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ABS !Ffll&ICIT 

Sixty  freshmen high school boys f r o m  Meaford, 

Wisconsin, were divided i n t o  three groups by random sex- 

action,  A pre t e s t  f o r  trunk-hip f l e x i b i l i t y  was zdninis- 

te red t o  each group.. A f l e x i b i l i t y  development program of 

four weeks durat ion ( fou r  times a week) was conducted, and 

then s i x  post t e s t s  were taken a t  on@ week in te rva l s .  Por 

the  f l e x i b i l i t y  development p rogrm one group performed 

s t a t i c  s t re tch ing  exercises, .  one group performed b ~ I . l f s t i c  

s t r e t ch ing  exercises,  and the control  group d i d  not  par t ic-  

i p a t e  i n  the f l e x i b i l i t y  development program, 

The design of the study Ifas a two f a c t o r  exgerfment, 

The analysis  of variance technique was applied to the  data, 

A s ign i f i can t  improvement i n  trunk-hip f l e x i b i l i t y  was ob- 

tained by bo th  the b a l l i s t i c  and s t a t i c  s t re tch ing  exorcises; 

however, f l e x i b i l i t y  of the  tnulk and h i p s  a t t a ined  through 

the  s t a t i c  s t re tch ing  technique ~ r a s  a t t a ined  l o w e r .  

Tests f o r  i n t e r ac t ion  between t e s t s  and methods indi-  

cated t h a t  there were uncontrolled var iab les  - perhaps learn-  

ing  and motivation - operating during this investigation..  
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CfWTER Ii 

INTRODUOTION 

Although f l e x i b i l i t y  i s  gsncerally considered t o  be an 

important aspect o f  physical f i t n e s s ,  and a number of re- 

searchers bavs invest igated mans f o r  a t t a in ing  it, not  riiucl 

invest igat ion has been mad@ of the re tent ion of flrrrxibility 

once it has besen attained,. Also, theme i s  conf l ic t ing  evi- 

dence concerning the be s t  mans  f o r  a t t a in ing  f l e x i b i l i t y ,  

This researcher bscama vary i n t e m s t e d  i n  the devslop- 

ment and rgtent ion of f l e x i b i l f t y  through hhs experiences 

i n  coaching a t h l e t i c s  and teaching physical education.. B 

wide renge of goint motion i s  an important p a r t  of a f f ic ienf  

physical education, This appl ias  not only t o  the a t h l e t e  

but a l so  t o  the individual  whose physical. performance plays 

an important ro l e  i n  his dai ly  life. .  Even a s  a parson grows 

older,, f l ~ x i b i l i t y  is impor'tant,, becausa, as the aging pro- 

cess proctmds,; connective t i s sues  tend t o  lose  t h e i r  elas-  

t i c i t y ,  and t h i s  i n  tu rn  may be re la ted  Z;o the aches and 

pains of old age. Maintaining a good range of movamant at 

t h i s  age could be very beneficial .  

l ~ e r b e r t  A. Da f o r  Physi- 
-.II Wm., O. Brom - 

Conrpaay p. 217.. 



Statamant of tha Problem * - -  

The problem was t o  determine t h e  r e t e n t i o n  of f l e x i -  

b i l i t y  a f t e r  an organized program f o r  the  a t t a i m e n t  of 

f l a x i b i l i t y  had baen adminis tsrsd,  

Purpose o.J t h e  Study 

The purpose of t h i s  study w a s  t o  develop f l e x i b f l i t y  

i n  the areas of the t runk and hips. through the use of s t a t i c  

and b a l l i s t i c  s t r e t c h i n g  techniques,  and t o  determine whether 

o r  n o t  one method i s  super io r  t o  t h e  o the r  i n  attairunent 

and r e t e n t i o n  of f l s x i b f l i t y . ,  

Med  f o r  the Study --- 
F l e x i b i l i t y  i s  an important a spec t  i n  t h e  o v e r a l l  phys- 

ical condi t ioning  of the  indiv idual .  The r o l e  it has i n  

a t u e t i c  performance Echd t h e  retkaabilitation of the3 inJurad  

i n d i c a t s s  i t s  impwtanca and need, 

T k f s  study, by cornparing t h e  r e t e n t i o n  of f l e x i b i l i t y  

developed i n  two d i f f e r e n t  ways, could help improve phys ica l  

educat ion programs as far  as t h e  scheduling of a c t i v i t i a s  

i s  C O ~ C B Z T L ~ ~ ~  

The f i n d i n g s  of t h i s  s tudy could be an a i d  t o  develop- 

' ing adequate condi t ioning  programs f o r  a t h l a t i c s ,  phys ica l  

educat ion  c l a s s e s ,  adapt ive physical  educat ion c l a s s e s , , a n d  



c o r r e c t i v e  p h y s i c a l  therapy programs * 

D e l i m i t a t i o n s  

This s tudy  involved  s i x t y  n i n t h  grade boys a t  tha Med- 

f o r d  Bigh School,, M ~ d f   OX^,, W ~ S C O ~ S ~ D ~  

L i m i t a t i o n s  

L t  w a s  imposs ib le  t o  c o n t r o l  th~a a f te r  school  activi-  

t i e s  and the m o t i v a t f o n a l  a t t i t u d a s  the sub3ac t s  had taward 

tha  study,, 



Flexib i l i ty ,  F lex ib i l i ty  wag be defined as the range 

of movement i n  a joint ,  Thia dsgrae of movtzment dspdnds 

on the  f l s x i S i l i t y  and axtanaibi l i ty  of the rnusclas and the 

ligamcints surrounding the particular joint.  2 

F ldxib i l i tg  t @ a t ,  A f l e x i b i l i t y  t e s t  involves the 

measurement of tha range o f  mov%ment o f  a specif ic  joint  

o r  ar t iculat ion, .  

Goniornater, The goniometer l a  an instrument which i s  

strapped onto a body part ,  and records i n  d a ~ r a e s ,  the 

range of motion of a spsc i f ic  joint  o r  a r t icu la t ion  o r  

group of a r t i c u l a t i m ,  

S t a t i c  str%tcking,  S ta t i c  stretching i s  s t re tching 

which involves a held position with no novament.. The body 

segments which t o  be stretched are locked i n t o  a p o s i -  

t i on  of greates t  powv$ible stretch.. 

B a l l i s t i c  stretching, B a l l i s t i c  stretching i s  tha t  

s t re tching involving quick movBmsnts. xuese movements are 

quick Jams and pulls u2on t h ~  body segments t o  ba stretched. 

'Harold I. Barrow, and Rosemary McOae, A Pract ical  - 
. .  Approach to Pkwsical Education (Philadelphia: Lea & Pebeger 

Uampmy, 1 9 @ + ) ,  p. 119. 



( I W T E B  XI 

REVIEW OF RELATED LITERATURE 

Trz recatat yrarrj great  In te res t  has dsvslopsd i n  physical 

f i t n e s s  asld overall  conditioning.. It i s  generally acccspted 

tht om of  tke i m p o r t a n t  aspects of conditioning i s  flex- 

i b i l i ty . .  

B a r r o w  a d  McGer s ta ted  that:  

F lsx ib i l i ty ,  like balance, plays i t s  par t  in 
maintaining goad posture  and it 20 re la ted  t o  
such compon@nts as endurance, speed,, and agilllty,, 3 

During the 1932 Olympics, the &panes@ 880 yard relay 

team broke the then existing record by 38 saconds, In order  

t o  test the hypothesis t h a t  be t t e r  apead and sndurance swim- 

ming p@rsoruancea paral ls l  greater  f l a x l b i l i t y  i n  the major 

Joinks, the diapanese, and other ralny t e r n s  tqere 

tes ted f a r  t h e i r  f l t ~ x i b i l i t y ,  It was skoqn that tha  Japanese 

4 ~ .  K. Mathaws,. V. Ihaw, and M. Bohncn,. " ~ i p  P l e x i b i l i t p  

as Related to Length of Body ~~gmslet0,"  Ros-earth Quarterly,. 

28: 352, Dscembsr, 1957., 



During the l a s t  three deoadea, the def ini t ion o f  flex- 

i b i l i t y  has changed, In  1941, Oureton s ta ted t h a t .  f l ex ib i l -  

i t y  means the capacity t o  bend, or t o  be flexed o r  extended 

without breaking. He also s ta ted tha t  each major  jo int  has 

a high degree of specif ic  f l e x i b i l i t y  of i t s  own-5 

Hathew, Shaw, and Bohnen, i n  1957, s ta ted that: 

F lex ib i l f ty  i s  most  commonly defined as the 
range of joint  motion,. It must be recognized 
t h a t  such fac tors  a s  muscle ex tens ib i l i ty ,  jo int  
s t ructure ,  condition of  ligaments, and fasc ia  
surrounding the joint ,  a l l  i n  some manner a f fec t  
the range of movement, 6 

Xn 1964, Bar row  and KcGee concluded that: 

F lexib i l i ty  nay be defined as the range of 
movement i n  a joint. It concerns degree of 
movement and l i m i t s  the degree t o  which the 
body o r  body parts can bend o r  twist by means 
of f lexion and extension of  muscles. T h i s  degree 
of movement depends on the f l e x i b i l i t y  a d  exten- 
s i b i l f  ty  of  the muscl s and ligaments surrounding 
the par t icu lar  Joint,  9 
They a l s o  re la ted  f l e x i b i l i t y  t o  proficiency i n  motor 

movement, It i s  d g n i f i c a n t  i n  the performance of many 

'!I?homas Oureton, t t~ lex$b i l i t ;y  a s  an Aspect of Physical 

~ i t n e s s , "  Sup~lement t o  the Research Quarterly 12: 381 -382, -. 
1941. 



s k i l l s  as a motor f i t n e s s  factor,  

Physical educators have been aware of f l e x i b i l i t y  as an 

asse t  t o  good performance i n  a th le t ics ,  Larson and Tocum 

a l so  lend support t o  the poss ib i l i ty  of improved perf omance 

through increased body f l e x i b i l i t y ,  

The effectiveness of individual adjustments 
in many physical a c t i v i t i e s  i s  determilled by the 
degree of t o t a l  body or specif ic  Jo in t  f lexfb i l -  
i ty, .  A highly f lex ib le  individual spends l e s s  
energy in accomplishing s k f l l s  than a l e s s  f l e x -  
i b l e  individual,  who, with greater  expenditure 
of energy, may o r  may not make the necessary ad- 
justments, 8 

0. .L.. Year s ta ted i n  his study that: 

F lex ib i l i ty ,  depending on how it I s  nzsasured, 
seems primarily f o involve four factors:  (a) bone 
s t ructure ,  (b) t ightness o r  loosmess of' ligame ts, 
( c )  muscle strength, ( d )  muscle ex tens ib i l i ty ,  ft 
W e t o n  concluded tha t  the f l e x i b i l i t y  of  spec i f ic  joint 

areas can be determined b y  the ligament bindings, and i f  

these bindings are  loose and flimsy, the jo int  may be eas i ly  

dislocated o r  strained,'' 

'Jieonard Larson and Rachael Donaven Yocum, Measurement 

& Evaluation i n  Physical, Health, and Reareation Education, - .II 

, (S t* ,  Louis, U* Y o  Nosby U 0 r . p  1951, p*, 160. 

' 0 .  L. Wear,  elationsh ship of F lexib i l i ty  Measurement t o  

Length of Body ~egnents , '~  Research Quartexlx, 34: 234, May, 1963. 



Within the same $oint ,  f l o x i b i l i t y  may vary f r o m  time 

t o  time depending on such fac tors  as warm-up, temperature, 

e f for t , ,  relaxation,  and pain tolerance. 1 I 

There have been several ways of developing f l e x i b i l i t y ,  

a l l  of whfch involve s t re tch* Two methoda of  a t ta in ing  flex- 

i b i l i t y  are  s t a t i c  and b a l l i s t i c  stretching,  S t a t i c  stretch- 

ing is t h a t  method whfch involves a held posit ion with no 

movement,.. The body segmeats which. are t o  be stretched are 

locked i n t o  a position of greates t  posslble s t re tch.  Bal- 

l i s t i c  s t re tching i s  tha t  method involving quick movements.. 

These movements are quick Jerks and pul ls  upon the body seg- 

ments to. be stretched.. Such terms QS spring s t re tch,  fast 

s t r e t ch ,  and rebound s t r e t ch  are a l l  re la ted  t o  b a l l i s t i c  

stretching,  

Hupprf ch and Sigerseth stated:. 

Flexib i l i ty  i s  ,commonly spoken o f  as a general 
a b i l i t y  r a the r  than a number of spec i f ic  a b i l i t i e s ,  
and the notion i s  s t i l l  popular tha t  young chil-  
dren are very d l e x i b l e  and tha t  they become prpz 
gressively l e s s  f lex ib le  as  they become older. 

L 

l2l?. L. Hupprich and P. 0.  Sigerseth,  ha Specif ic i ty  

of F lex ib i l i ty  i n  G i r l s , '  Research Quarterly,  21 : 25, March, 



Tn t h e i r  f i n d l n g s , , i t  was shown t h a t  i n  nine of twelve 

measurements, g i r l s  increased i n  f l e x i b i l i t y  f rom s i x  t o  

twelve and then showed a decline, 13 

Bn increase in f l e x i b i l i t y  was noted i n  NcCuet's study 

in which she: 

,,.ladurinistered f ive  f l e x i b i l i t y  t e a t s  t o  col- 
lege women and repeated them a f t e r  three weeks 
of mild exercise, She found a s ignif icant  in- 
crease in f l e x i b i l i t y ,  Eight weeks a f t e r  the 
completion of the exercise peri-od, she found 
tha t  three of the f i v e  movements studied re-  
mained a t  sf gnif i c m t  difference levels ,  Pnr- 
t i c u l a r  emphasis was placed on training eaoh 
individual t o  make d.1 movements i n  a relaxed 
r~thmS, movement t o  the l i m i t  of her raulge of 
motion, 74 

In a recent study showing the ef fects  o f  s t a t i c  stretch- 

ing Be Pries  found tha t  a f t e r  unaccustomed exercise the 

s t a t i c  s t re tching technique seemed t o  provide some measure 

af prevention of ensuing muscular d is t ress ,  such as  shin 

s p l i n t s  i n  some athletes, 15 

J 3  an upubl ished study by Hllgeadorf, pertaining t o  the 

re tent ion of flexfbf 15. t y  through s t a t i c  s t re tching 

14~ .  B e  Ncme, 'F lex ib i l i ty  Neaeurement o f  Oollege  oma an," 

Research Quarterly 24: 322, October,. 1953. 

l ~ ~ r b e r t  A. De Tries,  "~lectromyo@;raphic Observation o f  

the Effects of S t a t i c  Stretching Upon Muscular Distress," 

Research Quarterly 32 : 479, December,. 1961 *. 



The increased range i s  achieved by a s e r i e s  
of jerks or  pul ls  on the r e s l s t a n t  muscle 
tissue. These jerks must be no grea te r  than 
the  exten i b i l f t y  of which the t i s sues  are  
capable 1 8 
Phil l ips, .  i n  administering BCrausbWeber t e s t s  t o  boys 

and g i r l s  from the ages of six t~ t~reLve, concluded t h a t  

both sexes tend toward a rapid decrease i n  f l e x f b l l i t y  

with increased age and the f l e x i b i l i t y  of the g u l s  de- 

creased more rap id ly  ,I9 

Mathews, Shati, and BDhnen,, i n  t h e f r  study on f l e x i b i l i t y  

and i t s  re la t ionship between f l e x i b i l i t y  and body length?' 

Wear iavestiga.ted the poss ib i l i t y  t h a t  there might exis%, a 

se r ta in .  re la t ionship between measures o f  hip and t r u a  

a. Staff ord and E, D; Xelly,. Preventive and Oar- -- 
restive Physical Education (Rew York: Ronald Press Ga,, 

1958),, c i t ed  by H. A. DePries,, "~valurat ion of S t a t i c  Stretch- 

illg Procedures fo r  Improvement or ~ l e x i b i l i t y , ~  Research 

Quarter ly  332 222-223, Nay, 1962. 

1 9 ~ a r j o r i e  Phil l ips, ,  e t  a l ,  "Analysis of Besults from 

the &&us-Weber Test of Min imum Muscular Fitness in Children, 

Research Quarterly 26: 321, 1955, 



f l e x i b i l i t y  and length of cer ta in  body segments,. Out of 

the four major t e s t s  given, the s i t  and reach f l e x i b i l i t y  

t e s t  was s igni f icant ly  re la ted  t o  excess of tmnk and arm 

length over l e g  length* 
2 1 

A basic measuring device - the gravity goniometer- 

was developed by Leighton, Phis type of instrument and the 

method i n  which i t  i s  used t o  measure f l e x i b i l i t y  i s  rela-  

t ive ly  f r ee  from any e f fec t s  of v w i a t i o n  i n  length of body 

segments. The goniometer i s  an instrument which i s  strapped 

onto a body par t  and reoords i n  degrees tke range of motion 

of  a specffiu joint  o r  a r t i cu la t ion  or group of a r t icu la t ion ,  

Leighton a l s o  reported the r e l i a b i l i t y  of t h i s  measuring 

device as being above the *.90 In a re la ted study 

by Hilgendorf, he reported 8 r e l i a b i l i t y  coefficfent  o f  8 0  

f o r  the trunk f l e x i b i l i t y  t e s t ,  .973 f o r  the h i p  f l e x i b i l i t y  

t e s t ,  and ,942 f o r  the trunk-hip flexibility t e s t ,  23 These 

par t icu lar  t e s t s  and the measuring device used were a lso used 

fox t h i s  research study, 

21~ear, op. ci t . ,  p.  238. 

2 2 ~ a c k  Leighton, "A Simple Objective and Reliable Measure 

of ~ l e x i b i l i t y , "  Research Quarterly 13: 215, May, 1942, 

2 3 ~ l g e n d o r f ,  op. c i t . ,  p.. 15. 



C)IUPTXR I11 

PROCEDURES 

SELECTION 2 SUBJBCTS 

The subgects selected were s ix ty  freshnren boys from 
' / 

the Medf ord Senior Eigh School, Hedf ord, Viscoasfn, The 

students mimes were l i s t e d  alphabetical ly and a tab le  of 9 
4 

random numbers was used t o  divf de them i n t o  three groups t 

Group A -- control  group,, Group B - group working on s t a t i c  

s t re tch ing  techniques,. and Group a - group working on bal- 

l i s t i c  s t re tching techniques e 

Jack B,, &eighton designed the f lexfbj i l i ty  t e s t s  used 

witihin this study, 24 
The areas of f l e x i b i l i t y  that were 

tes ted  were the extension and f lexion o f  the trunk a d  hips, 

HJ& Extension & Flexion - Test, The subject  assumes a 

standing posi t ion with h i s  f e e t  together,  his b e e s  bt ra ight* 

24~eighton, op.. c i t . ,  p. 212. 



and h i s  hands clasped together  behind h i s  head.. The gon- 

iometer i s  fastened t o  the  individual  a t  h i s  hips on the  

r i g h t  s ide  a t  the  height  of the  umbilicus. The subdect, 

keeping l egs  s t r a i g h t ,  knees locked, f e e t  f l a t  on the f loor , .  

bends backwards as  f a r  as possible,  A t  this point  the 

goniometer w a s  s e t  t o  read zero, The subject  then bent 

forward a s  f a r  as possible and remained i n  thf s posi t ion 

u n t i l  the  second reading was taken, During the  t e s t  the 

individual  was not allowed t o  s h i f t  h i s  f e e t ,  l i f t  toes  o r  
25 hee ls  from the  ground, nor bend h i s  knees*. 

T r u n k  Hip Flexion and Extension Test, The -procedure - I - 
f o r  t h i s  t e s t  i s  the  same as i s  the hip f l ex ion  and extension 

t e s t s .  The only difference i s  t h a t  the  instrument i s  placed 

t o  the  r i g h t  of the chest d i r e c t l y  under the armpit a t  the 

height  of the a p p l e *  26 

n ~ n k  Extension & Flexfon Test, T b  obtain the measure _. - 
f o r  the  t m k  extension agd f lex ion  t e s t s  m e  must sub t rac t  

the measure for h i p  extension and f lexion from the  neasure 

of trunk-hip extension and f l ex ion  test., 27 
1 

25~athew, op. c i t . , ,  p. 275. 



ADM&NISTRATIOH 06 FLEXIBILITY TESTS 

A pre tes t  was administered t o  determine the f l e x i b i l i t y  

of each individual before the program f o r  the improvement of 

f l e x i b i l i t y  began.. A t  'the end of the t ra ining program the 

subjects were again tes ted t o  determine $0 what degree t h e i r  

f l e x i b i l i t y  had increased o r  decreased, The same t e s t  was 

given once a week f o r  f ive  weeks t o  assess the re tent ion o f  

f l e x i b i l i t y ,  There were altogether s i x  post t e s t s  .. 

The measuring device used i n  t h i s  experimental study 

was a mercury gravf t y  controlled goniometer with adjustable 

d ia l , ,  which w a s  manufactured by Biggs Products o f  OaMand, 

aal i fornia ,  The device was held t o  the body by means of an 

ad justable e l a s t i c  bel t ,  

TZST PROCEDURE - 
Before the t e s t ing  began, the subjects were given an 

explanation and demonstration of  a l l  the t e s t s  t o  be given. 

A t  the time of the tes t ing  the students were dressed i n  

t h e i r  physical. education uniforms.. The subjects were not 

allowed t o  waxm-up or perform m y  exercise o r  ac t iv i ty  i n  



order t o  warm up the body, This was done so ns t o  standard- 

i z e  t e u t i n g  procedures,  28 

When t he  s tuden t s  r e p o r t e d  t o  the  t e s t i n g  area,. they 

cgme i n  groups of f i v e ,  and the explanaeion and demonstra- 

t i o n  was presented t o  each group before the t e s t  rsas admin- 

i s t e r e d ,  This procedure was repeated f o r  each of the seven 

testing 2erf ods, The tests administered were the E i p ,  Trunk- 

Hip, and Trunk Extension and Flexion F l e x i b i l i t y  Tests, 

If o s u b j e c t  was absent  dur ing  a testing p e r i o d ,  he was 

immediately t e s t e d  t h e  day he re turned  t o  class, 

/ i -- 
FLEXIBILITY PBOQW f', 7' 

\' - 
The subjects were divided i n t o  t h r e e  groups - A, B, C - 

f o r  the purpose of t h i s  study,. Group A ,  the con t ro l  group,. -- 

w a s  n o t  involved i n  any f l e x i b i l i t y  program but did p a r t i -  

c ipate  i n  reyular  physical educat ion c l a s s e s ,  Group B,, t he  

s t a t i c  stretchfirmg technique group,  and Group a,, the b a l l i s t i c  

s t r e t c h i n g  teohnique group,  were both involved i n  the f lex-  

i b i l i t y  program and also p a r t i c i p a t e d  i n  the repalar  phys ica l  
t 

'&leighton, op. cite, p. 210. 



educat ion clasnes.  The f l e x i b i l i t y  program l a s t e d  f o r  four 

weeks with f o u r  c l a s s e s  a week. 

The s t a t i c  and b a l l i s t i c  s t r e t c h i n g  e x e r c i s e s  used in 

t h i s  s tudy were se lec ted  f r o m  a previous study by X. A. 

De Vries. 29 

The s t a t i c  exe rc i ses  i n  De Vries study were developed 

around t h e  p r i n c i p l e s  o f  Hatha Yoga, as described by Rele, 

and were designed to p a r a l l e l  t h e  . b a l l i s t i c  e x e r c i s e s  i n  the  

p a r t i c u l a r  3 o i n t  a reas  ,3O 

The b a l l i s t i c  s t r e t c h i n g  e x e r c i s e s  were taken from 

KiphuthtS exe rc i ses  f o r  s t r e t c h i n g  swimmers. 31 

2 9 ~ e  Vries,  ope  c i t e  Besearch Quarter ly  33:  224-225,, 

3 0 ~ e  (3.. Rele, Y-Ogic Asanas f o r  Health and Vigour. ---- 
Bombay: D. B. Tarsporevala Sons & Go. P r iva te  Ltd., 1958. 

c i t e d  by H. A. De Vries, n ~ v a l u a t i o n  of S t a t i c  S t re t ch ing  

Procedures for Improvement of F l e x i b i l i t y , "  Research Quar ter ly  

33: 224, X a y ,  1962,. 

R Je H. Kiphuth,. Swimming New York: A. S .  Barnes and 

0 ,  1942, c i t e d  by DB Vrie8, Research Q ~ ~ t e r l z  33: 225 

my, 1962. 



De Vriea study ~kowed tha t  the muscle groups tha t  were 

the most d i f f i c u l t  t o  improve were the lower back and ham 

s t r ings ,  s o  i n  hfs program of s t a t i c  exercises the lower 

back s t re tcher  was executed twice - once before the upper 

back stre+t;cher arid once immediately a f t e r  it* He a lso d i d  

the same thing i n  his program of b a l l i s t i c  exercises. Tbe 

trunk bender w a s  executed twice,. once before the upper back 

s t r e t che r  and once immediately a f t e r e i t . .  Two of the exer- 

cises from the static and b a l l i s t i c  stretching techniques 

were dropped from the program because they d l d  not a f fec t  

the extension m d  flexion ox the back., 

S TBTW S T B T C H I M G  EXERCISES.. - 
The following exercises were chosen f o r  the static 

s t re tching program: 

1 .. Upper Trunk Stretcher. -- 

The performer assumes a f ront  lying position, keeping 

his pelvis  on the f loor  and l egs  s t ra ight ,  He then extends 

his amns s t r a igh t  and holds h i s  head back, 

2, Lower Trunk Stretcher, -- 
The performer assumes GI fron'c lying position, He graspsr 

his ankles f r o m  behind and pul ls ,  s o  as t o  arch the back, 

Also the head i s  l i f t e d  off the f loor  and held i n  an extended 

position, 



3.  Lower Back Stretcher,. 

The performer assumes a s i t t i n g  position ~ s i t h  182s ex- 

tended and toes pointed. He then grasps the outer borders 

of h i s  f e e t  and pul l s  his head downward. 

4,. UBper - Back Stretcher, 

The performer assumes a l y i n g  position on h i s  back, B 

then ra i ses  his legs  up and over his head, and r e s t s  his 

toes on the floor. While doing t h i s  h i s  hands and arms are 

f l a t  on the f l o o r c  

5. Gastrocnemius Stretcher,  

The performer assumes a standing position three t o  four 

f e e t  from the w a l l ,  He places hands on the wall and keeps 

body s t ra ight ,  He mast keep f e e t  para l le l  and f l a t  on the 

f l o o s .  

6. - 2oe Pointer. 

The performer s i ts  on f e e t  toes and ankles stretched 

backward, The knees are raised s l igh t ly  off the f l o o r ,  

and balance weight s l igh t ly  with both hands on f l o o r  just 

behind hips. 

In the s t a t f  c s t re tching procedure each exercise i n  801- 

ved a s t a t i c  holding posi t ion f o r  a time l i m i t  o f  t h i r t y  

seconds and each time the subject stretched totamas his 

maximum l eve l  and held tha t  position,. The mount o f  time 

was increased by ten  seconds oilch lesson u n t i l  one ainute 

was reached and then t h i s  time l i m i t  was maintained for 



each exercise u n t i l  the end of the program. 

The following exercises were chosen f o r  the b a l l i s t i c  

s t re tching technique: 

1, Trunk L i f t e r .  

The-performer assumes a f ront  lying position with hie 

hands behind his neck. He r a i ses  h i s  head and chest vig- 

orously, while a partner holds his fee t .  

2. Leg Lifter .  

The performer assumes a f ront  lying posit ion with h i s  

oms  down a t  h i s  sides. He r a i ses  both his legs  off the 

f loor  and lowers rapidly wllile a partner ho lds  h i s  back 

d0~12. 

3.. 'Prunk Bender. 

The performer assumes P s i t t i n g  posit ion with his legs  
4 

apart  and sfraight,* and hands behind neok. He then bends 

trunk forward and downward i n  a bounclng fashion while 

keeping his back straight. 

4. D p e r  - Back gtretcheq. 

The performer assumes a s i t t i n g  position with h i s  legs  
' crossed and hands behind h i s  neck. He then t r i e s  t o  touch 

h i s  head t o  the f loor  using a vigorous bouncing motion. 



5, - Trunk Rotation, 

The performer i s  i n  a standing p o s i t i o n  trith h i s  arms 

extended l a t e r a l l y .  He then twis ts  t o  the l e f t  m d  t o  the 

6.. GastroenemSus Stretcher ,. 
The performer stands on a board with the balls or" U s  

feet .  He then lowers weight and returns rapidly, and may 

use a partner t o  balance i f  necessary... 

In the b a l l i s t i c  streBching procedures each exercise 

was performed a t  twenty repet i t ions ,  and worked up to  f o r t y  

r e p i t i t i o n s  by the fourth  workout. 



OHAPTER IV 

STATISTIOAL PROCEDURES 

The design f o r  the investigation was a two f ac to r  exper- 

iment, The two variables wore the a t t a i m e n t  o f  f l e x i b i l i t y  

and then the re tent ion of f l e x i b i l i t y ,  lChe pre t ra ining 

t e s t  and a se r i e s  of post t ra ining t e s t s  resul ted in repeated 

f l e x i b i l i t y  measures f o r  each subject.. 

The analysis of variance technique was a p p l i e d  t o  the 

data, The experimental design and the analysis of variance 

procedures as explained by Tginer were implemented and exe- 

cuted by use of  an I Z M  1130 computer, 32 

Three hypothesis were tested. These were: 

1. There i s  no difference In  the degree o f  f l e x i b i l i t y  a t ta ined 

by b a l l i s  t i c  trainfng technique a and t ra ining methods, 

2. There i s  no change i n  f l e x i b i l i t y  from pre t e s t  t o  f insl  

p o s t  tes t .  

3,. There i s  no difference i n  a t ta ined and retained f l e x i b i l i t y  

due t o  interact ion of methods and t e s t s ,  

32~.. 3.. Winer ,. S t a t i e t i c p l  Principles & Experimental 

Design. New York: McGraw H i l l  Book Oompany, 1962.. p,  29&312@ 



23 

The f ive  percent level of confidence was selected as  

the c r i t e r i a n  fo r  re ject ion of the null hypothesis, 

The design f o r  the investigation was a two fac tor  exper- 

iment with repeated measures on one factor,  The analysis 

of variance technique was used t o  .analyze the data. 

Elps.  Table f, page 24, summarizes the analysfLs of var- 

iance f o r  the hip f lexion and extension t e s t  scores, 

The P r a t i o  f o r  differences i n  h i p  f l e x i b i l i t y  due t o  

method was ,461. This value d i d  not  exceed the c r i t i c a l  

F value of 3.15, nnd therefore the n u l l  hypothesis that over 

the course of the experiment there was no difference i n  at- 

tained f l e x i b i l i t y  due t o  method w a s  accepted. 

T b  hypothesis tha t  there was no s igni f icant  differ- 

ence among the comblned means f o r  a l l 1  groups f o r  the t e s t s  

of h i p  f l e x i b i l i t y  was rejected,,  because the at tained F 

value of 4.828 w a s  significant.  The F r a t i o  does not in- 

dicate which means were s ignif icant ly  different  f r o m  each 

other. It d i d  indicate tha t  fur ther  s t a t i s t i c a l  t e s t s  were 

necessary, 

The s ignif icant  F value of 4,706 indicated tha t  i n t e r  

act ion between methods and t e s t s  was present. Therefore,. 

fur ther  analysis was made i n  terms of simple ra in  effects, .  



HIPS 

Ori t f  cal 
Source of va-r ia t ion  S, 3.. d f Me S, P v a l u ~  F 

Betwesn sub jec t s  69900,016 59 

Methods 1113.000 2 556.50 J.15 ,461 
Subjects within 68737,016 57. 1206.79 
groups " 

Within s u b d o c t s  46686.508 360 

Between &gts 3164,501 6 527,42 2.10 4.820 

Interaction 6168.000 12 5 1 4 e 0 0 a  

Bstwaen tests X 37354.008 342 109,22 
s u b j e c t s  wi th in  
groups - 



and F values associated with these e f fec t s  wera computed, 

A n  obtained F r a t i o  of 4.37 indicated that the effeces 

of method wore s igni f icaa t ly  d i f fe rent  a t  post t e s t  f ive ,  

The Reman Ruels procedure was used t o  t e s t  the difference 

between tlse mean scores af each group (control,  s ta t ic , ,  

b a l l i s t i c )  on p o s t  t e s t  five. Hip f lex ib i lS ty  o f  the sta-  

t i c a l l y  trainad group was s l g n i f i c a t l y  greater  than tha t  

of the b a l l i s t i c a l l y  trained group, Hip  f l e x i b i l i t y  o f  the 

b a l l i s t i c a l l y  trained group was s ignif icant ly  greater  than 

tha t  02 the control group. Tabla I X ,  page 26, graphically 

compares the mean hip f l e x i b i l i t y  o f  each group f o r  each 

t e s t ,  , 

Since s i g i f i c a r r t  F ~aluas of 5,30,, 5*64,. 3*30,  fndf- 

aated that there were dfffersnces between test means within 

the control,, s t a t i c ,  znd b a l l i s t i c  groups,, the Rewman KueXs 

procedure,, as shown by Winer,. was used t o  detejrminre whech 

of the test r e s u l t s  were s ignif icant ly  d i f f e r e r ~ t . 3 ~  The 

K e r n  Kuals procedure indicated t h a t  f o r  the control group 

the  h i p  f l e x i b i l i t y  w a s  s igni f icant ly  greater  a t  p o s t  t e s t  

six than a t  any other point, The lowest f l e x i b i l i t y  t e s t  

scores were mads on post t e s t s  three and f ive ,  and these 



TABLE 11 

I? Ratios Indicating Difference 

Between Hip Flexibility Means 

( B@ twr en Groups ) 

Cont ro l  S ta t i c  B a l l i s t i c  P s c o r e  

Pra t e s t  69.10 63.55 69..80 ,882 

P o s t  t e s t  1 68.05 77e30 79 +a65 2 • 827 

2 69 095 77.60 78m4.0 1 ..636 

3 66.20 74.10 73 &30 1.422 

4 76&0 76.25 74.00 0.1 14 

* Denotes an F scare t h a t  i s  significant at the .05 level 

of confidence, 



t e s t s  r e su l t s  were not s ignif icant ly  d i f fe rent  f r o m  each 

other.. 

For the s t a t f c  group there was a s ignif icant  increase 

i n  hip f l e x i b i l i t y  immediately a f t e r  training,  as indicated 

by a comparison of the prs t e s t  ranul t s  and p o s t  t e s t  one, 

Tests one through f ive were not s ignif icant ly  d i f fe rent  

f r o m  each other, Post t e s t  six was significanICly lower 

than a l l  the preceeding post t e s t s ,  indicating that flex- 

i b i l i t y  was l a s t  a t  this point. 

The highest hip f l e x i b i l i t y  scores f o r  tho b a l l i s t i c  

group were achieved on p o s t  t e s t s  one and two ,  and these 

scores were not sfgnif icant ly  d i f fe rent  from each other, 

but were s igniff  cxatly different  from a l l  other scores. 

The lowest t e s t  scores were obtained f r o m  the pre test and 

f r o m  post t e s t s  three,,  f ive ,  and six,  These scores were 

not s igni f ic$nt lg  d i f fe rent  f rom each other9 but Irere sig- 

n i f i can t ly  lower than a l l  o thar  scores. 

Trunk-Hips. Table IIX, page 28, sho~as the ~ ~ n a l g s i s  of - 
variance f o r  the trunk-hip f lexion and extension t e s t  scores, 

The F r a t i o  f o r  differences i n  tmnk-hip f l e x i b i l i t y  due 

to method was 3.14, This value does not exceed the c r i t i c a l  

I? value of 3,15, and therefore the nu l l  hypothesis that 

over the course of the experiment there was no difference 

i n  a t ta ined f l e x i b i l i t y  due t o  method was accegted, 

The hypothesis tha t  there was no change i n  f l e x i b i l i t y  



TABILE I11 

AMALYSIS OF VARIANCE SUPWARY 

TRU%K- HIPS 

Orf t i ca l  
Sourue of Variation Elm S. df M, SI. $ Value 2 

sub j s c t s  w i t b  84984,016 57- 3490e947 
in groups 

Within Subj@cts 57298,008 360 

Betwasn Tests 5410.00 6 901*667 2 a 1 0  6,7929 

SubJects within 



f r o m  t e s t  t o  t e s t  w a s  r e  jeotsd because the F value of 6.79 

was significant.  This F value did not indicate which means 

were sigmificaatly d i f fe rent  from each other. It d i d  indi- 

cate tha t  fur ther  s t a t i s t i c a l  t e s t s  were necessary, 

The value of F f o r  the interact ion between mathods and 

t e s t s  was 4.07. Because of  the s ignif icant  value of F, 

fur ther  analysis was made %a terms of simple main effects.  

The obtained P values f o r  post t e s t s  one, two, three, 

and f ive  were 4-64,. 4.83, 8.86, and 5.10 (Table IV, page 30). 

These values indicated tha t  the e f fec t s  of methods were slg- 

n i f i can t ly  d i f fe rent  a t  each of the four post t e s t s ,  The 

pTewman Kuels method was then used t o  t e s t  the differences 

i n  mean scores of each group a~, each of the four p o s t  t e s t s .  

m post t e s t s  one, two, arrd three both the s t a t i c  and 

b a l l i s t i c  tmnk-kip f l e x i b i l i t y  groups had s ignif icant ly  

greater  f l e x i b i l i t y  than the control group, but were not 

s ignif icant ly  d i f fe rent  from each other, Post t e s t  f ive  

indicated t h a t  the trunk-hip f l e x i b i l i t y  of the s t a t i c a l l y  

trained group was s ignif icant ly  greater  than t h a t  of the 

b ~ l l i s t i c a l l y  trained group. Trunk-hip f l e x i b i l i t y  o f  the 

b a l l i s t i c a l l y  trained group was s ignif icant ly  greater  than 

t h a t  of the control  group., 

The s ignif icant  F values of 5.85, 6 3 6 ,  and 2,87 indi -  

cated t h a t  there was a difference between t e s t  means within 

the control,  s t a t i c ,  and b a l l i s t i c  groups. The Xewaan Kuels 



T A B U  IV 

I? Ratios Indicating Difference 

Be%w@en Trunk-Hip Pl%xibility M~ans 

(Batwean Groups) 

i 

Clonfrol Statla Ballistic 3Y Sooro 

Prs test 159.65 156.70 161.75 • 394 

P O S ~  t e ~ t  1 161.55 176.85 176~60 4a63P 

*Psnotas an P ficoro that l a  significant at the -05 
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method was used t o  determine which of the t e s t  meaas re-- 

sults were different ,  

For the control group the U e l a  procedure showed 

thz t  trunk-hi p f l e x i b i l i t y  w a s  s igniff  cantly greater  at; 

post t e s t s  one, four, and s i x  than f o r  my o f  the other t e s t s ,  

and these scores were not s ignif icant ly  differant  from each 

other,. lChe lowest f l e x i b i l i t y  t e s t  score was p o s t  t e s t  three. 

The r e s u l t s  of the p r e  t e s t  and p o s t  t e s t s  two and five,, Ifere 

not s ip i f f c ikn t ly  d i f fe rent  from sach other, 

For the the  b a l l i s t i c  

past t e s t s  one and three were s igaif ioant ly  greater  than all 

other scores but were not s ignif icant ly  d i f fe rent  f ron  ecah 

other, 'PI36 lowest t e s t  was the pre t e s t  whfch Ires signif-  

icant ly  dXfferent,from a11 other scores,. Post t e s t s  two, 

f o u r ,  f ive ,  and s i x  were not s ignif icant ly  d i f fe rent  f r o m  

each other,, 

For the s t a t i c a l l y  trained group, %he highest tese 

scores wese achieved on porjt t e s t s  one and five. These 

scores wese s ignif icant ly  d i f fe rent  f r o m  each other, The 

pre  t e s t  was the lowest score and was s ignif icant ly  diffar-  

e n t  from a l l  other scores, Post t e s t  two, three,, four,, and 

s i x  ware not s ignif icant ly  d i f fe rent  from sach other, 

Txunk* Table V, page 32, summarized the trunk flex- - 
i b i l i t y  by analysis o f  variancs,. 

The F r a t i o  f o r  differences i n  trunk f l s x i b i l i t y  due 



TABLE V 

UTALYSIS OF VARIANCE SUAWARY 

CTRUNK 

Oritical 
Source of Variation S .  Sc d f  M., S. 2 Value Ie 

Between Sub$scts 34913.508 59 

PBrsthods 4243.500 2 2121,750 3.15 3a943 

Subjects w i t h -  30670.00 5'7- 538.070 

Within Subjects 52752.508 360 

Between Tests 3042.500 6 507.083 2.10 3.645 

Interaction 2 132 ,OO 12 177.666 1,75 1 ,277 

Between Tests X 47578,008 342 139.117 
Subjects within 



value of 3.15# hasis that over 

the? course of th iffareace in 

this differetrtce,, and 

tra ined  group and the b a l l  ly trafned group were 

p- but .  were not  signsf ican%ly- different from each o f  

The hypothesis that there was no difference 2tmo~ez; t 

of the trunlc f Iex ib i l i tx  measures of the static*, b 

t ic, ,  add control groups was rejected because the F -. 
3,645 showed o s i g n i f i c a %  difference, To show the dl& 

ssts af trurtk f lex ibi l i ty ,  

TBe results of  the compariso 

tests of trunk f l a x i o n  8nd axtensionshowed that p o s t  

on%,; five,. and six- were not sign1ficantl.y &ifferenl; f r o  



TABLE V I  

F Ratios Indicating Difference 

Between T w k  P l ~ x i b i l i t y  Hews 

(~e tw~sen  G ~ o u p s )  

Clontrol Stat ic  B*allistic B Score 

P T ~  t e s t  90.50 93.65 92 ~ 0 5  ,253 

Pos t  t e s t  1 93.55 99.50 - 96.95 .go8 



CHAPTER V 

SUMTUXY 

A group of s i x t y  h igh  school freshmeen boys from Medford 

High School, Medford,. Wisconsin war@ t h e  m b j e c t s  f o r  t h i s  

study of t h e  at ta inment  and r a t a n t i o n  of trunk-hip f l e x i b i l -  

ity..  

The s u b j e c t s  were divided i n t o  t h r e e  groups by random 

s e l ~ c t i o n .  Group A w a s  a con t ro l  group and did not  p a r t i c i -  

pa te  i n  the  f l e x i b i l i t y  improvemarlt program. Group B, t h e  

s t a t i c  group, p s r f o r m ~ d  s t a t i c  s t r e t c h i n g  s x s r c i s e s .  Group 

O,, the  b a l l i s t i c  group, performed b a l l i s t i c  s t r e t c h i n g  axer- 

cise s.. h pre t e s t  f o r  t runk-h ip  f l e x i b i l i t y  was administered 

t o  sack  group, The f l a x i b f l i t y  davelopmant program of f o u r  

wdaks dura t ion  ( f o u r  t imes a waek) wan conducted, u d  then 

s i x  p o s t  t e s t s  werd taken. Tbsre was a lapso  of ons xeek be- 

tween each pos t  t e s t .  

The d ~ ~ i g n  of the  study was n two f a c t o r  experiment. 

The analysis of var iznce  t @ c h i q u e  was a p p l i e d  t o  t h e  data.  

Three hypothesis  were t a s t e d *  

( 1 )  There i s  no d i f fa rence  i n  the  degree  of f l e x i b i l i t y  

a t t a i n e d  by a t a t i c  a d  b a l l i s t i c  t r a i n i n g  t echn i  quss .. 
(a) Hips; Tha hypothesis was accepter  becausa the  

F r a t i o  was no t  s i f ;n i f icnnt .  



( b )  Trunk-Fllgfl: The hypothesis was n c c e p t ~ d  because 

the F r a t i o  was not  significant,. 

( c )  Trunk: Tbs F r a t i o  of  3,49 was s i g n i f f c a n t  and 

thercsfoxa, the- nul l  ' Inypotb~~sis w a s  re  jetted,., 

( 2 )  Thera i s  no  change i n  f l e x i b i l i t y  from pre test t o  final 

post tes t . ,  

( a )  Hips:  Tha F r a t i o  of 4-33 was s i g n i f i c z n t  and 

the re fo re  ths n u l l  hypothesis was r e j e c t e d ,  

( b )  Trunk-Hips: Tha P sat1 o  of 6.79 was s i g n i f i c a n t  

and t he re fo re  t h e  n u l l  hypokb@sis was rejected. .  

( c )  Trunk: The F ratio of 3,64 was ~ i g n i f i c m t  and 

the re fo re  the n u l l  h y p o t b ~ s f  s was r e  jectsd,  

( 3 )  Thsrd i s  no d i f ference  i n  attained and retained f l e x i b i l -  

i t y  due t o  i n t e r a c t i o n  of methods and tests. 

(a) Bips: Tha F r a t i o  of 4.70 was significant and 

theref  ore  t h e  n u l l  hypothesis  was ra jected.. 

( b )  Trunk-Hips: The P r a t i o  of 4.07 was s i g n i f i c a n t  

and the re fo rb  t h e  n u l l  hypothesis  was rejscted,. 

( a )  Tmnk: The F r a t i o  of 1.27 was n o t  s i g n i f i c a n t  

and the re fo re  %he n u l l  hypotbasfs was a c c e p t a d ,  



OONCLUSIONS 

From tha f i n d i n g s  of t h i s  study one cogld concluda tha t :  

( 1 )  Both tho s t a t i c  and b a l l i s t i c  s t r e t c h i n g  tsch- 

niques ara apparent ly equal ly  e f f e c t i v e  i n  a t t a i n -  

i n g  t h e  f l a x i b i l i t y  of the  trunk and hips.  

( 2 )  However, f l e x i b i l i t y  of the t runk end h i p s  a t t a i n -  

ed through the  s t a t i c  s t r e t c h i n g  technique i s  

a t t a i n e d  longer, 

Because t h e r e  was i n t s r a c t i o n  betwaen t e s t s  and methods 

t h i s  author  w a s  forced t o  concluds t h a t  t h a r e  were uncon- 

t r o l l e d  v a r i a b l e s  opera t ing  during t h i s  investigation..  From 

t h e  evidence of thb da ta ,  it would se3m t h a t  learning may 

have been one of the f a c t o r s  --- motivat ion could have been 

another, 
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