINT d TIAOW ‘SNOLLYVITHYHCOUHLNI HOLOVS

IXXX HTEVL

000 °1 A YoReg
BE9°=  000°T HA 203087
6S2°  622°=  000°T 1A Jojpog
11 86%°~- G61° 0060 °1 A .u&odm ,
9et = @%I°  160°- €GI°~  000°T Al 303083
396°  186°- 892°  TI¥* L9~  06G°I pI aoeg
2Ih'~ BB HP2’~  20p°- 95T°  GCB°-  000°T I 20308
V6= 0L  BII° 068"~ €E6C°  2UE~ 626" 000°% 1 20190

" iiIA A 1A A Al m 7] 1 .




s

) P2331t0 sjurod emWIIDO(Ixs
% S%0 £9¢ $00-~ oL~ 0S1 63¢ ¥00 €00 g8ed 120008 °GZ2
&) PET 8%0 Gi1- 8LO $91 8IT~ 160 S¥HS ~jung J29905 g
oHI- 060~ 500 260 £99 220~ £00 $81 S013]- 0%l I39008 °g2
K $00~ PIL £S1 £10~ 620 120 860~ 801~ YyojeD pue Moyl ieqaised °zz
A. 100 6%0 168 220~ 610 L1~ zeo0~ SS0 slqqrag-aounog °*1g
| 801~ 37 800~ 2ee 601~ 801 840 8€0 Lal10A TiBM °02
: LP1 920~ 0S¥ S01 LET 7 L0 290 oL2- sged mJasIapun egiansed ‘63
, 889 8v0- 121 ¥10- 2co- 61~ p20 990~ aA1aQd Ao3o0H ‘81
m 110 £92 SL0~ 291 300 865 op0- 901~ sged PeoylsAQ 11eqhoticA L1
| €10~ 222 801~ £8¥ 640 GI0= 200 820 ssed 38940 119q£a11oA °91
L $£0- 120 2e1 .00~ 602~ G068 280 0S1 g8 PealIA( Jleqonsed °Gl
960 600~ £80- £12~ 220 $10 02L 650~  §5ed 183YD) PUtH-oM], NIeqioysey *pHT
£62 L90- 060 ovd £10- 2L0 080~ £10- 10US Yysnd pueH-uO lleqiaysed °g1
oF 1= Li0 ov1 LEO 100~ c10- 069 180 ssed ysng pueH-auQ [jeqiaeeg °21
852 900~ $#60- 580 pge- 9L0 g10- £L0 9AI2S WIIBIPIS 118qLSII0A “T%
6€e .91 660 2S0 €61 L12- 920 14 oalId SIURRL, 01
c91 €40 L10~ 110- ¥60- S62- 020~ S69 2A.13g uoympmpeyg °g
LEO- o€t~ 100- LEO 051~ LEO %02 €6L 2AX9S waeIapu() (1eGAafI0A °§
022 100~ 6L1 oLZ- ¥L0 £60 9v0 LLT Moy ], qxaelapun 11eqjos °.
€96 eeT 820~ 261- 968~ | £V0- TL0- 80% 3utimocg °9
920 100 621~ pL1- 3L0 LIV 110~ 8P 18310 uocjmwpedg °g
201~ g8LI=  0DO ceo- 090 £62 802~ 8e8 aAJag SIUUDL °P
2€0- 960 0LE 680~ 1} 24 2£0 910~ 961~ JAI3S WJIBINAQ [1BGASMICA ‘€
790 GLE 101 0890 210- 1% %S0 e11- MOaY ], WABIIAQ lleqidysed °g
81¢ 11¢ 000 6S1- A L Y4 690~ 050 MoaYy ], WIBIIAD 11BqII0S °1
A 1A IA A Al 1 ] 1 ajqelaep
(8303083 8) #xXIIIBIN J030€g [OZIIOSUIM PaAlza(
| NOLLATOS TVILINE @ THTON
| IIXXX TIeYL




el e

§
v
el o rm—

* - IS
‘4
st
P e ™ e

C-30

000 °t HIA J030%BL
£6S°- 000°1 A J030Bg
EVv°- 829  Q00°T IA 30308
po€*- TIE°  838°  000°% A 30poeg
899°= TL€°  TET®  G2E°  000°T Al 30p0%g
0ps°- 2E°  ¥OV° AP 09%°  000°T IN S03984
02¢°~ ¢Te°  £22°  BES°- 99E° 005"  000°T II J03084
26L°- 2u9° OIS  €8e’  9ES°  A4IS°  8SH'  000°T 1 J008g
TIA TiA 1A A Al I 7] I

(SI0302g g) UCHINIOS PIZIIOBUIM PoAlEa(

NOILATOS TVILINI d TIQOW ‘SNOLLYTIHHODHILNI HOLOWI

IIIXXX FIgvl




C-31

Patwo sjurod [ew1daqg s

200 4 4\ vit 60¢ veEl 8Ll 1€0 ssed I39208 °GZ
LET 121~ (1145 10 8vt 9¢1- 0sYy . ung 130008 °2
¥10 910~ 8L9 800~ 660~ ¥00 S0 }O1¥-098ld a20008 °£2
€60~ (44! 600~ vao €69 S 00 6c0- yoye) pue moay ], 1jeqienseg ‘gz
14 O (441 911~ 4 080 vio- [AA¢ alqqixg-ovunog °1g
€10 ¢90~ 60~ LI0~ €L 980 ¢90 ALB1I9A 1ieM 03
cLo (4474 960 ge1~ 9¢0- 10¢ gel- 88td WJavIIpuU() 11eqiajseg ‘gl
LLl 66¢ 01t 001 €90 102~ 0ct aAalxq Lo%00H °91
£90 LY0~- C11 900 LLT 66S 90~ S8t PERIYISAQ 118GASIIOA °LT
060 LI~ ¥9¢ 11g- | £ L60 €90 ssed 1894 [1eq491{0A 91
€S0 14 § L81- c00- 160~ ' §° YLl 888 pEII2AQ Tleqiojsed °gy
L99 T80~ 8¢0 g01 090- ot10~ £50~- 88%d 383D puelj-~oMj, lieJjonseg 1
9.0 BET 941 I6e- G680 022 €el joys gysng pusvj-3uQ jjeqionseyqg °gi
S6¢ LE€0 S00~- 681~ 020 811 98¢ #88q ysnd puejl-auQ jivqisiseyg gy
(] ¢4 LET ¥80- $80 811 £€0 €Le SAX3E WIBAPIS 11eq4La1I0A °TT
€GO 144! (1} 44 210~ 292 81~ cge dAlIJ sSuudy, ‘0t
GE0~ £¢0 L0 200~ 444 LLC- 6Eo 9AJX3g uojulmmpey °g
LL1 LTI0~ GEo~ 460~ evo~ vo1 £69 aAlag wixexapun 1ivqhsiioA °g
€60 (1114 280 £62 LE0~ $20 681 Moqyj, arrexapuf) j1eqiyos °L
920 B3€% ] A .61 9€2 oel- 108 Sunjmog °9
¢E0 990~ 0S1 ve IL0- t4: 14 »9¢ Je31D vojuymapeyq °g
y02- TS0 ¥ei 8v0 19% - 44 9.9 9AJI38 8uuwa g, *y
066~ 42 1484 490 020 650 281~ 2AJOS WJIRIAAQD [1BQL31I0A °E
601 14§ %0 000 4 § 4 o0v 620~ M0aYJ, WIBIAD 1lEqIaxseyd ‘2
€30 84 ! 96 ¢8e 141414 LS1 360 MOJIYJ, IBIBAQ [1BqIJOS %
I1A IA Y, X Al nx 14 I SlqelaB /)

(830108 L) »sUI3)IBJ JO3SEY J338N1D jucpuadaepug anbliqo PoAIIa(]
NOILATOS TVILINI d TIAOW

AIXXX UTdVL




J:f; S o

P // -

L

S
&
(&)

000°% A d03o8g
262°  000°% IA 203084
1§73 gue’ 000°t A 03084
8IT°  822°  ¥52°  000°I ATa03ORS
99€°  99%¥°  E€IF°  162°  000°% I 303004
9LE"~  S8E°~ LOV°~ EPT°> €GP~  000°T If 203954
Vey°~  09%°- L6P°= G9E°- CLS°- EFH°  000°T I X018
A 7 A A i it i

(8303084 ) uonniog t8ysni) juspuadapul psAldag

NOLLATOS "TVILINI 4 TACON ‘SNCILVIZEYIODYILNI HOLOVd

AXXX UTdVL




o O 2, -

Pojjlwo sjutod (w02 wg

(8103084 L) #eX1IIBI 10308 PIZIIOSUIM DIAIIA(

NOLLNTIOS TVILINI d TIGON

IAXXX 37149VL

89¢G o1~ L0g~ 414 983 810 10 88td 490008 °G2
%0~ 911~ 2L0 08¢ 820 4:1v] gLS jung 320008 °‘y2
000 890 680 4] ST~ £€0- £90 AO-90'lg I3I308 °gZ
£v0- 921 ¥H0- £90 £0L 9.0~ LS0- yoyeD pue moay], 1eqivnseqg °22
Si1- 629 L0 LEOD 110~ SIi~ §10 alqarrig-adunog °iz2
1L0 040+ 8%0 €21~ L2L L00~ 080 A3110A 1M 02
8%0 148 680 113 200~ 98, 862~ 9681 MmIBIIPU() (YEQIORSeY ‘61
652~ L63 ge1~ 292 800 122 SIt Al L3%00H °81
oLS yS0- 090 900 978 c00~ 611~ 88%d peayaIaaQ 1Bqaal0A L]
900 600~ Y4 2 810 SHe 010 0£0 ssud 1894D 11eqlafioa °O1
3% 680 600- cee LS0 v10- SI1 808 PESYIA0 11eqionseg °Gy
90~ 560~ S00 £%0 820~ 0L 280~ 8sed 392U pueH-oM ], ({eqioNsed °P1
811 (A0H 92¢ 210 LGO- $00 S10 Joys ysng pueH-auQ J1EQIYSEY g1
210~ B%t 262 ST~ 280~ 128 120  88®d ysngd pueH-su(; (1€qiaNseqg °21
990 BLO 180~ 20~ 960 102 00¢€ 9AJ3g WIEeapls 118q4A3I0A °T1
£61- 381 22u 082 0S1 9€0 pig - A1 STUUd L, *0F
oL1- 500 €00~ 0%0 020 860~ 092 daJag uoymympeqg °g
012 110~ 1 cHi- LLT~ 960 29L 3AJ3g WwxeX3pU() 1eqLaI0A °g
£80 6Pl 8L2~ 022 200 990 ¥12 Moy, wizexapuf) j1eqyes °L
100 200~ $c2 = 120~ Ot 210 0r9 Bunaog °9
08v 12~ 02~ ¢81 020 PO~ 20% 18310 uojujpapeg °g
LoV 110= 90~ 160 £02~ 198~ 1 29 dAlag SIUUD ], °P
220- 00% 860- $2¢ 280 810~ GL2~- 9AJ3S UIIBIIAQ 119QAIII0A °g
2Le 121 0€0 0960 02% 0L0 00t~ MoJY ], WITIDAQ 11BqIonseqg °2
{34 100~ 282" 68¢ 09¢ 120 Set MOJY ], BIBIIAQD 116308 ‘1
“iA TA A AT 1il 11 T alqeIIBA




I PO t .Y R < *
) i, o - X ERE DAY B oo .. i N . \
F\ ¥ s e L AR o

C-34

000°T JIA J0308g
23s”’ 000 °% 1A 2030%g.
€62°  910° 0001 A Jojoeq
96%°  L823°  @SY°  000°T { Al 3038y
| 126°  £9S° 612" 498" 000"l . HI 303088
§SS°  6LE°  1L2°  OLE"  68€°  000°T I1303084

14 1¢9° L61° 1Ly © ve9”’ 8es”’ 000t I J0%084%

AR S \ N N L

IIA A A Al ol 1 I

(830308 L) UOHNICS POZIIOSUIM PaANIaQ

i e e —

NOIL(TOS TVILINI d TAAON °‘SNOLLYIEHHODWILNI HOLOVI -

ITAXXX WIdVL




C-35

poRtuio S3ul0d [BUIIOS w4

LE2 L02 LE€ oL1 €10 822 ssed 330208
eve 09¢ $90 651 82¢ ies jung 299008
e 909 $01 0€0~ 081 281 FOIM=-30%( g 152008
%08 621 P12 919 950 L92 yo18,) pue moIyJ, fjeqionseyg
o1 £00 ¥81 282 820~ 618 a1qqixg-asunog
126 0%0 222 G6S L02 0L2 L3104 tem
oLT €91 6€E Gg1 AA | £€0 888 WJIBISpUN (1TqiNseq
202 P81 ¥60 8L L21 £€¢ 2A3x(g A9%00H
PCY L681 LPS 161 692 680 sSed PeatI9a0 (18qASNI0A
DL £€2 0S80 962 £LE 960 8884 183YD 11Eq4d1I0A
(141 8v0- 08S 850 LLY €61 sged peayaaaQ 1teqienseyg
80¢ ovo €01 6e0- €€S %01 s5sedq 383yD pucH-oM ], (leqionseyg
922 £03 182 621 10€ £21 104S ysng pueH-suQ lieqransed
2Ly 2¢€0 961 GLO 8€9 2b1 BSRJ UShd putH=-2UQ jleqiaxsed
Sig 360 192 681 992 66€ 2aJ3g Waeapls 115q4a1I0A
 §74% 80¢ 980 01¢ 26T 137 Al stuuad],
28V 313 LEO- (1} 24 021 0€9 243§ uoUImMPEY
196 1L0 963 8%0 #8¢€ 26% 2A49g waesapun NeqialoA
€92 991 8L2 101 520 €8¢ MOJY ], WwievISpUn [IBRPFCS
POV LS0= 8s1 L82 L¥0 01§ Suyimog
P8Y £62 1§47 910 191 SOv Jeald uouimped
8¢S LEZ CLE 020~ 050 £09 9A13g SIUUDY,
L6Z 137 992 161 900~ 101 AAIIG WIIEIIAD 118QA3LI0A
PES 2Lt 615 OvE 6L% 681 MOJaY ], WIBIAQ JBqIeNSEY
6LS I8¢ T4 2 LIE L01 A4 MOJIY ], UrIEIDA0 TIEGYOS
2% A Al I 1] 1 alqelaBA
#XIIYEI] J0308g JeuodoyiIO paatsaQ )
NOILQ'IOS TVILINI DOISIUCS
IITAXXX 319Vl
IR

‘62
9
4
k44
‘12
08
81
81
‘L1
‘el
S
k4!
‘el
‘21
1t
01

®
QO

RN R 3

®
- m




r %

( ®  vgs  sse  8e0- €S8~  PIE  9%F  SHO GBI 888g 420005 °gg

; T LE9 €81 LI1- 902 9G¢ 11 oet 309 IUNG I9090§ °*Hg

] G2L 160- 820=- 18¢ [£:1 9¢0 880 261 AIL(=30T]g I90008 ‘g2
069 092 212 1.0 SL0 980 %00~ 1£2 Yoed pue aoiyl |jeqanseg °gg
Sss P61 8L9 080~ 10~ 910 960~ 02 “1qquig-aounog °1z
80L 2oL 810 gel 609 GL1 660 092 £2110A HeM "02
098 019 %c9 881 SS1 £e2 9¢1 $i0- ssed waedspun jleQoyscyg *gi
827 €50 268 950 L1 S0t~ cg1 28% aara(g AsjooHy 'gy
219 0Le 2%0 2Le Le1 qc9 621 8¢e0 8sed peoy.sAQ 11€qLafioa °L1
89 202 801~ 81L LN 229 $01 211 gsed 124D 1ieqdatioA ‘91
829 050 881 $E0 €01~ 157 680 o1 SSeJd PeaNIAA0 118q1dN8<g °Cl
662 70 090~ $90- 660 2L0 1.8 L0T ssed 183yD pueH-0AJ, (1eqidiceg ‘|
809 2c0- 1.2 8¥%9 oLe €92 9%0 S61 104S YsSng purH-3TQ (1eqioNnssg °cl
689 £20 ch1 262 €10 891 2hL 891 €42 ysng pueHH-auQ jteqidyseg °zi
() 811 6e1 cL1 680~ 622 $91 01¢ 2aJ9g W22apls 11eqhalloA 11
SIS 01¢ LST 0€l 02¢ 020 180 LIS sAlxQg si1uuag, o1
719 (] ¢4 620 880 9%0 L90= L00- ePL 3AJI3Q uoyuiipEy ‘g
€6S LSO 6€0 42 190 662 £62 6¢€9 9AXag wireJdspuf) 11eqhaiioA °8
£eY 160 114 $92- (3 24 LY per 16¢€ MOJY ], WiBIIpPUN IBqIIOS °L
v6¢ 00¢ 601 801~ %60 191 %00 899 dujjmog °g
119 140 80~ 210 L1g 02S 680 L9P 291D UOyUIWpPEY °G

n 0L9 680~ 890 LLO 268 (V] c21s 229 DAJOS SIUUDL °p

R 929 191 98¢ £H0- 4G9 121 600 810 dAJ2S WIIBIIAQ 11EGASIIOA °€

, P66 22y 802 LY2 £v1 69% LBY 281 MOIY ], UIXRIDA0 11EqIONSeH °2
109 ZLE LET %20 23 ] 2 P01 eeP MOJYJ, WIBIIAD 118qIJOS °T
24 NA IA A Al I I 1 SICHECIN

. e
Rl i e e SN S

£RXIIIXCIN 103084 1euoSuylIQ PaALX3(g
NOILN"I0S TVLILINI SLNENOdINOD TVdIONINd ALATAINOOINI

XIXXX FIdVL

) " DR B . ‘.
S e T T R




Veriable #1 #2 #3 #4 85 46 #1  $8  #9  #10 g1

#1 1,000 549 336 466 517 -410 410 398 379 392 399
# 2 1.000 243 377 39 -299 230 381 264 270 304
#3 1,000 216 285 ~-151 242 144 108 315 117
# 4 1,900 553 -378 361 542 427 344 281
#65 1,000 ~350 304 405 358 370 348
#6 1.000 -378 -438 -288 -382 -429
# 7 1,000 339 230 301 236
# 8 1,000 419 408 357
#9 1,006 39% 256
#10 : 1,000 388
#11 1,000

#13

#15
#16
#17
#18

#19
#20

#21
§22
#23
fi24
i#25

* Decimal points omitted
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TABLE XL

" INTERCORRELATIONS

#12 #13 #14 #15 #16  #17 #lo #15 #20 #21 £22 £23 #24 #25

212 290 238 246 188 430 -362 237 430 191 457 330 451 349
352 318 209 369 317 466 -300 316 412 202 438 228 337 343
155 185 053 149 084 257 -137 237 199 253 191 343 242 258
196 257 051 323 140 304 -225 191 250 217 290 338 442 235
301 214 193 355 178 354 -232 155 302 016 251 323 381 344
-12¢ -158 -126 -20€ ~-i15 =174 313 -151 -398 =200 -299 -054 =359 -310
125 126 185 237 057 236 -274 199 210 176 275 142 328 231
392 261 283 267 225 372 -230 142 352 250 228 252 518 207
184 208 118 151 175 059 -294 086 342 207 332 188 479 173
230 24( 146 205 218 274 -301 193 411 222 368 320 487 260
2581 295 176 282 205 312 -345 150 267 149 243 125 387 223
'1,060 276 478 275 217 212 -i04 224 291 093 187 178 304 105
1,000 098 230 329 313 -175 266 160 104 193 201 249 107
1,000 114 133 192 -130 100 114 -020 086 157 233 151

1,000 087 393 -103 220 266 191 168 068 2190 270

1,000 262 -09¢ 104 280 043 201 250 315 075

1,006 -i55 243 387 071 264 227 302 266

1.060 -164 -178 -160 =-207 -228 -288 -080

1,000 303 215 216 170 122 116

1,000 185 550 144 305 232

1,060 249 053 056 143

1,000 098 340 27

1.000 382 244

1,000 295

1,000




