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A COMPARISON OF TWO CROUPS OF COLLEGE HEN,
ISQMETRICAU.Y AMD ISOTONXCALLT TRAINED,
WITH RESPECT TO STRENGTH RETENTION

Richard X. Httogen, Master of Selene®

The thesis here abstracted was written under the direction 
of Walter C. Koenig and approved by John L» Quaday and Ailyc W. 
Sturgis as members of the examining eoraalttee, of which Mr. Koenig 
was Chairman.

The purpose of this study was to determine the difference, 
if any, in the retention of strength obtained by talcing part in 
a weight-traiaiag program of exercises a® opposed to a program 
of isometric exercises.

The subjects selected for this study were freshman and 
sophomore male students at the University of North Dakota enrolled 
in the required physical education program. This selection was 
a random choice of one weight-training class and one isometric 
class. Both groups participated in their respective exercise 
programs for a period off eight weeks. At the end of the eight 
week training period, they participated in unrelated activities 
consisting of three weeks of slow-pitch softball and three weeks 
of golf.

Each group was tested relative to strength on four test 
items consisting of shoulder dip®, back strength, leg strength, 
and forearm strength. These test items were administered at the 
beginning of the experimental period, after the eight weeks of 
training, and at the end of the six weeks of unrelated activity.

Comparisons wars mad* between the mean differences within 
each group on each test item as indicated by the pre-test and



and the re-t«t and final teat, Tha null hypothesis 
was assumed with respect to the <4J.fferooc.ce within group** This 
hypothesis was tested with the "t” technique for the difference 
between means derived frcr correlated score® from small staples. 
Comparisons were also made between the weight-training group 
and isometric group by testing the significance of the difference 
between the ®ean differences found within the groups.. The 
between group comparison used the Mt*' technique for uneorreleted 
data from small sample®.

Based m  the M K l t i  of this study* it seemed apparent 
that there were some differences in the retention of strength 
on feet items within the groups. However* the treatment of the 
date with respect to the differences between the two groups 
indicated no significant difference at the .01 level of confidence,
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CHAPTER I

THE PROBLEM AMD ITS SCOPE 

Tho Problem
Tk« purpose of this study was to determine ths difference,

If any, in ths retention of strength obtalnsd by taking part 
In a weight-trainlag prograai of snarelaaa and a progrsn of iso* 
■atria oasrolsss. Through this comparison of ths effectiveness 
of diffarsnt nathods of attaining and Maintaining physical 
strength and health, sounder application of theae exercise pro­
gress nsy become possible.

The specific problems of this study were aa fellowsf
1. To determine the strength levels of both groups in each 

test at the beginning of the experineatal period.
S. To determine the strength increases of both groups in 

each test during tbs experiusntal period.
3. To deteraine tbs strength retention of both groups in 

ooeh tost six weeks after the close of the experimental period.
Mood for the Study

It la no longer necessary for man to devote all of hie tine 
to the basic task of survival. Man's use of the forces of nature 
have liberated him, to a great degree, from the slavery of heavy

1



2

physical labor. Advances in technology and transportation no* enable 
nan to live a Ilfs of relative eonfort and ease, free free the greet 
expenditure of physical effort. However, nan la the same organically, 
and the hoses body does not seen to have arrived at a state la which 
It renalas functionally efficient la spite of inactivity and sedentary 
living. There la still a great need for strength.

It is generally known that a period of intense training will 
produce, among other things, an Increase In strength in the ouaolea 
trained. Recently, weight-training has beooote a popular naans of 
exorcise used to develop strength. Such programs are a part of the 
required physical education courses offered at moat universities and 
oollagas. Although static contraction methods of gaining strength 
have been known for a groat aunber of years, it la largely through 
the recent experimentation of the Gormans, Hettinger and Muller,1' 
that static contraction methods have become recognised as an extremely 
efficient method of strength development. Because strength la gained 
through specific training or vigorous activity, organic strength is 
frequently listed as an outosms or an objective of the physical 
education programs of various institutions. However, there seems 
to ho little concern for, or precise knowledge Shout what happens

*Th. Hettinger and E. A. duller, Hax-Flaack Institut fur Arbeita- 
physielegl*, Dortmund, Germany, elted by James Lyne, "The Frequency 
of Static Contraction Exercise necessary for Strength Level Maintenance,w 
(Unpublished Master'e thesis, Department of Physical Education, 
Pennsylvania State University, 1958) p.S.
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to the strength that is dmlaptd one* the training mum. Most 
of the efforts la the investigations of strength have h ew devoted 
to strength development rather than strength ealntenenee or retention.

Xt has been somewhat widely accepted that upon termination of 
training, an individual's strength decreases or subsides to levels 
existing before the training began. Xt seems possible that super!- 
mentation in which the post-training strength levels of individuals 
are measured may yield knowledge end reveal new techniques in the 
area of strength development end retention. Xt in hoped that, through 
this study, some insight o n  be obtained in the area of strength re­
tention following completion of isotonic end isometric programs of 
attaining strength Increases.

Delimitations

This study wee limited to University of North Dakota freshman 
end sophomore melo students enrolled in the required physical education 
program. Thors were thirteen subjects in the isometric group and 
fourtoen subjects in the weight-training group. The strength tents 
used were the shoulder dips on the parallel bars, back strength 
measured by a dynamometer, lag strength measured by e dynamometer, and 
forearm strength measured by e cable-tensiometer. These teste were 
administered at the beginning of the experimentel period end at the 
end of tho eighth week. Those seme tests were again administered 
after e six week period ef participation in an unrelated activity.
The experimental period wee the seoeod semester 
school year.

of tho l96n-'«$



»

PtfllltiOBI
The Isometric Group consisted of thirteen ul« ftvitaaa cod 

sophomore students, enrolled In the required physical eduoatieo 
progrem at the University of forth Dakota, that participated in 
iauoctric exercises fop a period of eifkt weeks before taking part 
in an unrelated nativity in which there were no lametric exercise*.

The Weight-Training Opens eoealated of fourteen nale freshman 
and sophomors students, enrolled in the required physical education 
progran at the University of forth Dakota, that participated in 
weight-training merelees for a period of eight weeks before taking 
part in an unrelated activity in which there wore no weight training 
exercises.

The lactcnic Croup in used Interchangeably with the weight-training 
greup throughout this study.

The Unrelated Activity consisted of golf sad slew-pitch softball 
with the anount of tins spent on each being equally divided.

Isotonic is a condition with uuaoloa, in which the tension 
remains relatively eenatant during changes in needs length.3

Isonetric is a state of tension, in connection with noscles, 
in which the length of the nusde deea not appreciably change.* * * * 8

■sight-training consists of varied sad numerous exercises per­
formed by an individual with barbells sad dunbells. The Individual 
perforce each exercise with numerous repetitions and sots.

^Robert K. Jensen, "The Measurement of Maximus Average Muscle
Power sad Xts Relationship to Maximum Isometric Length,1* (Unpublished
Education thesis. Department of Physical Eduoatieo, University of
Western Australia, IMS) p. 6.

8Ibid., p. g.
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PynMiantw is s spring bsssd i n t n M s t  used for ths sssssring 
•f fores or power dsvslopsd by in object.

Csbls-tssslcsstsr is s abU-ttasisa type sesls seed for ths



REVIEW OF RELATED LITERATURE AMD RESEARCH 

Introduction

The U t t N t w a  m i w N  for this study has bssa divldsd into 
tvs sections. His first section is oeneeraed with cooperative studies 
of weight-training and issuetries in regard to their effects an 
strength gains* endurance and nmole girth. Studies haws shewn 
envying effects an these three item end in may instances v the studies 
contradict cue another. The amend section is derated to studies 
that base been done on strength retention and maintenance. The 
studies in this seetlen generally relate to the subject of this study. 
Sene of the inport eat findings an them two subjects hara been evm- 
narised in this chapter.

Comparative Sfcudicc on Weight-Training cud Xceratries
Harley,1 in a study of the eenparatira effectiveness ef isometric 

exercise and isotonic exercise in the development of macular strength, 
endurance and girth, draw the following conclusions)

1. There is little difference in the effeetiraaess of iaeustrie 
and isotonic exercises in the development ef strength.

2. Sscmetrie exercise is rare effective in the development of 
iecmetrle endurance.

CHAPTER II

^trillion Paul Harley, "The Comparative Effectiveness ef Isometric 
Exercise and Isotonic Exercise in tbs Development of Muscular Strength, 
Endurance, and Girth,” (Unpublished Master's thesis. Department ef 
Physical Education, University ef Maryland, 1962) p« 62.

6





As the conclusion® of ths two previous studies « n  analysed, 
both studios give indications that isotonic exercises oro — what 
better in developing strength and endurance. However, these Indies- 
tiens ere eentredieted in the next studies that are discussed.

m
Asa, in a study on the effects of iacaetrle sad iseteaie exercises 

on the strength of skeletal ausole, drew the following conclusions!
1. All subjects in all groups showed significant Increase la 

a— el* strength.
2. Ths group utilising a single iso-trie exercise routine, 

showed a greater Increase in strength then the inorease which was 
achieved by the group utilising isotonic progressive resistance 
axerelse routine*

8. The group utilising repetitive iso— trie exercise routine 
exceeded the for— r two groups in the gain of strength,

*• The group utilising repetitive toe— trie exercise routine 
exhibited a higher lews1 of endures—  than the first two groups at 
the conclusion of ths investigation.

S* Ths—  was no significant difference in the level of endureace 
exhibited between group A (isotonic) end group • (single too— trio).

8, As effective — a— r to toe— a—  the at— ngth and efficiency 
of skeletal — la, in a relatively short period of ti— , is to subwit 
it to a repetitive iso— trie exercise regiesn while fixing the a— ele 
in a position —  ele—  —  possible —  its natural mating length.

%l. Maxis A— , MThe Effects of lee— trio end Isotonic Ex*— to—
—  the Strength of Skeletal Muscle," (Unpublished Doctors dissertation, 
Depart— at of Physical Education, Springfield College, 1888) p. lib.

8



Sullivan* M t e  • study at Washington State University to 
datawlM tha affaata of statie and isotonic exercise of tha quadriceps 
an atvwith and m t a w M t .  Fran thin Investigation tha coneluslons 
Hint

1. Tan n u i M l  isotonic contrast leas of tha quadriceps tviea 
weekly for a aioaaWt period produced significant gaina in strength 
and endurance, and a alight lose in knee joint flexibility.

2, too consecutive six~seeen' static contractions of tha 
quadriceps toioe weekly, far a six-week period, produced significant 
gains in strength and endurance, and aignifioant loaa in knee joint 
flexibility.

t. tha subjacts performing static sxerole# ahowad significantly 
battar gains in strsogtb than subjects par forming isotonic axsreioon.

I« The subjects performing isotonic exercise shewed elgnifiooittly 
battar gaina in endurance than tha subjects performing static exercise.

$« There mas no significant hypartrophy of the quadriceps 
following either exercise regimen is this study.

As the conclusions of those too studies a m  analysed, both 
give indications that isemstrlc exercises arc superior in developing 
strength. Those contradictions bring aut tha point thnt a groat deal 
sore study is needed with the possibilities appearing to bo endless.

*6eerge Morris Sullivan, "The Effects of Xsotonlo and Statie 
Contraction of the Qusdrieops on Strength and Endurance," (Unpublished 
Easton's thesis, Department of Physical Education, Washington Stata 
University, 19*1) p. HO,
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Studies ob Retention w4 K i l a t w a w  of Strmtti 
ft* beneficial *ff*et* of physical *m n 1n  an tit* physiological 

qfftin* of the body have boost nq^ovtad repeatedly by «*p*ria*iit*l 
evidence. In m t N s t i  araoh leas bos boon reported In tbs literature 
regarding what happens triton training stops. It boo boon established, 
ion sxaaple, that during tho period following tbo cessation of training 
•tmctit decrease#. ft*n in also evidence that strength decreases 
at a slower rate if it has boon acquired daring a relatively laager 
period of training than if it baa boon gained daring a shorter period.* 

la lfSS, ftarlek and Larsen6 reported a study which ooapared 
the effectiveness of a aiagie daily sin-second exorcise boat in which 
two-thirds omnium  tenaion woe aaod with an anoroiaa pragm a iamlvisg 
naro flnqwnt bouts at eighty per cent nanism tenaion* They divided 
thirty high school boys into two expsrimatal groups and one control 
group and oondaatad strength testa periodically during o four weak 
period. Tho gains achieved by tits two experiaantal gimps at the 
and of the training period were significant beyond the *01 level of 
confidence, be** in strength during the four week post-training 
period nos significant for both groups at tho ,09 leval of eon- 
fidenee.

'E. A. Muller* "The Regulation of Hwovlar Strength," Journal 
of the Association of Physical and Cental Rohabllitatton. V S K T T ,  
'{March, April' '1«£9J pp. 01-07................. ......

*Lawrence G. Rsrick and Sons L. Larson, "Observations on Frequency 
and Intensity of laomtrle Muscular Effort in Devaluing Static 
Muscular Strength in Poet'-Pubescent Males," Research Quarterly.
Velma 2*, (October 1999) pp. 999-901.
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The difference b t t M W  the two experimental groups, while net aignif- 
leant, shewed that the group which employed the higher tension level 
for longer periods of tine, retained the neat strength.

In a survey of the literature regarding isotonic and Is one trie 
exercises, Lyae7 found that short periods of training will produce 
an increase in strength, and that static contraction exarcisas aay 
ha auployad very advantageously as a aaaae af gaining strength.
Strength wee usually found te deere tea after the cessation of train­
ing. However, in east instance** the level of strength, when Measured 
following e period of inactivity, scuMtlaas as long ee e year, revealed 
e level higher then the original valna recorded before the training. 
Thera era sows indication# that a longer tins spent in the training 
nay retard the rata of decline of strength, oven If the total aaount 
af exercise is the sane in both oases.

lores8 concluded froa his study ee strength nalctenanee thstt
1. The strength level achieved rapidly during an eight-week 

session of weight-training declines after the eeeeatiea ef that 
training.

2. training coca weekly with static contraction exercises—  

aaxiauw exertion far six seconds per aueele group--significantly 
increases a newly acquired level achieved through eight weeks of 
weight-training.

7Lyae, lee. eit., p. 26
8Lyue, lee. eit., pp. 62-66.
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S. A newly «t«tiN4 itMBftb l«wl, aeblmd daring night wanks 

of weight-training eon bo maintained by training with static oon- 
traotioB exercises ones ovary waak for an additional period of night 
weeks.

a. Training with static contraction exercises ones ovary thraa 
waaka for nlna waaka following ths aehiawanant of a now otrangth 
lawal is not anffiaiant to naintain that strength laws!.

Mottingor and Hollor usod abort period* of static macular affort 
with tanaian lavala aaintainad at two-thirds naninan laowtrle 
strength.9 * They reported that ana daily axaroisa beat in which the 
aabjaot aaintainad two-thirds aaxiaal tension for six seconds was 
as aff active in ballding strength as langar and wore frequent periods 
of static sxsreiaa. The resulting gain in strength was approximately 
five per cent per week. With the temiaatioe of the treining program* 
the investigatore found that the lota ef strength occurred at about 
the sans rats aa that achieved during training.1,0

*....we have found that static or isoaetrlc ooetractions neat 
bo practiced fortnightly to naintain atraagth gained throogh previous 
training. One contraction la three wanks could net prevent e elow 
fall in atraagth. while weakly contractions still have a training 
effect..*.*11

®Th. Hettinger and E. A. Muller, "MuskaUeiatwng and Keskeltreining»*

Static Contraction Exercise necessary for Strength level Maintenance,"
(Unpublished Hester'e thesis. Department of Physical Education, 
Pennsylvania State University, 1989) p. 5.

leIbid 
U Ibid, p. 89, quotation from a letter (Dr. E. A. Muller to Janes lyae)
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In a study m  the changes in the physical status of varsity and 
toeahnta wmatlem at tho University of Oregon following a six weak 
cassation of organised tsar practice* and competition, Massaas2*2 
found that tho subjects showed a significant increase la elbow flexor 
strength following the sin week cessation period. There wan also • 
significant change in a m  girth. Although tha eorralationa betwaae 
body weight and elbow flexor strength were algniftoent to both the 
initial and final testings, the ceerelattone between toereesea to 
body weight and elbow flexor strength were not significant. It 
thsrsfers cannot be concluded, en the basis of thsse findings, that 
an increase to body weight wss s fseter to the increase of elbow 
flexor strength.*3

Although easy of the findings regardtog physiological changes 
following discontinuance of training a m  net to agmenent, them to 
a general belief anong coaches and athlotss that training should not 
be discontinued abruptly.

Pohnderf** stated, to a review of cholesterol studies, that 
kasptog double calorie Intake but discontinuing ton exercise for three 
weeks during Which they took port to tho control level of activities, 
too subjects gained weight with a narked Increase to eerua cholesterol

12Ralph P. Hassnaa, "Changes in the Physical Status of Vamity 
and Freshman Wrestlers at the University ef Oregon Following a Six 
Weak Cessation of Organ!**<1 Tama Practices sad Competition,* (Un­
published Ph.D. Dissertation, Department of Physical Education,
University of Oregon, 1*61) p. 63.

13Ibid
iJ*R. H. Pohndorf, "Cholesterol Studiost A Kowtow*, Research 

Quarterly. Volume 39, (Key 19S8) p. 190.



levels* During tkii parted the nkjwto Iw m m  fat, their collars 
and halts became tight, ooplaxlm became sallow, and they oonplainad 
of fitful hours of aleap.

Dwmr tha review of literature, there ia evidence that there 
are a n y  tar tables, sazsy varying findings, and nauy varying opinions 
in regard to strength Maintenance and retention. There ia little 
evidence, however, aa to which type of exercise, isotonic or iaeaetrio, 
tends to enhance strength retention wire.

X*



CHAPTER III

PROCEDURE
The tests were administered in accordance with the recommendations 

and instructions of Professor Koenig, Department of Physical Education, 
University of North Dakota and a procedure described in Hathew’s'* 
Measurement in Physical Education, The method and procedure used in 
group selection, organisation and supervision of the testing have 
been presented in this chapter.

Selection of Groups
The selection of the groups was a random choice of two physical 

education classes at the University of North Dakota, One group was 
known as the isometric group and the other was known as the weight­
training group. The groups were not equated in any way.

Test Administration
The facilities of the University of North Dakota Physical Education 

Department were used for the administration of the tests. The shoulder 
dips were completed on the parallel bars in the apparatus room. The 
back strength and leg strength test was given in the research laboratory 
of the department. The order in which the teats were given was the 
same during each testing session as follows: (1) shoulder dips, (2) 
back strength, (3) leg strength, and (*♦) forearm strength. The choice 
of this order was a matter of convenience. The subjects were given

^Donald K. Mathews, Measurement in Physical Education, (Philadelphia: 
W. 3. Saunders Company, 1963y“pp"fiS-Yi
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iaatcwtlw on the tMcutioa of sash toot each of the thro* tiiM they 
were administered u  followst

1. P w t w t  lima at the beginning of the semester to dstemime 
the strength levels of the groups.

2. latest gives at the end of the eighth week to detersine the 
attained strength levels of the groups.

3. Final test given at the end of the fourteenth week to deter- 
sine the retention of strength after a six week period of partleipatloa 
la er. unrelated activity.

Shoulder Digs
A regular set of parallel hare set at appronisately 

the shoulder height of the individual.
Procedures The bare ware gripped in a normal "handshake" grip 

with the individual standing on the floor. The subject counted the 
bars, using hie a m  to raise hlaeelf to an erect poeition. The 
subject raised and lowered himself as many tines as possible.

Pules» 1. The subject was given a credit of one for nounting
the bars.

2. The subject dips to the point whore the elbow floras 
a right angle. The examiner notes this point and the subject lowers 
hiwoeIf to it each tine ha dips down.

2. A credit of one-half was given if the subject was 
unable to get all the way up. Only one of these half credits was counted 
and the test ended at this point.

*». Swinging was not allowed.
Scoring! The number of dips, to the nearest half, was recorded.



Kqulpoont; Th« equipment for this toot consisted of tho dynaacaeter* 
two short chains with hooks attached* and • dyaomsttar boss with a hook 
ottoehod.

Procedure* Tho etib joe* stood oo tho dynwoastor boss with foot 
parallel sad abost six inches Apart. Tho aaklo joint was so nearly 
opposite tho attachooot of tho dynaacaeter to its boss ss possible.
Tho wbjoet stood with hood erect, book straight* and chalkod fingoro 
extending down tho thighs. Tho onasinor hold tho bar at tho tips of 
tho subject's fingoro to obtain props* adjustment. Tho bar woo thon 
oonnoetod to tho chain. Tho subject boot slightly forward* with knows 
straight* and graspad tha bar naar oithsr and with a prooatod grip.
Tha sobjset lifted straight up aa hard as possible.

Rules* l. One trial was allowed unless it was obvious that the 
subject did not execute tho procedure properly.

2. Tho knows oust roaaln straight.
3. Tho arno oust roaaln straight; only tho book warts

Scoring t Tho pounds of proesuro indicated on tho dynsaoater dial

tog Strength
Kqulpssnt* Tha equlpoent for this toot ecasistod of tho dynaoo" 

aster* web bolt* two short chains with hooka attached* sad a dynes cantor 
boss with s hook attached.

Procedural Tho subject assumed tho owe position oo in tho bosk 
lift. Tho web bolt wos used around tha subject's hips to stabilise



its center with the pelxs of thethe bar* The bar was grasped near 
hands in a pronated position. Ths subject, with hsad up and bask 
straight, bent his knees so that an angle of 115 to 135 degrees was 
forasd. The bar was on the subject's thighs during the lift. The 
pressure was exerted straight up sad at the ooapletiea of the lift 
the subject's knee joints were alaoet completely extended to insure 
eaxiaue effort.

Rules; 1. (hie trial was allowed unless it wea obvious that 
the subject did not execute the procedure properly.

3. The starting position angle of the flexed knees oust 
bo within the prescribed Units.

3. The book oust reuaia straight.
*, The arm oust retain straight; only the lege exert

Scoring! The pounds of pressure indioatad on the dynaaoaeter dial 
war# recorded.

Forearw Strength
Equipment: The eguipnent for this test ooneiated of e cable* 

tensioneter, a short chain, a short cable one-eighth inch in disaster* 
and a handle all of which ware connected * and a table. Zb the canter 
of the table was a hook that was used to attach the chain.

Procedure! The subject took a position on his knees with his 
dominant a m  on top of the table resting on its elbow. The ether 
era was loosely extended at his aide. The dominant era wee extended 
at an eagle of approximately 130 to 139 degrees with the era pit above 
the level of the table top. The subject gripped the handle of the sable
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la his h ad a d  the chain was attached to the hook oa the table* The 
cable-tensiometer vac attached to the eable and the dial aet at save*
The pressure was exerted by tim in g  the t omtom in a steady pall toward 
the body.

Rules» 1* One trial was allowed unless it waa obvious that
the subject did not execute the prooedure properly.

2, The starting position angle of the flexed elbow 
eust bo within the prescribed limits.

3. Beth knees meat remain on the floor*
U. The non-demineat « m  moat ramain loosely extended 

at the subject's aide.
Scoringi The teat waa scored by taking the scale reading am 

the eahle~t«nalcsMter and converting it te pounds by using the 
Calibration Table that corresponds with the cable-*tensiometer need 
la the teat.

Statistical Procedure
Thin investigator assessed the null hypothesis in analysing the 

differences between the weane obtained oa the initial teat and the 
retest* and between the means obtained on the retest and the final a 
strength test. That hypothesis2 asserts that there is no true difference 
between the two mean scores* and the difference found between the eenplc 
naans is a chance difference end is accidental and unimportant* In­
vestigation of several possible tests of the null hypothesis indicated

30uinn Hdtanar* Psychological Statistics. (Xew York* John Wiley 
and Sons* lac., 19ti) p. 323.
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that the technique for teatlag the significance of the difference 
between Means derived free correlated scores free snail samples was 
suitable for use In this study. This test deterainea the ratio 
between the wean difference end the estimate of stapling «*rror ef 
the mean difference. This ratio la expressed as "t" and Is checked 
for significance In e ”t* table. The value ef "t" is proportional 
to the degrees of freodon («*1) allowed la dettraining the relation­
ship between the aean difference and the estimate of stapling error 
of the aeon difforon.ee •

rer this study it was deeidad to rejact the null hypothesis at 
the .01 level of significance.

Complete date Including mean differences and raw scores are 
presented in Appendix A. Details of the mathematical process employed 
in the analysis for oaeh testing aroa la presented in Appendix B.



CHAPTER T9

AXALTSXS Or THE BATA

The purpose of the testing is this study was to determine 
whether or not there were say significant differences in the reten­
tion of strength within groups and botwoon the isotonic group aa 
coopered to the lacostrie group. The bases for cooperison wore 
the results obtained free the three teats used for oeaanriag the 
lerels of strength.

Results of Coapariaop 

Shoulder Biro
The iaoootrio group had a ossa score of 10.61)1 shoulder 

dips is the pre-test sod a seen score of 16.3193 shoulder dips 
in the re-test which asssursd shoulder girdle strength and endurance. 
This represented n assn difference increase of f.BlSh between the 
pre-test and tbs re-test. Tbs sstinate of tbs ssopling error of 
this n m  difference was .896. The NtN value of 16.11 with 12 
degrees of freedom indicated significance at tbs .01 level of 
confidence, end the null hypothesis was therefore rejected.

The iscoetrio group bad s assn sears of 19,6)81 so tbs final 
test wbioh represented s aesa difference decrease of 1.6999 free 
the re-test assn score. The estimate of the ssopling error of 
this ween difference was .966. Tbs value of 3.81) with 12 
degrees of freedom was net significant at the .01 leval of confidence, 
and tbs null hypothesis was therefore retained.

20
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The weight-training group bad a aeaa aeora af 12.71*2 should*? 
dips la the pre-tsat aad a aaaa score of 21.1*28 shoulder dips la 
the re-teat. This represented a aaaa different** increase of 8.*286 
between tits pre-teat aad the re-test. The eetlaste of the scapllag 
error of this aeaa difference woe .989. The *t” value of 6.886 
with 18 degrees of freedoa Indicated significance at the .01 level 
of confidence, and the anil hypothesis was therefore rejected.

The weight-treiaiag group hod a aaaa eeore of 18.1071 on the 
final test which represented a aaaa difference of 9.0897 free the 
re-teat aeaa aaaro. The eetlaste of the aaapllag error of tills 
aaaa diffCreaoe was .89. The "t" value of 1.19 with 18 degrees 
of freedoa was not significant at the .01 level of confidence, aad 
the anil hypothesis was therefore retained.

Beth groups gained significantly in shoulder girdle strength 
during the eight weeks of training, aad neither group loot signifi­
cantly during the six waaka following cessation of training.

Back Strength
la the pre-test af teak strength, the isewetric group had a 

aaaa score of 819.9907 peuadsg in the re-toot this group hod a woaa 
score of *10.0 pounds, k aeaa difference Increase of 80.7698 pounds 
between the pre-test and the re-test was shown. The estiaate of the 
■aspllng error of this aeaa difference was 18.909. The V  value of 
6.971 with 12 degrees of freedoa was significant at the .01 level of 
oonfldonoo, and the null hypothesis was therefore rejected.
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Tho ioemotrlo group had a mean soar* of 378.8615 pounds on 
th* final taat which produced a naan difference daoraaaa of 30.5385 
pounds from tho ra-taat m m  m om , Tha astiaata of tba sampling 
error of this naan difference mss 10.713. Tho "t" value of 1.005 
with 12 degrees of freedom indioatod slgnifiecnoe at tho .01 level of 
oonfidoooo sad tho null hypothesis was therefore rejected.

Tho weight-trainia* group had a m m  sonm  of 103.5718 pounds 
in tha pra-taat sad a aoaa soars of 150.0 pounds in tho no-tost.
This was a naan sacra iaeraaso of 86.0285 pounds. Tho ostiaato 
of tho sampling error of this noon difference was 18.768. Tho 
"t" vaj.ua of 1.185 with 11 dogrooc of froodon indioatod oigaifiosaeo 
at tho .01 local of confidence. sad therefore tho null hypothesis was 
rejected.

Tho weight-training group had a aoaa score of 121.92C5 pounds 
sa tbs final taat uhioh produced a mom difference decrease of 
25.0715 pouads ftm tha ra-taat naan score. The estimate of the 
oaapUag error of this asaa difference wee 9.318, The "t" value 
of 2.917 with 11 degrees of fro adorn was not significant at the .01 
level of oonfidonoe. and tha null hypothesis was therefor* retained.

loth groups gained signifiaaaftly in book strength during the 
eight weeks of training and the lorn of strength by the welght- 
troiniag group use not significant during tha six weeks following 
cessation of training. The laoawtrie group hod a significant loan 
of strength during the sin weeks following the cessation of training.



Leg Strength

Tta i M M t v k  groap tad a m m  d m n  of m.OISS pomade la 
«ta pretest aad a aaaa seers of Tlf.lttl pomade la tta re- teat.
A aoaa difference taaaaaea of 201.071 pomade wee i h m . Tta eeti- 
aaca of tta sanpling < m r  of tble aaaa difference «ee 12.301.
Tta "t* value of 1.2110 with 12 degrees of freadaa iadloatad sigalfi- 
oaaaa at tta *01 toad of ooafldaaea, aad therefore tta anil hypo- 
ttaaia wee rejaotad.

Tta lawiatrio gremp tad a aaaa soar* of 7M.021 pomade ea tta 
final teat lAlth reeaitad in a aaaa difference decrease of 20.7111 
pound■ ftaa tta re-teat aaaa aeaea. Tta aatiaata of tta eaepliag areaa 
of thie aaaa difference wee 21.211. Tta "t" value of .ill with 12 
degress of ftatdsa aae aat significant at tta .01 level of oaofidaaea, 
aad tta null hypottaela aae therefore retained.

Xa tta pre-teat of lag strength, tta aelght-traialag group tad 
a aeon eoove of 177.1 pouadat la tta re-teat this group had a aaaa 
aaore of 170.0 pomade. A aaaa seove difference iaoreaee of 102.1 
peaada tatwaaa tta pre-test aad re-teat aaa shown. Tta aatiaata of 
tta eaapllag error of this aaaa difference waa i S . W ,  Tta * V  value 
of 11.711 with It degrees of ftaadaa indicated significance at the 
•01 level of confidence, aad tta null hypottaela waa therefore 
rejected.

The Height-training grasp tad a aaaa score of SOO.0%20 pomade 
ea tta final teat which was o aoaa difference decrease of 00.1172
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« f »  of this M W  difference woo 16.388. Tho "t* ealue of 8.778 
with IS dagroos of frsadou indicated significance «t tho .01 lersl 
of eonfidonee, n d  tho soil hypothesis woo therefore rejected.

Both group* gotsod significantly la log otroagth during tho 
oight weeks of training and tho loot of strength by tho isoootrio 
group during tho six weeks following oooaation of training woo not 
significant. Tho woight-training group had a significant loan of 
otroagth during tho sin rooks following tho oooaation of training.

forssrw Strongth
Xn tho pro-tost of forooro strength, tho iooootvic group hod 

a noon seoro of 88.8938 pounds; in tho ro-toot this group hod a 
noon teem of S8.93S1 pounds. A noon oooro difference increase of 
3.3308 pounds woo shown. Tho oatinato of tho stapling arror of this 
m u m  difference was 3.08. Tho "t* value of 3.889 with 13 dogrooo of 
firoodoat woo not significant at tho .01 level of confidence, and tho 
null hypothesis woo thoroforo retained.

Tho ioonotrio grout hod o noon oooro of 88.9331 pounds on tho 
final toot which uua o noon difference decrease of 8.9 pounds fra* 
tho ro-toot m a n  score. The estiaata of tho coupling error of 
this noon difference vs* 1.131. Tho "t” ruins of a.08 with 13 
dogrooa of froedon indicated significance at tho .01 lerel of 
confidence, end tho null hypothesis was therefore rejected.

The weight-training group hod a neon score of 8**.571* pounds 
cat tho pre-test end a m a n  sacra of 88.71*3 pounds on tho ro-test. 
This woo o noon difference increase of 13.1*28 pounds. Tho satinets
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of the tmpllag e rro r of this aeon difference woo I.2II. the "tM 
n & M  of 8,606 with it degree* of freedoo indicated significance 
at the .01 level of confidence, end the null hypothesis no* there* 
fere rejected.

In the final teat, thla group had a neon score of 06.7162 
pound* which was a aeon difference decree*# of 1.0 from the re­
teat naan boot*. The eatlnate of the smpling error of this noon 
difference vaa 1.80. The "t« value of .786 with 18 degrees of 
fTeedoa vaa not significant at the .01 level of confidence, and 
the null hypothecla vaa therefore retained.

The iseoetrie grasp did not gain forearm strength signlfieently 
during the eight weeks of training hut loot faream strength signif­
icantly during the ala vodka following cessation of training. The 
weight-training grasp gained fere era strength significantly during 
the eight weeks of training hut did not laaa forcaro strength during 
the six weefe. following the cessation of training*

TO dot amine if there was any significant difference between 
the two groups in tha retention of strength, it woo decided to treat 
12m  data for poeeible differences between the two groupo. The null 
hypothesis vaa aasunad with respect to the differences between the 
two groupo on velum of naan difference* found with tha groups between 
the re-test and final tost. The null hypothesis was tested in this

by tha m e  of the *t* technique far unocrrelated data (Ns snail

XZhid., p. 223.
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Shoulder Dipt

The mean difference decrease between the r«-tnt and tha final 
taat was 1.6*5* ohoulder dips for tha Ison*trie group and 2.0167 
•houldar dips for tha weight-trainlag group. Tha difference 
batvaan tha naan differences of tha two groups was 1.1191 shouldar 
dips, tha astlasts of tha saapliig arror for tha distribution 
of tha diffaraneaa between tha wean diffaraneaa was ,667. Tha 
"t" value resulting froa the relationship of tha actual differ­
ence between the naan differonoee of tha two groups end the 
eetiaete of the sampling error for the distrihution of the 
diffaraneaa between the mean differences was 1.675. With 25 
degrees of freedoe, this "t" value indicated no significant 
difference between the two groups and therefore the null hypo­
thesis was rstained.

Bach Strength
Tha «ean diffaranca decrease between tha re-teat and tha 

final tsst was 36.5965 pounds for tha isonetrie group and 26.0715 
pounds for tha weight-training group* The difference between 
the swan differences of tha two groups was 10*667 pounds. Tha 
estimate of the stapling arror for tbs distrihution of the dif­
ferences between the naan differences was 16.2*8. Tha "tM 
value resulting from the relationship of the actual difference 
between wean differences of the two groups sad the estimate of 
the sampling error for the distribution of tho differences 
between the wean diffaraneaa waa .796. With 25 degress of free- 
don this "t" value indicated no significant diffaranca between 
the two groups and therefore tho null hypothesis was retained.
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U l  Strength
Tba Man dlffaranoa dteruse bttvMB tha rs-tast and tha final 

taat was 20.7693 pounds for tha lsonatrie group and 60.3S72 pounds 
for tha wsight-trainlng group. Tha dlffaranoa batwaan tha naan 
dlffaranoaa of tha too groups was -69.679 pounds. Tha astlMta 
of tha sailing for tha distribution of tha dlffaranoaa batwaan 
naan dlffaranoaa was 30.096. Tha ”t* valua rasuiting fron tha 
ralatienshlp of tha actual dlffaranoa batwaan tha M a n  dlffaranoaa 
of tha two groups and tha astlnata of tho asapling arror for tho 
distribution of tho diffarancas batwaan tha m s s  dlffaranoaa was 
1.666. With 25 dagraaa of fraadoa. this "t" valua indioatad no 
signifloant dlffaranoa batwaan tha two groups and tharafora tha 
null bypothasis was ratalnad.

fcraar- ftrsngth
Tha naan dlffaranoa daoraasa batwaan tha ra-tast and tha 

final taat was S.O pounds for tits Iaonatrie group and 1.0 pounds 
for tha waight-training group. Tha dlffaranoa batwaan tha m m  

dlffaranoaa of tho two groups was 6.0 pounds* Tha astlMta of 
tha sampling arror for tho distribution of tho dlfferaneos botwoon 
tho mm diffarancas was 1.763. Tha "t" valua rasultlng fron tha 
rslationahip of tha actual dlffaranoa batwaan tha naan dlffaranoaa 
of tha two groups and tha satinets of tha sampling arror for tha 
distribution of tho diffarancas batwaan tha mm dlffaranoaa was 
2*269. With 23 dagraaa of fraadon this "t" valua Indioatad no 
significant dlffaranoa batwaan tha two groups and tharafora tho 
null hypothaals was ratalnad.
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WEAK SCORES XB TESTS OF 8UBJECT8 

ISOMETRIC CROUP

TABLE 1

..... . . .. Re-TOat Final Toot
Shoulder
Dip* 10.8888 18.2892 10.6588
ESSc
Strength 819.2807 010.0000 878.0818
u *
Strength 880.8158 787.8928 788.9280
F o n m
Strength 88.8928 98.9281 88.9281

VEIGHY-TRAIXIKG 6R0UF

Pre-T#*t Re-Teat Final Teat
Shoulder
Dips 12.7102 21.1028 19.1071
Tlacfr'" . "'
Strength 808.5710 350.0000 823.9285
Log
Strength 877.5000 570.0000 509.6028

Strength 80.8710 96.7102 95.7102
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MEAN DIFFERENCE INCREASE BETWEEN THE PRE-TEST AND RE-TEST

TABLE 2

laometrlo
Group

Weight-Training
Group

Shoulder
DiP« 3.6130 8.0286
lack
Strength 90.7693 06.0286
Lag
Strength 203.0770 182.6000
forearm $.2308 12.1028

TABLE 3

MEAN DIFFERENCE DECREASE BETWEEN THE RE-TEST AND FINAL TEST

Xaonatrie Weight-Training
Group Group

Shoulder
DiPf 1.6030 2.0337
Book
Strength 36.5383 26.0713
Lag
Strength 20.7693 60.3372
Forearm
Strength 3.0000 1.0000
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TABLE 4

"t" AND THE SIGNIFICANCE OF DIFFERENCE 
BETWEEN THE PRE-TEST AND RE-TEST

A m  of 
Comparison

"t" Value of 
Isceatrle Group

"t" Value of 
Weight-Training Group

Shoulder
Dip*

16.SB Signifleant 
at .01 level

6.866 Significant 
at .01 level

Baok
Strength

6.371 Significant 
at .01 level

3.1*5 Significant 
at .01 level

Strength
6.3SB Significant 
at .61 level

11.718 Significant 
at .01 level

Forearm
Strength

3.639 Not Significant 
at .01 level

3.606 Significant 
at .01 level

"t" AND THE SIGNIFICANCE OF DIFFERENCE 
BETWEEN THE RE-TEST AND FINAL TEST

Area of 
Coapariaon

"t" Value of 
lacaetric Group

HtM Value of 
Weight-Training Group

Shoulder
Dlpc

2.8S3 Not Significant 
at .01 level

1.100 Not Signifleant 
et .01 level

Pgpw ::
Strength

3.*08 Significant
at .01 level

2.873 Not Signifleant 
at .01 level

Leg
Strength

.*88 Not Significant 
at .01 level

3*773 Significant 
at .01 level

Strength
*.*80 Significant 
at .01 level

.73* Net Significant 
at .01 level
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TABLE 6

*t” AID THE SIGNIFICANCE OF THE DIFFERENCE 
BETWEEN GROUPS BETWEEN THE RE-TEST AMR FINAL TEST

A m  of 
CORpviMD

"t" Value end 
Significance

Shoulder 1.675 Net Significant
Dip* et .01 level
Book .735 Not Significant
Strength at .01 level
U s 1.666 Rot Significant
Strength at .01 level
Foroira 7.969 Rot Significant
Strength at .01 level



CHAPTER V

SUMMARY, CONCLUSIONS, AMD RECOMMENDATIONS 

Stannary
The purpose of this study was to determine the difference, 

if any, in the retention of strength obtained by taking part 
in a weight-training program of exercises as opposed to a program 
of isometric exercises.

The subjects selected for this study were freshman and sopho­
more male students at the University of North Dakota enrolled in 
the required physical education program* This selection was a 
random choice of one weight-training class and one isometric 
class. Fourteen subjects made up the weight-training group and 
thirteen subjects made up the isometric group. Both groups partici­
pated in their respective exercise programs for a period of eight 
weeks. At the end of the eight week training period, the subjects 
participated in unrelated activities consisting of three weeks 
of slow-piteh softball and three weeks of golf.

Each group was tested relative to strength on four test 
items consisting of shoulder dips on parallel bars, back strength 
measured by a dynamometer, leg strength measured by a dynamometer, 
and forearm strength measured by a cable-tensiometer. These 
test items were administered at the beginning of the experimental 
period, after eight weeks of training, and at the end of the six 
weeks of unrelated activity.

82
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Comparisons wore made between the mean differences within 
each group on each test item as indicated by the pre-test and 
re-test, and the re-teat and final test. The null hypothesis 
was assumed with respect to the differences within the groups. 
This hypothesis was tested with the "tw technique for the 
difference between means derived from correlated scores from 
small samples. Comparisons were also made between the weight­
training group and isometric group by testing the significance 
of the difference between the mean differences found within 
the groups. The between group comparison used the "tM technique 
for uncorrelated data from small samples.

Conclusions
The following conclusions seem warranted on the basis of 

tha data collected in this study.
1. The weight-training group gained significantly at the 

.01 level of confidence in all test items during the eight week 
training period.

2. The isometric group gained significantly in all teat 
items at the .01 level of confidence except forearm strength 
during ths sight week training period.

3. The weight-training group had a significant leg strength 
loss during the six weeks following the cessation of training 
but had no significant losses in the other three test items.

C. The isometric group had significant losses in back 
and forearm strength during the six weeks following



5. Based on the results of this study, it seems apparent 
that there were some differences in the retention of strength 
on teat items within the groups. However, the treatment of the 
data with respect to the differences between the two groups 
indicated no significant difference at the .01 level of confi­
dence with respect to strength retention.

6. From this treatment of the data it was concluded that 
there i* no difference in the retention of strength obtained 
by taking part in an isometric program of exercises as compared 
to a wight-training program of exercises.

Reeoramendat ions
1. It is recommended that further investigations be made 

in this area using more subjects, longer training periods, and 
longer cessation pariods.

2. It is recommended that a similar study be conducted to 
determine if the retention of strength from the accentric method
of gaining strength (a forceful elongation of a contracting muscle) 
is significantly different then the isometric or isotonic methods.

3. It is recommended that a similar investigation be con­
ducted to determine if there are any significant differences in 
the retention of strength between a control group and groups using 
isometric, isotonic, and eccentric methods of obtaining strength.

the cessation of training but had no significant losses in leg
or shoulder strength.
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*». It is recommended that a similar study he conducted 
to determine the effects on strength retention of uaing wore 
frequent exercise bouts to obtain strength.

5. It is recommended that investigations be made relative 
to strength retention whan the exercise bouts concentrate on 
endurance training.

6. Because the strength gained by the isometric group 
in the forearm was not significant and the loss of strength 
was significant, and because the forearm strength gain for the 
isotonic group was significant and the strength leas was not 
significant, it is recommended that studies be conducted to 
determine whether similar results will be consistently obtained 
or whether these findings were phenomena particular to this 
study alone.



INDIVIDUAL SCORING CARD
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SANS ______________________ _
GROUP_________ _______________

PRE-TEST RE-TEST FINAL TEST

SHOULDER DIPS ________ _______ _________

BACK STRENGTH _________ _________ ___________

LEG STRENGTH

FOREARM STRENGTH
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SPECIFIC TEC? ITCH SCORES

gROUT-Iao— trie TEST^Stxmliw Dlp»

■ m m Ftw-Tcst K»»T«at Pinal T««t
i. 12.0 19.0 18.0
2. 8.0 8.0 10.0
9. 18.0 18.8 18.0
8. 12.0 18.8 19.0
8. 18.0 29.8 20.0
8. 9.0 17.8 19.8
7. 19.0 19.0 18.8
1. 8.0 9.8 8.8
1. 11.0 17.8 18.8
10. 10.0 18.0 18.0
11. u.o 18.0 17.0
12. 10.8 20.0 18.0
19. 9.0 10.6 9.8

SON » 198.9 211.9 190.9
MEAN ■ 10.8898 18.2892 19.8898
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specific test raw scouts

GROUP" IwMtrlc TEST-Baok Strnwth

fiESzSSSl Final TMt
1. too 970 9S0
*. too S90 SSO
1. aso 990 900

9, sso 590 SSO

ft* 290 9S0 9S0

ft. I N 9S0 900

7. 2S0 SftO too
ft. aoo aoo aoo
ft. 290 S10 soo
10. sso 980 915

11. aso 910 800

is. 290 900 aoo
is. too 900 890

SOM • 9190.0 ssso.e 9SS5.0
MSAK • S19.2S07 910.0 878.9015
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SPECIFIC TEST ITEM SCORES

GROU?~XsoMtrle TB8T~Lm  Strength

Mrtoet Fw-T#*t R«-T8*t Final T«*t

1. 880 990 980

2. 800 570 820

9. 600 880 770

800 650 880

8. 620 660 800

8. 680 970 850

7. 800 610 870

9. 980 850 870

9. 800 990 880

10. 6S0 850 700

11. 880 580 680

12. 590 080 690

19. 960 880 980

| ___

KM » 7510*0 0800*0 9980.0
MEAN • 858.8199 787.8929 798.929
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SFISCIFSC YES? ITSH SCORES

GBOUP-Ismetrlie

Subject PVfTMt
1. 08
2. 00
S* n

%. 128
105

0. 103
2. 00
0. 02
0. 22
10. 08
u . 00
13. 22
IS. 100

SOS • 1180.0 
MUK • 81.0939

TEST-Fcr— ra Strength

IU-TMt Final Tmt
102 103
22 02
00 02
120 no
112 108
100 02
00 25

00 80
28 20
98 02
02 82

02 80
105 100

1221.0 1100.0
00.0201 08.9281
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g m m c tes? rgsH oeoKKB

g K W « <>trt»«»TWi>bi TESY-StoulOatg Mpn

ftAiMt P w t w t lU-Twt Final T«»t

i. 17.9 >0.9 29.5
12.0 89.9 20.0

9. 0.0 17.9 19.0
0. 12.0 10.9 19.0
B. 10.0 10.9 17.0
6. 0.0 19.9 19.0
7. 12.0 11.9 10.9
a. 10.9 20.9 22.0

9. 10. s 89.0 29.0
10. 19.0 20*0 29.0

u . 0.0 11.0 10.0

19. 10.0 20.9 20.0
IS. 10.0 29.9 29.0

1%. 9.9 19.9 13.9

SOB ■ 170.0 200.0 207.9
BEAM » 12.7102 21.1020 10.1071
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SPECIFIC TEST ITEM SCOPES

CTOUP-Oftlght-Tulnlag TE8T-9uk Styagth

Subject Fn-Tut R*>TMt Final Tut
1. 900 ftftO ft29
2. 290 290 200
». 910 990 920
ft. 990 ftOO ftlO
9. 290 270 299
t. 920 ftOO 995
7. 2ftO 2ft0 250
«. 920 990 920
1. 999 950 290
10. 290 9ft0 510
u. 290 9ft0 900
12. 299 ftSO 990
it. 900 ftto ftOO
1ft. 990 900 290

CUN • ft290.0 ftOOO.O ftOOO.O
HEAR • 309.571ft 990.0 929.9299



99

sraemc test m m  scores

QIOOP-Walgkt-Tralnlng TESY-Lag Strength

iblact Pre-Teat I f T M t Final Tast
1. 350 900 999
3. m 990 990
t. MS 900 900
9. 920 •30 090
f. 970 990 910
I. 990 010 990
7. 910 920 900
1. 900 990 900
9. 999 790 700
19. 990 980 990
n . 910 990 990
12. 90S 000 990
la. 900 070 990
19. 900 900 990

SON • 9209.0 7900.0 7199.0
USAS a 977.9 970.0 909.0930



•St SSU*Ot STifSt » MV3M
*OSCT 0*SS8T 0*S8TT • MQt

SOT 0TT OOT •ST
SOT SOT OOT *«T
COT SOT OOT •ST
08 St Si *TT
St OOT <8 •OT
OCT SIT 08 •t
St it Si *8
OOT 06 St •i
it Of ii *8
f L Si 08 •s
OOT SOT SOT •s
et tt Si *8
tot SOT St •s
St 88 Si *T
TW*TJ **•!-•*

qiSuMUS

SJMOCig H3il i83i DmajMS



os

cuautATrre test mat

B I O M N w t t P i a
8ab1*ct 81m look.. ifiNSftfc i*ft fttvmstb fCHNMC* StBWJgtfe

1. U.O 880 600 •8
2. 9.0 280 000 00
8. 10.0 200 000 77
0. 12.0 880 800 12$
8. 10.0 200 820 10S
1. t.o 030 980 102
7. 10.0 200 000 00
1. 9.0 280 800 92
9, u.o 200 096 72
10. 10.0 380 880 98
11. u.o 286 880 98
12. 10.9 290 890 77
18. 8.8 890 880 100

SUN * ISSvS 0190.0 7210.0 1183.0

HBftX • 10.838* 910.2807 880.8188 •8.8923

'iltOUPulfciaht-Traini&K TB8f-fMh*T0St
•vbiMt SfeaoMor Dipt Bask Sfrawtti U l  ttvamgk Tmmm Stimuli

1. 17.8 800 380 79
2. U.O 200 278 98
S. 8.0 910 885 72
%» 12.0 806 520 100
3. 10.0 280 870 80
6* 9.0 820 890 77
7. U.O 200 810 02
«. 10.9 820 800 78
«• 18.8 885 080 •0

10. U.O 280 880 02
11. 0.0 288 310 72
12. U.O 208 88$ 100
18. U.O 880 090 100
10. 0.8 380 000 ICO

SUM • 178.0 0280.0 8298.0 1100.0
HEAR « 12.7102 809.9710 877.8 •0.8710
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PRE-TEST AND RE-TEST OF ISOMETRIC GROUP IN SHOULDER DIPS 
Subject Pre-Test Ro~Tegt Sum of Difference Difference Squared

7.0 49.0X. 12.0 19.0
2. 5.0 8.0
3. 14.Q 16.5
4. 12.0 16.5
S. 16.0 24.5
6. 9.0 17.5
7. 14.0 18.0
8. 5.0 9.5
9. 11.0 17.5

10. 10.0 16.0
IX. 11.0 18.0
12. 10.5 20.0
13. 9.0 10,5

138.5 211.5

Kean Score of Pre-Test 
Mean Score of Re-Test 
Sum of the Differences

3.0 9.0
2.5 6.25
4.5 24.75
8.5 72.25
8.5 72.25
4.0 16.0
4.5 24.75
6.5 42.25
6.0 36.0
7.0 49.0
9.5 89.25
1.5 2.25

75.0 414,0

10.6538
16.2692
75.0

Sum of the Differences Squared 414.0



THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES 

BETWEEN Pre~T«at arid R«-Tcst TEST Shoulder Dips GROUF

N 13
D J5__
D2 «*!»*

S (estimate of sampling error of D) * S
D D *

-"jr s

8 - ^ T f

S_ * .3«*S 
D
D (Mean Difference) * D * 7S * 5.77

v

«t» » £ * 5 .7 7 . 16,58
,3*t6•e**D

df * S I  * 12
,ft* at the .01 level *3.06

Isometric

Significant at .01 level



so

PRE-TEST AND RE-TEST OF ISOMETRIC GROUP IN BACK STRENGTH
Subject Pre-Test Re-Test Sura of Difference Difference Squared

X. 360 970 U O 12100
2. 280 390 60 3600
3. 280 990 160 25600
9. 380 590 160 25600
5. 290 950 160 25600
6. 920 950 36 900
7. 280 360 80 6900
6. 260 280 20 900
9. 290 310 20 900

10. 3S0 980 130 16900
U. 280 910 130 16900
12. 290 900 U O 12100
13. 390 900 10 100

**150.0 5330.0 1180 196600

Mean Score of Pre-Test 319.2807
Kean Score of Re-Test 910.0
Sura of Difference 1180.0
Sura of the Difference Squared 196600.0



S3

BETWEEN Pre-Test aod Re-Teat TEST Back Strength GROUP

N 13______
d mo
D2 1*6,600

S_ (estimate of sampling error of D) « S 
D D *

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

, £

S * 15.909
D
(Mean Difference) * D * 1180 * 90.77F — —  —  -----

•t" » F » 90.77 * 6.271
S ’ 15.909
D

df « N-l * 12
rttM at thf .01 level * 3.08

IscHBetric

Significant at .01 level



52

PRE-TEST AND RE-TEST OF ISOMETRIC GROUP IN LEG STRENGTH
Subject Pre-Teat Re-Test Sot of Difference Difference !

1. e*o 990 350 122500
2* *00 570 170 29900
3. 600 880 280 78*00
*» too 850 SO 2500
5. 620 660 *0 1600
6. 650 970 320 102*00
7. *00 010 210 **100
8, 3*0 650 310 96100
9. *00 530 130 16900

10. 650 820 170 28900
11 560 580 20 *00
12. 590 860 270 72900
13. 560 880 320 102*00

7210 9850 26*0 699000

Mean Score of Pre-Test 55*.6153
Mean Score of Re-Test 757,6923
Sum of the Difference 26*0
Sum of the Difference Squared SS9000



THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

BETWEEN Pre-Teat and Re-Teat TEST Leg Strength GROUP

N _13__ _
D 26^0 
D2 699,000

S_ (estimate of sampling error of F) » S
D j>__*

B
1

S • 32.308
D

S (Keen Difference) » 0 » 26*»0 * 203.077
N ‘ 13"

**" * D * 203.077
S 32.308 * 6.2866
D ~~

df « H-l ■ 12
°t* at the .01 level * 3.06

Isometric

Significant at .01 level
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PRE-TEST AND RE-TEST OF ISOMETRIC GROUP IN FOREARM STRENGTH
Subject Pre-Test Re-Test

X. 95 107
2. 60 72
3. 77 93
9. 125 120
5. 105 112
6. 102 100
7. 80 30
8. 92 33
9. 72 75
10. 85 95
11. 83 92
12. 77 87
13. 100 105

1153 1221

Mean Scora of Pre-Test
Mean Score of Re~Te®t
Sum of the Difference
Sum of the Difference Squared

of Difference Difference Squared
12 199
12 199
16 256
-5 25
7 99
-2 9
0 0
-9 81
3 9
10 100
9 81
10 100
5 25

63 1018

83.6923
93.9231
68

1018 '
l
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BETWEEN Pre-Teat and Re-Test TEST Forearm Strength GROUP

N 13___
D 66 
D2 1018

S_ (estimate of sampling error of D) ■ S
D D *

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

r *

S_ * 2.06
D
D (Mean Difference) * D • 5.231

N
"t" * D * 5.231 * 2.539

S 2.06
D

df * N-l * 12
"t" at the .01 level « 3.06
Not Significant at .01 level.

Isometric



se
PRE -TEST AND RE--TEST OF WEIGHT TRAINING GROUP IN SHOULDER DIPS

Subject Pre-Test Re-Test Sian of Difference Difference Squared
1. 17.5 30.5 13.0 169.00
2. 12.0 23.5 11.S 132.25
3. 8.0 17.5 9.5 90.25
9. 12.0 18.5 6.5 92.25
5. 10.0 13.5 3.5 12.25
6. 9,0 19.5 10.5 110.25
7. 12.0 11.5 - .5 .25
8. 16.S 23.5 7.0 99.00
9. 16.5 23.0 8.5 92.25
10. 15.0 21*.0 9.0 81.00
11. 6.0 11.0 3.0 9.00
12. 16.0 20.5 9.5 20.25
13. 16.0 23.C 7.0 99.00
10. 9.5 13.5 i».0 16.00

178.0 296.0 95.0 823.00

Mean Score of Pre-■Teat 12.7192
Mean Score of Re-Test 21.1928
Sum of th« Difference 95
Sun of the Difference Squared 823
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BETWEEN Pre-Test and Re-Test TEST Shoulder Dips GROUP Weight-Training

N 1H

D 95 
D2 823

S (estimate of sampling error of D) • SF D *
r T '

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

S «* .989
D
(Mean Difference) * D * 95F n r * it

"t** * F * 8.79 a 8.858T ” .989 
D

df « H-l * 13
wt” at the .01 level * 3.01
Significant at .01 level
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PRE-TEST AMD RE-TEST OF WEIGHT TRAINING GROUP IN BACK STRENGTH
Subject Pre-Test Re-Test

1. 300 «mo
2. 290 290
3* 310 330
8. 380 800
5* 250 270
6. 320 830
?. 280 280
8, 320 330
9. 335 350
10. 250 380
11. 250 380
12. 295 850
13. 380 820
18. 330 300

8250 8900

Mean Score of Pre-Teat
Mean Score of Re-Test
Smk of the Difference
Sub of the Difference Squared

of Difference Difference Squared
180 13500
0 0
20 800
20 800
20 800
30 6800
0 0
10 100
15 225
90 8100
90 8100
155 28025
80 1600
-30 900

€50 70250

303.5718
323.9285
650

70250



59

BETWEEN Pre-Test and Re~Test TEST Beck Strength GROUP Weigfct-Traininr

N 1R____
D 650 
D2 70,250

S {estimate of o m p l l a g error of S') a S 
D P »

- T * ~

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

S ® 1R.76R
D * ----

Sf (Mean Difference) » D ■ 650 » RG.R2?
!i '!¥ — _  

"t" * S' a R6.R2S * 3.IRS
~ir' w /tIr

!D
df • N-i a 13
“t" at the .01 level * 3.01
Significant at .01 level
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PRE-TEST AMD RE-TEST Of WEIGHT TRAIMIHG GROUP IN LOS STREWCTH
Subject Pro-Test Re~Te»t Sum of Difference Difference Squared

1* 350 960 110 12100
2. 275 390 115 13225
3, 395 580 175 30625
9. 520 830 310 96100
5. 370 590 220 98900
6, 390 610 220 98900
7. 310 520 210 99100
8. SCO 930 130 18900
9. 950 790 290 89100
10. 3S0 S80 230 52900
U. 310 990 130 16900
12. 385 600 215 96225
13, 990 670 180 32900
19. 900 560 160 25600

5285 7980 2695 567975

Kean Score of Pre-Test 377,5
Kean Score of Re-Test 570.0
Sou of the Difference 2695
Sun of the Difference Squared 567975



61

BETWEEN Pre-Teat and Ke-Teet TEST Leg Strength GROUP Haight Training

N 1 9 __
D 2695 
D2 S67.97S

S (estimate of sampling error of D) ■ S
D _  p__ «

m -

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

S « 16.985
D ‘
fj (Mean Difference) * D ■ 2695 * 192.5

n r  i s "  —
*tn » $  * 192.5 » 11.718s IOSs

D
df * K~1 » 13
"t” at the .01 level • 3.01
Significant at .01 level
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PRE-TEST AMD RE-TEST OF WEIGHT TRABHHG GROUP t» FOREARM STRENGTH
Siihject Pre-Teat Re-Test Sum of Difference Difference Squared

1. 75 88 13 169
2. 95 105 10 100
3. 72 93 21 991
#* 109 108 9 16
5. 60 70 10 100
8. 77 80 3 9
7. 92 90 -2 9
8. 75 97 18 329
9. 80 117 37 1369
10. 82 100 18 329
11. 72 89 12 199
12. 100 107 7 99
13. 100 105 5 25
19. 100 110 10 100

1189 1359 166 3179

Mean Score of Pre--Test 89.5719
Mean Score of Re-Test 96.7192
Sun of the Difference 166
Sam ©f the Difference Squared 3179



THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATE) SCORES FROM SMALL SAMPLES

BETWEEN Pre set and Ra-T»st TEST Forearm Strength OROOP Weight Training

N JW___
D 166 
D2 U7«t

S (eatimate of Handling error of IT) » S 
F D

317U - <166)2
W

t 7

S « 3.288
D
D (Mean Difference) * D * 166 «* 11.857

M 1*4
”t" * D 

—
» 11.857 * 3.506

3.288
D

df * N-l « 13
MtH at the .01 level * 3.01
Significant at .01 level



RE-TEST AND FINAL TEST OF ISOHETRIC GROUP IN SHOULDER DIPS
Subject Re-Test Retention Test Sura of Difference Difference Squared

1. 18.0 15.0 -4.0 16.00
2. 8.0 10.0 2.0 4.00
3. 16,3 16.0 -.5 .25
4. 16.5 15.0 -1.5 2.25
5. 24,5 20.0 -4.5 20.2S
6. 17.5 18.5 1.0 1.00
7, 18.0 16,5 -1.5 2.25
8. 9.5 8.5 -1.0 1.00
9. 17.5 14.5 -8.0 9.00
10, 16.0 15.0 -1.0 1.00
11. 18.0 17.0 -1.0 1.00
12. 20.0 15.0 -5.0 25,00
13. 10.5 9.5 -1.0 1.00

211.5 190.5 -21.0 84.00

Kean Score of Re-Test 16.2692
Keen Score of Retention Test 14.6538
Sub; of the Difference -21.0
Sum of the Difference Squared 84.00
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BETWEEN Re-Te»t and Final TEST Shoulder Dips GROUP leowetric

N 13
D -21 
D2 m

S (estimate of sampling error ef F) » SD p
---H---

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN KEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

8 » .566
ST ----
F  (Kean Difference) » D * -21 * 1.615~TT“ IT “™
"tw * _JF__ « 1.615 * ?.SSS

S V566F
df « N-l * 12
"t" at the .01 level » 3.06 
Not
Significant at .01 level



ss

RE-TEST AND FINAL TEST OF ISOMETRIC GROUP IN BACK STRENGTH
Subject Re-Test Retention Test

1. 470 450
2. 340 330
3. 440 400
4. seo 530
5. 450 43 C
6. 450 460
7. 360 300
8. 280 260
9. 310 300
10, 480 415
U, 410 300
12* 400 290
13. 400 390

5330 4855

Hm a  Score of Re-Test
Mean Score of Retention Test
Sum of the Difference
Sum of the Difference Squared

Sum of Difference Difference Squared
-20 400
-10 100

©*i 1600
-10 100
-20 400
10 100
-60 3600
-20 400
-10 100
-6S 4225
-110 12100
110 12100
-10 100

-475 35325

410.0
373,4615
-475
35*25
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THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

BETWEEN R«-T«at and Final TEST Back Strength GROUP Isoaotrlc

S IS___
D -»7S 
D2 35,325

S_ (estimate of sampling ervov of IT) * $
D __ B «

H —

S « 10.732
D ~ ----
D (Mean Difference) # D * -M75 * 3D.538

H * 13
wtM * * 36.538 * 8. NOS

S 10.732
D

df * N-l « 12
"tK at the .01 level * 3*66
Significant at .01 l«wl



RE TEST AND FINAL TEST OF 1 SOMETH. IC GROUP IN LEG STRENGTH
Subject Re-Test Retention Test Sum of Difference Difference 1

1. 990 9S0 -80 1600
3. 570 520 -50 2500
3. 890 770 -110 12100
4. 850 880 30 900
5. 660 800 190 19600
6. 970 850 -120 14400
7. 610 570 -40 1600
8. 650 520 -130 16900
9* 530 590 10 100
10. 820 700 -120 14400
li. 580 650 70 4900
12. 860 850 -10 100
13. 880 980 110 12100

9850 9580 -160 101200

Keen Score of Re-Test 757.6928
Meen Scope of Retention Tost 736.923
Sum of the Difference -160
Sum of the Diffetronco Squared 101200



BETWEEN Re-Teat and Final TEST Le£ Strength GROUP Isometric

N IS_____
D -160
D2 101,200

S_ (estimate of sampling error of 0)* S 
D D *

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

N

S * 25,213*■* i iim*iiii<wn«’t*'>«i

F (Mean Difference) * B ® -160 * 12.308
~  ~I3~

*»t" * D * 12.508 *”~§ 25.218
F

df « N-l v 12
•*tw at the ,01 level * 3.06
Not aignlfleant at .01 level



70
RE-TEST AND FIRM, TEST OF ISOMETRIC GROUP IN FOREARM STRENGTH

Subject Re Test Retention Test Sue «f Difference Difference Squared
1. 107 102 -S 25
2. 72 67 *5 25
3. 93 92 -1 1
6. 120 110 -10 100
5. 112 105 -7 99
6. 100 87 -13 169
7. 80 75 -5 25
8. 83 80 “*■3 9
9. 75 78 3 9
10. 95 87 -a 69
11. 92 8? -5 25
12. 87 83 -6 16
13. 105 103 -2 9

1221 1156 -65 521

Mean Snore of Re-Test 93.3231
Mess Score of Retention Test 38.3231 
Sin of the Difference *65
Suss of the Difference Squared 521



71

BETWEEN Re-Tost and Final TEST Forearc Strength GROUP Isometric

H 13__
D -65 
D2 521

S (estimate of sampling error of D> * S

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVE© FROM CORRELATED SCORES FROM SMALL SAMPLES

D *

521 - <~65)2
13

12

S « 1.121
D
S’ (Mean Difference) * D * -65 * 5.00

"t" * D * 5.00 * M.C60
1.121S'

D
<Jf * N-l ■ 12
'tB at the .01 level - 3.06
Significant at .01 level
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RE-TEST AND FINAL TEST OF WEIGHT TRAINING GROUP IN SHOULDER DIPS
Subject Re-Test Retention Test Sub of Difference Difference Squared

1. 30.5 28.5 -2 4.00
2. 23.5 20.0 -3.5 12.25
3. 17.5 19.0 1.5 2.25
4. 18.S 19.0 .5 .25
5. 13.5 17.0 2.5 6.25
6. 19.5 19.0 -.5 .25
7. 11. S 10.5 -1.0 1.00
8. 23.5 2l2f * 0 -l. 5 2.25
9. 23.0 23.0 0.0 0.00
10. 24.0 23.0 -1.0 1.00
n. 11.0 10.0 -1.0 1.00
12. 20.5 20.0 -.5 .25
13. 23.0 ' 23,fi 0.0 0.00
14. 13.5 13.5 0.0 0.00

296.0 267.5 —6,5 30,75

Mean Score of Re--Test 21.1428
Mean Soon of Retention Tost 19.1071
Sum of the Difference -#.5
Sum of the Difference Squared 33.75
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BETWEEN Re-Test and Final TEST Shoulder Dips GROUP Weight Training

» XH 

D -6,5 
D2 30.75

$ (estimate of sampling error of if) » S
F  __p___ •

“Y  H

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

S * .390
D
F (Mean Difference) * D * -6.5 « .»i§9

I  l*
*'t” * D « .*6% * 1.19

S .390
D

df * M-l * 13
*t* at the .01 level * 3.01
Not significant at the .01 level



RE-TEST AHD FINAL TEST Of WEIGHT TRAIMIHS QRQUP IN SACK CTWGffl 
Snfc3;®Ot. M ~ T m t  Retention Teat Saga of Dlff«r®n>ce Dlffefynce. Squared

1. %40 425 -15 525
2. 280 260 -30 800
3, 330 350 -10 100
4. 400 410 10 100
5. 270 585 IS 22S
6« 400 385 -15 225
7* 240 250 10 100
8. 330 320 -10 100
8. 360 290 -60 3600
10. 340 310 -80 900
u. 340 300 -40 1600
12. 450 330 -120 14400
13. 420 400 -to 400
1*. 300 250 -30 280©

4f00 4535 -365 25375

Mown Score of Re~Te»t 3SQ.0
Mean Score of Retention Teat 323.9285
•on of th® Differ®**# -385
Sirs of th® Difference 8q«ar*d 25375



7$

BETWEEN Re Teat and Flr̂ l TEST Sack Strength GROUP Weight Trainin'

N IM____
D -365

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES FROM SMALL SAMPLES

\  (est.iuse.te of sampling error of IT) » S
D

25,375 - 4365)*

13

*">j N

S « 9.33H
F

D (Moan Difference) * D * -365 • 26*071
t **' ~i*r

* * 2.973**931?
B

df * H-l * 13
**t" at the .01 level « 3.01
Not aignifieant *t the .01 level
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RE-TEST AND flKAL TgST OF WEIGHT TRAIHUf? IK LBQ SIKSNCTK _
Subject Re-T— t Retention Teat S«a of Difference Difference Squared

1. *♦66 995 -15 225
2* 390 350 -90 1600
3. 560 560 0 0
9. 830 650 -180 32900
5. 590 516 -80 6900
6. 610 950 -160 2S600
7* 520 500 -90 1600
9. 930 960 30 900
9. 790 700 -90 1S0C
19. 580 590 -90 1600
n. 990 930 -10 100
12. 600 590 -80 3600
IS. 670 550 -120 19906
18. 560 950 -110 12100

7980 7135 -865 102125

Mean Scm*e of Re-Test 570.0
Mean Score of Retention Te»t 509.6928
Sis® of the Difference -S65
Sun of the Difference Squared 102125



77

BETWEEN Re-Teat and Final TEST Leg Strength GROUP Weight Training

H IM____
D -865 
D2 102,125

S (mximntm of sarâ llng m w  of 8) » 8S’ D *

" P ”

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN SEAMS
DERIVED FROM CORRELATED SCORES FROM SHALL SAMPLES

S * 16.353
D
D (Mean Difference) * D • “865 • 61*786

“T T
*f* e B

S * £ii22£ 167353
• 3,778

D
df • 8-1 * 13
"t" at the ,01 level * 3,ex
Significant at the ,01 level
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HU-TEST AMD FINAL TEST OF WEIGHT TRAINING GROUP IK FOREARM STRENGTH
Subject Re-Test Retention Teat

1. 88 82
2* 105 103
3. 93 92
8. 108 100
5. 70 79
6. BO 87
7. 90 100
8. 97 99
9. 117 120
10. 100 95
n . 89 80
12. 107 106
13. 105 108
19. n o 10S

1859 1390

Menu Score of Re-Te*t
Mean Score of Retention Test
Sura of the Differences
Sura of the Difference Squared

Sura of Difference Diffenpopca Squared
-6 36
-2 9
*1 1
•8 16
3 9
7 99
10 100
-3 9
3 9
-5 2$

; -I* 18
-1 1
-2 9
~5 25

-19 352

96.7192
95.7192
19

952
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BETWEEN Re-Test and Final TEST Foreana Strength GROW Weight Training

N *»
D IN 
?D 350

8 (estimate of stapling error of F) » S
» S ___•

- jp—

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN H U M

DERIVED FROM CORRELATED SCORES FROH SMALL SAMPLES

S * 1.363
f
If (Heart Difference) * D « -IN « 1.000

n r -  n r  *—
“t" « D * 1.000 * ,78N

S " 1.363 ““
D

4f * M-l * 13
*t* at the .01 level « 3.01
Not significant at .01 level
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TEST Shoulder Sips

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM UNCORRELATED SCORES FROM SMALL SAMPLES

Isometric Group I) * 1.615 Weight-Traiidag Group D * .km
Isometric Group* S « .566

5
Weight-Training Group S * ,390

D

D (the eastiiaat* of the aasjpling error for the die-)
M (tribution of difference® between the mean differeocei;) <*
D

S
F.

) ’  • N

(,566)2 t <.3S)2

S
D e .687
H
D

D * Dt “ D„ » 1.615 - .km n 1,151
F  1 '

D
"t" * D * 1.151 * 1.675

1*“ ' —

D

df * (S x “ 1) * <»2 - X) • 28
Mtw at .01 level » 2.78
Hot significant at .01 level.
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THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM UNCORRELATED SCORES FROM SMALL SAMPLES

TEST Back Strength

Isometric Group W  » 36.538 Weight“Training Group T) * 26.071
Isometric Group S « 10.732 WelghtTreinlng Creep S » 9t33»

8
D (the estimate of the sampling error for the di*»
M tribution of differences between the ween differences),* 
D

S
D * 19.293
M '~X ^'V
D

K. ■ D1 * »* B 36.538 - 28.071 * 10.<*57

"t" * |__ * 10.H67 • .735
S ‘ 1N.2<*&
D
K
»

df * (N^ - 1) + (»2 - 1) e 25 
Mtw «t .01 level * 2.79 
Mot significant at .01 level.
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TEST Leg Strength

Iscsnetrie Croup D * ^ <f308 Weight-Training Group $  » §1,788
leewetria Group S * 25.21® Weight-Training ©roup S * 16.353

D j> '

THE SIOHIFICAJICE OF THE SITFEKSNCE BETWEEN KEAWS
DERIVED FROM UNCORRELATSB SCORES FROM SHALL SAMPLES

D (the eatieate of the eaapling error for the die**
M tribufion of differences between the mean differences) * 
B

S
D * 3D.656
K
D

D * F ,  -  E j  • 12*308 -  61.786 * ~h<J.W?8
D
«tM * B

D * -M8,e78 * 1,6*6
I—  ' a O s T  “----
B
K
0

df * <NX - 1) * <N2 - 1) » 25 
«tM at .01 level « 2.78 
Hot significant at .61 level



n

THE SIGNIFICANCE OF TKE DIFFERENCE BETWEEN MEANS
DERIVED FROM IflNSCORREEATE') SCORES FROM SMALL SAMPLES

TEST Forearn

Isometric Group D *
Isometric Group S * 

D

D (the estimate of the sampling error for the dis- 
M tribution of differences between the wean differences) *
D

(1.121)2 + (1.38)2

3.107

D • 1.763
K
D

d 5.00 - l.oc * a.oo
F 1
"t* * D « H.00 » 2.269

D___ 0 6 3
S
D
M
D

df » (»1 - 1) ♦ (H2 - 1) * 25
wt" at ,01 level m 2.79
Not significant at .01 level.

5.00 Weight-Training Group D * 1.00
1.121 Weight-Training Group S * 1.36

D
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