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CHAPTER I

AN THNTRODUCTION T0 THE PROBLEM

Introduotion

Host definitions of the term "agility”, in the field of
physical education, imply that the trait is concerned primarily
with shifting the total body about from one spot to a nearby spot.
Ho attempt has been made to detemmine to what degree basic physical
components are presant in tests now used to measure agility,

Strength, derived from muscle scurces, is considered to be
a basic component of agility, for without a certain degree of
strength the total body movement would be sltered.

It would seem conceivahle that the ability of certain body
parts to shift positions from one place to another would aid total
body movement or hinder it « depending on how such parts wsre used
during an agility test. This movement of body parts would depend,
no doubt, on a basic component of straagth along with reaction time
vesulting in performance time,

The above hypotheses suggested to the writer that certain
muscle groups could be tested for strength with the resulis intere
correlated with standard agility tests., In addition, it was thought
that arm movement, involving an element of reactiom time, resulting
in performance time, might be measured and intercorrelations run bee



tween the strength tests. If any high intercorrelations were fowmd
between a number of the test items, it might suggest that basic come
ponents of a general total body agility test were available and
could be isolated.

Purpose

This investigation was undertaken in an attempt to detemmine
the degree of relationship, if any, between strength in the flexor
and sxtensor muscle groups of the forearm and lower leg as compared
with (1) components of total bedy agility, (2) total body agility,
and (3) forearm perfowmance time,

leed

If basic components of presently administered agility tests
could be isolated a new and, perhaps, better approach to designing
tests for total body agllity and specific body-part agility may
have besen found, |

Linitations

This study was limlted by the fact that only thirty students
were inwvolved in the testing procedure, and that an equal distrie
bution of body builds, heights and weights of subjects were not
available to the writer,

Subjects were not evaluated as to physical fitness level prier
to the time of testing and were not required to enrell in any off.



Definitions

The writer believes that the following definitions are
necessary in order to attain a oclearer understanding of the study.

1, Agility <- Agility is that quality which allows an
individual to maintain belance, change body positions quickly, and

have the spsed to change body dimuona.l

2, 3t ~= Strength i3 the capacity of an individual

to exert muscular forco.z

3. Performance time -~ Performance time is defined as the
time required for a subject to execute a preseribed and voluntary
movemsnt, No auditory stimulus was involved. Performance time
should not be confused with reaction time,

lmuglas Lee Tschetter, "The Effects of Selected Football
]I.);}él]).s on Agility,® (M.,S. Thesis, South Dakota State University,
5)s Pe 3¢

zaarolg H. Barrow and Rosemary zng;.ﬁ W
ey, 1o Tgies Ruestion, e

s Pe



CHAPTER II
A REVIEW OF RELATED LITERATURE

A review of the literature related to agility revealed that
the definition of agility varied sccording to the suthor or re«
searcher. By examining the various definitions of agility, a
broedar scope of the term was established,

Clarke® defined agility as the speed in changing bedy po-
sitions or in changing directions, Barrow and NMoGee thought of
8gility as the ability of ths body or parts of the bedy to change
directions rapidly and acourately. Tsohnuaj stated a complete
and concise definitien of agility in his study conoerning agility,
He defined agility as that quality which allows an individual to
maintain balance, change body pesitioms quickly, and have the speed
to change body directiens,

A variety of definitions appear in the literature assocliated

with strength. Barrow and Heﬁoo“ defined strength as the capacity

of an individual to exert muscular foree or the ability to apply foree.

1
%g%% (et i 2L panupment, to el 3

Z.B‘l‘m and W,]ﬁo 2&., Ps 118,
rschetter, loc. oit.
“Barrew and MoGee, gp. git., P. 115.
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Hooks: said that strength of a muscle was the smount of force that a
muscle was capable of exerting, such as pushing, pulling, gripping,
or 1ifting, Clarke® discussed muscular strength as the maximmm
strength applied in & single muscular contraction, Morshouse and
Miller’ said thet strength may be defined as the ability to exert
tension against force,

In & study related to physical traits and agility, Jennett”,
in testing male athletes and noneathletes on twentyefive (25)
different agility tests, concluded that perfommances in. agility tests
wore accounted for, in part, by reaction time, spsed of movement,
strength, balance, change of positions, change of directions, and body
~ige snd form, Agility appeared to be comprised of meny traits,

Techetter’ conducted an investigation to detemmine Af agility
vas affected by an agility training pregram smploying an agility
mage, two man sled drills, and reaction drills. The conclusion from
this study showed that the method of agillity training employed was an
offestive method of inoreasing dynamic balance, but had no effect

lgene Hooks, Application of el to Athletios
(Englewood Cliffs: ,P%hﬁ?m. R 9%2. ’
2&‘*‘., 9P 2_&2‘, P 3130

BLam'owo B. Morshouse and Augustus T. Miller, ; . of
Exercise., (St. louis:s The C. V. Mosby Company, 4th ed., Pe 59

b air W, Jennett, ®"An Investigation of Tests of Agility®, (Ph. D.
thesis, State University of Iowa, 1959).

Sr’mthl‘g 2p. &o



upan spsed in changing body directions or gquickness in changing body
positions,

Eon.rl investigated the relation of gquickness of bodily
movement to success in athletics and concluded that there was a
positive relationship between the ability to move the body guickly
and success in athletic activities.

In reviewing the literature, the writer was not able to find
studies that attempted to determine ths degres of relationship, if
any, between strength and agillity. The above studies have suggested
that agility probably consists of more than one trait, but to what
degree remsins mknown.

liouis P, Keller, "Ths Relation *Quickness of Bodily Move-
ment! to Success in Athleties,® Resesrch Quarterly, XTTI, {May, 1942),
PP 146157,



CHAPTER IIX

)CEDURE FOR OBTAINED DATA
Pre«Testing Considerations

The following precedures were considered impertant in cone
ducting the tests involved in this study,

Pre-testing warmeup. Each subject should be required to
executs a series of exercises prior to being tested. The exercises

weore a8 follows:

Junping jacks
Bend and reach
Siteups
Pusheups

Stationary mmn

Zesting sequence. Bach subject should be tested in the
following sequence in deference to fatigus factors,

Foreamm Flexion 3irength Test
Lower Leg Mexien Strength Test
Forearm Extension Strength Test
Lover leg Extension Strength Test
Change of Direction Test
Quiciness of Body Movement Test
Balance Test

Foream Performance Time Test

Bach subject should be required to wear a uniform

cansisting of a Teshirt, gy shorts, athletic soocks, and g shoes,

Ireining of testers. All assistant testers should be given
several training sessions, in order to familiarisze them with all testing
equipaent and procedures that were to be followed,
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Angle of testing. The angle at which sach muscle group should
be tested was considered along with the mechanical efficlency of
muscles, Several studies were considered in determing the proper
angle for sach muscle group.

In the ares of angle of testing and mechanical efficiency of
muscles, Rasch® reported that muscle strength was the grestest during
elbow flexion vhen the angle between the humerus and forearm was
from eighty (80) te ninety (90) degrees. In slbow extension, the
angle of one hundred and twenty (120) degress produced the highest
results. Rasch also found that subjects in the erect positicn showed
the greatest strength of elbow flexien with the forearm in the mide
position, the least in the pronated position, and the intermediate
in the supinated position.” Hwsicker and Greey’ stated that the
position of the body was an important consideration when administering
strength tests. Morehouse and Miller® dlscussed the mechanical
officiency of muscles, stating that the angle of the pull by a muscle
wvas affected by its attachment to the lever (beme). A pull at a right

angle to the lever gives maximum mechanical efficisncy. The cleser

1Philip J. Rasch, "Effect of Positlon of Foream on Strength
of Elbow Flexien,” Research Quarterly, XXVII, (June, 1956), pp. 33337.

3Paul Hunsicker and George Greey, “Studies in Human Strength,®
Research Quarterly, XXVIII, (March, 1957), pp. 109-22,

torehouse and Miller, &p, cit. p. 812,



a load wvas placed to the fulorum, the greater was the mechanical
advantage. ‘

The above pre-test considerations were deemed advisable and
were 50 lmplemented.

Subjects

Subjects for the study were thirty (30) in number and members
of the Bastern Illinols University varsity and nonevarsity feotball
squads, Subjects were volunteers and had participated in football
during the 1966 seasons, The average group weight was 198 pounds end
the average height was 71 inches.

Description of Test Aduinistratien and Test Apparatus

Forearm Flexion Streagth Jest. Foream flexion was tested
by the Elgin "Multiple Angle Testing Unit" (Figure 1). The ine
dividual was in a standing position, feet flat on the floor and
spread about shoulder width, The elbows were in close proximily
to the sides of the body. The hands grasped a sixepound bar to per-
mit the subject to exert pressure against the Foroe Gauging System,
A bevel square was used te check and adjust the angle of flexion
between the humerus and the foreamm prier to starting each trial.
This angle was maintained at ninety (90) degrees. Bach subject
received three trials, The effort vas read and recorded by the tester,
The indicator on the Force Gauging Systim dial permitted scores to be
recorded in inocrements of two pounds,
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FIGURE 1, Strength Test: Forearm Flexion



1

Eoream Rxtension Strength Jest., Forearm extension was tested
on the Klgin "Multiple Angle Testing Unit" (Figure 2)., The individual

was tested in the supine position. The neck of each subject was
placed over the end of the table in order that the subject's neck
muscles could not be used, The ams of the testing unit were placed
over the shoulders of the subject and the angle of extension between
the foream and humerus was adjusted at one lmmdred and twenty (120)
degrees. The tester stood at the head of the subject and restricted
the subject's elbows from abducting from the body and insure true exe
tension of the foream. Scoring was the same as in foream flexion,

Iower Leg Flexion 3trength Test. Lower leg flexion was tested
by the Elgin Quadricep's and Hamstrings®'s Dynamometer (Figure 3).
The subject was placed upon the table resting on his hands and knees.
The Achilles tenden area was placed in the strap of the testing devioce.
The angle between the fewur and the lower leg was ninesty degrees,
The tester etood at the head of the subject, preventing the subject
from leaning forward and dosf.mmg the testing angle., The scering
procedurs remained the same,

Jeuer lag Extension Strength Jest. Lower leg extension was
tested bty the Hlgin Quadricep's and Hamstringsts Dynamometer (Figure 4).
The subject assumed a sitting pesition on the table. The lower leg
was positioned ninety (90) degrees from the femur. The back of the
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FIGURE 3. Strength Test: Lower Leg Flexion
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FIGURE 4, Strength Test: Lower Leg Extension
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knee was flush with the edge of the table., Another person sat with
his back against the back of the subject being tested to keep the
subject from leaning backwards and using muscles other than those
being tested. The hands could grasp the side edges of the table.

The scering procedure remained the same,

Change of Direction, The Penny Cup ‘l’qatl was revised in order
to measure direction change, ome of the components of agility as
defined in this study (Figure S), The Penny Cup Test was converted
to an electrically timed test and directional changes were given with
a2 light stimulus contrclled by a master control unit, In the test
administration, the subject's performance tinme was measured by the
Dekan Athletic Performance Analyser and all readings were taken in
hundredths of seconds. No auditory stimulus wes used. Performers
were allowed to start the test whenever ready. Direction lights,
controlled by a three (3) position retary switch, were placed behind
each of three (3) temination pads and signified the direction the
perfomer was to take, The termination pads were located with the
center of the pad twelve feet straight ahead of the starting pad and
the right and left pads at ninety degree angles to the center pad
and eight feet away from the center pad, The tester, by use of a
master control box, was able to control the functioning of the
directional lights, The subject stood with his feet behind a starting
line facing the direction of the test, uhen veady, the performer ran
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forrard, stepping on the starting pad which was elght feet from the
starting line, As a result of stepping on the starting pad, the timer
was started and one of the directionel lights flashed on. Once
leaving the starting pad, tho‘ performer moved as quickly as possihle
in the direction of the signified termination pad. The performer
ended the trial by stepping on a termination pad, thus stopping the
performance clock, The time to complete the test was recorded in
hundredths of secomds, The directions of the test were thoroughly
sxplained to each performer and each performer was given as many
trials as necessary to execute the test properly. Bight trials were
given to each subject fer score., The arrangsment of the trials was
assigned by a table of randem numbers, Four groups of random numbers
were used and rotated among the subjects,

Quickness of Body Movement Test., The test used for measuring
quickness of body movement, another component of agility, was the

Pennybaker Prone to Standing Movement Test’ (Pigure 6), The test
began with the subject in the prone position on the floor, armes and
legs fully extended with the arms above the head and the toes
pointed behind, The performer rested his dominant hand on a microe
switch, After removal of the hand from the micro-switch, the subject
stood up as quickly as possiblae, ran around a chair, and stopped the
performance clock hy stepning on the temmination pad, The time to
camplete the test was recorded in one-hwndredths of a second (1/100).

2Dale A, Pennybsker, "An Investigation of Speed of Movement,
(Ph, D. thesis, State University of Towa, 1961). p. 18.
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Subjects were given a thorough explanation of the test and ware
allowed as many trials as necessary to exeoute the tast propaerly.
Three trials for score were given to each subject,

Balance Test. The Bass Dynamic Balance Test’ was employed
to test balance, the third component of agility (Figure 7). Circles,
sleven in number, and mnine and one-half inches in diameter, were
drewn on the floor in keeping with the test description. The pere
former stood with his right foot in the starting circle, leaped
into the first circle with his left foot, into the second cirele with
the right foot, and completed the test by altemating the fest and
leaping from circle to circle. The test required the subject to
leave ths floor entirely in leaping from one circle te another,
landing upon the ball of the foot and not permitting the heal to
touch the floor. Subjects were to remain in the clrcle for as long
as he could up to a maximm of five seconds., Tha tester counted off
the seconds for each circle, The %est required that if the per-
former leaped into the next cirele before the count of five, the
comt began anew. If the performer remained in the circle more
than five secands, the extra time was deducted from the total tims,
Each subject was given three trials for score, Practice trlals vere
permitted. The scors recerded was fifty plus the number of seconds
taken to negotiate the test, minus three times the “errors”. The
warrors® included the following:

lputh I. Bess, “An Analysis of the Compenents of Tests of
8aﬂ.az.rou1ar Canal Punctions and of Static and Dynsmic Balance,"
5 ARA L A o 1, (Kl?, 19”)] m’ 33"520
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FIGURE 7. Balance Test



(1) touwehing the hael to the floor.

(2) moving the foot whlle standing in the cirele,

(3) hopping upon the supporting footl,

(4) touching the fleor outside the cirale.

{5) touching the floor with the ether foot.

{6) toushing the fleor with axy other part of the body.

taken s# the score, A minus scovre was recordsd as stero, Tach error

ecounted as ene point., Accoumilative errvrs were computed by the use
of a handetally vegister,

performance time was testsd in order to compare the time required
%0 move the foream frem one position to another with the strength of
that movement and the components of sgility, Foreamm performance
tine was measured by an apparetus construsted by the writer (Figares
smdg}.,’mw«mwmmtmmumrwmt
both the laft and right ams, The %est itself consisted of dew
preesing a switoh, releasing it, and contacting another switch with
the first switoh and stopped whenever contact was aade with the
second switoh. In the flexion test, the subjest started with his
forears in the extended position and moved o the {lexsd position,
Extension was tested by reversing two plugelas cn the Dekan limer,
The subject than started s the flexad position and moved to the
sxtended position. Tach subjeot yecelved as nany practice trials
as he desired, Three test trials in flexion and extension were re-
sorded for sach ara, Tach trial wes started by the subject whenever

he was ready,
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Subject Fatigue

The fatigue element from repeated maximal exertions of the
forearn and lover leg muscles while possibly present, was minimiged
by spaced testing and, in additien, was equalised by systematically
changing the muscle groups that were being tested. The three
trlals for-whmehmmmmt-modmwm
bring en fatigue.

23



CHAPTER IV
ARALYSIS OF DATA
Introduction

The purposs of this investigation w&é to determine the degree
of relationship, Af any, between strength in the flexor and extensor
mascle groups of the foream and lower leg as compared with (1) come
ponents of agility, (2) total body agility, and (3) forsam pere

fomence time,
Organization of Data

Strength tests. HRach subject was given three (3) trials
on each shtrength test, The highest scors from sach test was
selectad as the representative score for each subject. Data appears

in Appendix A.

Total limb strength, Tokal limb strengih was computed by
adding the scores from esach strength test, Data appears in Appendix
A,

Change of divection test. Sach subject was given eight (8)
trials in this test. Three (3) trials were given to the left and

right directional lights and two (2) trisls were given to the center

light. In the analysis of the data, the highest and the lowest scove
values were sliminated and the remaining six scores were averaged to

deternine a score for each subject. The raw scorss wers converted

to z scores, The data appears in Appendix B.
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Quicknpess of body movement test. Three (3) trials were
given to each subject. In keeping with the test instructions, the
scores were then added and the sum represented the score for each
mhjact. The raw scores were converted to g scores, Data appears
in Appendix B,

Balence test. 3Hach subject received three trials, The
scoring was fifty (90) plus the total number of seconds minus thres
times the “errors®, The average of the three trials was computed
for the statistical analysis, The raw scores were converted to g
scores. Data appears in Appandix B,

Iotsl bedy agility. The total body agility score was come
puted by finding the sum of the g scores frem the change of
direction test, quicimess of body movement test, and the balance
test, Data appears in Appendix B,

Poreamm performance time. Three trials were given to each
subject's right and left amm, The best effort for each foreamm was
selected and the average between the left and right am was com.
puted., The above procedure was applied to both extension and
flexion, Data appears in Appendix C.

Reliakdility

The reliability coefficlient for the Bass Balance 'l‘oatl was

lBasa. 8Re git. P. 38.
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++95 a8 reported by the orginal author, /Mnother investigator,
Techetter', reported & reliability coefficient of +,87 for the
Pennybaker Prone to Standing Movement Test. The original Pemmyoup

‘Test had a relisbility cosfficient of +,904%, Reliability cos
sfficients for the remaining tests were not established. The follow.
ing precautions and procedures were followed throughout the testing
period in an attempt to obtain relishle results: training of
assistant testers, written testing procedure for each testing
station, standard score shoois for sach testing station, practice
trials, warmeup periods, electrical timers, and pre-arranged testing
schedule,

Statistical Analysis

The data collected in this investigation were analyzed with a
program developed ty DiPietro, Heyerholts, snd LeDuc’, This progrem
caloulated the mean, standard deviation, and standard error of the
~ mean for the variables and caleulated the correlation coefficients
between all variables and the number of sets of data used,

The zeores representative of the veriables were key punched
on IR oards and the IRM 1620 Computer caloulsted the correlation
coefficients betwesn the variables,

%semw, @Pe git. p. 20,
%mwa, op. eit. p. 172,
34 J. DePletro, Roy Meyerholts, and Richard LeDuc, "Correle

ation Analysis for an Unfixed Humber of Variables (Cards).®
(Charlestiont: Zastern INlineis University, July 15, 1964),
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For the purpose of this study, the five (,05) per cent level
of confidence with twenbtyeeight (28) degrees of freedom was used to
detemmine if there was & statistically significant gmmm Do
tween nmhlosl, The coefficient correlation was required to be of
greater magnitude than (+) or (=) .36 to be statistically significant.

Strength versus sgllity findings. Of the sixtesn (16)
correlations that were analyszed between strength and agility, enly

two produced ccefficients of correlatlon beyond the .05 level of
significance. The correlations are shown in Tables 1 and 2, PFoream
strength flexion was correlated to quickness of body movement by a
coefficient of +.44. The extensors of the lower leg had a cerrelation
coefficient of +.,41 with balance,

strength was correlated with foream performance time, the coefficients
weTe not at the five percent level of significence or beyond, (Table 3)

Agility versus foream perfommance Lime. Uhen foreamm pere
formance time was compared with agility, there was a correlatien
cosfficient of -,39 between foresrm performance time {extension) and
quickness of body movement. (Table 3) The correlation between foreamm
performance time (flexion) and change of direction was +.34. However,
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this cosfficient was not large enough to Ye accepted at the five per
canl level of cenfidence.
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CORRELATION COERFFICTRNTS HETWES: VARLABLES OF
FORRARM STRENGTH, AGILITY, AWD FORBARY PERFORMANCT TIMES
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Swmary of Findings

In swmarizing the results obtained, it was noted that there
was 2 significant relationship betwsen strength in the extensors
of the lower leg and dynamic balance, one of the components of
agility. There was a significantly inverse relationship betwaeen
strength In the flexors of the forearm and quickness of body move

ments, another component of agility,

Forearm performance time (extension) had a significantly ine
varse relation to quickness of body movement,

Discussion of Findings

The writer found that the relationship between strength in the
extensors of the lower leg and balance to be significant, howaver;
this relationship was expected due to the design of the sxperiment,
The test for balance required the subject to leap from ons circle
to another and the ability to control one's halance seemed to depend

upon his strength in the extensors of the leg,

The inverse relationship beiween strength in the flexors of
the forearm and quickness of body movemeni may indicate that strength
in this particular rmuscle group does not lmprove one's abllity to
move the body quickly. The writer did not expect the results to come
out In this manner becauss upon analysis of the test employsd to
measure quickness of body movement, it appeared that the first group
of muscles to be used would be the flexors of the forearm, therefore;

an expactation that the relationship would be positive,
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The inverse relationship between forearm performance time
(extension) and quickness of body movement could be expscted dus to
the technigques nomally followed by the subjects whenever performing
in the quickness of body movemant test. The subjects appeared to
be flexing the forearm first when moving their body from the prone
position to an upright pesition,

An Anteresting relationship eccurred between strength in the
extensors of the foreamm and total limb strength. Forearm extension,
vith a coefficlent of +.90, appears to be the best single indicator
of total limb strength.

ALl of the agility tests had a high coefficient of correlation
with total body agility, possibly indlcating that the tests were, in
general , measuring similar abilitles,

Although this study did not show a significant degree of
relationship between strength, as measured, in the flexors and ex.
tensors of the foream and agility, one should not assume that
strength was not important to agility, This study considered only
the strength in the limbs of the body and this suggests that (1) agility
might be derived from strength provided in other parts of the body,
and (2) strength might be import@nt to aglility to a degree beyond
which it may not play a part,



| CHAPTIZR V
SIMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Swamary

This study was undertaken in an attempt to determine the dee
gres of relationship, if any, between stremgth in selected muscle
groups as compared with (1) components of agility, (2) total body
agility, and (3) foresm performance time, Agility was defined as
that quality which allews an individual to maintain balance, change
body positions qulckly, and have the speed to change body directiens,

" Thirty male subjects, volunteers from the Esstern Illinois
University vaersity and nonevarsity football teams, were used for
the study., Strength of the flexors and extenscrs of the forearm and
lower leg was msasured by the Elgin dynamometer. Agility was
maasured by three tests: (1) The Revised Pennyeup Test was used to
measure change of direction; (2) The Pemnybaker Prone to 3tanding
Movement Test was used to mmro quickness of body movement; and
{3) The Bass Dynamic Balance Test was used to measure balance, Fore
amm performance time was measured by an apparatus constructed for
that purpose. The Dekan Automatic Performance Analyzer, accurate to
one/one hundredth (1/100) of a second, was used in the time measurements,

The data presentsed in the Appendixes were key punched on IBM
data cards, The statistical analysis was dome by an I 1620 Computer
with a program designed to caloulate the correlation coefficisnts bew
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tween tho variables in the study, level of confidence was set at five

per cent with twentyeeicht (28) degrees of freedonm,
Conclusicons

The following conclusions are presented as a result of th

experiment:

-

1. There is a significant relationship between lower leg

extension and balance, and there is a significant inverse relatione
ship between (1) strength in forearms flexion and quickness of body
movement, and (2) forearm performance (extension) and quickness of

body movenent,

2. There 1s not a significant relationship between strength
18 measured and total body agility. Hor is there a significant
relationship between strengih in the flexors aad extensors of the

forearm and forearm perfomance times (flexion and extension).
Recommendations

Further studies similar to the one presented by the writer
should be undertaken using a larger number of subjects with an
equal distribution of body builds, heights, and weights., Also, a
control group should be used in a study using a combination agility

and weight training program.
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APFERDIY A

RAW DATAs STRENGTH SCORRS (POWDS)

1 90 160 136 168 55k
2 98 166 150 150
3 130 252 140 164 686
4 76 184 138 160 558
5 94 152 124 148 518
6 100 152 102 152 506
7 114 140 118 194 666
8 100 194 136 176 606
9 11h 144 150 152 560
10 124 324 148 168 764
1 120 186 138 202 646
12 102 143 148 166 564
13 122 270 152 176 720
1% 110 250 120 140 620
15 1ns 19 110 204 628
16 118 08 1k 196 é76
17 88 142 158 172 560
18 80 1358 142 198 598
19 106 238 146 164 65k
20 120 242 140 160 662
21 90 190 132 154 566
22 110 244 132 154 640
23 110 200 138 170 618
24 76 231 155 184 646
25 92 300 150 174 716
26 76 228 162 164 630
27 112 208 150 176 646
28 120 242 156 178 696
29 120 212 142 172 648
30 96 236 146 162 640




RAW DATA:

APPENDIX B

SCORES ARD Z-SCORES

-t

GFEORE

BoRIR

BB

88

L]
wn

BIBIR

OWVWONO nFWNH

«01308
«01313
«01220
01123
01323

«01:18
«01:20
01222
«01:30
.01825

0124
01230
001118
01329
+01sh)

001316
«01820
«01:33
01217
201229

«01320
QQI’ZS
0121l
001217
01218

«01:13
«01222
«0%s29
001313
051230

t°1392

+01395
061396
092905

092302
+01190
¢ﬂlt93
02309
02117

01497
01399
02110
+01191
02317

.01:82
«02302
01290
«02:04
002206

.02:0#
«01:88
«01390
01374
+01375

01364
.01:88
«01392
«02:09
02108

‘0791
699
b.ﬁﬁz
«1,253
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APPENDIX €

RAW DATAt POREARM PERFORMANCE TIME (HINDREDTHS OF A SECOHD)

SUBJECT PLEXION EXTENSTON
1 213,0 $14,0
2 312' (4] 311. 5
3 lnu 5 ’130 0
b 31»; 5 ’1& 0
5 $12,0 315' 0
é 314,0 t13.5
8 310, 5 111.5
9 112,0 12,5

10 Slzoﬁ l150‘ 5
1 £10,.5 112,0
12 112, 5 112,5
13 12,5 1lh, 5
14 111, 5 112.5
15 £12,5 113.5
16 $12,0 113.0
17 312, 5 312' 5
18 112, 5 813.5
19 112.0 $13.0
20 12,8 $12.0
- a 112,0 s13.0
22 112,0 112,0
23 $14.0 113.5
2“' 311'0 5 ‘13. 5
25 . 13,0 113,0
26 Sug 0 31»2Q 0
27 112,0 112, 5
28 214,0 3150 5
29 113, 5 116, 5
30 112,0 113.0
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