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D aniel J .  Neppel, M aster of. Science

The th esis  here  ab stracted  was w ritten  under the d irection  of M r. 
W alter C . Koenig and approved by D r . John L . Quaday and D r . Allen W. 
Sturges as m em bers of the exam ining com m ittee, of which M r. Koenig was 
C hairm an.

The purpose of this study was to determ ine the changes e lic ited  by 

m odern dance techniques on the flex ib ility  and body balance of college f r e s h ­

m an football p la y e rs .

Two groups w ere requested  to p articip ate  in the study. An 

experim ental group of fifteen  su b je cts , which experienced a m odern dance 

program  tw ice w eekly, and a control group of th irteen  su b je c ts , that did not 

particip ate  in m odern dance, w ere u tilized in this study.

The two groups w ere given a p retest for flex ib ility  with the Leighton 

F lexo m eter and a p re te s t fo r body balance with the Stork Stand T e s t for 

Balance. The sam e item s w ere a lso  adm inistered  at the conclusion of the 

m odern dance program .

Two s ta tis tic a l com parisons w ere made: (1) A within group com parison 

between the p re te st and r e te s t  m eans of each group, and (2) a com parison 

between the m eans on the re te s ts  of each group in the a re a  te ste d . The null 

hypothesis was assum ed in analyzing the sign ificance of the d ifference between

A STUDY OF THE CHANGES CAUSED BY MODERN DANCE
MOVEMENT ON FLEXIBILITY AND BALANCE OF

COLLEGE FRESHMAN FOOTBALL PLAYERS

2
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m eans at the .0 5  le v e l.

The resu lts  of com parison showed a sign ifican t d ecrease  by the 

control group in two of the five a re a s  te s te d . The control group also  

evidenced a d ecrease  in a th ird  a re a  tested , but this d ecrease  was not 

s ta tis tica lly  s ig n ifican t.

It was concluded, on the b asis  of the re su lts  of the within groups 

com parison, that m odern dance in creased  flex ib ility  and body balance in 

college fresh m an football p la y e rs .





CHAPTER I

INTRODUCTION

The r is e  of sp ectator sp o rts , a s 'a  re crea tio n a l pursuit, has becom e a 

cultural phenomenon in our t im e . It is a r a r e  person who has not attended a 

gam e or watched an ath letic  contest through m odern te lev is io n . It has been 

these sp e cta to rs , or often term ed "rab id  s p e c ta to rs " , who have p ressu red  

coaches and ath letic  ad m in istrators into the "win or e ls e "  e ra  of a th le tic s .

Since coaches in in terco lleg ia te  a th letics  have been the prim ary, 

targ ets  of c r it ic is m  for fa ilu re  to win, they have been constantly search in g  for 

ways to im prove the ab ility  of each p erfo rm er on th e ir  team . Football coach es, 

in p articu lar, have attem pted many methods in an e ffo rt to teach  a boy how to 

perform  the n e ce ssa ry  sk ills  m ore e ffic ien tly .

A . Purpose of the Study

The investigator made th is study attem pting to evaluate:

1. The e ffect m odern dance would have upon trunk and hip flexion 

and extension .

2 . The e ffect of m odern dance upon leg  abduction.

3 . The e ffe c t m odern dance would have upon body balance or 

equ ilibriu m .

1
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B. D elim itations of the Study

The study was lim ited  to 28 freshm an football p layers at the 

U niversity of North Dakota, Grand F o rk s, North D akota.

The ages of the su b jects ranged from  18 to 22 y ears of age.

The study was conducted for a com plete se m e ste r  with the f ir s t  m ee t­

ing on Febru ary  3 , 1965 and the la s t  m eeting held on May 19, 1965. The 

experim ental group attended the e x e rc is e  periods on Tuesdays and Thursdays 

of each w eek beginning at 2 :10  p .m . and ending at 2 :50  p .m . ; a total of 40 

m inutes of e x e r c is e .

C . D efinitions of T erm s

F le x ib ility : The potential and existin g  ranges of m ovement of a body 

segm ent with re sp e ct to another segm en t. Exam ple: backward and forw ard 

m ovement of the trunk.

Modern dance m ovement: Movements or e x e rc is e s  demanding control 

of body segm ents to produce a position of that body segm ent for a d esired  d is ­

play of the body lin e .

Trunk and hip flexion : Bending of the upper trunk of the body and the 

hips from  a standing position to a forw ard, bent over position.

Trunk and hip extension: Bending from  a standing position with the 

knees locked, to an extended or bent back  position.

Leg abduction: Moving the leg  la te ra lly  away from  the middle or

m edian line of the body.
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Body balance: The ab ility  to m aintain the cen ter of gravity  or 

equilibrium  in an a rea  re la tiv e  to the m ovement d esired  so as not to lose  that 

stab ility  and fa ll . In football, this could involve m aintaining a wide base or 

stance when charging stra igh t ahead in a football linem an 's ch arg e .

F le x o m e te r: An instrum ent used in establish in g  the degrees of 

fle x ib ility .

M otor sk ills : Physical m ovem ents or sk ills  requ iring  a voluntary 

response from  the nervous system  to perform  until a re fle x  has been e s ta b lish ­

ed through continual perform ance or repeated  p r a c t ic e .

Range of m otion: The distance in degrees that a body segm ent m oves 

in re sp e ct to the joint through or about which it  m oves.

Freshm an college football p lay ers : High school graduates or tra n sfe r  

students from  other schools participating in th eir freshm an y ear in in te r ­

co lleg iate  football.

D . Need for the Study

M otor s k ill p erform an ce has entered  the gam e of in terco lleg ia te  foot­

b a ll through th eories and p ra ctice s  established  by coaches of the gam e. T hese 

men have fe lt it  a n e ce ssity  to im prove this ab ility  in th e ir  p layers to b etter the 

win reco rd s they have attem pted to e s ta b lish . As a re su lt of th e ir  e ffo rts , 

som e have w ritten  books concerning th eir th eo ries and m ethods. M r. Gomer 

J o n e s ,1 a very  su ccessfu l line coach at the U niversity  of Oklahoma, has

Gom er Jones, Offensive and D efensive Line Play (New Je rse y : P rentice  
H all, In c . ,  1964), p . l l .
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w ritten the following concerning the physical ab ility  of college football p lay ers:

The development of body con tro l, ag ility  and the ability  to re a c t with 
accu racy  is  as im portant as the development of offensive and defensive 
fundam entals. Without these required  s k ills , p layers w ill not be able 
to execute the offensive and defensive fundam entals.

M r. Ben M artin , ^ head football coach at the United States A ir F o rce

Academ y, has w ritten a text concerning his methods and th eo ries of teaching

football s k il ls .  His rem ark s have been noted by many coaches and teach ers

in the field  of sp ort and in terco lleg ia te  football:

On every  play in a football gam e, the p layers a re  required  to put th eir 
bodies through a num ber of com plex m ovem ents.

What a p layer inacts IMS req u ires coordination, for coordination is 
the combined action of a num ber of m uscles to produce com plex m ove­
m en ts . A good football p rosp ect m ust be coordinated, not clu m sy. He 
m ust be able to re a c t  to what he sees  and to the p re ssu re s  he fee ls  
in flicted  by the opponent upon his body.

Body balance or equilibrium  is  d esired  by coaches as a n e ce ssity  to 

perform  w ell as a college football p la y e r . It is  w ell xnown that the p rincip le of 

a wide base or stance is  an aid in the m aintenance of equilibrium . Thus, i f  a 

boy can m aintain a re la tiv e ly  stab le  sta te  of equilibrium , while being tackled 

or blocked, he m ay perform  w ell as a running back or defensive lin eb ack er. 

T his quality m ay be inherent in the ath lete , and if  it is  not, the coach should 

m ake efforts to in cre a se  this physical a ttribu te in his p e rfo rm e r . D oubtless, 

the coach w ill try  to im prove the equilibrium  through daily d r il ls .  However, it 

is  m ore d esirab le  that th ese boys develop body balance before com ing to camp

H all, Inc
Ben M artin , Ben M artin 's  F lex ib le  T  Offense (New Je rse y : 

. ,  1961), p . 13.

2
P re n tice -
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in the fa ll .

Bunn3 has s tre s se d  the im portance of equilibrium  or body balance in

sp orts:

Equilibrium  is probably the m ost sign ifican t of a ll physical p rin cip les, 
in m ech an ics, that a re  involved in sports technique.

In sports p arlan ce, it  is  ca lled  balance, position and s ta n ce . Depending 
upon the re su lts  d esired , various asp ects of equilibrium  a re  m aintained.

S till another im portant asp ect, which has been of concern  to in te r ­

co lleg iate  football coach es, is  the physical condition of th eir a th le te s . Noted 

persons in the field  of physical education and ath letics  have made statem ents 

concerning the n e ce ssa ry  physical qu alities or requirem ents for f itn e ss . 

Rathbone^ has w ritten:

A person who is  fit is  usually re la tiv e ly  stro n g . His strength is  in his 
m u sc le s . He is a g ile . A gility depends upon nervous system  con tro l.
He is  f le x ib le . F lex ib ility  is  in the jo in ts .

Cureton* 3 * has exp ressed  his th eo ries concerning flex ib ility  and physical

fitn ess :

F lex ib ility  of men of college age display a type of "su p p leness" which is 
a m easu re of the fu ll-ran ge of m obility of the jo in ts re flectin g  the 
s tru ctu ra l capacity , the norm ality  of jo in ts , the strength  of the 
m usculature and type and condition.

Physical condition in a th le tics  and daily living has been a n e ce ssa ry

requ irem ent for utm ost perform ance and enjoym ent by a ll individuals. It has

John W. Bunn, S c ien tific  P rin cip les of Coaching (New Je rse y : P re n tice - 
H all, In c . ,  1964), p .4 .

4
Josephine L . Rathbone, C o rrectiv e  Physical Education (Philadelphia:

W. B. Saunders Company, 1949), p . 92 .

3 Thom as K. Cureton, "F le x ib ility  as an A spect of Physical F itn e s s" ,
R e se a rc h  Q u arterly  (V ol. X II, M ay, 1941), p . 381 .
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been stated  that body flex ib ility  plays a d istinctive ro le  in aiding the individual 

to reach  this lev el in physical fitn ess .

In terco lleg iate  coaches have known that flex ib ility  e ffects  the m otor 

perform ance of individuals. This theory has been established  through studies 

and experim ents on flex ib ility  and its  re la tio n  to m otor ab ility  p erform an ce.

• z:
T y ran ce0 has concluded that m otor ab ility  perform ance depends upon 

many fa c to rs , among which is  jo in t m obility  or flex ib ility .

F lex ib ility  and body balance, or equilibrium , a re  p rim ary  req u isites  

for college football p la y e rs . T his n e ce ssity  has m otivated coaches in a ll fields 

of ath letics to give th e ir  ath letes som e type of activ ity  to im prove body control 

and fle x ib ility . Modern dance program s have been widely introduced by 

coaches to im prove the m otor effic ien cy  of football p layers on the in terco lleg ia te  

le v e l. But needless to say , fans have felt this to be humorous and used as a 

m eans for publicity. Many coaches who have used this technique have been 

in terested  in the positive e ffects  of m odern dance m ovement upon in creased  

flex ib ility  and body b alan ce . They have a lso  been curious as to whether or not 

flex ib ility  can be in creased  through sp ec ific  e x e rc is e s  and if  strength is  lo st in 

doing s o .

T a y lo r '* 7 has com pleted a study which gives som e insight to p ossib le  

answ ers to th ese qu estions. From  his investigation , T ay lo r concluded that 

flex ib ility  can be im proved through p rescrib ed  e x e rc is e s  without a subsequent

0 Herman J .  T y ran ce , "R elationships of E xtrem e Body Types to Ranges 
o f F le x ib ility " , R ese a rch  Q u arterly  (V ol. X X IX , No. 3 , O ctober, 1958), p . 17.

7 L . T a y lo r, "Studies in F le x ib ility "  (Unpublished M a s te r 's  T h e s is , 
Sprin gfield  C ollege, 1938), p . 74 .
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d ecrease  in strength .

O
Leighton? a leading re s e a rc h e r  in flex ib ility , has concluded from  his 

studies, that the range of m otion of a norm al jo in t can be changed or in creased  

through activ ity .

From  the foregoing statem en ts, it would seem  th ere is a definite need 

for evaluation of m odern dance technique and its  e ffect on flex ib ility  and body 

balance in college freshm an football p la y e rs . T his review  of the need for the 

study revealed  the following sign ifican t points:

1. F lex ib ility  is  a factor in attainm ent of good physical condition.

2 . F lex ib ility  is  a requirem ent fo r e ffic ien t perform ance of m otor s k i l l s .

3 . F lex ib ility  can be in creased  through sp ecia lized  activ ity .

4 .  Strength is  not lo st in attem pting to in cre a se  flex ib ility .

5 . Body balance or equilibrium  is  d esired  by coaches in in terco lleg iate  

football to perform  the n e c e ssa ry  football fundamental sk ills  m ore e ffic ien tly .

6 . C ertain coaches have attem pted to im prove the flex ib ility  of th eir 

football p lay ers through various m odern dance program s to produce winning team s .

7 . An evaluation of a m odern dance program  is  needed to determ ine the 

e ffect it  has upon changing the flex ib ility  of college freshm an football p la y e rs .

7

O
Jack  R . Leighton, "On The Significance of F lex ib ility  for Physical 

E d u ca to rs”, Journal of Health, Physical Education and R ecreatio n  (November, 
1960), p . 2 7 .



CHAPTER II

REVIEW  OF R ELA TED  LITER A TU RE

Studies and experim ents attem pting to evaluate flex ib ility  changes as 

a re su lt of m odern dance m ovement a re  lim ited . The re s e a rc h  conducted by 

th is in vestigator has not revealed  any studies in the a rea  of m odern dance in 

re la tio n  to flex ib ility  in college freshm an football p la y e rs .

The review  of the re la ted  litera tu re  in this study was done with 

re fe re n ce  to studies com pleted in flex ib ility  of ath letes as com pared to reg u lar 

college students. The investigator fee ls  these studies have su fficien t bearing 

on th is study to be m entioned h e re .

Leighton1 conducted a study in which he tested  100 basketball p lay ers , 

100 b aseb all p lay ers , 50 sw im m ers and 44 shot putters and discus th row ers, 

to determ ine the flex ib ility  c h a ra c te r is tic s  of th ese ath letes in th e ir  resp ectiv e  

sk ill grou p s. He found the sw im m ers attained the highest degree of flex ib ility  

in 25 or the 30 te s t item s ad m inistered .

Leighton a lso  found that b aseb a ll p lay ers had about the sam e degree of 

flex ib ility  as did the sw im m ers. Basketball p layers showed su p erior p erfo rm ­

ance in 14 of the 30 m ovements adm inistered ; while the trackm en w ere in ferio r 

to the other th ree  s k ill groups in the 30 te s t  item s of flex ib ility . Leighton

J'J a c k R .  Leighton, "F le x ib ility  C h a ra c te ris tics  of Four Specialized  
Sk ill Groups of College A th le tes", A rchives of Physical M edicine and 
R ehabilitation (V ol. XXXH I, No. 1, January, 1957), p . 24 .

8
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O
H aliski concluded that football p lay ers w ere le s s  flex ib le  than 

physical education se rv ice  c la ss  students in  body a rticu la tio n s. Haliski 

studied 100 U niversity of Oregon football p layers with the use of the Leighton 

F lexo m eter and com pared the re su lts  with 56 m em bers of a body building c la ss  

at Oregon.

H aliski adm inistered the flex ib ility  m ovem ents devised by Leighton as 

the c r ite r io n  for testin g  his su b je c ts . His re su lts  showed that football p layers 

at the U niversity  of Oregon w ere sign ificantly  m ore flexib le  than the se rv ice  

program  su b jects  in side hip extension only.

In a com parison of linem en and backfield  p e rfo rm e rs , H aliski found 

the backfield  m en to be m ore flex ib le  in 12 of the 21 m easu res com pared.

A m ore sign ifican t study was one conducted by P eter O . S ig erse th  and

3
H aliski at the U niversity  of Oregon. They used 100 football p layers and 100 

reg u lar college students in th eir study.

The two in vestigators adm inistered  the flex ib ility  te s t m ovements 

devised by Leighton and m easured  the degrees of range of m otion with the 

Leighton F le x o m e te r. The football su b jects  w ere given am ple tim e to tra in

2 C hester C . H aliski, "A Study of F lex ib ility  in Football P la y e rs"  (Un­
published M a ste r 's  T h e s is , U niversity  of Oregon, 1950).

^ P eter O . S ig erse th  and C hester C . H aliski, "The F lex ib ility  of Foo t­
b a ll P lay ers , " R esearch jQ u arterly  (V ol. X X I, No. 4 , D ecem ber, 1950), p . 394 .

concluded that a definite need exists for studies to determine if there is a

possibility of improvement of skills through direct individual improvement

in flexibility.
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in the sp ort of football b efore  being m easu red . E ach  su b ject was tested  tw ice 

in su ccessio n  on each m ovem ent and the re su lts  reco rd ed .

H aliski and S ig erse th  s ta tis tica lly  computed the re lia b ility  of the 

methods of testin g  the flex ib ility  of the s u b je c ts . A com parison was made b e ­

tween the re su lts  of the f ir s t  and second tr ia ls  on each m ovem ent. They re c o rd ­

ed a coefficien t of co rre la tio n  of . 953 for leg  abduction of the le ft leg  and a 

coefficien t of .945  for abduction of the righ t le g . A re lia b ility  co efficien t of 

. 971 was found fo r trunk and hip flexion and extension . It m ay be of sign ifican ce 

to m ention here that these m ovem ents and the sam e instrum ent w ere used by 

this in vestigator to te s t  his su b jects  for flex ib ility  in th ese  anatom ical a r e a s .

S ig erseth  and H aliski com pared 21 jo int a reas  of the body of football 

p layers with those of reg u lar college stu dents. T h e ir  resu lts  showed that, 

in the groups studied, reg u lar college students w ere sign ificantly  m ore flexib le  

than football p lay ers in a g re a te r  num ber of body jo in ts .

T h ere  is  evidence from  the review  of re la ted  lite ra tu re  supporting the 

theory of a la ck  of flex ib ility  in college football p lay ers and college ath letes in 

tn e ir  resp ectiv e  s k ill a c tiv it ie s . Football p lay ers a re  m ore flex ib le  in side hip 

extension only. College students w ere found to be m ore flex ib le  in 13 other jo int 

a re a s  of the body. Additional evidence showed that co llege students w ere again 

m ore flex ib le  than college foo tb allers in a g re a te r  num ber of body jo in ts .

R ecently  instrum ents have been devised which accu rate ly  determ ine the 

flex ib ility  of jo in ts in various anatom ical regions of the body. Evidence has 

shown th ese m easu ring instrum ents to be re lia b le  in m easuring trunk and hip 

flexion and extension and leg  abduction.



CHAPTER III

METHODOLOGY

A . Selection  and Equation of the Two 
Groups Used in the Study

Two groups ox fifteen  freshm an football p layers each, one 

exp erim ental, the other control, w ere se lected  from  a to tal of th irty -fiv e  

freshm an football p layers at the U niversity  of North Dakota. They w ere 

asked to volunteer for participation in this study, and to en ro ll in a se rv ice  

program  cou rse which m et tw ice weekly for s ix ty  m inutes at each m eeting.

The control group was reduced to fourteen m em b ers, as a re su lt 

of a schedule con flict upon re g is tra tio n . T his sam e group was again reduced, 

due to the death of a su b ject, b efore  the testin g  was com pleted. This lim ited  

the control group to a to ta l of th irteen  s u b je c ts .

Since the method of se lectio n  of the su b jects was not by random , 

these groups had to be equated to b ear evidence that neither group was 

physically  m ore flexib le or had, as an inherent quality, b etter  body b alan ce . 

T h e re fo re , these groups w ere equated fo r flex ib ility  on the b asis  of trunk and 

hip flexion by com paring the in itia l te s t sc o re s  in trunk and hip flexion of both 

the experim ental and control groups. It was found that the d ifferen ce between 

th ese two groups for purposes of equating them  was of no sig n ifican ce, as 

shown by the standard e r r o r  of the d ifference between two m eans for
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uncorrelated  grou p s.

Both groups w ere equated for body balance by com paring the in itial

te st sco re s  of both groups for the Stork  Stand. T his te s t was adapted from  the

2
Iowa R evision of the B race  T e s t and is  used in this study to attem pt to determ ine 

body balance in these s u b je c ts . It was found that the standard e r r o r  of the 

d ifference between the m eans for u ncorrelated  groups showed no evidence of 

sign ifican t d ifference between the experim ental group and control group.

On the b asis  of these te s ts , it has been assum ed these two groups 

a re  sign ificantly  equal in re la tio n  to body flex ib ility  in a re a s  tested , and to body 

balance as equated by the use of the S tork  Stand te s t  for b a lan ce .

Raw s c o r e s , m athem atical procedu re, and the form ulae used in 

equating the groups a re  record ed  in Appendix A.

B. D escrip tion  of the Instrum ent and T e s t 
Item s Used in the Study

The instrum ent utilized in m easu ring the degrees of flex ib ility , in 

trunk and hip flexion and extension and leg  abduction, was a type of goniom eter

■3
devised by Ja ck  R . Leighton , known as the Leighton F lexo m eter (see F igure 1). 

The instrum ent is equipped with a fla t, rotating c irc u la r  dial, m arked off in

1 Allen L . Edw ards, S ta tis tica l Methods F o r The Behavioral Scien ces 
(New York: R inehart and Company, In c .,  1954), p. 252 .

9
C harles Harold M cCloy and Norma Dorothy Young, T e s ts  and M easu re­

m ents in Health and Physical Education (New York: Appleton - Century C ro fts , In c .,  
T hird  Edition, 1954), p . 88 .

3 Jack  R . Leighton, "A Sim ple O bjective and R eliab le  M easure of 
F le x ib ility " , R ese a rch  Q u arterly , (V ol. X III, No. 2 , M ay, 1942), pp. 205 - 2 1 6 .
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that trunk and hip flex ib ility  have been an indication of general body fle x ib ility .

The procedure that was followed during the m easurem ent of trunk and 

hip flexion and extension was perform ed by the su b ject in two m ovem ents. The 

instrum ent was strapped around the ch est of the su b ject d irectly  below the arm pit 

on e ith er side of the su b je ct. He was then instructed  to stand at attention, feet 

fla t on the flo o r, while keeping the hips s ta b le . The dial and pointer w ere se t at 

zero  and the su b ject told to bend backward to the maximum position . At this 

point a reading was taken and reco rd ed .

The m easurem ent of trunk and hip flexion was conducted in the sam e 

m anner. T his tim e the su b ject was instructed  to bend forw ard, keeping the knees 

stra ig h t, to the maximum position. Again, at this point, a reading was taken to 

the n e a re st d eg ree . E ach  su b ject was given the opportunity to perform  each 

m ovement once while the reading was taken . A second tr ia l was not ad m inistered .

F ig u re  2 - Trunk and Hip E xten sion . Left - s ta rtin g  position; right - finishing 
p osition .
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Figu re 3 - Trunk and Hip F lex ion . Left - s ta rtin g  position; right - finishing 
position.

The second m easu re adapted from  Leighton's te s t of flex ib ility  m ove­

m ents was m ovement VII or Leg Abduction (see Figure 4 ) .

F igure 4 - Leg Abduction. Left - s tartin g  position; right - finishing position. 
Vue sam e procedure fo r e ith er le g .
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The instrum ent was strapped around the ankle with the flexom eter on 

the back of the ank le . The su b ject was instructed  to stand at attention (the dial 

and pointer se t as c lo se  as possib le to z e ro ), and then to slide both feet out s id e ­

wards to the m aximum position. At this position, the dial was locked and the 

reading was taken to the n e a re st degree and record ed . The sam e procedure 

was followed in the m easurem ent of the degree of leg  abduction in the opposite 

le g .

The s to rk  stand was a th ird  m easu re used by this investigator to

evaluate body b a lan ce . T his is te s t  num ber five from  the Iowa R evision of the 

Brace T e s t (see Figure 5 ).

F ig u re  5 - Stork  Stand T e s t for Balance. Left - s ta rtin g  position; right - 
holding and finishing position .

The su b ject was instructed  to p lace his hands on his hips, p lace the 

insole of the le ft foot against the m edial side of the knee of the right leg , with 

toes of the le ft foot pointing to the f lo o r . He was allowed a moment to steady
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him self, and then in stru cted  to c lo se  his e y e s . The su b ject was given one 

point for every second on a stop w atch, up to and including ten second s, that 

he was able to hold this position without losing balance, shifting the righ t foot 

on the flo o r, or opening his e y e s . If the su b ject was unable to m eet the above 

c r ite r ia  for the m axim um  tim e of ten seconds, he was perm itted  another tr ia l .  

The b est sc o re  of both tr ia ls  was then reco rd ed .

Two other item s se lected  from  the Iowa R evision of the Brace 

T e s t to evaluate body balance, w ere deleted from  the study upon com pletion of 

the analysis of data. The degree of difficulty of these te s t  item s was not 

su fficient to produce a larg e  enough range in sc o re s  to have shown com parable 

r e s u lts . None of the 28 su b jects  tested  made sco re s  below the m aximum of 

ten on each  of the two stunt item s used in the in itia l testin g  phase or re te s t  

p h ase .

C . Illu stration , D escrip tion  and A dm inistration 
o f the T reatm en t E x e rc is e s

The m odern dance m ovement e x e rc is e s  used by the in vestigator in 

th is study w ere of two types: (1) E x e rc is e s  done without support, o r floor 

e x e r c is e s , and (2) m ovem ents done with support. T h e re fo re , the following 

illu stration s and descriptions w ill be divided into two sep arate  section s a cco rd ­

ing to typ e.

It is  appropriate at this point to d escrib e  the d ress worn by the 

experim ental group su b jects  during the e x e rc is e  period . The purposes fo r the 

d ress w ere two: (1) To c le a r ly  distinguish the body lin e , and (2) to p erm it



18

freedom  of movement during p erfo rm an ce . A b lack , c a lf  length tight, with a 

b lack  tight te e -s h ir t  was required  for perform ance of the m odern dance m ove­

m en ts. The tights w ere fo o tless , which perm itted  the experim ental group and 

the w rite r  to perform  in b are  fe e t. This facto r gave a su re r  grip on the 

flo o r .

D . Movements Without Support^1

The sequence of these m ovem ents was continually followed when the 

e x e rc is e s  w ere used fo r w arm -up purposes, as w ell as to im prove flex ib ility  

and body b alan ce . The program  was introduced with floor e x e rc is e s  of the 

non-support type. Gradually the m ore d ifficult m ovements with support 

w ere added.

The in stru cto r always spoke in a sm ooth, relaxin g  tone to encourage 

relaxation  and s tre s s  d eliberate  m ovem ents. Talking or laughing was not 

perm itted  during p erform an ce. T his seem ed to encourage concentration on 

m ovement and relaxation  during the e x e rc is e  ac tiv ity . The in stru cto r counted 

rhythm ically  to insure uniform  m ovement by the group.

^Provided by M rs . Mi Mi M a rr, Dance In stru cto r, W om en's Physical 
Education D epartm ent, U niversity  of North Dakota, Grand F o rk s, Feb ru ary , 1965.
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Figure 1 - Curl to Sit up and Touch
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Start: Back lying position, arm s at sid e, knees bent, feet on flo o r .

Step 1: L ift head, low er slow ly to startin g  position.

Step 2: L ift head and shoulder, low er slow ly.

Step 3: L ift head, shoulder and thorax, low er slowly to flo o r .

Step 4: L ift head, shou ld ers, thorax, trunk, com e to s it  position. Slide legs 
to extended position, depress knees and extend fe e t . R e lax . Touch toes with 
hands, low er slow ly. R ep eat. Begin with step 1 (see Figure 1).

Movement I - Curl to Sit up and Touch

Movement II - Bounce from  Sit and Hold

S tart: S it up position, legs and feet extended, toes pointed, knees d ep ressed .

Steps 1 - 3 :  Bounce, touch toes with fin g ers , then back  to s i t .  Repeat four tim e s .

Step 4 : Bounce as in steps 1 - 3 .  On fifth bounce, grasp  an k les, keep knees de­
p re ssed , touch head to knees (see Figure 2 ) .
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Movement III - Leg L ift and Foot F lex

S tart: Back lying position, legs extended, knees depressed , fee t extended.

Step 1: Keep knees d epressed , ra is e  legs slow ly to v e rtic a l position until 
perpendic.ular to h ip s .
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Step 2: On count, flex  both fee t, then extend both fe e t.

Step 3: Separate le g s , keep knees d epressed , again flex  and extend fee t.

Step 4: Bring legs back  together, extend fee t, low er slow ly to startin g  
position. Keep knees depressed  (see F igure 3 ).

Figure 4 - Back Arch to Upswing and Sit.
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Movement IV - Back A rch to Upswing and Sit 

S tart: Back lying position, knees bent, feet fla t on flo o r .

Step 1: A rch back, extend arm s above shoulders, com e to r e s t  on head, look 
back along floor to point on opposite w all.

Step 2: On sign al, swing arm s down along flo o r, and bring head up and toward 
fe e t.

Step 3: Follow  through with a rm s, re a ch  to ceilin g , end in s it  up position with 
legs extended.

Step 4: E xh ale, le t arm s drop slow ly to flo o r, re la x  and rep eat steps 1 - 3  
(see Figure 4 ) .

Figure 5 - Front Lying Position, Grasp Ankles.
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Movement V - Front Lying Position, G rasp Ankles 

S tart: Lie prone, hands at s id e s , legs extended.

Step 1: A rch back, bring  head up. Look along floor to point on opposite w all. 

Step 2: Bring legs up, fully extend to ro ck e r  position.

Step 3: G rasp ankles with hands, hold, m aintain arched  position. Return to 
sta rtin g  position and re la x  (see F igure 5 ).

Figure 6 - Hurdler Stretch
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Movement VI - Hurdler Stretch

Start: In sittin g  position, extend le ft leg  while hooking opposite leg  behind hip. 

Step 1: Keep hands on hips, lean back as fa r  as p o ssib le .

Figure 7 - Toe Raisers
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Start: Standing position, hands on hips, feet shoulder width ap art, toes pointing 
out at a 45 degree angle.

Step 1: R aise  up on toes on sig n al.

Movement VII - Toe Raisers

Figure 8 - Toe Springs
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Movement VIII - Toe Springs

Start: Sam e position as in Movement VI.

Step 1: Spring from  b alls  of fee t, flexing knees slig h tly .

Step 2: Land on floor, on b alls of fee t, le t fee t drop to h ee ls , flex  knees to 
absorb  shock of floor - rep eat eight to sixteen  tim es (see Figure 8).

E . E x e rc is e s  with Bar Support?

M ost of these e x e rc is e s  w ere with one hand on the b ar or a strong 

ledge. They could a lso  be done outdoors using a ra il  or fence for support. They 

w ere done with slow , d eliberate  m ovem ent, ra th er than with quick, je rk y  or 

tensing m ovem ents. Each e x e rc is e  was perform ed on the leg  away from  the 

b ar with an about face  when altern ating  the other le g .

C

Support

S tartin g  Position 
F igure 1

Back stra ig h t, con tract abdom inals, 
bend knees as fa r  as p o ssib le , with 
both heels on flo o r . F igure 2

Lower heels to flo o r, keep knees 
bent as much as p o ss ib le .
F igure 3

keep balance on both fee t, retu rn  
to startin g  position. F igure 4

Andrew Hardie, Ballet E x e rc is e s  for A thletes (London: Am ateur 
A thletic A ssociation , 1961), pp. 3 - 2 4 .

7



28

Startin g  position. 
F igure 1

Bring feet down until tip 
touches flo o r .
Figure 3

Exercise II

Beat thigh into a ir  to horizontal 
position.
F igure 2

0

of toe R eturn to sta rtin g  position. 
F igu re 4

T his e x e rc is e  is  a lso  done to the side and back , m aintaining the sam e position.
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Starting  Position 
F igure 1

S it down on heels 
Figure 3

Grip heel with free  
Figure 5 •' \

» /

P lace head on knees, keep knees 
firm ly  to g eth er.
F igure 4

hand. Slowly straighten  k n ee s . Do not 
rem ove head from  knees if  p o ssib le . 
F igure 6

R ecover slowly to starting- 
position.
Figure 7
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Starting  position. 
F igure 1

Exercise IV

T hru st knee forcefu lly  into a ir  
forw ard four t im e s .
F igure 2

Then sideways four t im e s . 
F igure 3

Then backward four t im e s . 
F igure 4

Then sideways four tim es . 
Return to startin g  position. 
F igure 5

While th is e x e rc is e  was perform ed, the supporting leg  was s t ill  and stra ig h t.

The hips rem ained s t i l l ,  except when thrusting backw ard.
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Exercise V

Starting  position. 
F igure 1

w ard, when leg  reach es highest 
point forw ard.
Figure 3

T h ru st leg  backward 
Figure 5

S tre tch  leg  backward until big 
toe touches flo o r .
F igure 2

Bend body forcefu lly  backw ard, 
le g  and body horizontal .
F igure 4

i

Bend body forw ard to horizontal 
keep free  arm  in original 
position .
F igure 6

M aintain an even rhythm  during th is e x e r c is e . Allow no ex ce ss iv e  speed.
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o

h a *

Exercise VI

Startin g  position. 
F igure 1

0

R aise  knee forw ard to hip. 
F igu re 2

M aintain knee height, slow ly A rch  foot in a ir  - keep knee
straighten leg  until fully taut or locked .
stre tch ed . F igure 4
F igure 3

0
1 \  

\  
1 _

I
hi*

h .
Return to sta rtin g  position. 
F igu re 5

T his e x e rc is e  is a lso  done to the side and back, keeping the hips stab le  and

knee of supporting leg  locked .
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Exercise VII

Starting  position. 
F igure 1

S tre tch  leg  to side with knee 
locked . Hold about twelve 
inches off the f lo o r .
F igu re 2

Turn leg  inward and bend 
knee so thigh is  a c ro ss  body.

L ift thigh so knee is a lm ost at 
ch est le v e l.
F igure 4

Open thigh sideways and —  
F ig u re  5

Extend leg , bring heel upward in 
line with kn ee . Rotate foot, keep 
ing knee tau t. Return to startin g  
position.
F igure 6
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Startin g  position. 
F igure i

\

- i .

Exercise VIII

F ace  b a r, holding it  with both 
hands.
F igure 2

\

Pull away until arm s and body R elease  right foot slightly  fo r -
a re  horizontal and legs v e r t ic a l . w ard, and —
Figure 3 F igure 4

\

\
J

T h ru st forcefu lly  backw ard as 
fa r  as p o ss ib le . Keep both 
knees stra ig h t.
Figure 5

Return foot to ground. Repeat 
with le ft foot.
F igu re 6
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Starting  position. 
F igure 1

Exercise IX

J_i_
R aise  both h e e ls . 
F igure 2

M aintain body in e re c t  
position. Sit down on 
h e e ls .
F igure 3

Extend leg  furth est from  support 
until stra ig h t, about s ix  inches 
from  flo o r .
F igu re 4

Without depending too much on 
support, ra is e  upright on leg  
n e a re s t support - re tu rn  to 
startin g  position.
Figure 5
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Exercise X

Startin g  position. 
F igure 1

Sit down on heels . 
F igure 2

Without returning to upright, 
p ress  knees forw ard and bend 
back backw ard.
F igure 3

P ress  hips forw ard over knees 
bend fu rth er backw ard.
F igure 4

Return to upright. Keep heels 
ra ise d . Return to startin g  
position.
F igure 5



CHAPTER IV

ANALYSIS O F THE DATA 

A . S ta tis tica l Procedure

The purpose of this study was to evaluate the change, i f  any, in 

flex ib ility  between two groups of freshm an college football p la y e rs . An 

experim ental group receiv ed  an e x e rc is e  p rogram , while the control group 

receiv ed  none. Both groups w ere tested  to determ ine the degrees of flex ib ility  

and the amount of body balance in th ese two groups b efore the treatm en t, which 

only the experim ental group receiv ed , and upon com pletion of the p rogram .

This in vestigator se lected  the null hypothesis* as a m eans of 

analyzing the sign ifican ce of the d ifference between the m eans of these groups . 

T his hypothesis a s s e r ts  that th ere  is  no true d ifferen ce between two population 

m eans, and that the d ifference found between sam ple m eans is ,  th ere fo re , 

accidental and unim portant. In determ ining the intragroup sign ifican ce, the 

sign ifican ce of the d ifferen ce between the m eans of the in itia l te s t  and the r e ­

te s t was determ ined with the " t "  te s t  fo r s ig n ifican ce . The " t "  ra tio  showed, 

as a re su lt of dividing the actual m ean d ifference by the standard e r r o r  of the 

m ean, the lev el of sign ifican ce established  in the " t "  ta b le . To determ ine at 

what lev e l the " t "  ra tio  fe l l , the form ula (N -l)  was applied to find the degrees

* Henry E . G a rre t, S ta tis tics  in Psychology and Education (New York: 
Longsm ans, G reen and Company, F ifth  Edition, 1958), p . 213 .

37
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of freedom  for the intragroup com parison . The level of sign ifican ce assum ed 

by this in vestigator, a fte r  computation of the data and consultation with his 

com m ittee, was at the .0 5  lev e l.

In determ ining the sign ifican ce of the m ean d ifference in intergroup, 

or between group com parison, the form ula for the degrees of freedom  

establish in g  the .0 5  level of sign ifican ce in the " t "  table was (N^ +  N2 - 3).

In both com parisons the null hypothesis was accepted  or re je c te d  accord ing to 

the " t "  ra tio  and lev el of sign ifican ce estab lish ed .

The sou rces re fe rre d  to in the se lectio n  of the proper form ulae used 

in this study w ere those of Edw ards2 and G a rre t^ . T his in vestigator, through 

the guidance of his com m ittee, fe lt the form ulae se lected  from  these two 

sou rces w ere b est adapted to this study.

B. R esu lts of Com parison

The intragroup com parison, or within group com parison, established  

the sign ifican ce of the d ifferen ce between the m ean s. T his was computed by 

com parison of the resu lts  of the in itia l te s t and the re te s t  within each group in 

the m ovement tested .

The intergroup com parison established  the sign ifican ce of the d ifference 

between the m eans of the r e te s t  resu lts  between the experim ental and control 

groups in the m ovement te s te d . T his was calculated  by the use of the form ula

^E d w ard s, o p .c i t . , pp. 252 - 282 .

3
G a rret, op. c i t . ,  pp. 214 - 2 1 5 .
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for establish in g the standard e r r o r  of the d ifferen ce between m eans for 

equated groups A

Trunk and Hip Flexion

The experim ental group m ean sc o re  on the in itia l te s t of 146 .2  

degrees and the m ean sc o re  of 1 4 8 .8  degrees on the re te s t , produced a mean 

d ifferen ce of 2 .6  degrees for both te s ts .  The " t "  value of 1 .92  fo r the e x p e ri­

m ental group fe ll below the 2 .0 6  level of c r ite r io n  for 14 degrees of freedom  at 

the .05  le v e l. The null hypothesis was accep ted .

The control group had a m ean of 14 5 .5  degrees on the in itia l te s t  and 

a m ean of 1 4 4 .9  degrees on the r e te s t .  The m ean d ifference as a re su lt was 

- .9 2 3  d egrees, for the two te s ts .  The value for " t "  was computed as - .6 3 2 .

F o r 12 degrees of freedom  the c r ite r io n  at the .05  level was 2 .1 8 .  The null 

hypothesis was accepted  for the control group, s in ce  this d ecrease  was not 

s ig n ifican t.

The between groups com parison showed that the experim ental group 

and control group re te s t  m ean sco re  d ifferen ce was 3 .9 0  d eg rees . The " t"  

value of the two groups was 1 .1 1 . The 25 degrees of freedom  established  " t"  

a t the .0 5  level of 2 .0 6 .  Consequently, the null hypothesis was accep ted .

Trunk and Hip Extension

The m ean of the experim ental group in the in itia l te s t was 4 1 .8  d eg rees . 

The m ean of the re te s t  was 5 0 .6  d e g re e s . The m ean d ifferen ce between the two

^E d w ard s, o p .c i t . ,  pp. 282 - 288 .
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te s ts  was 8 .7 3  d eg rees . The experim ental group had a " t "  ra tio  of 3 .9 6 .  At 

the .05  level of sign ifican ce " t "  equals 2 .1 4  for 14 degrees of freedom . The 

null hypothesis was re je c te d  for the experim ental group sin ce  3 .9 6  was 

sign ifican t at the .05  le v e l.

The control group produced a mean of the in itia l te s t of 4 9 .5  degrees 

and a m ean of 5 2 .7  degrees on the r e te s t .  The m ean sc o re  d ifference between 

the two te s ts  was 3 .1 5  d e g re e s . F o r 12 degrees of freedom  " t "  equaled 3 .0 6  

at the .05  le v e l. Since " t "  of the control group was 4 .3 9 ,  the null hypothesis 

was a lso  re je c te d  for the control group.

In the between group, or intergroup com parison, for trunk and hip 

extension, the d ifference between the experim ental group r e te s t  m ean and 

control group re te s t  m ean was 2 .0 0  d eg rees . The sign ifican ce of the d ifference 

determ ined by the " t "  ra tio  was .7 9 1 . The " t "  value for 25 degrees of freedom  

at the .0 5  level was 2 .0 6 .  T h e re fo re , the null hypothesis was accep ted .

S tork  Stand T e s t for Balance

The in itia l te s t m ean for the experim ental group was 6 .7  points, and 

the m ean sc o re  for the re te s t  was 8 .0  p o in ts . The experim ental group had a 

m ean sc o re  d ifference of 1 .2 6  points. A fter computation of the " t "  value, 

which was 2 .0 0 , the c r ite r io n  of 2 .1 4  for 14 degrees of freedom  showed no 

sign ifican ce at the .0 5  le v e l. The null hypothesis was accep ted .

The control group had a m ean of 7 .7  points on the in itial te s t  and 7 .0  

points on the r e te s t .  A m ean d ifferen ce of a - .8 4 6  points, when used in 

computing the " t "  value, resu lted  in a " t "  value of - 8 . 8 5 .  The value of " t "  a t
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.05  level for 12 degrees of freedom  was 2 .1 8 .  Consequently, the null hypothesis 

was re je c te d . This " t "  value produced a sign ifican t d ecrease  by the control 

group.

When computing the sign ifican ce of the d ifferen ce between the m ean of 

the re te s ts  of the two groups, a m ean sc o re  d ifferen ce of 1 .0 0  points resu lted . 

T his figure applied in the form ula produced a " t "  value of .8 7 0  which was not 

sign ifican t at the .05  le v e l. The value of " t "  with 25 degrees of freedom  at the 

.05  level was 2 .0 6 .  T h ere fo re , the null hypothesis was accep ted .

Right Leg Abduction

The experim ental group m ean on the in itia l te s t was 5 4 .6  degrees of 

fle x ib ility , which the re te s t  m ean showed 5 6 .8  d eg rees . The m ean sc o re  

d ifferen ce was 2 .2 6  d e g re e s . The " t "  ra tio  of 3 .2 4  was sign ifican t at the .05  

le v e l. With 14 degrees of freedom , " t "  was 2 .1 4 .  The null hypothesis was 

re je c te d .

Control group re su lts  on the in itia l te s t  showed a m ean of 5 3 .2  d egrees, 

and the r e te s t  m ean was 5 5 .2  degrees of fle x ib ility . The control group mean 

d ifference was 2 .0 0  d e g re e s . The " t "  value for th ese two te s ts  was 4 .6 1 , 

sign ifican t at the .0 5  level of sign ifican ce for 12 degrees of freedom . The null 

hypothesis was re je c te d .

■4

Intergroup resu lts  of the sign ifican ce of the d ifference between the 

means of the re te s ts  showed a m ean d ifference between the experim ental group 

m ean and control group re te s t  m eans of 1 .6 0  d e g re e s . The " t "  value was not 

sign ifican t at the .0 5  lev e l, s in ce  a c r ite r io n  of 2 .0 6  was needed. The " t "  value
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for 25 degrees of freedom  was .5 6 0 . As a re su lt , the null hypothesis was 

accep ted .

Left Leg Abduction

The experim ental group m ean sco re  was 5 2 .5  degrees of movement 

on the in itia l te s t .  The r e te s t  m ean was 5 6 .8  d e g re e s . The two te sts  showed 

4 .3 3  degrees of d ifference between the in itial and r e te s t  m ean s . A " t "  value 

of 4 .1 3  was sign ifican t at the .0 5  level for 14 degrees of freed om . The null 

hypothesis was th erefo re  re je c te d .

The control group resu lts  produced a m ean of 5 4 .2  degrees on the 

in itia l te s t  and a m ean of 5 3 .3  degrees on the r e te s t .  The m ean d ifferen ce of 

- 1 .6 1  degrees between the two te s ts , when used in the " t "  ra tio , resu lted  in 

a value for " t"  of - 5 .2 9  d e g re e s . Although a negative num ber, this was 

sign ifican t at the .0 5  level of sign ifican ce with 12 degrees of freed om . T his " t "  

value is ,  th ere fo re , a sign ifican t d e c re a se . As a re su lt , the null hypothesis 

was re je c te d .

Between the experim ental and control groups the d ifferen ce of the re te s t  

m eans was 3 .6 0  d e g re e s . The " t "  value was 1 .8 1 , not sign ifican t at the .05  

level fo r 25 degrees of freed om . T h e re fo re , the null hypothesis was accepted 

sin ce  " t "  at the .0 5  lev el was 2 .0 6  accord ing to the table for " t " .

The raw s c o r e s , m athem atical procedure and form ulae used in 

computing the within group re su lts  a re  record ed  in Appendix B. The resu lts  of 

the com parison made with the re te s t  m eans a re  record ed  in Appendix C.
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TABLE 1

MEAN SCORES IN T E ST S O F SUBJECTS IN EXPERIM EN TA L GROUP

Name of T e s t Number
7»

In itial T est R etest

Trunk and Hip Flexion 15 146 .2 1 4 8 .8

Trunk and Hip Extension 15 4 1 .8 5 0 .6

Stork  Stand T e s t for Balance 15 6 .7 8 .0

Right Leg Abduction 15 5 4 .6 5 6 .8

Left L eg Abduction 15 5 2 .5 5 6 .8

MEAN SCORES IN T E ST S O F SUBJECTS IN CONTROL GROUP

Name of T e s t Number In itial T e s t R etest

Trunk and Hip Flexion 13 1 4 5 .5 1 4 4 .9

Trunk and Hip Extension 13 4 9 .5 5 2 .7

Stork  Stand T e s t for Balance 13 7 .7 7 .0

Right Leg Abduction 13 5 3 .2 5 5 .2

Left Leg Abduction 13 5 4 .2 5 3 .3
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TABLE 2

"t"  AND THE SIGNIFICANCE OF DIFFERENCE IN
INTRAGROUP COMPARISON

A rea of Com parison
" t "  Value of 

Experim efital Group
" t"  Value of 

Control Group

Trunk and Hip Flexion 1 .9 2  not sign ificant - .6 3 2  not significant
d ecrease

Trunk and Hip Extension 3 .9 6  sign ificant 4 .3 9  significant

Stork  Stand T e s t for Balance 2 .0 0  not significant - 8 .8 5  sign ifican t d ecrease

Right Leg Abduction 3 .2 4  significant 4 .6 1  sign ificant

Left Leg Abduction 4 .1 3  significant - 5 .2 9  sign ifican t d ecrease

" t "  AND THE SIGNIFICANCE O F D IFFER E N C E IN 
INTERGROUP COMPARISON

A rea of Com parison
" t "  Value of Mean D ifference Between R etests  of 

Exp erim ental and Control Groups

Trunk and Hip Flexion  

Trunk and Hip Extension 

S tork  Stand T e s t fo r Balance 

Right L eg Abduction

1 .1 1  not sign ifican t 

.791  not sign ifican t 

.8 7 0  not sign ificant 

. 560 not sign ificant

Left Leg Abduction 1 .8 1  not sign ificant



CHAPTER V

SUMMARY, FINDINGS, CONCLUSIONS 
AND RECOMMENDATIONS

A. Sum m ary

T his study was undertaken to determ ine the e ffects  of m odern dance 

upon body balance and flex ib ility  in freshm an college football p la y ers . Five 

a re a s  w ere tested  in an attem pt to determ ine the changes, if  any, in trunk 

and hip flexion and extension , leg  abduction and body b alan ce . The Leighton 

F lexo m eter was used to m easu re body fle x ib ility . The s to rk  stand te s t  for 

balance was adm inistered  to determ ine body balance.

Two groups w ere se lected  from  a total population of 35 freshm an 

football p layers at the U niversity of North D akota. An experim ental group of 

15 su b jects  and a control group of 13 su b jects  volunteered to p articipate in 

this study. The experim ental group enrolled  in a physical education se rv ice  

c la s s , which m et tw ice w eekly for 12 weeks for a period of 60 m inu tes. T his 

group receiv ed  an e x e rc is e  program  of m odern dance m ovem ent. The control 

group was enrolled  in other physical education c la s s e s  and receiv ed  no m odern 

dance e x e r c is e . Both groups w ere tested  at the beginning and the end of the 

experim ental period . The raw sc o re s  w ere used from  the in itia l and r e te s t  of 

both grou ps. T hese sc o re s  w ere computed by determ ining the sign ifican ce of

45
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the d ifference between the m eans of the in itia l and re te s ts  with each group. A 

between group com parison was made by use of the form ula for determ ining the 

standard e r ro r  of the d ifferen ce between m eans for equated grou p s. This 

determ ined the sign ifican ce of the d ifference between the m eans of the re te s ts  

of each  group. The null hypothesis was assum ed in testin g  the sign ifican ce of 

d ifference between m eans at the .0 5  level of confidence.

B. Findings

1. In the a re a  of trunk and hip flexion , in the within group com parison, 

the experim ental group and control groups produced " t "  values not sign ificant

a t the .0 5  le v e l. However, the control group " t "  value was a negative 

num ber, considerably below the " t "  value of the experim ental group. T his b ears 

evidence for a sign ifican t d ecrease  by the control group.

2 .  The te s t for flex ib ility  in hip and trunk extension produced 

sign ifican t " t "  values at the .0 5  level in both groups in the within group 

com parison .

3 . The sto rk  stand te s t  for balance, in intragroup com parison, 

produced " t "  values below the .05  level in both experim ental and control groups. 

The control group " t "  value resu lted  in a negative value, much below the ”t "  

value produced by the experim ental group, which is  a  sign ificant d ecrease  by 

the control group.

4 .  The right leg  abduction te s t  produced sign ificant " t "  values to the 

.05  level in both groups tested  in within group com parison .

5 . In the le ft leg  abduction te s t , the experim ental group produced a " t "
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value sign ifican t at the .0 5  le v e l. The control group " t "  value resu lted  in a 

negative num ber, much below the .0 5  level of s ig n ifican ce . T his is  evident 

of a sign ificant d ecrease  by the control group.

6 . In the intergroup (between group) com parison, a ll a re a s  tested  

produced " t "  values below the .0 5  le v e l.

C . Conclusions

1. It can be concluded that trunk and hip flexion was in creased  due to 

m odern dance m ovement as shown by the data produced in the intragroup 

com parison . T his may be due to the d ecrease  produced by the control group.

2 .  Trunk and hip extension may not have in creased  as shown by the 

resu lts  of the between group and within group com p ariso n s. The within group 

produced " t "  values at the .0 5  le v e l. The between group com parison produced 

a non-significant " t "  v a lu e .

3 . It would seem  possib le to conclude that body balance was a lso  in ­

cre a se d  as a re su lt o f the m odern dance e x e r c is e . T his was shown in the 

analysis of the data in the within group com parison .

4 .  Right leg  abduction flex ib ility  in cre a se s  w ere not evident as shown 

by the two co m p arison s. It was assum ed that this m ight be due to the su b jects 

being "right legged ". U se of the right leg  m ore frequently in a c tiv ities  

perform ed may have produced this e ffe c t.

5 . It was concluded that flex ib ility  was in creased  in left leg  abduction 

by participation in m odern dance e x e r c is e s . T his is  v ery  evident as shown by 

the intragroup com parison . The sign ificant d ecrease  by the control group may
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b ear evidence to this conclusion.

6 . It would seem  possib le to conclude that m odern dance m ovement 

can im prove the flex ib ility  of college football p lay ers , at le a s t in the a reas  

tested  in this study. It can a lso  be concluded that body balance may be 

improved through this type of program  in freshm an college football p la y e rs .

D . D iscussion

The resu lts  of this study have produced sufficient evidence for this 

in vestigator to conclude that body flex ib ility  and balance in college freshm an 

football p layers can be in creased  through the adm inistration of modern dance 

e x e r c is e s .

Although the re su lts  of the between group com parison a re  not highly 

sign ifican t in a ll a re a s , the resu lts  of the within group com parisons e s ta b lish ­

ed som e sign ifican t r e s u lt s . Two te s ts  of flex ib ility  produced sign ificant 

d e creases  within the control groups of the a re a s  tested , while the 

experim ental groups produced sc o re s  which m ay appear to be in c re a s e s , although 

not sign ificant at the .05  le v e l. A sign ifican t d ecrease  a lso  was produced by 

the control group in the te s t for body b a lan ce . The experim ental group, in this 

te s t , produced a sc o re  not at the .05  level which appears to be a non-significant 

in c re a s e .

The two rem aining a re a s  of flex ib ility  produced no sign ifican t v a lu e s . 

T his m ay be due to the length of the e x e rc is e  period . M ore intense and numerous 

periods of e x e rc is e  may have produced m ore sign ifican t re su lts  in th ese a r e a s .

Since this in vestigator is an e x -co lle g e  football p layer who participated
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E . Recom m endations

Since this study was lim ited  to four a re a s  of body flex ib ility , this 

investigator recom m ends a m ore intense and continuous study with the use of 

Leighton's flex ib ility  m ovem ents. His design of flex ib ility  m ovements could 

evaluate the anatom ical regions m ore accu rate ly  and c lo se ly .

It is  a lso  recom m ended that a study be conducted which would control 

the su b jects  of both groups m ore c lo se ly . The experim ental group should 

rece iv e  only m odern dance e x e rc is e s  and rece iv e  nothing in the a re a  of football 

conditioning. T his m ight cu rta il the p ossib ility  of d ecreasin g  any flex ib ility  

which would be gained by the experim ental group in m odern dance e x e r c is e .

If p ossib le , the control group should not be allowed to p articipate in any extra  

physical activ ity .

It would seem  that participation in a m odern dance program , which m et 

for a full hour, five tim es a week, m ight be m ore e ffe c tiv e . T his amount of 

participation could w ell re su lt in a m ore sign ifican t in cre a se  in flex ib ility  and 

body b a lan ce . Continuing the program  throughout the sum m er and w inter months 

would a lso  seem  fe a s ib le .

T his investigator continued observation of the su b jects  that participated 

in the study throughout the following spring p r a c t ic e . It would seem  that the 

likelihood of in jury could be reduced through the use o f this program , s in ce  the

in the experimental group exercise program, he can bear personal evidence of

the increase in body flexibility and balance. He found his own flexibility and

body balance was increased upon completing participation in this study.
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experim ental group su b jects  w ere not in jured  serio u sly  in a re a s  of m uscle stra in  

or pull. The stretch in g  and tensing e ffect of the modern dance routine may w ell 

have strengthened m uscle fib ers  sufficiently  to prevent pull or s tra in  which could 

have resu lted  in disabling in ju ry . For this reaso n , if  no other, it is  

recom m ended the m odern dance e x e rc is e s  be used in the conditioning program  

of football p la y e rs .

Since this in vestigator is an e x -co lle g e  football p layer and 

participated  in the experim ental group program , he recom m ends m odern 

dance as a program  for im proving the flex ib ility , body balance and physical 

condition in college football p la y e rs . T his in vestigator found the m odern dance 

program  im proved his own flex ib ility  and physical condition, in te rm s of

b etter m uscle tone.
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FORMULAE USED IN EQUATING THE GROUPS

SIGNIFICANCE O F THE D IFFER E N C E BETW EEN 
TWO MEANS FOR UNCORRELATED GROUPS

S _
X i  - X 2 = (Standard e r r o r  of the d ifferen ce between two m eans)
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SIGNIFICANCE OF THE DIFFERENCE BETWEEN
TWO MEANS FOR UNCORRELATED GROUPS

EQUATION O F STORK STAND

Experim ental Group  ̂ Control Group
Initial T e s t  Initial T e s t

* 1 X 1 x 2 4
1 . 10 100 10 100

2 . 9 81 10 100

3. 4 16 10 100

4 . 5 25 5 25

5. 5 25 8 64

6 . i 1 10 100

7. 10 100 1 1

8 . 4 16 10 100

9. 10 100 3 9

10 . 10 100 8 64

1 1 . 5 25 8 64

1 2 . 8 64 9 81

13. 4 16 9 81

14. 6 36
101 889

15. 10 100
101 805

Mean score (X-Q of X j = 6 .7 Mean score (X 2) of = 7 .7
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EQUATION OF STORK STAND

SIGNIFICANCE OF THE DIFFERENCE BETWEEN
TWO MEANS FOR UNCORRELATED GROUPS

^ X 1 = 805 - (101)2 
15

:= 125

Zx2 - a X 2 '= 889 - (101)2 
13

= 104

s
X 1 -' X2 V 15+13-2)^15 + I 3)

s
X 1 - X 2 = 1 .126

" t "  = 6-7 - 7-7 ..... .  88S 
1 .1 2 6  1 ~ *bbb

df = Nx +  N2 - 2 = 26

"t"  at .05 level = 2 .06 Not significant at .05 level
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SIGNIFICANCE OF THE DIFFERENCE BETWEEN
TWO MEANS FOR UNCORRELATED GROUPS

EQUATION O F TRUNK AND HIP FLEXION

Experim ental Group „ Control Group
Initial T e s t  Initial T e s t

X 1 X1 X 2 X 2A 2

1 . 154 2 3 ,7 1 6 146 2 1 ,3 1 6

2 . 160 2 5 ,6 0 0 129 16, 641

3. 153 2 3 ,4 0 9 153 2 3 ,4 0 9

4 . 135 18 ,225 168 2 8 ,2 2 4

5. 134 17 ,9 5 6 135 18 ,225

6 . 155 2 4 ,0 2 5 150 2 2 ,5 0 0

7. 146 2 1 ,3 1 6 130 16 ,900

8 . 134 17 ,956 140 19 ,6 0 0

9. 137 18 ,7 6 9 142 20, 164

10 . 150 2 2 ,5 0 0 178 3 1 ,6 8 4

1 1 . 155 2 4 ,0 2 5 136 18 ,496

12 . 158 2 4 ,9 6 4 155 2 4 ,0 2 5

13. 131 17 ,161 130 16 ,900

14. 156 2 4 ,3 3 6
1,892 2 7 8 ,084

15. 135 18 ,225
2, 193 3 2 2 ,183

Mean s c o re  (XjQ of X x = 146.2' Mean s c o re  (X2 ) of X 2 = 1
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SIGNIFICANCE OF THE DIFFERENCE BETWEEN
TWO MEANS FOR UNCORRELATED GROUPS

EQUATION OF TRUNK AND HIP FLEXION

2 - 9£X1 =  3 2 2 ,1 8 3  -  (2193)2
15

-  1566 .4

4 X 9 = 2 7 8 ,0 8 4  -  (1892)2
13

4 X ^  = 2 7 2 5 .2

/  1566 .4  +  2 7 2 5 .2  \ /  l_ J _ \  
^  15 +  1 3 - 2  / ( ^ 1 5  +  13j

S
X x - x 2 = 4.876

"1 " =  146 .2  -  145 .5  = " t "  = .143
4 .8 7 6  -------

df = 15 +  13 -  2 = 26

"t"  at .05 level = 2 .06  Not significant at .05 level
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Initial Sum of D ifferences

INITIAL TEST AND RETEST OF CONTROL GROUP
IN TRUNK AND HIP FLEXION

T est R etest D ifferences Squared

1 . 146 141 - 5 25

2 . 126 128 - 1 1

3. 153 133 1 to O 400

4 . 168 165 - 3 9

5. 135 138 3 9

6 . 150 156 6 36

7. 130 123 - 7 49

8 . 140 138 - 2 4

9. 142 144 - 2 4

10 . 178 195 17 289

1 1 . 136 135 - 1 1

12 . 155 158 3 9

13. 130 130 0 0

1892 1884 -12 836

Mean Score  of Initial T e s t 145 .5

Mean Score  of R etest 144 .9

Sum of D ifferences -12

Sum of D ifferences Squared 836
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THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

T E S T  Trunk and Hip Flexion_______ GROUP________ Control

N = 13

D =

D2 = 836

S _  (estim ate of the sampling e r r o r  of mean difference (D) 
D

S
D

a

/  D2 - (D)2 

M N - l

Al

s _
D

.584

D
HD = -12

N 13

a ! 13

- .9 2 3

D = .584  = " t "  = - .6 3 2
S .9 2 3  ----------

D

df = N - l  = 12

" t "  at .0 5  level = 2 .1 8

Not significant at .05 level
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INITIAL TEST AND RETEST OF EXPERIMENTAL
GROUP IN TRUNK AND HIP FLEXION

Initial
T e s t R etest

Sum of 
D ifferences

Differeno
Squared

1 . 154 149 -  5 25

2 . 160 165 5 25

3. 153 150 - 3 9

4 . 135 133 - 2 4

5. 134 136 2 4

6 . 155 150 - 5 25

7. 146 148 2 4

8 . 134 156 22 484

9. 137 139 2 4

10 . 150 135 -15 225

1 1 . 155 156 1 1

12 . 158 165 7 49

13. 131 146 15 225

14. 156 150 - 6 36

15. 135 154 19 361

2193 2232 39 1481

Mean Score  of Initial T e s t 146 .2

Mean Score  of R etest 148 .8

Sum of D ifferences 39

Sum of D ifferences  Squared 1481
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T E S T  Trunk and Hip Flexion GROUP______Experim ental

N = 15

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

D = 49

D2 = 1481

S • a
D

s
D

^\j N

(estimate of sampling error of mean difference (D)

/ \ j  15

S _  = 1 .6 9 9
D

D
g  D 39

N « 15 2 .6

D = 3 .2 6 6  = ”t "  = 1 .92
S _  1 .6 9 9  -------

D

df = N - l  = 14

" t "  at .0 5  level = 2 .1 8

Not significant at . 05 level
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INITIAL TEST AND RETEST OF CONTROL GROUP
IN TRUNK AND HIP EXTENSION

Initial
T e s t R etest

Sum of 
D ifferences

D ifferences
Squared

1 . 43 60
*

17 289

.2 . 44 42 -  2 4

3. 45 62 17 289

4 . 74 71 - 3 9

5. 63 61 - 2 4

6 . 45 48 3 9

7 . 40 42 2 4

8 . 30 33 3 9

9. 43 42 - 1 1

10 . 55 58 3 9

1 1 . 50 51 1 1

12 . 59 60 1 1

13. 53 55 2 4

644 685 41 633

Mean Score  of Initial T e s t 4 9 .5

Mean Score  of R etest 5 2 .7

Sum of D ifferences 41

Sum of D ifferences Squared 633
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THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

T E S T  Trunk and Hip Extension GROUP_______Control

N = 13

D = 41 ,

D2 = 333

S
D

(estim ate of sampling e r r o r  of mean difference (D)

c

D = / D2 -  (D)2 /  633 - (41)2
A N A 13

Ai N V N - l M 12

a 1 n a T 12

s
D

D SS

.718

N
41 

= 13 3 .1 5 3

»?£»» D = 3 .1 5 3 = " t "  = 4 . 3 9
S .718

D

df = N - l  = 12

" t "  at .0 5  level = 2 .1 8

Significant at .05 level
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Initial Sum of
T e s t  R etest D ifferences

INITIAL TEST AND RETEST OF EXPERIMENTAL
GROUP IN TRUNK AND HIP EXTENSION

1 . 45 61 16

2 . 39 57 18

3. 42 56 14

4 . 30 40 10

5. 35 45 10

6 . 43 46 3

7. 51 50 - 1

8 . 33 34 1

9. 38 56 18

10 . 32 44 12

1 1 . 55 63 8

12 . 56 69 13

13. 33 34 1

14. 46 49 3

15. 50 55 5

628 759 131

Mean Score  of Initial T e s t 4 1 .8

Mean Score  of R etest 5 0 .6

Sum of D ifferences 131

Differences
Squared

256

324

196

100

1 0 0

9

1

1

324

144

64

169

1

9

25

1721

Sum of D ifferences Squared 1721
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THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

T E S T  Trunk and Hip Extension GROUP Experim ental

N = 15

D = 131

D2 = 1721

S _  »= (estim ate of the sampling e r r o r  of mean difference (D) 
D

S
D

a ! n

s
D

131
D N = 15 = 8 .7 3 3

* ’t* * * _ D = 8 .7 3 3  = " t ” = 3 .9 6
S

D
2 .2 1 3

df = N - l  = 14

" t "  at .05  level = 2 .1 4

Significant at .05 level
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INITIAL T E S T  AND R E T E S T  OF THE CONTROL 
GROUP IN THE STORK STAND

Initial
T e s t R etest

Sum of 
D ifferences

D ifferences
iSquared

1 . 10 5 -  5 25

2 . 10 2 - 8 64

3 . . io 10 0 0

4 . 5 4 - 1 1

5. 8 4 -  4 16

6 . 10 10 0 0

7. 1 10 9 81

8 . 10 10 0 0

9. 3 2 - 1 1

10 . 8 10 -  2 4

1 1 . 8 9 1 1

12 . 9 8 -  1 1

13. 9 8 - 1 1

101 92 -13 195

Mean Score  of Initial T e s t 7 .7 '

Mean Score  of R etest 7 .0

Sum of D ifferences -13

Sum of D ifferences Squared 195
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T E S T  Stork  Stand GROUP Control

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

N = 13

D = -11

D2 = 195

S _  = (estim ate of sampling e r r o r  of mean difference (D)
D

S
D =A  /  D • / 195 - ( -13 )2A  /  N = A  / 13

/ 4  n y __________ n - i________  v  _ 12

A S N A i  13

S
D

.113

d D  -13 D
D N = 13 = - 1 .0 0 " t "  = S

D

t *f ^ - 8 .8 5

df = N - l  = 12

" t "  at .0 5  level = 2 .1 8

Significant at .05 level significant decrease
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INITIAL TEST AND RETEST OF EXPERIMENTAL
GROUP IN THE STORK STAND

Initial
T e s t R etest

Sum of 
D ifferences

Difference
Squared

1 . 10 10 • 0 0

2 . 9 3 -  6 36

3 . 4 3 -  1 1

4 . 5 7 2 4

5 . 5 10 5 25

6 . 1 10 9 81

7 . 10 10 0 0

8 . 4 4 0 0

9. 10 10 0 0

10 . 10 5 - 5 25

1 1 . 5 10 5 25

12 . 8 ' 10 2 4

13. 4 9 5 25

14. 6 9 3 9

15. 10 10 0 0

101 120 19 235

Mean Score  of Initial T e s t 6 .7

Mean S co re  of R etest 8.0

Sum of D ifferences 19

Sum of D ifferences Squared 235
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T E S T  Stork Stand________________ _ GROUP______ Experim ental

N = 15

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

D = 19

D2 =  235

S _  = (estim ate of sampling e r r o r  of mean difference (D) 
D

S
D

Ai n

235 - (19)2
________1 5 _

14

A l  15

S _  = 0 .6 3 2
D

D
^ D  _19

N = 15 1 .266

i f D = 1 .2 6 6  =  " t "  = 2 .0 0
S _  0 .6 3 2  -------

D

df = N - l  = 14

" t "  at .0 5  level = 2 .1 4

Not significant at .05 level
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INITIAL TEST AND RETEST OF CONTROL GROUP
IN RIGHT LEG ABDUCTION

Initial
T e s t Retest

' Sum of 
D ifferences

Difference
Squared

1 . 50 57 , 7 49

2 . 45 46 1 1

3. 46 59 13 169

4 . 59 59 0 0

5. 50 50 0 0

6 . 44 52 8 64

7. 50 48 - 2 4

8 . 46 45 -  1 1

9. 57 58 1 1

10 . 45 45 0 0

1 1 . 66 67 1 . 1

12 . 68 68 0 0

13. 66 64 -  2 4

692 718 26 294

Mean Score  of Initial T e s t 5 3 .2

Mean Score  of R etest 55 .2

Sum of D ifferences 26

Sum of D ifferences Squared 294
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THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

T E S T  Right Leg Abduction

N 13

D 26

D2 = 294

S = i(estimate of sampling e r r o r
D

S i----------------------------
D = /  D2 - (D)2

A / N
A l FT A 1 N - l

GROUP Control

Al n

D
.433

D

tt̂ M

N

D

26
13 = 2 .0 02.00

.433  = " t "  =  4 .6 1
D

df = N - l  a  12

" t "  at .0 5  level =  2 .1 8

Significant at .05 level



70

INITIAL TEST AND RETEST OF EXPERIMENTAL
GROUP IN RIGHT LEG ABDUCTION

Initial
T e s t R etest

Sum of 
P ifferen ces

P ifferen ces
{Squared

1 . 52 56 4 16

2 . 55 66 11 121

3. 75 69 - 6 36

4 . 41 43 2 4

5. 43 68 25 625

6 . 57 50 - 7 49

7 . 54 48 - 6 36

8 . 47 50 3 9

9. 49 55 6 36

10 . 44 54 10 100

1 1 . 65 62 - 3 9

12 . 54 50 - 4 16

13. 62 50 -12 144

14. 61 65 4 16

15. 60 67 7 49

819 853 34 1266

Mean Score  of Initial T e s t 5 4 .6

Mean S co re  of R etes t 5 6 .8

Sum of D ifference 34

Sum of D ifferences  Squared 1266
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T E S T _______Right Leg Abduction______  GROUP Experim ental

N = 15

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

D = 34

D2 = 1266

S _  = (estim ate of sampling e r r o r  of mean difference (D)
D

S
D

A J  N

s
D .699

* D 34
D N = 15 = 2 .2 6 6

M|_ ft D = 2 .2 6 6  = ”t "
S

D
.699

df = N - l  = 14

3 .2 4

" t "  at .05  level = 2 .1 4

Significant at .05 level
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INITIAL TEST AND RETEST OF CONTROL GROUP
IN LEFT LEG ABDUCTION

Initial
T est R etest

Sum of 
D ifferences

D ifferences
Squared

1 . 56 52 - 4 16

2 . 45 46 1 1

3 . 51 50 - 1 1

4 . 52 55 3 9

5. 45 46 1 1

6 . 54 53 - 1 1

7. 60 52 - 8 64

8 . 50 52 2 4

9. 60 58 -  2 4

10 . 54 42 -12 144

1 1 . 63 62 - 1 1

12 . 62 61 - 1 1

13. 63 65 2 4

715 694 -21 251

Mean Score  of Initial T e s t 54 .2

Mean S co re  of R etest 5 3 .3

Sum of D ifferences -21

Sum of D ifferences Squared 251



73

T E S T  Left Leg Abduction  GROUP Control

N = 13

D = -21

D2 = 251

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

S = (estim ate of the sampling e r r o r  of mean difference (D) 
D

S
D

AJ n

s _
D .305

D
£  D -21

N- = 13 =  1 .6 1 5

" t "  =  D 1 .6 1 5  = " t ” = - 5 .2 9
S _  .3 0 5  ---------

D

df = N - l  = 12

" t "  at .0 5  level = 2 .1 8

Significant at . 05 level significant decrease
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Rutial Sum of Differences

INITIAL TEST AND RETEST OF EXPERIMENTAL
GROUP IN LEFT LEG ABDUCTION

T e s t R etest D ifferences Squared

1 . 53 56 3 9

2 . 63 65 2 4

3. 62 64 2 4

4 . 44 46 2 4

5. 45 56 11 121

6 . 54 56 2 4

7. 52 62 10 100

8 . 44 52 8 64

9. 47 50 3 9

10 . 33 52 19 361

1 1 . 66 68 2 4

12 . 56 51 - 5 25

13. 55 48 - 7 49

14. 64 65 1 1

15. 50 62 12 144

788 853 65 755

Mean Score  of Initial T e s t 5 2 .5

Mean S co re  of R etest 5 6 .8

Sum of D ifferences 65

Sum of D ifferences  Squared 755
*
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T E S T  Left Leg Abduction____________  GROUP Experim ental

N = 15

THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN MEANS
DERIVED FROM CORRELATED SCORES

FROM SMALL SAMPLES

D s= 65

D2 = 755

S _  = (estim ate of sampling e r r o r  of mean difference (D)
D

D___  = A D2 ~ (D)2 /  755 - (65)2
'\ l___________N _ / \  /  15■Ai N \i N - l V  14

✓ \j N /\ i  15

s
D > 1.049

£  D 65
D N 15 = 4.333

- D
S

D

4.333
1.049

= " t"  = 4 . 1 3

df = N - l  =  14

" t "  at .0 5  level = 2 .1 4

Significant at .05 level
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FORMULAE APPLIED IN DETERMINING THE STANDARD
ERROR OF THE DIFFERENCE FOR EQUATED GROUPS

S (X^ -  X 2) • x = (standard e r r o r  of the difference between m eans)

S (X,
A l f r  N2 -  N +  4

jSY • x 2 = ( £ Y *  +  £ Y ^  ) ( i x  yy
"  X * '

4 Y^ = * Y *  -  ( ^ Y x) 2

NT

* Y 2 -  £ Y 2 -  ( £  Y 2 )2

£ xy  = ( i x AY1 +  £ x2 y2) - ( £ x 1 + * x 2) ( £ Y x+ £ Y 2)

Nx +  N2

i x 2 = ( 4 X 2  + * X 2 ) - ( £ X X + 4  X2) 2

n 1 +  n 2

S (Y x “ Y 2) • x
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STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

T E S T Trunk and Hip Flexion GROUP Control

Initial
T e s t

X 1

R etest

Y 1 X ? V? X 1 Y 1

1 . 146 141 2 1 ,3 1 6 19,881 2 0 ,5 8 6

2 . 129 128 16,641 16,384 16 ,512

3 . 153 133 2 3 ,4 0 9 17 ,689 2 0 ,3 4 9

4 . 168 165 28 ,2 2 4 2 7 ,2 2 5 2 7 ,7 2 0

5. 135 138 18 ,225 19,044 18 ,6 3 0

6 . 150 156 2 2 ,5 0 0 2 4 ,3 3 6 2 3 ,4 0 0

7. 130 123 16 ,900 15, 129 15, 990

8 . 140 138 19 ,600 19,044 19 ,320

9. 142 144 2 0 ,1 6 4 20 ,7 3 6 2 0 ,4 4 8

10 . 178 195 3 1 ,6 8 4 3 8 ,0 2 5 3 4 ,7 1 0

1 1 . 136 135 18 ,496 18 ,225 18 ,360

12 .
i.)

13.

155 158 2 4 ,0 2 5 24 ,9 6 4 2 4 ,4 9 0

130 130 16 ,9 0 0 16 ,900 16 ,9 0 0

1,892 1 ,884 2 7 8 ,084 2 7 7 ,582 2 7 7 ,4 1 5

mean score (Y j) of = 144.9
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T E S T  Trunk and Hip Flexion GROUP Experim ental

STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

Initial
T e s t

X2
R etest

Y 2
v

z Y 2
2 x 2 y 2

1 . 154 149 2 3 ,7 1 6 2 2 ,2 0 1 22, 946

2 . 160 165 2 5 ,6 0 0 2 7 ,2 2 5 2 6 ,4 0 0

3. 153 150 2 3 ,4 0 9 2 2 ,5 0 0 2 2 ,9 5 0

4 . 135 133 18 ,225 17 ,689 17 ,955

5. 134 136 17 ,956 18 ,496 18 ,224

6 . 155 150 2 4 ,0 2 5 2 2 ,5 0 0 2 3 ,2 5 0

7. 146 148 2 1 ,3 1 6 21 ,9 0 4 2 1 ,6 0 8

8 . 134 156 17 ,956 2 4 ,3 3 6 2 0 ,9 0 4

9. 137 139 18 ,769 19,321 19 ,043

10 . 150 135 2 2 ,5 0 0 18 ,225 2 0 ,2 5 0

1 1 . 155 156 2 4 ,0 2 5 2 4 ,3 3 6 2 4 ,1 8 0

12. 158 165 2 4 ,9 6 4 2 7 ,2 2 5 2 6 ,0 7 0

13. 131 146 17,161 2 1 ,3 1 6 19 ,126

14. 156 150 2 4 ,3 3 6 2 2 ,5 0 0 2 3 ,4 0 0

15. 135 154 18 ,225 2 3 ,7 1 6 2 0 ,7 9 0

2 ,1 9 3 2 ,2 3 2 3 2 2 ,1 8 3 3 3 3 ,4 9 0 3 2 7 ,0 9 6

mean s c o re  (Y2) of Y 2 = 148.8

£ 4 , 0 8 5 £ .4 , 1 1 6 £ 6 0 0 , 2 6 7 £ 6 1 1 , 0 7 2 £ 6 0 4 , 5 1 1
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STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

T E S T  Trunk and Hip Flexion

= 2 7 7 ,5 8 2  -  (1884)2
13

£Y2} m 4 ,5 4 7

£ y \ «  333,490 -  (2232)2—  2
15

■
1 ,3 6 8 .4

< X Y  = 6 0 4 ,5 1 1  -  (4085) (4116) 
28

&XY = 4016

£ X 2 6 0 0 ,2 6 7  - (4085)2 
28

£ X 2 . 4 ,2 9 4

* Y -  x 2 = (4547 +  1 ,3 6 8 .4 )  -  (4016)2
4 ,2 9 4

& Y- x 2 = 2 ,1 5 9 .4

S (Y , - Y 9) -  x  =
w m  C-h

" t "  = 144 .9  -  148 .8  
3.526

" t ” = 3,900 = 1 n
3.526 •===

df = NA +  N2 - 3 = 25

" t "  at .0 5  level = 2 .0 6  

not significant

S (Yx +  Y2) * x = 3.526
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STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

T E S T  Trunk and Hip Extension

Initial
T e s t R etest

x , Y ,
1 1

1 . 43 60

2 . 44 42

3 . 45 62

4 . 74 71

5. 63 61

6 . 45 48

7 . 40 42

8 . 30 33

9. 43 42

10 . 55 58

1 1 . 50 51

12 . 59 60

13. 53 55
\

644 685

GROUP Control

’ 2 
x i A X 1 Y 1

1 ,8 4 9 3 ,6 0 0 2 ,5 8 0

1 ,936 1,764 1 ,848

2 ,0 2 5 3 ,8 4 4 2 ,7 9 0

5 ,4 7 6 5 ,0 4 1 5 ,2 5 4

3 ,9 6 9 3 ,7 2 1 3 ,8 4 3

2 ,0 2 5 2 ,3 0 4 2 ,1 6 0

1 ,6 0 0 1,764 1 ,6 8 0

900 1 ,089 990

1 ,8 4 9 1,764 1,806

3 ,0 2 5 3 ,3 6 4 3 ,1 9 0

2 ,5 0 0 2 ,6 0 1 2 ,5 5 0

3 ,4 8 1 3 ,6 0 0 3 ,5 4 0

2 ,8 0 9 3 ,0 2 5 2 ,9 1 5

33 ,4 4 4 37 ,4 8 1 3 5 ,1 4 6

mean score (Y^) of = 52.6



81

T E S T  Trunk and Hip Extension GROUP Experimental

STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

Initial
T e s t

X2

R etest

Y 2
* 2 

X2 Y 2*2 X 2 Y 2

1 . 45 61 2 ,0 2 5 3 ,7 2 1 2 ,7 4 5

2 . 39 57 1,521 3 ,2 4 9 2 ,2 2 3

3 . 42 56 1 ,764 3 ,1 3 6 2 ,3 5 2

4 . 30 40 900 1 ,600 1,200

5. 35 45 1 ,225 2 ,0 2 5 1 ,575

6 . 43 46 1 ,8 4 9 2 ,1 1 6 1 ,978

7 . 51 50 2 ,6 0 1 2 ,5 0 0 2 ,5 5 0

8 . 33 34 1 ,0 8 9 1,156 1,12 2

9. 38 56 1 ,444 3 ,1 3 6 2 ,1 2 8

10 . 32 44 1 ,024 1 ,936 1,408

1 1 . 55 63 3 ,0 2 5 3 ,9 6 9 3 ,4 6 5

12 . 56 69 3 ,1 3 6 4 ,7 6 1 3 ,8 6 4

13. 33 34 1 ,0 8 9 1 ,156 1,12 2

14. 46 49 2 ,1 1 6 2 ,4 0 1 2 ,2 5 4

15. 50 55 2 ,5 0 0 3 ,0 2 5 2 ,7 5 0

628 759 27 ,3 0 8 3 9 ,8 8 7 3 2 ,7 3 6

m ean s c o re  (Y2) of = 5 2 .6

£  1 ,272 £ 1 , 4 4 4 £ .6 0 ,7 5 2 £ 7 7 ,3 6 8 £ 6 7 , 8 8 2



82

STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

T E S T Trunk and Hip Extension

£ y 2 = 37 ,4 8 1  - (685)2 
13

^  - 1386

I = 3 9 ,8 8 7  - (759)2 
15

II 1481

£ X Y = 6 7 ,8 8 2  -  (1272) (1444)
28

£ X Y  = 2283

£ X 2 = 6 0 ,7 5 2  - (1272)2 
28

afcx2 = 2966

j£Y *x 2 = (1386 +  1481) -  (2283)
2966

2

& Y ‘ x 2 =  1109

S ( Y x -  Y ) * x = 2 .5 2 8

" t "  = 5 2 .6  - 5 0 .6  = 2 .0 0 0  " t "  = .791
2 .5 2 8  2 .5 2 8  --------

df = Nl + N2 - 3 = 25

" t "  at .05  level = 2 .0 6

not significant
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T E S T  Stork Stand GROUP Control

STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

Initial
T e s t

X 1

R etest

Y 1 X5 V? . X i  Y

1 . 10 5 100 25 50

2 . 10 2 100 4 20

3. 10 10 100 100 100

4 . 5 4 ■ 25 16 20

5. 8 4 64 16 32

6 . 10 10 100 100 100

7. 1 10 1 100 10

8 . 10 . 10 100 100 100

9. 3 2 9 4 6

10 . 8 10 64 100 80

1 1 . 8 9 64 81 72

12 . . 9 8 81 64 72

13 9 8 81 64 72

101 92 889 774 734

mean score (Y^) of = 7 .0
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STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

T E S T Stork Stand GROUP Experim ental

Initial
T e s t

X2

R etest

Y 2
x 2
A 2 Y 2y2 x 2 y 2

1 . 10 10 100 100 TOO

2 . 9 3 81 9 27

3. 4 3 16 9 12

4 . 5 7 25 49 35

5. 5 10 25 100 50

6 , 1 10 1 100 10

7. 10 10 100 100 100

8 . 4 4 16 16 .. 16

9. 10 10 100 100 100

10 . 10 5 100 25 50

1 1 . 5 10 25 100 50

12 . 8 10 64 100 80

13. 4 9 16 81 36

14. 6 9 36 81 54

15. 10 10 100 100 100

101 120 805 1 ,0 7 0 820

mean s c o re  (Y2) of Y,2 = 8.0

£ 1 , 8 4 4  £ 1 , 5 5 4£202 £ 2 1 2 £ 1 , 6 9 4
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T E S T  Stork Stand

STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

£ Y 2 =  774 - (92)2 &Y2 = 123
13 ,

&Y22 = 1070 - (120)2 &Y2 = 110

£XY s 1554 - (202) (212) *X Y  * 25
28

£ X 2 = 1694 - (202)2 £ X 2 = 236
28

j£ Y *x 2 =  123 +  110 -  (25)2
236

is. Y *x 2 = 2 3 0 .3 5

S (Y1 - Y2 ) - X  = 1 .15

" t "  = 8 .0  - 7 .0  " t "  =  .8 7 0
1 .1 5  -------

df = Nx +  N2 - 3 = 25

" t "  at .0 5  level = 2 .0 6

not significant
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STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

T E S T Right Leg Abduction GROUP Control

Initial
T e s t

X 1

R etest

Y 1
l

CsJ —|
Xft.

1

X 1 Y 1

1 . 50 57 2 ,5 0 0 3 ,2 4 9 2 ,8 5 0

2 . 45 46 2 ,0 2 5 2 ,1 1 6 2 ,0 7 0

3. 46 59 2 ,1 1 6 3 ,4 8 1 2 ,7 1 4

4 . 59 59 3 ,4 8 1 3 ,4 8 1 3 ,4 8 1

5. 50 50 2 ,5 0 0 2 ,5 0 0 2 ,5 0 0

6 . 44 52 1 ,936 2 ,7 0 4 2 ,2 8 8

7. 50 48 2 ,5 0 0 2 ,3 0 4 2 ,4 0 0

8 . 46 45 2 ,1 1 6 2 ,0 2 5 2 ,0 7 0

9. 57 58 3 ,2 4 9 3 ,3 6 4 3 ,3 0 6

10 . 45 45 2 ,0 2 5 2 ,0 2 5 2 ,0 2 5

1 1 . 66 67 4 ,3 5 6 4 ,4 8 9 4 ,4 2 2

12 . 68 68 4 ,6 2 4 4 ,6 2 4 4 ,6 2 4

13. 66 64 4 ,3 5 6 4 ,0 9 6 4 ,2 2 4

705 718 37 ,7 8 4 4 0 ,4 5 8 38 ,9 7 4

mean score (Y^) of = 55.2
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STANDARD ERROR OF THE D IFFER E N C E
FOR EQUATED GROUPS

T E S T  Right Leg Abduction GROUP Experim ental

Initial
T e s t

x 2
R etest

Y 2 X 2X2 Y 2z x2 y2

1 . 52 56 2 ,7 0 4 3 ,1 3 6 2 ,9 1 2

2 . 55 66 3 ,0 2 5 4 ,3 5 6 3 ,6 3 0

3 . 75 69 5 ,6 2 5 4 ,7 6 1 5 ,1 7 5

4 . 41 43 1 ,681 1 ,849 1 ,763

5. 43 68 1 ,8 4 9 4 ,6 2 4 2 ,9 2 4

6 . 57 50 3 ,2 4 9 2 ,5 0 0 2 ,8 5 0

7. 54 48 2 ,9 1 6 2 ,3 0 4 2 ,5 9 2

8 . 47 50 2 ,2 0 9 2 ,5 0 0 2 ,3 5 0

9. 49 55 2 ,4 0 1 3 ,0 2 5 2 ,6 9 5

10 . 44 54 1 ,936 2 ,9 1 6 2 ,3 7 6

1 1 . 65 62 4 ,2 2 5 3 ,8 4 4 4 ,0 3 0

12 . 54 50 2 ,9 1 6 2 ,5 0 0 2 ,7 0 0

13. 62 50 3 ,8 4 4 2 ,5 0 0 3 ,1 0 0

14. 61 65 3 ,7 2 1 4 ,2 2 5 3 ,9 6 5

15. 60 67 3 ,6 0 0 4 ,4 8 9 4 ,0 2 0

819 853 4 5 ,9 0 1 4 9 ,5 2 9 4 7 ,0 8 2

mean sco re  (Y2 ) of Y 2 = 56 .8

£ 1 * 5 2 4  £ l ,5 7 1 £ 8 3 , 6 8 5 £ 8 9 , 9 8 7 £ 8 6 , 0 5 6
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STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

T E S T  Right Leg Abduction

£ Y 2 = 4 0 ,4 5 8  - (718)2
13

£ Y 2 = 802

1Ly\ =  4 9 ,5 2 9  - (853)2
15

= 1021

£ X Y  = 8 6 ,0 5 6  - (1524) (1571) 
28

£ X Y

£ X 2 = 8 3 ,6 8 5  - (1524)2 
28

£ X 2 =  736

& Y * x 2 = (802 +  1021) - (548)2 
736

£ Y * x 2 = 1415

S (Y, -  Y 0) -x  = [ /  1415 \ /  1 1 \

aJ( 25 ) ( 15 + 13 /
S (Y i  -  Y2 ) *x  =  2 .8 5 5

" t "  = 5 5 .2  - 5 6 .8  " t "  = .560
2 .8 5 5  -------

df = Nx +  N2 - 3 = 25 

" t "  at .0 5  level = 2 .0 6

not significant
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T E S T  Left Leg Abduction______ GROUP______ Control

Initial

STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

T e s t R etest 9
X 1 Y 1 X? Y! x i Y i

1 . 56 52 3 ,1 3 6 2 ,7 0 4 2 ,9 1 2

2 . 45 46 2 ,0 2 5 2 ,1 1 6 2 ,0 7 0

3. 51 50 2 ,6 0 1 2 ,5 0 0 2 ,5 5 0

4 . 52 55 2 ,7 0 4 3 ,0 2 5 2 ,8 6 0

5. 45 46 2 ,0 2 5 2 ,1 1 6 2 ,0 7 0

6 . 54 53 2 ,9 1 6 2 ,8 0 9 2 ,8 6 2

7. 60 52 3 ,6 0 0 2 ,7 0 4 3 ,1 2 0

8 . 50 52 2 ,5 0 0 2 ,7 0 4 2 ,6 0 0

9. 60 58 3 ,6 0 0 3 ,3 6 4 3 ,4 8 0

10 . 54 42 2 ,9 1 6 1,764 2 ,2 6 8

1 1 . 63 62 3 ,9 6 9 3 ,8 4 4 3 ,9 0 6

12 . 62 61 3 ,8 4 4 3 ,7 2 1 3 ,7 8 2

13. 63 65 3 ,9 6 9 4 ,2 2 5 4 ,0 9 5

715 694 3 9 ,8 0 5 3 7 ,5 9 6 3 8 ,5 7 5

m ean score (Y^) of = 53*3
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T E S T  Left Leg Abduction_______ GROUP Experim ental

STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

Initial
T e s t

x 2
R etest

Y 2 'X 2z Y 2 X 2 Y 2

1 . 53 56 2 ,8 0 9 3 ,1 3 6 2 ,9 6 8

2 . 63 65 3 ,9 6 9 4 ,2 2 5 4 ,0 9 5

3. 62 64 3 ,8 4 4 4 ,0 9 6 3 ,9 6 8

4 . 44 46 1 ,9 3 6 2 ,1 1 6 2 ,0 2 4

5 . 45 56 2 ,0 2 5 3 ,1 3 6 2 ,5 2 0

6 . 54 56 2 ,9 1 6 3 ,1 3 6 3 ,0 2 4

7. 52 62 2 ,7 0 4 3 ,8 4 4 3 ,2 2 4

8 . 44 52 1 ,936 2 ,7 0 4 2 ,2 8 8

9. 47 50 2 ,2 0 9 2 ,5 0 0 2 ,3 5 0

10 . 33 52 1 ,089 2 ,7 0 4 1 ,716

1 1 . 66 68 4 ,3 5 6 4 ,6 2 4 4 ,4 8 8

1 2 . 56 51 3 ,1 3 6 2 ,6 0 1 2 ,8 5 6

13. 55 48 3 ,0 2 5 2 ,3 0 4 2 ,6 4 0

14. 64 65 4 ,0 9 6 4 ,2 2 5 4 ,1 6 0

15. 50 62 2 ,5 0 0 3 ,8 4 4 3 ,1 0 0

788 853 4 2 ,5 5 0 4 9 ,1 9 5 4 5 ,4 2 1

mean s c o re  (Y2) of Y 2 = 5 6 .9

£ 1 ,5 0 3 £ 1 ,5 4 7 £ 8 2 ,3 5 5 £ 8 6 ,7 9 1 £ 8 3 ,9 9 6
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STANDARD ERROR OF THE DIFFERENCE
FOR EQUATED GROUPS

T E S T  Left Leg Abduction

^ Y 1 . 37, 596 - (694)2 &Y^ = 547 
13 1

* Y 2 - 4 9 ,1 9 5  -  (853)2 &Y? = 687 
15 2

£ x y  = 83, 996 -  (1503) (1547) & X Y  = 955 
28

£ x 2 = 8 2 ,3 5 5  -  (1503)2 £ X 2 = 1676 
28

s£Y*x2 = (547 +  687) - (955)2 
1676

^ Y - x 2 = 689

S (Y X - Y2) - x

= a J ( ” )  ( “ *  “ )

S ( Y X -  Y2 )*x = 1 .992

" t "  = 5 3 .3  - 5 6 .9  " t "  =  1 .81
1 .992  -------

df = Nx +  N2 -  3 = 25 

" t "  at .0 5  level =  2 .0 6

not significant
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