
ABSTRACT 

FORMST, Mary Jane.  Card iovascu la r  e f f e c t s :  rebound- 
i ng  v e r s u s  jogging on un t r a ined  c o l l e g e  females.  M.S. 
i n  Adul t  F i t n e s s  - Cardiac  R e h a b i l i t a t i o n ,  1982. 81 p. 
( N .  K.  B u t t s ) .  

Untrained c o l l e g e  aged females  (n = 4 5 )  w e r e  s t u d i e d  t o  d e t e r -  
mine i f  7 wk rebounding and jogging programs would e l i c i t  
s i m i l a r  ca rd iovascu la r  t r a i n i n g  e f f e c t s .  The 13 joggers ,  
19 rebounders ,  and 13 c o n t r o l s  who ranged i n  age  from 19 - 
32 y r  vo lun teered  t o  p a r t i c i p a t e .  The joggers  and rebound- 
ers t r a i n e d  f o r  4 days  a  wk f o r  30 min each se s s ion .  A p r e  
( T 1 )  and p o s t  ( T 2 )  Modified Astrand Treadmi l l  t e s t  was 
adminis te red  t o  a l l  Ss .  Each was ass igned  a  t a r g e t  HR based 
on 75% of t h e  max HR ob ta ined  on t h e  i n i t i a l  TM t e s t .  H 4 ' s  
w e r e  checked 3 t imes du r ing  each  e x e r c i s e  s e s s i o n  and aver-  
aged 7 8 %  f o r  t h e  rebounders  and 82% f o r  t h e  joggers  du r ing  
t h e  7 wks. The fo l lowing  v a r i a b l e s  were analyzed us ing  an 
ANOVA w i t h  Repeateu Measures; body w t l  submax RPE, rnax RPE, 
TM run  t ime,  rnax HR, VE max, RER,  and V 0 2  rnax i n   ami in-1 and 
ml-kg-min-1. A ~ c h e f f g  p o s t  hoc was used t o  de te rmine  a r e a s  
of  s i g .  Nazis-_changes (p) .  05) were seen frqm T 1  t o  T2  f o r  
f h e  fo l lowing  v a r i a b l e s :  body w t ,  rnax RPE, VE max, RER, and 
V 0 2  max. A s i g  i n c r e a s e  (p(.  0 1 )  i n  rnax HR w a s  s een  i n  
joggers  and rebounders.  A s i g  d e c r e a s e  (p<.01)  was seen 
i n  submax RPE f o r  t h e  joggers  p r e  t o  p o s t  tes t .  A s i g  i n c r e a s e  
(p(.01) w a s  seen f o r  a l l  groups combined i n  TX r u n  t jme from 

TI t o  T2. P r e  test  c o n t r o l s  had s i g  h igher  (p(-01)  VE rnax 
v a l u e s  than  t h e  exper imental  groups.  Cont ro l  S s  showed no 
s i g  changes (p). 05) i n  any v a r i a b l e  from T 1  t o  T2. I t  was 
concluded t h a t  rebounding and jogging f o r  7 wks d i d  n o t  
e l i c i t  a  CV t r a i n i n g  e f f e c t  i n  t h i s  i n v e s t i g a t i o n .  
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CHAPTER I 

INTRODUCTION 

The g o a l  of an e x e r c i s e  program i s  t o  deve lop  f i t n e s s .  

F i t n e s s  i n v o l v e s  i n c r e a s i n g  f l e x i b i l i t y ,  s t r e n g t h ,  and 

above a l l ,  c a r d i o v a s c u l a r  endurance.  For t h o s e  invo lved  i n  

d e l i v e r i n g  e x e r c i s e  t o  t h e  consumer, one o f  t h e  b i g g e s t  

o b s t a c l e s  t o  overcome i s  l a c k  of  compliance. Boredom, 

i n j u r i e s ,  inconvenience,  and expense a r e  some f a c t o r s  t h a t  

keep people  from endur ing  e x e r c i s e .  More v a r i e t y  i n  t h e  

t y p e s  of  e x e r c i s e s  o f f e r e d  th rough  f i t n e s s  programs may 

d e c r e a s e  t h e  number of  drop-outs .  Compliance would, t h e r e -  

f o r e ,  i n c r e a s e .  I n  o r d e r  t o  have t h i s  v a r i e t y ,  more t y p e s  

o f  e x e r c i s e s  must be r e sea rched  t o  de te rmine  t h e i r  e f f e c t -  

i v e n e s s  f o r  deve lop ing  s t r e n g t h ,  c a r d i o v a s c u l a r  endurance,  

and f l e x i b i l i t y .  Consumers should  have t h e  a s s u r a n c e  t h a t  

t h e  a c t i v i t y  t h e y  engage i n  h a s  been r e sea rched  and demon- 

s t r a t e d  t o  improve f i t n e s s .  

One form of e x e r c i s e  t h a t  ha s  ga ined  r e c e n t  p o p u l a r i t y  

i s  c a l l e d  rebounding.  I t  i s  a form of t r ampo l in ing  done on 

a much s m a l l e r  d e v i c e  t h a n  a f u l l  bed t rampol ine .  A re- 

bounder,  t h e  p i e c e  of  equipment used t o  rebound, c o n s i s t s  of 

a  f i r m  mat,  36  i nches  i n  d i ame te r ,  a t t a c h e d  t o  a chrome 

frame by s t r o n g  s p r i n g s .  The frame s t a n d s  s i x  t o  n i n e  

i n c h e s  t a l l .  The mat i s  p a r a l l e l  t o  t h e  ground. The 



rebounder Qas f i r s t  in t roduced  i n  1975 and has  s i n c e  been 

produced by more than 25 manufac ture rs  (Walker & Angelo, 

1981) .  Rebounders now come i n  many d i f f e r e n t  shapes  f o r  a 

v a r i e t y  of p r i c e s .  

"The s c i e n c e  o f  bouncing up and down i n  a v e r t i c a l  

p l a n e  wi thou t  performing t r i c k s  i s  reboundology" (Walker & 

Angelo, 1981, p. 1 3 ) .  Some movements on t h e  rebounder r e -  

semble dance movements. Other movements resemble c a l i s t h e n -  

i c s  o r  running.  The rebounder g i v e s  added s p r i n g  t o  a l l ow a 

person more c a p a c i t y  t o  va ry  t h e i r  movements. I n s t e a d  of 

h i t t i n g  a hard f l o o r ,  t h e  person rebounding h i t s  a s o f t  b u t  

f i r m  mat t h a t  g i v e s  under t h e i r  weight  and bounces them back 

up i n t o  t h e  a i r .  "The bounce of rebounding p rov ides  you 

w i t h  t h e  freedom of  moving, t u r n i n g ,  t w i s t i n g ,  k i ck ing ,  and 
1 

$ 
s t r e t c h i n g  t h e  body wi thou t  p a i n  and performed a t  your own 

i pace" (Walker & Angelo, 1981, p. 6 ) .  Proponents of rebound? 
d 

i 
i n g  c l a im  t h a t  it i s  an e x e r c i s e  done a g a i n s t  g r a v i t y .  

Adding a c c e l e r a t i o n  and d e c e l e r a t i o n  t o  t h e  g r a v i t a t i o n a l  

p u l l  of t h e  e a r t h ,  accord ing  t o  Carter (1979) ,  s t r e n g t h e n s  

t h e  w a l l  of  eve ry  ce l l  i n  t h e  body. 

"The guru  o f  reboundology i s  A l b e r t  E.  C a r t e r ,  who 

heads a r e c e n t l y  formed o r g a n i z a t i o n  c a l l e d  'The Na t iona l  

I n s t i t u t e  of  Reboundology and H e a l t h ' ,  Edmonds, Wash." 

(Lamb, 1981, p. B 6 ) .  He has  w r i t t e n  a book e n t i t l e d  - The 

Mirac les  of Rebound E x e r c i s e  and has  done much t o  promote 

i t s  use.  Rebounding i s  an a t t r a c t i v e  form of e x e r c i s e  



because of  i t s  v e r s a t i l i t y .  Rebounding can be  done i n s i d e  

o r  o u t s i d e ,  i n  any kind of weather ,  a t  any t i m e  of day,  

w i t h  on ly  one p i e c e  of equipment, and i n  any k ind  of 

c l o t h i n g  t h a t  i s  comfor tab le .  These f e a t u r e s  have added 

t o  t h e  p o p u l a r i t y  of  t h i s  form of e x e r c i s e .  

Purpose of  t h e  Study 

This .  s t udy  was des igned  t o  compare t h e  e f f e c t s  of a  

rebounding program v e r s u s  a jogging program- The purpose 

w a s  t o  de te rmine  i f  rebounding cou ld  g e n e r a t e  t h e  same 

l e v e l  o f  c a r d i o v a s c u l a r  f i t n e s s  a s  jogging.  

Need f o r  t h e  S t u d v  

The need f o r  t h i s  s t u d y  stemmed from t h e  l a c k  of  re- 

s e a r c h  l i t e r a t u r e  a v a i l a b l e  abou t  rebounding,  Consumers 

- a r e  e n t i t l e d  t o  i n fo rma t ion  abou t  rebounding t h a t  h a s  been 

r e sea rched  and v e r i f i e d .  Samples of s t a t e m e n t s  publ i shed  

abou t  rebounding border  on t h e  mi racu lous .  

"Rebound e x e r c i s e  i s  a method o f  s t i m u l a t i n g  every  

c e l l  o f  t h e  body s imu l t aneous ly  by i n c r e a s i n g  t h e  G f o r c e  

a p p l i e d  t o  every  c e l l "  ( C a r t e r ,  1979, p. 8 0 )  . " I t  i s  more 

b e n e f i c i a l  p h y s i o l o g i c a l l y ,  t h e r a p e u t i c a l l y ,  and f o r  i t s  

p r o t e c t i v e  e f f e c t s  a g a i n s t  d e g e n e r a t i v e  d i s e a s e s ,  e s p e c i a l l y  

c a n c e r ,  than  any o t h e r  forms of motion i n  t h e  workplace,  i n  

r e c r e a t i o n a l  p u r s u i t s ,  o r  i n  e x e r c i s i n g  s imply f o r  t h e  c a r e  

of  your body" (Walker & Angelo, 1981, p. 5 5 ) .  There have 



been no research articles published that relate rebounding 

to the prevention of cancer or degenerative diseases. "In 

place running on your rebounding device for uninterrupted 

periods in excess of five minutes would steadily build up 

cardiopulmonary endurance and ensure saturation of the 

blood with oxygen molecules" (Walker & Angelo, 1981, p. 24). 

The American College of Sports Medicine (1980) recommends 

at least 20 minutes of exercise, three times a week to 

receive cardiovascular benefit. 

Research studies done withArebounding are sparse. 

Xatch and Villanacci (1981) studied energy cost of rebound- 

running. White (1980) observed oxgen consumption and 

weight changes in a group of overweight women while jogging, 

biking, and rebounding. Gabbard (1980) tested eight and 

nine year olds before and after six weeks of regular 

trampolining. He measured improvement through time on a 

half mile run. 

In contrast, many articles have been published on the 

benefits of jogging (Saltin, Blomqvist, Mitchell, Johnson, 

Wildenthal, & Chapman, 1968; Wilmore, Davis, OIBrien, 

Vodak, Walder, & Amsterdam, 1980; Pollock, Wilmore, & Fox, 

1978; Ekblom, Astrand, Saltin, Stenburg, & Wallstrom, 

1968). These benefits are reflected by changes in maximal 

and submaximal oxygen consumptions, pulmonary function 

tests, heart rate responses, cardiac output measurements, 

and in arterial venous oxygen differences. Documentation 



r e g a r d i n g  t h e  e f f e c t s  of  rebounding on t h e s e  same para -  

meters i s  needed. 

An a d d i t i o n a l  f a c t o r  c o n t r i b u t i n g  t o  t h e  need f o r  t h i s  

s t u d y  was t h e  l a c k  o f  compl iance  s een  i n  e x e r c i s e  programs. 

The rebounder  o f f e r s  a n o t h e r  means t o  e x e r c i s e  and v a r i e t y  

may i n c r e a s e  t h e  chance  o f  keep ing  a t  l e a s t  one  more pe rson  

i n t e r e s t e d  and invo lved  i n  a  f i t n e s s  program. 

L a s t l y ,  t h e  r e s e a r c h  abounds w i t h  s t u d i e s  on men regard-  

i n g  jogging and f i t n e s s  (Wilmore e t  a1 . , _1980 ;  Gettman, 

P o l l o c k ,  D u r s t i n e ,  Ward, Ayres ,  ' &  Linnerud,  1976; Durnin, 

Brockway, & Whitcher,  1960; Wilmore, Royce, G i r ando l a ,  

Katch,  & Katch, 1970; Pearn ,  1980; Fox, ~ a r t e l s ,  B i l l i n g s ,  

Mathews, Bason, & Webb, 1973; Ekblom e t  a l . ,  1968) .  Women 

have n o t  been a s  wide ly  s t u d i e d  (Edwards, 1974; Kearney, 

S t u l l ,  Ewing, & S t r e i n ,  1976; Cunningham & H i l l ,  1975; 

Eisenman & Golding,  1974 ) .  

Hypo t h e s i s  

The n u l l  h y p o t h e s i s  f o r  t h i s  s t u d y  r e a d s  a s  f o l l ows ;  

t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  between c a r d i o v a s c u l a r  

changes  o b t a i n e d  a f t e r  seven weeks of t r a i n i n g  on a rebound- 

er and a f t e r  seven weeks o f  t r a i n i n g  th rough  jogging.  

Assumptions 

I t  was assumed t h a t  t h e  expe r imen t a l  s u b j e c t s  f o r  t h i s  

s t u d y  r e f r a i n e d  from any o t h e r  r e g u l a r  program i n v o l v i n g  



a e r o b i c  a c t i v i t y  during t h e  seven weeks they took p a r t  i n  

e i t h e r  t h e  jogging o r  t h e  rebounding p o r t i o n s .  I t  was a l s o  

assumed t h a t  t h e  c o n t r o l  group r e f r a i n e d  from any type of 

r e g u l a r  ae rob ic  a c t i v i t y  dur ing  t h e  seven weeks between 

t h e i r  e x e r c i s e  t e s t s .  

De l imi t a t ions  

This  s tudy  was de l imi t ed  t o  beginning on March 2 2  and 

ending on May 6.  For ty- f ive  c o l l e g e  aged women vo lun tee r s  

were used as s u b j e c t s .  The t r a i n i n g  per iod  w a s  de l imi t ed  

t o  3 0  minute e x e r c i s e  s e s s i o n s ,  four  days a week, Maximal 

graded e x e r c i s e  t e s t s  were adminis tered be fo re  and a f t e r  

t r a i n i n g .  The parameters  measured included maximal 

oxygen consumption, maximal v e n t i l a t o r y  volume, t i m e  on t h e  

t r e a d m i l l ,  maximal h e a r t  r a t e ,  r e s p i r a t o r y  exchange r a t i o ,  

and perceived e x e r t i o n .  

L imi ta t ions  

The t r a i n i n g  per iod  of t h e  s tudy  w a s  l i m i t e d  t o  

seven weeks. A longer  per iod  may have provided e x t r a  t ime 
T 

t o  see  g r e a t e r  changes ca rd iovascu la r ly .  

Volunteers  e n r o l l e d  i n  a  PE LOO s e c t i o n  of jogging 

and f i t n e s s  f o r  t h e  second q u a r t e r  of t h e  second semester 

a t  t h e  Univers i ty  of Wisconsin - La Crosse were used a s  

s u b j e c t s  r a t h e r  than  randomly s e l e c t e d  i n d i v i d u a l s .  Vol- 

u n t e e r s  from o t h e r  PE c l a s s e s  were used a s  c o n t r o l s .  



Due t o  t h e  time c o n s t r a i n t s  of t h e  c l a s s ,  t h e  sub- 

j e c t s  were depr ived  of an i n t r o d u c t o r y  v i s i t  t o  t h e  lab-  

o r a t o r y .  The p r e - t e s t  was t h e i r  f i r s t  exper ience  w i t h  

wearing a  mouthpiece, headgear ,  and e l e c t r o d e s  and wi th  

walking on t h e  t r e a d m i l l .  The ackwardness of running f o r  

t h e  f i r s t  t ime on a  t r e a d m i l l  w i th  t h e  bulky measuring in -  

s t ruments  may have caused some i n d i v i d u a l s  t o  s t o p  be fo re  

t hey  reached t h e i r  t r u e  maximum. 

Music was a v a i l a b l e  f o r  t h e  rebounders  du r ing  t h e i r  

e x e r c i s e  s e s s i o n s .  Jogge r s  were al lowed t o  jog o u t s i d e  

i n  good weather and, t h e r e f o r e ,  lacked t h a t  mo t iva t ing  

f a c t o r .  

Due t o  t h e  newness of rebounding,  t h e  rebounders  

were exposed t o  i n t e r e s t e d  and encouraging passers-by.  

The joggers  d i d  n o t  have t h i s  added f a c t o r .  

S ince  t h e  speed and running s t y l e s  of  t h e  joggers 

v a r i e d ,  most jogged a lone  o r  w i th  one o t h e r  person.  S e l f  

mo t iva t ion  played an impor tan t  r o l e  i n  t h e i r  t r a i n i n g .  

The rebounders  jumped wi th  a t  l e a s t  two and sometimes as 

many as f o u r  o t h e r  people.  Group mot iva t ion  i n  a d d i t i o n  

t o  s e l f  mo t iva t ion  was a p p a r e n t  i n  t h e i r  t r a i n i n g .  

The r a p i d  i n c r e a s e  i n  d i s t a n c e  covered and t ime 

s p e n t  jogging a s  opposed t o  t ime s p e n t  walking i n  t h e  

seven week per iod  l e d  t o  ove ruse  and s t r e s s  r e l a t e d  in -  

j u r i e s  t h a t  caused a  r e d u c t i o n  i n  i n t e n s i t y  o r  d u r a t i o n  

f o r  some of t h e  e x e r c i s e  s e s s i o n s .  The joggers  were 



a f f e c t e d  by t h i s  more t h a n  t h e  rebounders .  

D e f i n i t i o n s  o f  Terms 

Maximal Oxygen Consumption (V02 max) - the  maximal amount 

of oxygen consumed and u t i l i z e d  by t h e  musc l e s  d u r i n g  

e x e r c i s e  a t  a  p e r s o n ' s  v o l i t i o n a l  p h y s i o l o g i c a l  maximum 

d u r i n g  t r e a d m i l l  running.  T h i s  was exp re s sed  i n  a b s o l u t e  

v a l u e s  a s  l i t e r s  p e r  minute  (~qmin-'1,  o r  i n  r e l a t i v e  terms 

a s  m i l l i l i t e r s  p e r  k i logram of body we igh t  p e r  m inu t e  

( m l h  kcj ernin-') . 
, 

M a x i m a l  V e n t i l a t o r y  Volume (VE max) - t h e  amount o f  a i r  

e x p i r e d  f o r  a  f u l l  minu te  by a  pe rson  e x e r c i s i n g  a t  t h e i r  

v o l i t i o n a l  p h y s i o l o g i c a l  maximum d u r i n g  t r e a d m i l l  runn ing .  

Rebounder - an e x e r c i s e  d e v i c e  c o n s i s t i n g  o f  a  f i r m l y  

c o n s t r u c t e d ,  f l e x i b l e  mat w i t h  a  d i ame te r  o f  36 i n c h e s ,  

The mat i s  a t t a c h e d  by s t i f f  s p r i n g s  t o  a s t u r d y  chrome 

frame and i s  p a r a l l e l  t o  t h e  ground.  The f rame v a r i e s  

i n  shape  from c i r c u l a r  t o  s q u a r e  t o  po lygona l ,  and has 

from f o u r  t o  e i g h t  l e g s .  The l e g s  s t a n d  s i x  t o  n i n e  

i n c h e s  h igh .  The rebounders  used i n  t h i s  s t u d y  were 

d i s t r i b u t e d  by Olympus D i s t r i b u t i n g  Corpo ra t i on  and w e r e  

c a l l e d  Sundancers .  

Rebounding - bouncing i n  a  v e r t i c a l  manner t h a t  i s  a n t i -  

g r a v i t y .  I t  can  r ange  from a  g e n t l e  bounce t o  v i g o r o u s  

runn ing  i n  p l a c e  and jumping. I t  does  n o t  i n c l u d e  gym- 

n a s t i c  t r i c k s  o r  e x t ~ e m e l y  h igh  jumping. 



Jogg ing  - a  non-compet i t ive  runn ing  motion performed a t  a 

s low pace. 

Exper imenta l  Group - a group  of s u b j e c t s  who exper ienced  

t h e  i n f l u e n c e  of t h e  independen t  v a r i a b l e  i n  t h i s  re- 

s e a r c h .  The independen t  v a r i a b l e  i n  t h i s  s t u d y  was 

I seven  weeks o f  t r a i n i n g  on a rebounder  o r  th rough  jogging 1 
a t  a  p r e s c r i b e d  l e v e l .  

C o n t r o l  Group - a group of s u b j e c t s  who d i d  n o t  e x p e r i -  

ence  t h e  i n f l u e n c e  of  t h e  independen t  v a r i a b l e .  



CHAPTER I1 

REVIEW OF RELATED LITEPATURE 

Introduction 

The following chapter has been divided into major 

sections on topics related to this investigation. A dis- 

cussion of the definition, measurement, development, and 

maintenance of cardiovascular fitness leads to two sections 

dealing with the advantages and disadvantages of both 

jogging and rebounding as cardiovascular training modalities. 

Cardiovascular Fitness 

Definition 

Camaione and Sinatra (1981, p. 621) quoting the AAHPERD 

definition, defined physical fitness as a "multifaceted 

continuum measuring the quality of health ranging from death 

and diseases to the optimal functional abilities of various 

physical aspects OX life". The four components of physical 

fitness included body composition, flexibility, muscular 
il 

fitness, and cardiorespiratory fitness (Camaione & Sinatra, 

1981). Camaione and Sinatra (1981, p. 621) further defined i: 

cardiovascular fitness as "the ability of the circulatory 

and respiratory systems to deliver oxygen and nutrients 

to the body cells and carry away carbon dioxide and waste 

products". 



ponents  of p h y s i c a l  f i t n e s s .  These inc luded  speed,  endurance 

s t r e n g t h ,  f l e x i b i l i t y ,  and co-ord ina t ion .  They s t a t e d  t h a t  

t h e r e  a r e  ' e i g h t  forms o f e n d u r a n c e ,  and ranked gene ra l  

a e r o b i c  endurance a s  t h e  most important .  "Improvement of  

' g e n e r a l  a e r o b i c  endurance1 by means of endurance t r a i n i n g  

i! 
i: 

comes about  v i a  an i n c r e a s e  i n  cardiopulmonary and metabol ic  
B 
i 

e f f i c i e n c y  and economization of  a l l  c i r c u l a t o r y  and r e s p i r -  

a t o r y  p roces ses"  (Hollmann e t  a l . ,  1980, p. 9 ) .  

Astrand and Rodahl (1977) d iv ided  p h y s i c a l  performance 

i n t o  f i v e  d i f f e r e n t  f u n c t i o n s  i nc lud ing  muscular  s t r e n g t h ,  

j o i n t  m o b i l i t y ,  coo rd ina t ion ,  w i l l  t o  win, and endurance. 

Level  of  endurance was based on t h e  c a p a c i t y  of t h e  oxygen 

t r a n s p o r t  o rgans .  The a c t i o n s  of t hose  organs  e f f e c t  pulmon- 

a r y  v e n t i l a t i o n ,  oxygen b ind ing  c a p a c i t y  of  t h e  blood,  

c a r d i a c  o u t p u t ,  c a r d i a c  pumping c a p a c i t y ,  a r t e r i a l  - venous 

oxygen d i f f e r e n c e ,  venous r e t u r n ,  and f l u i d  ba l ance  (Astrand & 

Rodahl, 1977) .  These measurable p h y s i o l o g i c a l  parameters  

d i scus sed  by Astrand and Rodahl (1977) determine t h e  e f f e c t -  

I i venes s  of  c a r d i o r e s p i r a t o r y  f u n c t i o n s .  

There i s  g e n e r a l  agreement t h a t  f i t n e s s  i nvo lves  
t 
F 

s e v e r a l  a s p e c t s  of c o n d i t i o n i n g ;  t h e  most impor tan t  being 
A 

c a r d i o r e s p i r a t o r y  cond i t i on ing .  A h e a l t h y  h e a r t ,  a  h e a l t h y  

s e t  of lungs ,  and a  h e a l t h y  c i r c u l a t o r y  system comprise t h e  

t e l a r g e s t  component o f  a  h e a l t h y  body, which i s  t h e  ca rd io -  

1 r e s p i r a t o r y  system. S t rengthening  and t r a i n i n g  d i r e c t e d  a t  



t h i s  system has  t h e  p o t e n t i a l  f o r  i n c r e a s i n g  t h e  work capa- 

c i t y  and r e c r e a t i o n a l  c a p a c i t y  of  t h e  t o t a l  popu la t i on .  

Measurement 

Many tes ts  a r e  now a v a i l a b l e  t o  measure t h e  f i t n e s s  

l e v e l  o f  t h e  h e a r t  and l ungs .  These tests i n v o l v e  e x e r c i s e s  

t h a t  push a  pe rson  beyond t h e i r  u s u a l  e x e r t i o n  l e v e l .  The 

t es t s  a r e  admin i s t e r ed  u s i n g  d i f f e r e n t  e x e r c i s e  m o d a l i t i e s  

such a s  b i k e  e rgomete rs ,  s t e p s ,  o r  motor d r i v e n  t r e a d m i l l s .  

F i t n e s s  tests  may be e i t h e r  maximal o r  submaximal tests.  

Maximal e x e r c i s e  t e s t i n g  i n v o l v e s  e x e r c i s i n g  s u b j e c t s  

I 
$ 

t o  t h e i r  p h y s i o l o g i c a l  maximum wh i l e  c e r t a i n  p h y s i o l o g i c a l  

pa r ame te r s  a r e  measured. The most meaningful  parameter  

1 1 
r e a s u r e d  i s  c a l l e d  maximal oxygen consumption (+02 max) . 
"Maximal oxygen consumption (b2 max) i s  g e n e r a l l y  accep t ed  

as t h e  b e s t  p h y s i o l o g i c a l  i ndex  of  c a r d i o r e s p i r a t o r y  (CR)  

endurance performance,  i . e . ,  e v e n t s  l a s t i n g  approx imate ly  

3 t o  30 min." (S t ewar t ,  Wi l l i ams ,  & Gut in ,  1977, p. 413) .  

I f  a  pe rson  i s  s u b j e c t e d  t o  p r o g r e s s i v e l y  i n c r e a s i n g  
workloads,  t h e r e  i s  a  l i n e a r  r e l a t i o n  between work- 
l o a d  and oxygen up take  u n t i l  t h e  maximal oxygen up take  
i s  reached...Maximal oxygen up take  i s  t h e  g r e a t e s t  
amount of  oxygen a  pe rson  can t a k e  i n  d u r i n g  p h y s i c a l  
work and i s  a  measure of h i s  maximal c a p a c i t y  t o  
t r a n s p o r t  oxygen t o  t h e  t i s s u e s  o f  t h e  body ... Maximal 
oxygen up take  normal ized f o r  body weigh t  i s  t h e  most 
u s e f u l  s i n g l e  measurement c h a r a c t e r i z i n g  t h e  f u n c t i o n a l  
c a p a c i t y  of  t h e  oxygen t r a n s p o r t  sys tem ( c a r d i o v a s c u l a r  
and pulmonary sys tems)  ( M i t c h e l l  & Blomqvist ,  1971, 

" p.p. 1018 - 1021) .  

A h igh  +o2 max v a l u e  r e p r e s e n t s  a  h igh  l e v e l  o f  c a r d i o -  

v a s c u l a r  f i t n e s s .  Values  f o r  +02 max a r e  a v a i l a b l e  f o r  t h e  

u n f i t ,  s e d e n t a r y  i n d i v i d u a l  a s  w e l l  a s  t h e  t o p ,  world c l a s s  



a t h l e t e .  I t  can  be measured i n  a b s o l u t e  v a l u e s  as l i t e r s  

p e r  minute   ernin in-I), o r  i n  r e l a t i v e  v a l u e s  a s  m i l l i l i t e r s  

p e r  k i logram o f  body weigh t  p e r  minute (ml*kg*min-'1. A 

v a l u e  o f  32 rni*kg*min-l  r e p r e s e n t s  a  v e r  1 

f o r  females  (Astrand & Rodahl,  1977) .  A 

mlokg-min-I  i s  cons ide red  t h e  l owes t  v a l u e  t h a t  r e p r e s e n t s  

f i t n e s s  and women wi th  v a l u e s  below 4 3  a r e  recognized  a s  

u n t r a i n e d  (Astrand & Rodahl, 1977) .  Women c r o s s  coun t ry  

s k i e r s  have been r e p o r t e d  t o  have $02 max v a l u e s  a s  h igh  a s  

72  ml*kg-min-I .  The more f i t  a  pe rson  becomes, t h e  more 

oxygen t h a t  person w i l l  u t i l i z e .  Th i s  i s  t h e  c o r e  too many 

r e s e a r c h  s t u d i e s  today.  The mechanisms t h a t  h e l p  t o  i n c r e a s e  

u t i l i z a t i o n  a r e  being i n v e s t i g a t e d .  

Direct measurement o f  V02 max i s  p o s s i b l e  o n l y  v i a  a 

maximal e x e r c i s e  test .  Requirements f o r  a good maximal 

e x e r c i s e  t es t  i n c l u d e  u s i n g  l a r g e  muscle g roups ,  having a 

workload t h a t  i s  r e p r o d u c i b l e  and measurable ,  having tes t  

c o n d i t i o n s  t h a t  a r e  r e p r o d u c i b l e ,  u s i n g  a  t es t  t h a t  can be 

t o l e r a t e d  by a l l  pe r sons  invo lved ,  and having uniform skill 

r equ i r emen t s  t o  perform t h e  tes t  (Astrand & Rodahl,  1977) .  

The t r e a d m i l l  i s  t h e  most popula r  moda l i ty  used t o  t e s t  

i n d i v i d u a l s .  Many t e s t i n g  p r o t o c o l s  have been developed.  

Tay lo r ,  Busk i rk ,  and Henschel  (1955) u t i l i z e d  a p r o t o c o l  

w i th  a  c o n s t a n t  speed and an i n c r e a s e  o f  2 .5% g rade  on each  
A 

p roceed ing  v i s i t  t o  t h e i r  l a b .  The b i g  drawback t o  t h i s  

p rocedure  was t h e  n e c e s s i t y  o f  having each  s u b j e c t  t e s t e d  



on t h r e e  t o  f o u r  consecut ive  days  till Go2 max was reached.  

M i t c h e l l ,  Sproule ,  and Chapman performed a  s i m i l a r  

t r e a d m i l l  t e s t  bu t  completed t h e  p r o t o c o l  i n  one day. Each 

workload increment  was s e p a r a t e d  by on ly  t e n  minutes  of r e s t .  

~ o l l o c k ,  Bohannon, Cooper, Ayres, ward, White, and 

Linnerud - ( l 9 7 6 )  compared f o u r  popular  t r e a d m i l l  p r o t o c o l s  

us ing  51  h e a l t h y  males. A l l  f o u r  tests  were cont inuous  tests  

i n  t h a t  no r e s t  pe r iods  occur red  between s t a g e s .  The Balke, 

Bruce, and E l l e s t a d  p r o t o c o l s  a r e  e s s e n t i a l l y  walking 
. .  

p r o t o c o l s  and r e s u l t e d  i n  average V 0 2  max v a l u e s  of 39.4 

-1 -1 5 . 9  mlskg-min , 40.0 7 . 2  ml-kgemin , and 4 0 . 0  $, 7 . 1  

-1 m l - k g ~ m i n  , r e s p e c t i v e l y .  The Modified Astrand i s  a  running 

p r o t o c o l  and r e s u l t e d  i n  an average  Go2 max v a l u e  of 4 1 . 8  2 
-I 6.7 mlokg-min . The Modified Astrand a l s o  showed s l i g h t l y  

h ighe r  maximal h e a r t  r a t e  v a l u e s  as w e l l  a s  t h e  s h o r t e s t  

t e s t  complet ion time. Due t o  t h e  h ighe r  va lues  f o r  h e a r t  

r a t e  and V02 ob ta ined  a t  e a r l y  s t a g e s  wi th  t h e  Modified 

Astrand p r o t o c o l ,  i t  was n o t  recommended f o r  s c r een ing  

persons  suspec ted  of  having coronary a r t e r y  d i s e a s e  (Pol lock 

e t  a l . ,  1976) .  I t  was, however, shown t o  be a  good t o o l  

f o r  a s s e s s i n g  t h e  f i t n e s s  l e v e l s  of h e a l t h y  i n d i v i d u a l s .  

Submaximal e x e r c i s e  tes ts  a r e  a l s o  u t i l i z e d  i n  measuring 

c a r d i o v a s c u l a r  e f f i c i e n c y .  A submaximal parameter  such a s  

h e a r t  r a t e  i s  used t o  p r e d i c t  Go2 max v a l u e s  (Astrand & 

Rhyming, 1954) .  

Other v a r i a b l e s  cons ide red  when measuring c a r d i o v a s c u l a r  



f i t n e s s  i n c l u d e  r e s t i n g  h e a r t  r a t e ,  maximal h e a r t  r a t e ,  

r e c o v e r y  h e a r t  r a t e ,  c a r d i a c  rhythm s t a b i l i t y ,  b lood  p r e s s u r e  

r e s p o n s e ,  v e n t i l a t o r y  c a p a c i t y ,  s u b j e c t i v e  f e e l i n g s  a t  g i v e n  

t e s t  s t a g e s ,  serum l e v e l s  o f  c h o l e s t e r o l  and t r i g l y c e r i d e s ,  

and c a r d i a c  o u t p u t .  Oxygen consumption measurements  are  

augmented by e a c h  a d d i t i o n a l  v a r i a b l e  t h a t  c a n  b e  measured 

w i t h  e v e r y  e x e r c i s e  t e s t  a d m i n i s t e r e d .  

Development and Maintenance  

I n t e n s i t y .  "A c e n t r a l  q u e s t i o n  i s  'how much' o r  r a t h e r  

'how l i t t l e '  e x e r c i s e  i s  n e c e s s a r y  t o  s t i m u l a t e  t h e  c a r d i o -  

v a s c u l a r  sys tem" (Edwards, 1974, p.  1 4 ) .  The i n t e n s i t y  o f  

t r a i n i n g  needed t o  improve c a r d i o v a s c u l a r  f i t n e s s  h a s  been 

w i d e l y  r e s e a r c h e d  (Edwards, 1974; Kilbom & A s t r a n d ,  1978; 

Durnin ,  Brockway, & Whitcher ,  1960; Cunningham & H i l l ,  1975; 

Kearney,  S t u l l ,  Ewing, & S t r e i n ,  1976; Sharkey & Holleman, 

1966; Shephard ,  1968; Rosentswieg & Burrhus ,  1975; Sharkey,  

1 9 7 0 ) .  "A q u a n t i t a t i v e  d i s t i n c t i o n  i s  needed between a 

t r a i n i n g  o v e r l o a d  which s u p p l i e s  maximal c o n d i t i o n i n g ,  and 

t h a t  which p r o v i d e s  a n  e x e r c i s e  minimum concomi tan t  w i t h  

h e a l t h "  (Edwards, 1974, p .  1 8 ) .  

Karvonen, K e n t a l a ,  and Mus ta la  (1957) de te rmined  a 

fo rmula  f o r  a s s u r a n c e  of p r o p e r  t r a i n i n g  i n t e n s i t y .  They 

conc luded  t h a t  t o  a c h i e v e  a r e d u c t i o n  i n  e x e r c i s e  h e a r t  

r a t e  a t  submaximal l e v e l s ,  t h e  t r a i n i n g  h e a r t  r a t e  shou ld  

be e q u i v a l e n t  t o  r e s t i n g  h e a r t  r a t e  p l u s  60% o f  h e a r t  r a t e  

r e s e r v e  ( h e a r t  r a t e  r e s e r v e  = maximal h e a r t  r a t e  minus 



r e s t i n g  h e a r t  r a t e ) .  

Durnin e t  a l .  (1960) t r a i n e d  4 4  males f o r  t e n  days.  The 

s u b j e c t s  walked zero ,  t e n ,  twenty,  and t h i r t y  k i l o m e t e r s  per  

day a t a  h e a r t  r a t e  of 120 t o  130. This  was an  example of 

a  lower i n t e n s i t y  e x e r c i s e  done f o r  longer  d u r a t i o n .  They 

r e p o r t e d  improvement of pulmonary v e n t i l a t i o n  and oxygen 

consumption i n  t h e  20 k i lome te r  group on ly .  ' They suggested 

t h a t  t h e  e x e r c i s e  f o r  t h e  30 k i lome te r  group was t o o  seve re  

f o r  t h e i r  i n i t i a l  f i t n e s s  l e v e l .  

Sharkey and Holleman (1967) t r a i n e d  16 c o l l e g e  men a t  

1 2 0 ,  150, and 180 h e a r t  b e a t s  pe r  minute. The i r  r e s u l t s  

showed t h a t  t h e  180 group improved s i g n i f i c a n t l y .  Improve- 

ment i n  t h e  150 group was l e s s  b u t  s t i l l  s i g n i f i c a n t .  No 

improvement was seen i n  t h e  group t h a t  t r a i n e d  a t  120. They 

suggested t h a t  t h e  op t imal  t r a i n i n g  l e v e l  l i e s  somewhere 

between 150 b e a t s  p e r  minute and maximal e x e r t i o n .  

Shephard (1968) concluded from h i s  s tudy  of 39 seden ta ry  

i n d i v i d u a l s  on v a r i o u s  t r a i n i n g  programs, t h a t  t h e  r e s u l t s  

o f  e x e r c i s e  depend on t h e  i n t e n s i t y  of  e f f o r t  and t h e  i n i t i a l  

f i t n e s s  of  t h e  p a r t i c i p a n t .  H i s  s u b j e c t s  had an average . -1 p r e d i c t e d  V02 max of 43.3 ml*kg*min . The t h r e e  i n t e n s i t i e s  
! 

he used were 39%, 75%, and 96% of maximal a e r o b i c  power. 

The h ighe r  t h e  i n t e n s i t y  t h e  more c a r d i o v a s c u l a r l y  f i t  h i s  

s u b j e c t s  became. 

I n  1970 Sharkey conducted a  t r a i n i n g  s tudy  a l s o  u t i l i z -  

i ng  h e a r t  r a t e  t o  measure i n t e n s i t y .  H e  a s s igned  i n d i v i d u a l s  
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t o  t h r e e  i n t e n s i t y  groups;  1 3 0 ,  1 5 0 ,  and 170 b e a t s  pe r  

minute ,  b u t  he ld  c o n s t a n t  t h e  t o t a l  work performed. H e  

found no s i g n i f i c a n t  c a r d i o r e s p i r a t o r y  changes  a f t e r  t r a i n i n g  

i n  any group.  H e  d i d ,  however, s e e  g r e a t e r  improvement i n  

s u b j e c t s  w i t h  lower i n i t i a l  f i t n e s s  l e v e l s .  

Kilbom and Astrand (1978) t e s t e d  1 3  females.  T h e i r  

s u b j e c t s  b iked  a t  70% of  t h e i r  maximal a e r o b i c  power, t h r e e  

t imes  a week f o r  seven weeks. S e s s i o n s  l a s t e d  30 minu tes  and 

t r a i n i n g  w a s  i n t e r m i t t e n t .  A l l  s u b j e c t s  showed a n  i n c r e a s e  

i n  c a r d i o v a s c u l a r  f i t n e s s .  

Edwards (1974) t r a i n e d  two groups  o f  females  on a 

t r e a d m i l l  a t  h e a r t  r a t e s  of  125 and 145. These r a t e s  c o r r e -  

sponded t o  a n  average of 6 3 . 7 %  and 75.2% of  maximal h e a r t  

r a t e ,  r e s p e c t i v e l y .  She found s i g n i f i c a n t  i n c r e a s e s  i n  

V02 max from p r e  t o  p o s t  t r a i n i n g  i n  b o t h  groups .  

Rosentswieg and Burrhus ( 1 9 7 4 )  found no s i g n i f i c a n t  

improvement i n  oxygen consumption a f t e r  t r a i n i n g  a group 

o f  f ema le s  a t  120,  1 4 0 ,  and 160 b e a t s  p e r  minu te  f o r  f o u r  

weeks. They, l i k e  Sharkey ( 1 9 7 0 ) ,  he ld  t o t a l  work c o n s t a n t .  

The re fo re ,  f requency  and d u r a t i o n  of  work w e r e  v a r i e d .  

f tearney e t  a l .  (1976) s a w  s i g n i f i c a n t  improvement i n  

27 women t r a i n e d  a t  50% and 65% of Karvonen's  h e a r t  r a t e  

r e s e r v e .  They t r a i n e d  t h r e e  t i m e s  a week f o r  n i n e  weeks. 

G r e a t e r  i n c r e a s e s  of  s i g n i f i c a n c e  i n  VO max were seen  i n  2 

t h e  group t h a t  t r a i n e d  a t  65%. 

A s  a r e s u l t  of  numerous i n v e s t i g a t i o n s ,  t h e  American 

v 



College o f  S p o r t s  Medicine h a s  e s t a b l i s h e d  g u i d e l i n e s  f o r  

t h e  p r e s c r i p t i o n  of e x e r c i s e  i n t e n s i t y .  They s t a t e d  t h a t  

"dur ing c o n d i t i o n i n g  s e s s i o n s  peak e f f o r t s  should n o t  

exceed 90% of f u n c t i o n a l  c a p a c i t y  and t h e  average i n t e n s i t y  

du r ing  a c o n d i t i o n i n g  s e s s i o n  should approximate 70%" (ACSM, 

Frequency. Frequency r e l a t e s  t o  t h e  number o f  e x e r c i s e  

s e s s i o n s  c,ompleted per  week d u r i n g  a  t r a i n i n g  program. The 

American Col lege  of S p o r t s  Medicine (1975) recommended a t  

l e a s t  t h r e e  t o  f i v e  s e s s i o n s  of  e x e r c i s e  pe r  week a s  being 

op t imal  f o r  c a r d i o v a s c u l a r  improvement. S t u d i e s  r ega rd ing  

t h i s  parameter  have produced c o n f l i c t i n g  r e s u l t s .  

Kilbom (1971) saw no s i g n i f i c a n t  i n c r e a s e  i n  ~0~ max 

i n  women s u b j e c t s  who walked t h r e e  days  pe r  week. Shephard 

(1968) ranked i n t e n s i t y  and d u r a t i o n  a s  be ing  more impor tan t  

than  f requency of e x e r c i s e .  

Gettman, Po l lock ,  Dur s t i ne ,  Ward, Ayres, and Linnerud . 
(1976) s a w  s i g n i f i c a n t  improvements i n  V02 max t r e a d m i l l  

performance t i m e ,  and maximal pulmonary v e n t i l a t i o n  i n  d i r e c t  

p r o p o r t i o n  t o  t h e  number of days  e x e r c i s e d  p e r  week. This  

s tudy  was done on county p r i s o n e r s  who e x e r c i s e d  one,  t h r e e ,  

and f i v e  days.  Po l lock ,  Gettman, M i l e s i s ,  Bah, Dur s t i ne ,  and 

Johnson (1977) found s i m i l a r  r e s u l t s .  Sharkey (1970) saw 

p o s i t i v e  a d a p t a t i o n  a t  a  workout f requency of t h r e e  t imes  

per  week. 

The importance of f requency should be viewed i n  



p e r s p e c t i v e  w i t h  i n t e n s i t y .  A s  seen  i n  t h e  s t u d y  by Gettman 

e t  a l .  ( 1976 ) ,  s u b j e c t s  working a t  90% maximal a e r o b i c  power 

improved from j u s t  e x e r c i s i n g  one  day per week. Their i n t e n -  

s i t y  was h igh  and t h e i r  f r equency  was low. Kilbom (1971) had 

h i s  s u b j e c t s  working a t  50% o f  maximum, t h r e e  days  p e r  week 

and produced no s i g n i f i c a n t  change i n  oxygen up take .  The i r  

i n t e n s i t y  was low and t h e i r  f r equency  was h i g h e r .  I f  t h e  

i n t e n s i t y  i s  h igh  enough, t h e  p o s i t i v e  changes  occu r  i n  

d i r e c t  p r o p o r t i o n  t o  t h e  number of e x e r c i s e  s e s s i o n s  (Gettman 

e t  a l . ,  1976 ) .  I f  t h e  number o f  e x e r c i s e  s e s s i o n s  are l i m i t e d ,  

t h e  i n t e n s i t y  rrust  be r a i s e d .  

Dura t ion .  " I n  t h e  p r e s e n t  s t a t e  of i n a d e q u a t e  know- 

l e d g e ,  a q u a r t e r  hour of  r e l a t i v e l y  h igh  i n t e n s i t y  e x e r t i o n  

( u s i n g  t h e  a p p r o p r i a t e  ' h e a r t  r a t e  ma rg in ' )  i s  c o n s i d e r e d  

a d e s i r a b l e  minimum" (Fox, 1974,  p. 40 - 1 7 ) .  The American I 
Col l ege  of S p o r t s  Medicine (1975) ag r eed  t h a t  a n  e x e r c i s e  

r e sponse  may be  o b t a i n e d  t h rough  j u s t  1 5  minu t e s  of p r o p e r l y  

i n t e n s i f i e d  a c t i v i t y .  However, t h e y  recommended 2 0  t o  30 

minu tes  f o r  a  pe r son  j u s t  beg inn ing .  Once c o n d i t i o n i n g  

beg in s  t h e  ACSM a d v i s e d  i n c r e a s i n g  t h e  d u r a t i o n  t o  2 0  t o  4 5  

minu tes  p e r  s e s s i o n .  

Roskarnm ( 1 9 6 7 )  r e p o r t e d  c a r d i o r e s p i r a t o r y  improvements 

i n  women e x e r c i s i n g  f o r  30 minu tes  d a i l y .  Edwards (1974) 

obse rved  a n  i n c r e a s e  i n  c a r d i o v a s c u l a r  f i t n e s s  a f t e r  15  

minute  t r a i n i n g  s e s s i o n s  once  a  day. P o l l o c k  e t  a l .  

(1977) t r a i n e d  s u b j e c t s  f o r  15 ,  30, and 45 minu t e s  p e r  



e x e r c i s e  s e s s i o n .  They observed improvement i n  d i r e c t  

p ropor t ion  t o  du ra t ion .  

I n  summary, t h e  amount of e x e r c i s e  needed t o  e l i c i t  a 

p o s i t i v e  c a r d i o r e s p i r a t o r y  response i n  a normal, h e a l t h y  

i n d i v i d u a l  appears  t o  be: i n t e n s i t y  of  6 0 %  t o  90% of 

f u n c t i o n a l  c a p a c i t y  or 6 0 %  t o  90% of h e a r t  r a t e  r e se rve !  

frequency of t h r e e  t o  f i v e  days pe r  week; and d u r a t i o n  of 1 5  

t o  45 minutes  pe r  s e s s ion .  

Rebounding 

I n t r o d u c t i o n  

Rebounding i s  def ined  by Walker (1981) a s  "ae rob ic  

movements performed on a dev ice  t h a t  looks l i k e  a s m a l l  

t rampol ine"  (p. 91) .  Rebounding movements range from a 

low l e v e l ,  s low walk i n  p l a c e  t o  v igorous  running,  jumping, 

and t w i s t i n g  movements u t i l i z i n g  arm motions and l a r g e  l e g  

muscle groups.  I t  i s  recognized a s  being a n t i g r a v i t y ,  due 

t o  t h e  v e r t i c a l  movements a g a i n s t  g r a v i t y  du r ing  an upward 

bounce. The dev ice  used t o  rebound comes i n  many shapes 

and s i z e s  and i s  s o l d  under t h e  g u i s e  of  many ca t chy  names. 

The device  used i n  t h i s  s tudy  was c a l l e d  t h e  Sundancer and 

was d i s t r i b u t e d  by Olympus D i s t r i b u t i n g  Corpora t ion  from 

Utah. Th i s  type  of modal i ty  i s  ga in ing  widespread p o p u l a r i t y  

a s  a means of " g e t t i n g  i n  shape".  I t  i s  viewed a s  an exer-  

c i s e  t h a t  can be accomplished i n  t h e  home wi th  minimal need 

f o r  s p e c i a l i z e d  equipment. 



Research  on Rebounding 

Very l i t t l e  p u b l i s h e d  r e s e a r c h  i s  a v a i l a b l e  r e g a r d i n g  

t h e  e f f e c t s  o f  a  rebounding program. White (1980) t r a i n e d  

60 o v e r w e i g h t  women f o r  t e n  weeks on r e b o u n d e r s ,  b i c y c l e s ,  

and t h r o u g h  runn ing .  They e x e r c i s e d  f o u r  d a y s  p e r  week f o r  

30 m i n u t e s  a  s e s s i o n .  H e  r e p o r t e d  i n c r e a s e s  i n  ~0~ max i n  

a l l  t h r e e  g r o u p s  and d e c r e a s e s  i n  p e r c e n t  body f a t  i n  a l l  

t h r e e  g roups .  H e  concluded t h a t  rebounding was n o t  s i g n i -  

f i c a n t l y  d i f f e r e n t  t h a n  r u n n i n g  o r  b i k i n g .  

Katch and V i l l a n a c c i  (1981) s t u d i e d  t h e  energy  c o s t  of  . 
rebound - runn ing .  They measured V02 max, k i l o c a l o r i e s  

( K c a l s ) ,  and h e a r t  r a t e  (HR) i n  f i v e  women and seven  men 

w h i l e  rebound - r u n n i n g  a t  54 t o  69 s t e p s  p e r  minute .  They 

-1 
r e p o r t e d  a n  a v e r a g e  oxygen consumption o f  17.85 ml*kg*min , 

p l a c i n g  rebound - r u n n i n g  i n  a  m o d e r a t e l y  e x e r t i v e  c a t e g o r y .  

The a v e r a g e  amount of Kca l s  expended p e r  k i logram p e r  min- 

u t e  was r e p o r t e d  as 0.086. With t h i s  t y p e  o f  Kcal  expendi-  

t u r e  t h e y  conc luded  t h a t  t h e  r e p o r t e d  loss  of  p e r c e n t  body 

f a t  i n  W h i t e ' s  s t u d y  (1980) would have been i m p o s s i b l e .  

Twelve hundred m i n u t e s  o f  e x e r c i s e  u s i n g  up 0.086 K C ~ S  p e r  

k i logram p e r  minu te  would r e s u l t  i n  t h e  a v e r a g e  u s e  o f  9600 

Kca l s .  To d r o p  a s  much w e i g h t  a s  White (1980) r e p o r t e d ,  t h e  

s u b j e c t s  would have needed t o  burn  up 94,153 Kcals .  E igh ty -  

f o u r  thousand Kca l s  were n o t  accoun ted  f o r .  White (1980) 

r e p o r t e d ,  t o  have c o n t r o l l e d  d i e t  and any a d d i t i o n a l  e x e r -  

c i se  d u r i n g  h i s  s t u d y ,  i n  a  p e r s o n a l  communication w i t h  



Katch and Villanacci (1981). Katch and Villanacci (1981) re- 

ported an average heart rate of only 115.8 beats per minute 

during their study. 

A related investigation by Gabbard (1980) was done on 

eight and nine year olds. The subjects performed aerobic 

movements on a four by eight foot trampoline or ran endurance 

P 
I runs. The activity was done only twice a week for seven min- 

utes a session. Improvement was measured via performance on 

a half mile run. No significant improvement was seen. 

Despite the lack of published research articles, such 

"scientific support" is noted in advertisement and promotion 

1 
i for rebounders. "Rebound exercise is a method of stimulating 
I 

1 every cell of the body simultaneously by increasing the G 

! force applied to every cell" (Carter, 1979, p. 80). Mirac- 
I I 
1 ulous claims have been published about rebounding in re- 
I 1 

gards to cellular oxygenation, lymphatic cleansing, mental 
t 
i 

E stress, aging, coordination, vision, and physiologic function- 
I 

I ing. "In place running on your rebounding device for un- 

interrupted periods in excess of five minutes would steadily 

build up cardiopulmonary endurance and insure saturation of 

the blood with oxygen molecules" (Walker & Angelo, 1981, 

p. 24). 

Carter (1979) claimed that rebound exercise will help 

many aspects of a person's life (see Table 1). Of rebound- 

ing's ,effect on vision he stated, "Improved vision comes 

about when the millions of cells in the eyes and the muscles 



c o n t r o l l i n g  t h e  eyes  a r e  i n d i v i d u a l l y  impressed t o  do a  b e t t e r  

job because of  increasGd environmental  s t r e s s "  ( C a r t e r ,  1979, 

p. 1 1 9 ) .  

Table  1 

Aspects  of L i f e  Improved by Rebounding 

1) Balance 
2) T a c t a l  and k i n e s t h e t i c  awareness 
3)  P o s i t i v e  body image 
4 )  Coord ina t ion  
5 )  S p a c i a l  awareness 
6 )  Timing 
7 )  Rhythm 
8 )  S e l f  conf idence  
9)  A t t e n t i o n  span 
1 0 )  Behavior 
11) Problem s o l v i n g  and p o s i t i v e  l e a r n i n g  s k i l l s  
12)  V i s u a l i z a t i o n / v i s u a l  memory 
13)  Voluntary muscle a c t i o n  
1 4 )  Brea th ing  h a b i t s  
15)  Endurance 
16)  C a l o r i c  burn 
17)  Lymphatic c i r c u l a t i o n  
18)  S e l f  esteem 

C a r t e r ,  1979, p. 124 

I n  h i s  book, C a r t e r  r e f e r r e d  t o  D r .  James White who 

s t a t e d  t h a t  rebounding i s  less harmful t o  t h e  s k e l e t a l  

system than  jogging secondary t o  t h e  impact f o r c e  being 

absorbed over  a  l onge r  pe r iod  of t i m e  ( C a r t e r ,  1979) .  

C a r t e r  a l s o  emphasizes t h e  e f f e c t  of rebounding on t h e  lymph 

system. "The n a t u r a l  body f l u i d  pumps a r e  a c t i v a t e d  by any 

change i n  p r e s s u r e ,  whether i n t e r n a l  o r  a tmospher ic ,  and by 

* 



any change i n  t h e  G fo rce .  The most e f f e c t i v e  way t o  

a c t i v a t e  t h e  n a t u r a l  body f l u i d  pumps i s  by rebounding v e r t -  

i c a l l y "  ( C a r t e r ,  1979, p. 102) .  

Quotes and c l a ims  were numerous when reviewing l i t e r -  

a t u r e  publ i shed  about  rebounding. Experimental  ev idence  

was l ack ing .  

I n t r o d u c t i o n  

Jogging 

To jog i s  de f ined  by Webs te r t s  (1981) a s ,  " t o  cause  

t o  move o r  work, a s  an engine ;  ... t o  pace,  a s  a horse ,  a t  a 

r e g u l a r  g a i t ; .  . . t o  move a t  a slow t r o t ,  a s  a form of mild  

e x e r c i s e "  (p. 519) .  This  s imple ,  e a s i l y  accomplished form 

of  e x e r c i s e ,  has  gained t h e  fo l lowing  of m i l l i o n s  i n  t h e  

p a s t  t e n  yea r s .  People have adopted it a s  a form of e x e r c i s e ,  

des igned c l o t h e s  f o r  it, developed and s o l d  shoes  f o r  it, 

e s t a b l i s h e d  s p o r t i n g  even t s  encompassing it, s t u d i e d  it, 

s o l d  books about  it, and made m i l l i o n s  from it. I t  i s  w e l l  

r e sea rched  and documented a s  one of  t h e  b e s t  forms of 

e x e r c i s e  t o  improve f i t n e s s  (Danie l s ,  Yarbrough, & F o s t e r ,  

1978; Kearney e t  a l . ,  1976; Ekblom, Astrand,  S a l t i n ,  

Stenberg,  & Wallstrom, 1968; Eisenman & Golding, 1975; 

Wilmore, Royce, Girandola ,  Katch, & Katch, 1970; Wilmore, 

Davis,  OtBr ien ,  Vodak, Walder, & Amsterdam, 1980; Orens te in ,  

F r a n k l i n ,  Doershuk, H e l l e r s t e i n ,  Germann, Horowitz, & 

S t e r n , -  1981) .  



Zohman (1978) exp la ined  jogging a s  " t h e  s lowes t ,  e a s i e s t  

form of  running.  I t  p r o p e l s  you forward somewhat f a s t e r  

t han  walking,  and adds an up and down o r  a n t i g r a v i t y  com- 

ponent  (Zohman, 1978, p. 3 ) .  She exp la ined  t h a t  a  runner  

spends more t i m e  i n  t h e  a i r  w i t h  h i s  f e e t  o f f  t h e  ground 

than  a  jogger.  Zohman (1978) compared jogging and running 

by t h e  speed a t  which they  a r e  performed. F i v e  t o  e i g h t  

p o i n t  f i v e  miles p e r  hour (mph) was c l a s s i f i e d  a s  jogging.  

E i g h t  p o i n t  f i v e  t o  15.7 mph was c a l l e d  running.  Of ten  i n  

t h e  l i t e r a t u r e ,  t h e  terms a r e  in te rmixed .  For t h e  fo l lowing  

d i s c u s s i o n  bo th  d e f i n i t i o n s  w i l l  be used.  

Research on Jogging 

Karvonen e t  a l ,  (1957) i n v e s t i g a t e d  h e a r t  r a t e  response  

t o  f o u r  weeks of  running,  30 minutes  a  day,  f o u r  t o  f i v e  days  

a  week. S i x  male medical  s t u d e n t s  se rved  a s  s u b j e c t s .  Tra in-  

i n g  i n t e n s i t y  was h e l d  c o n s t a n t  by working h e a r t  r a t e .  They 

observed a  d e c r e a s e  i n  r e s t i n g  h e a r t  r a t e  as w e l l  a s  a need 

t o  i n c r e a s e  running speed t o  ach i eve  t h e  same working h e a r t  

r a t e  a s  t r a i n i n g  progressed .  They noted a  c r i t i c a l  l i m i t  

a t  6 0 %  o f  t h e  p u l s e  range.  Below t h i s  l e v e l ,  no t r a i n i n g  

e f f e c t s  on h e a r t  r a t e  occur red .  

Shephard (1968) s t u d i e d  3 9  s e d e n t a r y  males  be fo re  and 

a f t e r  t r a i n i n g  a t  va ry ing  i n t e n s i t y ,  f requency ,  and dura-  

t i o n .  The i n t e n s i t i e s  were t h r e e  p o i n t  f i v e  m i l e s  pe r  hour,  

z e ro  p e r c e n t  g rade ;  f i v e  m i l e s  p e r  hour ,  one p e r c e n t  g rade ;  

and f i v e  m i l e s  p e r  hour,  s i x  p e r c e n t  g rade .  They e x e r c i s e d  



f i v e ,  t e n ,  and twenty  minu tes  p e r  s e s s i o n ,  one ,  t h r e e ,  and 

f i v e  t i m e s  p e r  week. H e  concluded t h a t  t r a i n i n g  e f f e c t s ,  

n o t a b l y  i n c r e a s e s  i n  h max, were found more r e a d i l y  i n  2 

i n d i v i d u a l s  who were l e s s  fit when beg inn ing  an  e x e r c i s e  

1 program. H e  a l s o  r e p o r t e d  g r e a t e r  improvement a s  i n t e n s i t y ,  
1 

f r equency ,  and d u r a t i o n  i n c r e a s e d .  

Ekblom e t  a l .  (1968) s t u d i e d  t e n  males  ove r  16 weeks 

of c r o s s  - c o u n t r y  running.  They no ted  an  i n c r e a s e  i n  Go2 

max, a d e c r e a s e  i n  submaximal h e a r t  r a t e s ,  a n  i n c r e a s e  i n  

s t r o k e  volume, a n  i n c r e a s e  i n  maximal c a r d i a c  o u t p u t ,  a n  

i n c r e a s e  i n  maximal a r t e r i a l  - venous oxygen d i f f e r e n c e ,  a 

d e c r e a s e  i n  submaximal c a r d i a c  o u t p u t ,  and no change i n  

maximal h e a r t  r a t e  v a l u e s .  

Wilmore e t  a l .  (1970) i n v e s t i g a t e d  t h e  e f f e c t  of  t e n  

weeks of jogg ing ,  1 2  and 2 4  minu tes  a  day,  t h r e e  days  a  week 

on  55 males  aged 17  t o  59. They r e p o r t e d  s i g n i f i c a n t  i n -  

c r e a s e s  i n  v i t a l  c a p a c i t y  and max. They saw s i g n i f i c a n t  

d e c r e a s e s  i n  r e s t i n g  h e a r t  r a t e s ,  r e s t i n g  d i a s t o l i c  and 

s y s t o l i c  b lood p r e s s u r e s  , and maximal h e a r t  r a t e s .  

D a n i e l s  e t  a l .  ( 1978 )  t r a i n e d  two groups  o f  men o v e r  

e i g h t  weeks. Group A was composed o f  1 2  u n t r a i n e d  p h y s i c a l  

e d u c a t i o n  s t u d e n t s  and group B c o n s i s t e d  o f  1 5  r e c r e a t i o n a l  

r unne r s .  Every two weeks t h e  d i s t a n c e  covered  was i n c r e a s e d  

till t h e  s u b j e c t s  w e r e  r unn ing  s i x  p o i n t  f o u r  k i l o m e t e r s ,  f i v e  

days  a  week. Group A i n c r e a s e d  t h e i r  Go2 max d u r i n g  t h e  first 

f o u r  weeks, t h e n  l e v e l e d  o f f .  Performance a s  measured by t i m e  



on 805 and 3218 meter runs ,  improved throughout  t h e  e i g h t  
, 

weeks. No V 0 2  max changes of s i g n i f i c a n c e  were seen i n  

group B. Group B a l s o  improved running performance through- 

o u t  t h e  experiment.  These r e s u l t s  i l l u s t r a t e  t h e  e f f e c t  

t h a t  i n i t i a l  l e v e l s  of f i t n e s s  have on c a r d i o v a s c u l a r  

changes seen w i t h  t r a i n i n g .  

Wilmore e t  a l .  (1980) compared p h y s i o l o g i c a l  changes 

seen a s  a r e s u l t  of  20 weeks of  b i c y c l i n g ,  t e n n i s ,  and 

jogging i n  38 seden ta ry  males, They t r a i n e d  t h r e e  days  a 

week f o r  30 minutes a day, VO max and maximal v e n t i l a t i o n  2 

i nc reased  s i g n i f i c a n t l y  f o r  t h e  b i k e r s  and joggers .  The 

t e n n i s  group showed n o n s i g n i f i c a n t  i n c r e a s e s ,  Res t ing  blood 

p r e s s u r e  d i d  n o t  change f o r  any group. 

The p rev ious  s t u d i e s  reviewed u t i l i z e d  men as s u b j e c t s .  

The amount o f  r e s e a r c h  done on women has  been less abundant,  

" S t a t i s t i c s  t e l l  us  t h a t  t h e  number of  female a t h l e t e s  

p a r t i c i p a t i n g  i n  h igh  school  and c o l l e g i a t e  a t h l e t i c  e v e n t s  

has  more than  doubled i n  t h e  l a s t  f i v e  y e a r s "  (Hunter,  1981, 

p. 4 8 ) .  The op in ions  of t h e  p u b l i c  r ega rd ing  women i n  

s p o r t s  have r e t u r n e d  t o  t h o s e  o f  e a r l y  h i s t o r i c a l  t imes .  The 

Spar tan  s o c i e t y  encouraged a c t i v i t y  f o r  women and "be l i eved  

t h a t  w e l l  - condi t ioned  females  made b e t t e r  c h i l d b e a r e r s "  

(Hunter,  1981, p. 48) . Women p a r t i c i p a t e d  i n  gymnast ics ,  

t e n n i s ,  b a s k e t b a l l ,  boa t ing ,  b i c y c l i n g ,  and g o l f  i n  t h e  

1800 ' s .  Between 1920 and 1950 women l o s t  t h e  freedom t o  

p a r t i c i p a t e  i n  a wide v a r i e t y  of  s p o r t s  due t o  s o c i e t y s  



view o f  it being harmful,  p sycho log ica l ly  damaging, and un- 

l a d y l i k e  (Hunter,  1981) .  Gradual ly  s i n c e  1950 t h i s  view has 

been cha l lenged  and i n c r e a s i n g  knowledge of  female physio- 

logy has  p u t  women i n t o  t h e  realm of  a t h l e t i c s  once aga in .  

The need s t i l l  e x i s t s  f o r  s t u d i e s  i nvo lv ing  t h e  response  

o f  women t o  v a r i o u s  forms of p h y s i c a l  a c t i v i t y .  

Edwards (1974) t r a i n e d  12 females  d a i l y  f o r  f o u r  weeks. 

She observed s i g n i f i c a n t  i n c r e a s e s  i n  t r e a d m i l l  t ime and 
' 

VO max from p r e  t o  p o s t  t r a i n i n g .  2 

Rosentswieg and Burrhus (1975) t r a i n e d  2 5  female 

v o l u n t e e r s  ages  18 t o  24 f o r  f o u r  weeks. Groups one,  two, and 

t h r e e  t r a i n e d  t h r e e  days  pe r  week f o r  15 minutes  a day a t  

h e a r t  r a t e s  of  1 2 0 ,  1 4 0 ,  and 160, r e s p e c t i b e l y .  Group fou r  

t r a i n e d  a t  a h e a r t  r a t e  of 1 4 0 ,  and group f i v e  t r a i n e d  a t  a 

h e a r t  r a t e  of  160. Groups f o u r  and f i v e  worked t o  t h e  p o i n t  

o f  having t h e  same mean workload a s  group one. These i n v e s t -  
* 

i g a t o r s  s a w  no improvement i n  VO max a f t e r  t r a i n i n g  i n  any 2 

t r a i n i n g  group. 

Eisenman and Golding (1975) t e s t e d  e i g h t  g i r l s ,  ages  12 

t o  13, and e i g h t  women, ages  18 t o  24, b e f o r e  and a f t e r  1 4  

weeks of  bench s t epp ing  and jogging. The s u b j e c t s  t r a i n e d  

t h r e e  days  a week f o r  30 minutes  a day and were a b l e  t o  jog 

an average of  one p o i n t  e i g h t  m i l e s  and s tepped  150 t imes  by 

t h e  end of  t h e  t r a i n i n g  pe r iod .  Both groups showed s i g n i f i -  
* 

c a n t  improvement i n  measurements of  VO max and maximal 2 
* 

pulmonary v e n t i l a t i o n .  



Cunningham and H i l l  (1975) t r a i n e d  17 women on a 

jogging program f o r  n ine  weeks. They noted a s i g n i f i c a n t  

i n c r e a s e  i n  VO max and i n  s t r o k e  volume. L i t t l e  change 2 

was seen  i n  a r t e r i a l  - venous oxygen d i f f e r e n c e .  S i x  sub- 

j e c t s  con t inued  t o  t r a i n  f o r  a t o t a l  of 6 1  weeks. A f t e r  

f i n a l  t e s t i n g  t h e s e  s i x  showed lowered g a i n s  i n  I?02 max and 

a s l i g h t  lowering of  s t r o k e  volume. S i g n i f i c a n t  i n c r e a s e s  

were seen,  however, i n  a r t e r i a l  - venous oxygen d i f f e r e n c e s  

a f t e r  t h e  61 weeks. 

Kearney e t  a l .  (1976) observed an  i n c r e a s e  i n  V 0 2  max 

and a dec rease  i n  maximal pulmonary v e n t i l a t i o n  a f t e r  

t r a i n i n g  27 s eden ta ry  women t h r e e  days a week f o r  n i n e  weeks. 

The running  was performed a t  50% and 65% of Karvonen's 

h e a r t  r a t e  r e s e r v e .  

Summary 

~ h e ' t h r e e  components f o r  developing and ma in t a in ing  
- 

c a r d i o v a s c u l a r  f i t n e s s  a r e  i n t e n s i t y ,  f requency,  and d u r a t i o n  

of  e x e r c i s e .  Guide l ines  f o r  minimal e x e r c i s e  parameters  

from t h e  American Col lege  of S p o r t s  Medicine are 20 t o  30 

minutes  of  e x e r c i s e ,  t h r e e  t o  f i v e  days a week, a t  an  i n t e n s i t y  

of  60% t o  90% of  h e a r t  r a t e  r e s e r v e .  

I t  i s  g e n e r a l l y  accep ted  t h a t  measurement of c a r d i o -  

v a s c u l a r  f i t n e s s  i s  b e s t  accomplished through measurement of 

V 0 2  max.' Many t e s t s  a r e  a v a i l a b l e  f o r  t h i s  purpose,  no t ab ly  

graded e x e r c i s e  t e s t s  performed on t r e a d m i l l s  o r  b i k e  ergo- 

meters .  



Jogging has been widely researched and proven to be 

an effective form of exercise for improving cardiopulmonary 

fitness. A new form of exercise called rebounding has not 

been as widely researched. The claims published in advertise- 

ments and books about rebounders and rebounding, boast support 

from "scientific findings". The fact that "scientific findings" 

are scarce supports the need for a study involving the 

measurement of benefits obtained from this new form of 

exercise. 



CHAPTER I11 

PGTHODS 

I n t r o d u c t i o n  

This  c h a p t e r  d e t a i l s  t h e  methods u t i l i z e d  du r ing  t h i s  

i n v e s t i g a t i o n .  I t  i s  d iv ided  i n t o  s i x  s e c t i o n s .  The f i r s t  

s e c t i o n  o u t l i n e s  t h e  parameters  used t o  select s u b j e c t s .  

Sec t ion  two d e t a i l s  t h e  i n i t i a l  t e s t i n g  procedure .  The 

t r a i n i n g  program f o r  bo th  joggers  and rebounders  i s  presen ted  

i n  s e c t i o n  t h r e e .  Sec t ion  f o u r  g i v e s  a  b r i e f  e x p l a n a t i o n  r e -  

gard ing  t h e  parameters  surrounding t h e  c o n t r o l  group. The 

f i f t h  s e c t i o n  summarizes t h e  f i n a l  t e s t i n g  procedures .  

L a s t l y ,  t h e  s t a t i s t i c a l  a n a l y s i s  chosen f o r  de t e rmina t ion  of 

s i g n i f i c a n c e  i s  expla ined  i n  s e c t i o n  s i x .  

S e l e c t i o n  of  S u b j e c t s  

F o r t y  - f i v e  un t r a ined  female v o l u n t e e r s  were t h e  sub- 

j e c t s  s e l e c t e d  f o r  t h i s  s tudy .  The i r  ages  ranged from 19 t o  

31  yea r s .  Most of  t h e  v o l u n t e e r s  were e n r o l l e d  i n  p h y s i c a l  

educa t ion  c l a s s e s  a t  t h e  U n i v e r s i t y  of  Wisconsin - Lacrosse  

d u r i n g  t h e  second semester  of  t h e  1981 - 1982 school  year .  

Those i n d i v i d u a l s  e n r o l l e d  i n  PE 1 0 0  - s e c t i o n  2 4 ,  jogging 

and f i t n e s s ,  r ece ived  one c r e d i t  f o r  p a r t i c i p a t i n g  i n  t h e  

s tudy.  The r e s t  of t h e  v o l u n t e e r s  were women who answered 

f l y e r s  pos ted  a t  s t r a t e g i c  campus l o c a t i o n s .  



From an  i n i t i a l  vo lun tee r  group of 6 3 ,  t h e  above group 

was s e l e c t e d  based on t h e i r  performance on a  maximal graded 

e x e r c i s e  t e s t  of t r e a d m i l l  running and on t h e i r  p rev ious  

a c t i v i t y  h a b i t s .  Those who p a r t i c i p a t e d  i n  a  r e g u l a r  exer-  

c i s e  program f o r  a t  l e a s t  30  minutes ,  t h r e e  days  a  week were 

r e j e c t e d  (ACSP.1, 1981) .  Those who ob ta ined  a  maximal oxygen 

-1 consumption va lue  g r e a t e r  t han  4 4 . 5  m l *  kg, min were r e j e c t e d .  

I n d i v i d u a l s  w i th  a  h i s t o r y  of c a r d i o r e s p i r a t o r y  problems 

were a l s o  r e j e c t e d  from t h e  s tudy  sample. An o r a l  ques t ion-  

n a i r e  p r i o r  t o  t h e  e x e r c i s e  t e s t  was used t o  i d e n t i f y  i nd iv id -  

u a l s  wi th  a  h i s t o r y  of c a r d i o r e s p i r a t o r y  problems ( s e e  

Appendix A ) .  

Out of t h e  o r i g i n a l  54  s u b j e c t s  s e l e c t e d  f o r  t h e  s tudy ,  

n ine  were unable  t o  complete p a r t i c i p a t i o n .  Four of 17 

joggers  dropped o u t .  One f a i l e d  t o  a t t e n d  c l a s s ,  one 

s t r a i n e d  he r  l e f t  ank le ,  one s t r a i n e d  a  muscle r e l a t e d  t o  

h e r  h i p ,  and one had abdominal problems f o r  two weeks. 

F ive  of 18 c o n t r o l s  r e f u s e d  t o  t a k e  t h e i r  second e x e r c i s e  

t e s t .  One sp ra ined  an ank le ,  one was involved i n  having a 

r o o t  c a n a l  done, one had an a l e r g i c  r e a c t i o n  t h a t  p u t  he r  

i n  t h e  h o s p i t a l ,  one had back problems, and one r e f u s e d  t o  

p u t  h e r s e l f  through a  maximal e x e r c i s e  tes t  aga in .  A t o t a l  

of  19 rehounders  completed t h e  s tudy.  

I n i t i a l  T e s t i n g  

A l l  t h e  maximal graded e x e r c i s e  tests  were adminis te red  



i n  t h e  Human Performance Laboratory a t  t h e  U n i v e r s i t y  of 

Wisconsin - Lacrosse .  A l l  s u b j e c t s  were i n s t r u c t e d  over  t h e  

phone t o  b r i n g  comfortable  c l o t h e s  t o  run  i n ,  t o  b r i n g  a  

p a i r  of running shoes  o r  t e n n i s  shoes ,  n o t  t o  e a t  f o r  a t  

l e a s t  one t o  one and one h a l f  hours  p r i o r  t o  t h e  t e s t ,  and 

t o  come t o  t h e  second f l o o r  of M i t c h e l l  H a l l  - Room 226. 

When s u b j e c t s  a r r i v e d  a t  t h e  l a b o r a t o r y  each  was given 

an informed consen t  t o  r ead  ( s e e  Appendix B ) .  Before pro- 

- cedures  began, each s u b j e c t  was asked t o  s i g n  t h e  consen t  

and any q u e s t i o n s  abou t  t h e  t e s t i n g  o r  t r a i n i n g  were answered 

then.  Each s u b j e c t  was weighed t o  t h e  n e a r e s t  0.25 pound, 

w i thou t  shoes .  E l e c t r o d e s  were t hen  placed on t h e  s u b j e c t ' s  

c h e s t ,  Two e l e c t r o d e s  were p laced  on t h e  abdominal r eg lon  

and two d i r e c t l y  below t h e  c l a v i c l e s  on t h e  mid - c l a v i c u l a r  

l i n e s .  The s k i n  was abraded w i t h  a l c o h o l  swabs fol lowed 

by rubbing w i t h  a  kleenex,  Alcohol was used once a g a i n ,  t h e  

s k i n  was a i r  d r i e d ,  and t h e  e l e c t r o d e s  were app l i ed .  Limb 

l e a d s  I ,  11, and 111 w e r e  observed throughout  t h e  test .  

The p r o t o c o l  used f o r  t h e  maximal t r e a d m i l l  r un  was t h e  

Modified Astrand Treadmi l l  P r o t o c o l  (Po l lock ,  Wilmore, & 

Fox, 1978) .  The tes t  began w i t h  a f i v e  minute warm - up. 

With t h i s  p r o t o c o l ,  t h e  speed was he ld  c o n s t a n t  between 

f i v e  and e i g h t  m i l e s  pe r  hour. Most s u b j e c t s  w e r e  t e s t e d  a t  

s i x  m i l e s  p e r  hour,  however, n i n e  were t e s t e d  a t  f i v e  p o i n t  

f i v e  m i l e s  pe r  hour. The e l e v a t i o n  was inc reased  by two p o i n t  

f i v e  p e r c e n t  g rade  eve ry  two minutes  fo l lowing  s t a g e  one. 



Table 2 p r e s e n t s  t h e  p r o t o c o l  a s  used. 

Table  2 

Modified Astrand Treadmi l l  P ro toco l  

Minutes Speed Grade 

Warm - up 5 3.5 mph 2.5% 

Stage I 3 6.0 mph 0.0% 

Stage  I1 2 

Stage I11 2 

Stage I V  2 

S tage  V 2 

Stage V I  2 

6.0 rnph 

6.0 rnph 

6 .0  rnph 

6.0 rnph 

6.0 rnph 

Pol lpck e t  a l .  1976, p. 40 

The parameters  measured du r ing  t h e  t e s t  inc luded  maximal 

oxygen consumption, maximal h e a r t  r a t e ,  maximal v e n t i l a t i o n ,  

perce ived  e x e r t i o n ,  r e s p i r a t o r y  exchange r a t i o ,  and t ime of 

t h e  run. Hear t  r a t e  measurements were ob ta ined  from a 

Viagraph e l ec t roca rd iog ram p r i n t  o u t  a t  t h e  end of each s t a g e  

and a t  maximum e x e r t i o n .  Rate  was c a l c u l a t e d  by measuring 

t h e  R t o  R i n t e r v a l  f o r  s i x  seconds and m u l t i p l y i n g  by t en .  

Maximal oxygen consumption and maximal v e n t i l a t i o n  were 

ob ta ined  v i a  use  of a Metabol ic  Measurement C a r t  ( W A C )  manu- 

f a c t u r e d  by Beckman Ins t ruments .  The c a r t  c o n t a i n s  an 

oxygen a n a l y z e r  (OM - 11) and a carbon d iox ide  ana lyze r  



(LB 2 ) .  The MMC was c a l i b r a t e d  p r i o r  t o  each  t e s t  w i t h  a  

g a s  sample c o n t a i n i n g  a  known amount of  oxygen and ca rbon  

d i o x i d e .  The c o n c e n t r a t i o n s  of  each  g a s  were de te rmined  

p r e v i o u s l y  by a  medical  t e c h n o l o g i s t  u s i n g  t h e  Scho lander  

t e chn ique .  Volume d r i f t  was checked p r i o r  t o  e ach  tes t  t o  

w i t h i n  .05 o f  a  l i t e r .  A d r i f t  between -05  and 99.95 ( -  .05)  

was c o n s i d e r e d  a c c e p t a b l e .  

Pe r ce ived  e x e r t i o n  was determined u s i n g  t h e  Borg S c a l e  

(Borg, 1971 ) .  Tab l e  3 shows a  r e p r e s e n t a t i o n  o f  t h e  scale. 

The s u b j e c t  was asked t o  p o i n t  t o  a  number t h a t  b e s t  r e p r e -  

s e n t e d  how t h e y  were f e e l i n g  a t  t h e  end o f  e ach  s t a g e  o f  t h e  

p r o t o c o l .  

Tab le  3 

Pe r ce ived  E x e r t i o n  S c a l e  

v e r y  v e r y  l i g h t  

v e r y  l i g h t  

f a i r l y  l i g h t  

somewhat ha rd  

h a r d  

v e r y  ha rd  

v e r y  v e r y  ha rd  

Borg, G . ,  1971 

C r i t e r i a  f o r  t e r m i n a t i o n  o f  t h e  t e s t  i nc luded  r e a c h i n g  



v o l i t i o n a l  exhaus t i on ,  a ch i ev ing  a  r e s p i r a t o r y  exchange r a t i o  

(RER) of  1 . 0  o r  g r e a t e r ,  o r  w i tnes s ing  a  d e c r e a s e  i n  o r  

l e v e l i n g  o f f  of V02 with  an  i n c r e a s e  i n  workload (de V r i e s ,  

1 9 8 0 ) .  When one o r  more of t h e  above were a t t a i n e d  t h e  

tes t  ,was accep ted .  

A c o o l  down pe r iod  of  n o t  less than  t e n  minutes  fol lowed.  

When h e a r t  r a t e  reached 100 o r  below, t h e  t r e a d m i l l  was 

s topped and t h e  s u b j e c t  was unprepped. Each s u b j e c t  w a s  

i n s t r u c t e d  n o t  t o  t a k e  an  ex t remely  h o t  o r  c o l d  shower r i g h t  

a f t e r  l e a v i n g  t h e  t e s t i n g  a r e a .  

T ra in ing  Program 

Jogge r s  

The t r a i n i n g  program f o r  t h e  group of  joggers  began on 

March 23  and ended on May 6 .  During t h o s e  seven weeks t h e  

s u b j e c t s  m e t  f o r  45  minutes ,  f o u r  days  a  week. The s e s s i o n s  

m e t  Monday through Thursday a n d t c o n s i s t e d  o f  a t e n  minute 

warm - up fol lowed by 30 minutes  o f  con t inuous  walking and 

jogging.  A f i v e  minute c o o l  down ended each  s e s s i o n .  Sub- 

j e c t s  r a n  i ndoor s  o r  ou tdoo r s  depending on t h e  weather.\; 

Jogging groups  m e t  a t  e i g h t  and t e n  AM and a t  s i x  PM. 

The s u b j e c t s '  work i n t e n s i t i e s  w e r e  a d j u s t e d  accord ing  

t o  t h e i r  h e a r t  r a t e  responses .  (Each  s u b j e c t  was g iven  a  

t a r g e t  h e a r t  ra te  a t  t h e  s t a r t  of t h e  t r a i n i n g  s e s s i o n s .  

Seventy - f i v e  p e r c e n t  o f  maximal h e a r t  r a t e  ob t a ined  du r ing  

t h e  f i r s t  t r e a d m i l l  t e s t  was used a s  t a r g e t e l  The h e a r t  h 



r a t e s  a s s i g n e d  ranged from 138 t o  159. A l l  s u b j e c t s  were 

i n s t r u c t e d  t o  t a k e  t h e i r  p u l s e s  e v e r y  t e n  m i n u t e s  v i a  t h e  

r a d i a l  o r  c a r o t i d  a r t e r y ,  and t o  i n c r e a s e  o r  d e c r e a s e  t h e i r  

work - o u t  i n t e n s i t y  a c c o r d i n g l y .  Cont inuous  movement as 

w e l l  a s  a g r a d u a l  i n c r e a s e  i n  i n t e n s i t y  w e r e  emphasized 

d u r i n g  t h e  seven weeks. 

A s  t i m e  went  by,  s u b j e c t s  w e r e  a b l e  t o  i n c r e a s e  t h e  

amount o f  t i m e  j ogg ing  and t o  minimize t h e i r  wa lk ing  p e r i o d s .  

By t h e  end o f  t h e  seven  weeks most  j o g g e r s  w e r e  a b l e  t o  jog 

c o n t i n u o u s l y  f o r  30 minu tes .  Four j o g g e r s  s t i l l  i n c o r p o r -  

a t e d  wa lk ing  i n t o  t h e i r  30 minu te  work - o u t .  Three  o f  t h e s e  

j o g g e r s  were plagued w i t h  i n j u r i e s  f o r  one  week and r a n  f o u r  

e x t r a  d a y s  a t  t h e  end of t h e  s t u d y  t o  make up t h e  missed  
i 
B 
i t i m e .  
1 
i 
i Rebounders 
i 
i 
i The t r a i n i n g  program f o r  t h e  group o f  r e b o u n d e r s  began 
i 

x March 23 and ended May 6.  [Dur ing  t h o s e  seven  weeks t h e  sub- 

j e c t s  met f o r  45  m i n u t e s ,  f o u r  d a y s  a week.\ The s e s s i o n s  m e t  

Monday t h r o u g h  Thursday and k o n s i s t e d  o f  a t e n  minu te  warm - up 
iX  

f o l l o w e d  by 30 m i n u t e s  of c o n t i n u o u s  a c t i v i t y  on  a rebounder .  

A f i v e  m i n u t e  c o o l  down ended e a c h  s e s s i o n .  Rebounders were 

i n s t r u c t e d  t o  bounce or  jog  i n  p l a c e  and t o  i n c o r p o r a t e  arm 

movements i n t o  t h e i r  r o u t i n e .  S u b j e c t s  rebounded i n d o o r s  o r  

o u t d o o r s  depending on t h e  wea the r . \  Rebounding g r o u p s  met 

a t  seven AM, and a t  two, t h r e e ,  f o u r ,  and f i v e  PM. Music w a s  

p r o v i d e d  f o r  t h e  r e b o u n d e r s  t o  jump t o  (see Appendix C ) .  T h i s  



music helped t o  keep a  f a s t  tempo and a s s i s t e d  t h e  s u b j e c t s  

i n  main ta in ing  t h e i r  t a r g e t  h e a r t  r a t e s .  Boredom was kep t  

a t  a minimum. 

The s u b j e c t s 1  work i n t e n s i t i e s  were a d j u s t e d  according 

t o  t h e i r  h e a r t  r a t e  responses .  Each s u b j e c t  was g iven  a  

t a r g e t  h e a r t  r a t e  a t  t h e  s t a r t  of  t h e  t r a i n i n g  s e s s i o n s .  

Seventy - f i v e  pe rcen t  of  maximal h e a r t  r a t e  ob ta ined  dur ing  

t h e  f i r s t  . t r e a d m i l l  t e s t  was used a s  t a r g e t .  Hear t  r a t e s  

ass igned  ranged from 126 t o  162. A l l  s u b j e c t s  were i n s t r u c t -  

ed t o  t a k e  t h e i r  p u l s e s  every  t e n  minutes v i a  t h e  r a d i a l  o r  

c a r o t i d  a r t e r y  and t o  i n c r e a s e  o r  decrease  t h e i r  work - o u t  

i n t e n s i t y  accord ingly .  Continuous movement a s  w e l l  a s  g radua l  

i n c r e a s e s  i n  i n t e n s i t y  were emphasized d u r ~ n g  t h e  seven weeks.  

Rout ines  on t h e  rebounders  v a r i e d  wi th  t h e  imagina t ions  

of  t h e  s u b j e c t s .  Some movements a r e  i l l u s t r a t e d  i n  Appendix 

D. A s  t ime went by, t h e  v igo r  of t h e  r o u t i n e s  inc reased  a s  

t h e  s u b j e c t s  contended t h a t  they  had t o  work harder  t o  g e t  

t h e i r  h e a r t  r a t e s  up t o  t a r g e t .  

4 

Contro l  Group Program 

Cont ro l  group s u b j e c t s  c o n s i s t e d  of  i n d i v i d u a l s  from 

bowling and g o l f  c l a s s e s .  Each s u b j e c t  w a s  t e s t e d  maximally 

v i a  t r e a d m i l l  running i n  t h e  same manner a s  t h e  exper imenta l  

groups.  The c o n t r o l  group was asked t o  r e f r a i n  from any 

r e g u l a r  e x e r c i s e  a c t i v i t y  f o r  t h e  per iod  of seven weeks. 



F i n a l  T e s t i n g  

A l l  e x p e r i m e n t a l  s u b j e c t s  were r e t e s t e d  a t  t h e  end of  

t h e i r  t r a i n i n g  s e s s i o n s .  No more t h a n  t h r e e  d a y s  p a s s e d  be- 

tween t h e  end o f  t r a i n i n g  and t h e  d a t e  of  t h e i r  f i n a l  tests .  

The t e s t i n g  p r o c e d u r e  w a s  t h e  same as d u r i n g  t h e  i n i t i a l  t e s t .  

C o n t r o l  s u b j e c t s  were t e s t e d  seven  weeks a f t e r  t h e i r  i n i t i a l  

e x e r c i s e  t es t .  

S t a t i s t i c a l  A n a l y s i s  

S i g n i f i c a n c e  r e g a r d i n g  any changes  t h a t  o c c u r r e d  be- 

tween and w i t h i n  g roups  d u r i n g  t h e  seven weeks was d e t e r -  

mined by u s e  of  a 2 - way Mixed Design ANOVA w i t h  Repeated 

Measures.  The l e v e l  of  c o n f i d e n c e  used t o  t e s t  t h e  n u l l  

h y p o t h e s i s  was .05. A ~ c h e f f 6  p o s t  hoc t e s t  w a s  u t i l i z e d  t o  

d e t e r m i n e  e x a c t l y  which g roups  were s i g n i f i c a n t l y  d i f f e r e n t  

when t h e  A n a l y s i s  of  V a r i a n c e  y i e l d e d  a  s i g n i f i c a n t  F r a t i o .  

P a r a m e t e r s  a n a l y z e d  i n c l u d e d  r e l a t i v e  and a b s o l u t e  OO, max, 

maximal v e n t i l a t i o n ,  p e r c e i v e d  e x e r t i o n ,  maximal h e a r t  rate,  
=' 

w e i g h t ,  t i m e  on t h e  t r e a d m i l l ,  and r e s p i r a t o r y  exchange 

r a t i o .  An i n d e p e n d e n t  " t "  test  was used t o  d e t e r m i n e  t h e  

v a r i a b i l i t y  on  t h e  d a i l y  h e a r t  r a te  means of b o t h  groups .  



CHAPTER I V  

RESULTS AND DISCUSSION 

I n t r o d u c t i o n  

The fo l lowing  d i s c u s s i o n  d e a l s  w i t h  r e s u l t s  ob t a ined  

E 
' a f t e r  s t a t i s t i c a l  a n a l y s i s  w a s  completed on t h e  raw d a t a  

c o l l e c t e d  from p r e  (T1) and p o s t  (TZ) t e s t i n g  of a l l  s u b j e c t s .  

The s t a t i s t i c a l  method used was a  Mixed Design APJOVA w i t h  

r epea t ed  measures. S i g n i f i c a n c e  f o r  accep tance  o r  r e j e c t i o n  

of  t h e  n u l l  hypo thes i s  was based on t h e  0 .05 l e v e l  o f  con- 

f i dence .  A ~ c h e f f g  p o s t  hoc t e s t  was c a l c u l a t e d  on t h o s e  

v a r i a b l e s  showing s i g n i f i c a n c e  t o  de te rmine  e x a c t  a r e a s  

of  i n t e r a c t i o n .  Da i ly  h e a r t  r a t e  averages  w e r e  ana lyzed  v i a  

an  independent  t - test . \  

Th i s  c h a p t e r  has  been d i v i d e d  i n t o  t h e  fo l l owing  

s e c t i o n s ;  s u b j e c t  c h a r a c t e r i s t i c s ,  weight ,  t r a i n i n g  i n t e n -  

s i t ies ,  submaximal r a t i n g s  of pe rce ived  e x e r t i o n  (SRPE), 
< 

maximal r a t i n g s  o f  pe rce ived  e x e r t i o n  (MRPE) , t r e a d m i l l  

r u n  t ime [TRT), maximal h e a r t  r a t e  ( M H R ) ,  maximal v e n t i l a -  

t i o n  (Tk ma), r e s p i r a t o r y  exchange r a t i o  ( R E R ) ,  and +o2 max. 

S u b i e c t  C h a r a c t e r i s t i c s  

The s u b j e c t s  f o r  t h i s  s t u d y  were 4 5  u n t r a i n e d  female  

v o l u n t e e r s  involved i n  b a s i c  p h y s i c a l  educa t ion  c l a s s e s  a t  

t h e  U n i v e r s i t y  o f  Wisconsin - Lacrosse ,  o r  who answered f l y e r s  

4 0 



placed at strategic campus locations. The study was con- 

ducted during the second semester of the 1981 - 1982 school 
year. Table 4 details the subjects' physical characteristics. 

Table 4 

Means and Standard Deviations for Physical 

Characteristics of Subjects 

Variables Joggers Rebounder s Controls 

Height 
tcm 

Weight 
(kg) 

Body Weight 

No significant changes (p).05) were seen in body weight 

measurements from TL to T2 (see Figure 1). Although, a 0.6% 
4 

increase, a 1% decrease, and a 3% increase were seen in 

joggers, rebounders, and controls, respectively. 

The measurement of body weight does not always reflect 

the results of exercise. The more accurate measurement of 

percent body fat is a better reflector of the changes in 

body composition seen as a result of exercise. A subject 

may not lose weight over a training period, yet may develop 

a greater percentage of lean body mass and decrease their 
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percen tage  of body f a t .  Hence, a person may l o s e  i nches  

whi le  remaining a t  t h e  same weight ,  

Lean body m a s s  has  been shown t o  i n c r e a s e  w i t h  t r a i n i n g  

and t o  dec rease  w i th  prolonged i n a c t i v i t y  ( S a l t i n  e t  a l . ,  

1968) .  Gettman e t  a l .  (1976) found t h a t  t h e i r  s u b j e c t s  i n -  

c r eased  body weight b u t  decreased  t h e i r  percen tage  o f  body 

f a t  a f t e r  20 weeks o f  t r a i n i n g .  Wilmore e t  a l .  (1980) s a w  

d e c r e a s e s  i n  body f a t  percen tage  a f t e r  20 week t r a i n i n g  pro- 

grams. 

To de te rmine  l e a n  body mass and percen tage  of  body f a t ,  

e i t h e r  an thropomet r ic  measurements us in?  s k i n f o l d  c a l i p e r s  

o r  h y d r o s t a t i c  weighing a r e  needed. These measurements were 

n o t  ob t a ined  du r ing  t h i s  i n v e s t i g a t i o n .  In fo rma l ly ,  fou r  

s u b j e c t s  i n  t h e  rebounding group r e p o r t e d  l o s i n g  inches  

around t h e i r  h i p s  and w a i s t  over  t h e  seven week t r a i n i n g  

program. 

T ra in ing  I n t e n s i t i e s  

I n t e n s i t y  o f  t r a i n i n g  f o r  t h e  exper imenta l  s u b j e c t s  of 

t h i s  i n v e s t i g a t i o n  was r e g u l a t e d  by h e a r t  r a t e  response.  

Each s u b j e c t  was a s s igned  a t a r g e t  h e a r t  r a t e  based on 75% 

of maximal h e a r t  r a t e  achieved on t h e i r  t r e a d m i l l  r uns ,  

I n  a c t u a l i t y ,  average d a i l y  h e a r t  r a t e s  f o r  t h e  joggers  

ranged from 1 4 1  t o  172 b e a t s  p e r  minute w i th  a mean i n t e n s i t y  

o f  82% o f  maximum. The rebounders  average  d a i l y  h e a r t  r a t e s  

ranged from 130 t o  165 b e a t s  p e r  minute w i t h  a mean i n t e n s i t y  



of 78% o f  maximum. 

Average d a i l y  h e a r t  r a t e s  of t h e  two exper imenta l  groups 

were compared us ing  an independent t - test.  No s i g n i f i c a n t  

d i f f e r e n c e  (p) .  05) was found between t h e  groups.  The c r i t i c a l  

va lue  of  t was -.667 wi th  30 degrees  of freedom. The t e s t  

va lue  of t was .258. 

The joggers  had no problem reaching  t h e i r  t a r g e t  h e a r t  

r a t e s .  Likewise,  t h e  rebounders  achieved t h e i r  t a r g e t  h e a r t  

r a t e s  throughout  t h e  s tudy.  Xatch and V i l l a n a c c i  (1981) 

r epor t ed  an average h e a r t  r a t e  of 115.8 b e a t s  per  minute i n  

t h e i r  s u b j e c t s  who were l i m i t e d  t o  54 t o  68 s t e p s  pe r  min- 

u t e  on t h e  rebounder. I t  i s  p o s s i b l e  t h a t  t h e  dec rease  i n  

p e r c e n t  body f a t  and i n c r e a s e  i n  $02 max r e p o r t e d  by White 

(1980) b u t  d i spu ted  by Katch and V i l l a n a c c i  (1981) w a s  due 

t o  a  h ighe r  e x e r c i s e  i n t e n s i t y  achieved by White ' s  s u b j e c t s ,  

who may n o t  have been l i m i t e d  t o  s imple  jogging i n  place. 

The rebounders  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  were g iven  no 

l i m i t s  o t h e r  than  having t o  con t inue  rebounding movements 

f o r  30  minutes  each se s s ion .  They voiced f e e l i n g s  o f  having 

t o  work ha rde r  t o  ach ieve  t h e  same h e a r t  rates by t h e  end 

t h e  t r a i n i n g  program. 

Submaximal Rat ings  of Perceived Exe r t ion  (SRPE) 

A s i g n i f i c a n t  dec rease  (p(.01) was seen  i n  SRPE i n  t h e  

jogging group from T1 t o  T2 ( s e e  F igure  2 ) .  T h e i r  s u b j e c t i v e  

r a t i n g s  of how they  f e l t  t e n  minutes  i n t o  t h e  t r e a d m i l l  tes t  

s i g n i f i c a n t l y  decreased from 15.2 t o  13.6. The rebounders  
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Jogge r s  Rebounders Con t ro l s  

Groups 

F igu re  2. P re  - p o s t  t r a i n i n g  SRPE v a l u e s  f o r  
joggers ,  rebounders ,  and c o n t r o l s .  



and c o n t r o l s  d i d  n o t  r e f l e c t  a s i m i l a r  change. There was a 

s i g n i f i c a n t  d i f f e r e n c e  (p{.Ol) between t h e  T2 v a l u e s  of 

joggers  and rebounders  and joggers  and c o n t r o l s .  Th i s  

r e f l e c t s  l e s s  s u b j e c t i v e  f e e l i n g s  of f a t i g u e  w i t h i n  t h e  

joggers  du r ing  submaximal e x e r c i s e  a t  T2. 

A p o s s i b l e  exp lana t ion  could  r e l a t e  t o  s p e c i f i c i t y  of 

t r a i n i n g .  The joggers  may have f e l t  more comfor tab le  jogging 

because they  t r a i n e d  doing e x a c t l y  t h a t  f o r  seven weeks. The 

rebounders  and c o n t r o l s  were expected t o  r e f r a i n  from jogging 

du r ing  t h o s e  seven weeks and may have f e l t  f a t i g u e d  earlier 

on t h e  t r e a d m i l l ,  

Maximal Ra t ings  of  Perce ived  Exe r t i on  (MRPE) 

No s i g n i f i c a n t  changes (p) .  05) were observed i n  MRPE 

from Tl t o  T2  f o r  a l l  groups ( s e e  F igure  3 ) .  A l l  maximal 

r a t i n g s  averaged t o  19. Th i s  would seem t o  i n d i c a t e  t h a t  

maximal t e s t i n g  was achieved,  Th i s  was expected i f  a l l  t h e  

s u b j e c t s  were a t  t h e i r  t r u e  p h y s i o l o g i c a l  maximum and t h e  
ii 

work they  w e r e  doing was anerobic .  

Treadmi l l  Run Time (TRT) 

Nons ign i f i can t  i n c r e a s e s  (p).05) were seen i n  TRT from 

T1 t o  T2 i n  a l l  t h r e e  groups.  Jogge r s ,  rebounders  and 

c o n t r o l s  i nc reased  3 7 ,  24, and 16 seconds,  r e s p e c t i v e l y ,  

from p r e  t o  p o s t  t r a i n i n g .  

The  TRT va lue  f o r  a l l  t h r e e  groups combined was 
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s i g n i f i c a n t l y  h ighe r  (p( .  0 1 )  f o r  T than  f o r  T1. An average 2 

i n c r e a s e  of 25 seconds was seen from T1 t o  T2. Again, t h i s  

could r e f l e c t  changes i n  mo t iva t ion  and f a m i l i a r i z a t i o n  wi th  

t e s t i n g  equipment. This  could a l s o  r e p r e s e n t  an improvement 

i n  performance, 

Maximal Hear t  Rate 

There was a  s i g n i f i c a n t  i n c r e a s e  (p(.01) i n  maximal 

h e a r t  r a t e  v a l u e s  from T1 t o  T2 i n  both  exper imenta l  groups 

( s e e  F igu re  4 ) .  A 5% i n c r e a s e  of  t e n  b e a t s  p e r  minute  was 

seen i n  t h e  jogging group, The rebounders  i n c r e a s e d  3% o r  

e i g h t  b e a t s  pe r  minute. The c o n t r o l s  showed no change, 

Many s t u d i e s  have shown t h e  o p p o s i t e  of  t h e s e  r e s u l t s .  

Researchers  have seen s l i g h t  d e c r e a s e s  o r  no change i n  

maximal h e a r t  r a t e s  a f  t e r  t r a i n i n g  (Karvonen, 1957 ; Ekblom 

e t  a l . ,  1968) .  

Ekblom e t  a l .  (1968) showed no change  i n  h e a r t  r a t e  a t  
i b 

maximum w i t h  an i n c r e a s e  i n  c a r d i a c  ou tpu t .  I t  i s  g e n e r a l l y  

accep ted  t h a t  s t r o k e  volume improves w i th  t r a i n i n g ,  caus ing  

t h e  i n c r e a s e  i n  c a r d i a c  o u t p u t  a s  h e a r t  r a t e  remains t h e  

same o r  even dec reases  s l i g h t l y .  

Astrand and Rodahl (1977) s t a t e d  t h a t  du r ing  maximal 

e x e r c i s e  t h e  h e a r t  r a t e  i s  "remarkably s i m i l a r  under v a r i o u s  

c o n d i t i o n s "  (p. 1 8 9 ) .  

The unusual  r e s u l t s  ob t a ined  from t h i s  s tudy  could  

r e f l e c t  a  p r e v i o u s l y  mentioned l i m i t a t i o n ,  The p r e  t r a i n i n g  

e x e r c i s e  t e s t  w a s  done wi thou t  s u b j e c t s  being in t roduced  
. . 



Groups 

F igure  4 .  P re  - p o s t  t r a i n i n g  maximal h e a r t  
r a t e  v a l u e s  f o r  joggers ,  rebounders ,  
and c o n t r o l s .  



t o  t h e  t r e a d m i l l  and bulky headgear.  The i r  p r e  t r a i n i n g  

t r e a d m i l l  r u n  may have been s u b j e c t i v e l y  c u t  s h o r t  r e f l e c t -  

i n g  h e a r t  r a t e  v a l u e s  below maximum. Another f a c t o r  i n -  

volved cou ld  have been mot iva t ion .  The second tes t  he ld  a 

s t r o n g e r  impetus f o r  t h e  expe r imen ta l  s u b j e c t s .  They had a  

s t a k e  i n  t h e  r e s u l t s  of  t h e  second test.  Ten p e r c e n t  o f  t h e i r  

g rade  i n  t h e  c l a s s  was based on improvement. Also,  most 

wanted t o  see an  improvement a f t e r  t r a i n i n g  f o r  seven weeks. 

One o t h e r  f a c t o r  t h a t  may have played a  r o l e  i n  t h e  h ighe r  

p o s t  t r a i n i n g  h e a r t  r a t e  v a l u e s  was hea t .  The p r e  tes t  was 

done d u r i n g  t h e  w i n t e r  when humidi ty  and tempera ture  w a s  low. 

P o s t  t es t s  were done i n  May when t h e  humidi ty  was h ighe r  and 

t h e  t empera tu re s  were a l s o  h ighe r .  However, h igh  tempera- 

t u r e s  have been shown t o  e f f e c t  submaximal h e a r t  rates more 

t h a n  maximal h e a r t  r a t e s  (Astrand & Rodahl, 1977) .  

Maximal V e n t i l a t i o n  

N o n s i g n i f i c a n t  i n c r e a s e s  (p) .05)  w e r e  seen  i n  maximal 

pulmonary v e n t i l a t i o n  i n  bo th  expe r imen ta l  groups  from T1 

t o  T2 a s  a  r e s u l t  o f  t r a i n i n g  (see F i g u r e  5 ) .  There were 

s i g n i f i c a n t  d i f f e r e n c e s  (p( .01) seen  between t h e  T1 v a l u e s  

f o r  c o n t r o l s  and t h e  T1 v a l u e s  f o r  joggers  and rebounders .  

Th i s  cou ld  be a t t r i b u t e d  t o  t h e  h e a v i e r  weight  recorded  f o r  

t h e  c o n t r o l s .  Th i s ,  a long  w i t h  a  t a l l e r  body frame h a s  a  

d e f i n i t e  e f f e c t  on lung c a p a c i t y  (Astrand & Rodahl, 1977) .  

One v e r y  l a r g e  l a d y  was p a r t  of  t h e  c o n t r o l  group f o r  t h i s  

s t udy ,  and may have skewed t h e  c o n t r o l  v a l u e s .  





Other  s t u d i e s  r e p o r t  s i g n i f i c a n t  i n c r e a s e s  i n  VE max 

a s  a r e s u l t  o f  t r a i n i n g  (Wilmore e t  a l . ,  1980; Kilbom, 

1971; Wilmore e t  a l . ,  1970) .  Astrand and Rodahl (1977) 

s t a t e d  t h a t  v e n t i l a t i o n  and V02 a r e  p o s i t i v e l y  c o r r e l a t e d .  

V e n t i l a t i o n  i n c r e a s e s  a s  O 2  uptake i n c r e a s e s .  A s  oxygen 

i s  consumed, more carbon d iox ide  and l a c t i c  a c i d  a r e  pro- 

duced. V e n t i l a t i o n  must i n c r e a s e  t o  d i spose  of  t h e s e  by- 

p roduc t s  (Astrand & Rodahl, 1977).  

Resp i r a to ry  Exchange Ra t io  

No s i g n i f i c a n t  changes (p) .05)  were seen i n  RER v a l u e s  

from T1 t o  T2 ( s e e  F igure  6 ) .  Values f o r  RER were g r e a t e r  

t han  1 . 0 0  f o r  a l l  groups b e f o r e  and a f t e r  t r a i n i n g .  Th i s  was 

i n d i c a t i o n  t h a t  a l l  t h e  s u b j e c t s  reached t h e  p o i n t  of 

producing a g r e a t e r  volume of carbon d iox ide  than  t h e  volume 

of  oxygen they  were u t i l i z i n g  du r ing  t h e i r  maximal e x e r c i s e  

tests.  Th i s  would a l s o  seem t o  i n d i c a t e  t h a t  maximal t e s t s  

were achieved.  

filaximal Oxygen Consumption 

No s i g n i f i c a n t  changes (p) .05)  w e r e  found i n  e i t h e r  

r e l a t i v e  o r  a b s o l u t e  measurements o f  vo2 max from Tl t o  T2 

f o r  both  exper imenta l  groups ( s e e  F igu res  7 & 8 ) .  

The joggers  r e f l e c t e d  an a b s o l u t e  3% i n c r e a s e  of  0 . 1  

-1 ~ - m i n - '  and a r e l a t i v e  4 %  i n c r e a s e  of  1.46 ml*kg*min p r e  

t o  p o s t  t r a i n i n g .  S i m i l a r l y ,  t h e  rebounders  demonstrated a 3% 



N = 13 N = 19 N = 13 
Joggers  Rebounder s C o n t r o l s  

Groups 

F i g u r e  6.  P r e  - p o s t  t r a i n i n g  RE3 v a l u e s  f o r  
j ogge r s ,  r ebounders ,  and c o n t r o l s .  
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-1 i n c r e a s e  of  0.08 ~gmin- '  and a  5% i n c r e a s e  of  1 .91 ml*kg*rnin . 
The c o n t r o l s  showed no change and a  2% dec rease ,  r e s p e c t i v e l y .  

-1 The mean p r e  t e s t  +o2 max v a l u e s  of 38.85 ml*kg*min , 
-1 37.91 ml*kg*rnin-l,  and 4 0 . 8 2  ml*kg*min f o r  joggers ,  r e -  

bounders,  and c o n t r o l s ,  r e s p e c t i v e l y ,  a r e  s l i g h t l y  h igher  

t han  t h o s e  g e n e r a l l y  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  un- 

t r a i n e d  c o l l e g e  aged women. Edwards (1974) r e p o r t e d  average 

-1 -1 VO max v a l u e s  of 27.26 m l *  kgsmin and 26.18 m l *  kg-min p r e  2  

t r a i n i n g .  Cunningham and H i l l  (1975) averaged 28 mlekgemin -1 

when measuring seden ta ry  c o l l e g e  women, I n  c o n t r a s t ,  

Eisenman and Golding (1975) ,  S t ewar t  e t  a l .  (1977) ,  and Kearney 

e t  a l .  (1976) r epo r t ed  average Go2 max v a l u e s  ranging  from 

-1 35.7 mi- kg*min-l  t o  38.36 ml-kgemin i n  u n t r a i n e d  females  of 

c o l l e g e  age.  

I n  t h e  p r e s e n t  s tudy ,  e i g h t  v o l u n t e e r s  had i n i t i a l  +o2 

max v a l u e s  g r e a t e r  t han  43 m l -  kgemin-l. Four o f  t h e s e  sub- 

jects were i n  t h e  c o n t r o l  group,  two were i n  t h e  jogging 

group,  >nd two were i n  t h e  rebounding group. These s u b j e c t s ,  

accord ing  t o  Astrand and Rodahl (1977) ,  would b e  c l a s s i f i e d  

a s  t r a i n e d .  The two rebounders  r e f l e c t e d  i n i t i a l  v a l u e s  

-1 of  44.54 m l *  kg*min-' and 43.2 m l -  kgemin . The two joggers  

were s i m i l a r  w i t h  v a l u e s  of  44.54 m l -  kg#min-l  and 43.17 

m l *  kg- min-l. 

The ~0~ max va lues  f o r  t h e  joggers  ranged from 32.67 

m l *  kg*rninm1 t o  44.54 m l +  kg-min-l.  Range f o r  t h e  rebounder s 

was 28.07 rnl*kg-min-l t o  44.54 ml-kgamin- l .  These ranges  



demonstra te  t h e  l a r g e  v a r i a b i l i t y  found between t h e  s u b j e c t s .  

The p r e s e n t  emphasis on a f i t  body and t h e  importance of  

a c t i v i t y  t o  h e a l t h  and w e l l  being have pushed t h e  popula t ion  

i n t o  p h y s i c a l  e x e r c i s e .  The amount of  people  involved seems 

exaggera ted  among c o l l e g e  s t u d e n t s .  ~t was d i f f i c u l t  t o  

f i n d  a homogenously u n t r a i n e d ,  low f i t n e s s  l e v e l  group of 

c o l l e g e  women a t  t h e  U n i v e r s i t y  of Wisconsin - Lacrosse ,  a 

s t r o n g  f i t n e s s  minded campus, t o  vo lun tee r  f o r  t h i s  s tudy.  

Most i n v e s t i g a t o r s  have r e p o r t e d  improvements i n  +o2 

rnax v a l u e s  a f t e r  t r a i n i n g  (Wilmore e t  a l . ,  1970; Po l lock  

e t  a l . ,  1977; Kearney e t  a l . ,  1976; Edwards, 1974; 

Eisenman & Golding, 1975; Cunningham & H i l l ,  1975) .  The 

s t u d i e s  ranged f r ~ m  fou r  weeks t o  20 weeks i n  l eng th .  Other 
* 

s t u d i e s  have shown r e l a t i o n s h i p s  between improvement i n  V02 

max and i n t e n s i t y  of e x e r c i s e ,  l e v e l  of i n i t i a l  f i t n e s s ,  

and l e n g t h  of  t r a i n i n g  program. 

Looking a t  t h e  s tudy  by Edwards (1974),  t h e  improvement 

seen  i n  Go2 max w a s  over  a f o u r  week per iod .  Also observed 

w a s  t h e  low i n i t i a l  f i t n e s s  of  h e r  s u b j e c t s  which was r e -  

f l e c t e d  i n  Go2 max v a l u e s  of 27.26 and 26.18 ml-kg-min-'. 

Eisenman and Golding (1975) t r a i n e d  t h e i r  group f o r  

1 4  weeks w i t h  p o s i t i v e  r e s u l t s .  The i r  i n i t i a l  f i t n e s s  l e v e l s  

were a l s o  h i g h e r  a t  38.1 and 39.0 ml-kg-min-l.  

Sharkey and Holleman (1967) t r a i n e d  f o r  on ly  s i x  weeks 

and saw p o s i t i v e  improvement i n  t h e  h igh  i n t e n s i t y  (180 

b e a t s  p e r  minute)  group only.  Those t r a i n i n g  a t  120 and 150 



I 

b e a t s  pe r  minute showed no s i g n i f i c a n t  i n c r e a s e s  i n  V02 max. 

Dan ie l s  e t  a l .  (1978) saw improvement i n  t h e  +oa max 

of  u n t r a i n e d  s u b j e c t s  a f t e r  f o u r  weeks of t r a i n i n g .  A f t e r  

fou r  weeks no f u r t h e r  improvement was seen.  The i r  t r a i n e d  

s u b j e c t s  saw no improvement i n  Vo2 max a f t e r  fou r  o r  e i g h t  

weeks. However, bo th  t r a i n e d  and un t r a ined  groups improved 

1 t h e i r  running performance. 
I 

Wilmore e t  a l .  (1980) t r a i n e d  s u b j e c t s  f o r  20 weeks 

and saw a  d e f i n i t e  improvement, a s  d i d  Pol lock  e t  a l .  (1977).  

Rosentswieg and Burrhus (1975) saw no i n c r e a s e  i n  ~0~ 

1 max a f t e r  fou r  weeks of  t r a i n i n g  a t  160 b e a t s  pe r  minute.  

The i r  s tudy  involved c o l l e g e  aged women. 
I 

From t h e  i n v e s t i g a t i o n s  mentioned above, t h e  importance 

of  f i n d i n g  t h e  most op t imal  combination of i n t e n s i t y ,  f r e -  

I quency, d u r a t i o n ,  and l e n g t h  of  t r a i n i n g  program can  be 

app rec i a t ed .  Lack o f  l e n g t h  must be  compensated f o r  by 

i n c r e a s i n g  i n t e n s i t y ,  d u r a t i o n ,  o r  frequency.  Lower i n -  

I 
I t e n s i t y  e x e r c i s e s  must be done f o r  a  longer  pe r iod  o f  t i m e .  
t 
I E x e r c i s e s  done on ly  once o r  twice  a  week must have h igher  

I i n t e n s i t i e s  than  t h o s e  done f o u r  o r  f i v e  t i m e s  a  week. The 

i n t e n s i t y  f o r  t h e  p r e s e n t  i n v e s t i g a t i o n  was w e l l  w i t h i n  t h e  

e f f e c t i v e  range  a s  was d u r a t i o n  and frequency.  However, t h e  

l e n g t h  o f  t h e  t r a i n i n g  program w a s  on ly  seven weeks. Most 

s t u d i e s  t h a t  showed improvement i n  VO2 max l a s t e d  n i n e  t o  

1 4  weeks. Those of  s h o r t e r  l e n g t h  showing s i g n i f i c a n t  

1 improvement involved h igher  i n t e n s i t i e s  o r  lower i n i t i a l  



f i t n e s s  l e v e l s .  

Other f a c t o r s  t h a t  could have in f luenced  t h e  nonsigni-  

f i c a n t  i n c r e a s e  i n  ~0~ max i n  bo th  joggers  and rebounders  

were i l l n e s s ,  i n j u r i e s ,  and absence.  Two joggers  nursed 

a n k l e  i n j u r i e s  through t h e  l a s t  week of  t r a i n i n g  caus ing  t h e i r  

t r a i n i n g  s e s s i o n s  t o  be c u t  t o  2 0  minutes.  Two joggers  as w e l l  

as two rebounders  developed r e s p i r a t o r y  t r a c t  i n f e c t i o n s  and 

e x e r c i s e d  an  e x t r a  week t o  make up t h e  days t hey  missed. 

Average number of absences  were f i v e  days  and t h r e e  days  f o r  

joggers  and rebounders ,  r e s p e c t i v e l y .  Rebounders were r equ i r ed  

t o  make up t h e i r  absences  on F r iday  of each week and joggers  

were r e q u i r e d  t o  jog one day over  t h e  weekend t o  make up 

t h e i r  missed se s s ions .  

A s  s t a t e d  e a r l i e r ,  t h e  i n c r e a s e  i n  max HR may have been 

r e l a t e d  t o  l a c k  of a  t r u e  maximal e f f o r t  by t h e  s u b j e c t s  on 
C 

t h e  f i r s t  t r e a d m i l l  test .  I f  t h i s  were t h e  case then  t h e  

GO max v a l u e s  should a l s o  have i n c r e a s e d  s i g n i f i c a n t l y  on 2 

t h e  f i n a l  tests .  For some reason ,  t h i s  was n o t  t h e  case. 



CHAPTER V 

SUMbIARY, CONCLUSIONS AND RECOMMENDATIONS 

Summary 

T h i s  s t u d y  was des igned  t o  compare r e s p o n s e s  of  sub- 

j e c t s  p a r t i c i p a t i n g  i n  a  rebounding and a  jogging program 

w i t h  s p e c i a l  a t t e n t i o n  p a i d  t o  improvement i n  c a r d i o v a s c u l a r  

s t a t u s .  The s u b j e c t s  c o n s i s t e d  o f  45 c o l l e g e  women, age s  

19 t o  32, a l l  o f  whom were u n t r a i n e d .  The s u b j e c t s  were 

d i v i d e d  i n t o  1 3  j ogge r s ,  19 r ebounde r s ,  and 1 3  c o n t r o l s .  

None of  t h e  women were i nvo lved  i n  r e g u l a r  e x e r c i s e  programs 

a t  t h e  s t a r t  o f  t h e  s t udy .  

Each s u b j e c t  w a s  t e s t e d  v i a  a p r e  and p o s t  t r a i n i n g  

Modified As t rand  Maximal T readmi l l  run .  The women were 

t h e n  t r a i n e d  f o r  seven weeks a t  a  f requency  o f  f o u r  days  

p e r  week and a  d u r a t i o n  of 3 0  minu tes  p e r  s e s s i o n .  A 

t r a i n i n g  h e a r t  ra te  was a s s i g n e d  t o  e ach ,  based on 75% o f  

t h e i r  maximal h e a r t  r a t e  o b t a i n e d  d u r i n g  t h e  t r e a d m i l l  r uns .  

Each s u b j e c t  r e co rded  a t e n  second h e a r t  r a t e  a t  t e n  minute  

i n t e r v a l s  d u r i n g  t h e  t r a i n i n g  s e s s i o n s .  I n  a c t u a l l y ,  t h e  

j ogge r s  and r ebounde r s  t r a i n e d  a t  82% and 78%,  r e s p e c t i v e l y ,  

d u r i n g  t h e  seven weeks. The t r a i n i n g  p e r i o d s  were preceeded 

by a  t e n  minu te  warm - up and fo l lowed  by a  f i v e  minu te  c o o l  

down. Pa r ame te r s  measured b e f o r e  and a f t e r  t r a i n i n g  i nc luded  

body we igh t ,  V 0 2  max, maximal h e a r t  r a t e ,  VE max, RER,  SRPE, 



MRPE, and TRT. 

Statistical differences between the training pro- 

grams were determined by use of a Mixed Analysis of Variance 

with Repeated Neasures. A ~cheffg post hoc test was utilized 

to establish the areas of significance. The 0.05 level of 

confidence was used to determine significance. 

No significant differences (p). 05) were seen in rela- 

tive or absolute vo max values, in body weight measurements, 2 

in maximal perceived exertion ratings, or in RER values from 

T1 to T2. No significant changes (p).05) were seen in the 

experimental subjects from T to T2 regarding ?E max. A 1 .  

significant decrease (p(.01) was observed for VE max values 
from T1 to T2 in control subjects. Maximal heart rate 

values increased significantly (p<.01) for both experimental 

groups from T1 to T2. Control values for maximal heart rate 

remained the same from pre to post test. significant de- 

creases (p(.Ol) were found for perceived exertion values in 

the tenth minute of the treadmill run from TI to T2 for the 

joggers only. The joggers had a significantly lower 

SRPE value than either the rebounders or the controls at T2. 

The TXT for all groups combined was significantly lower 

(p(.01) at T1 than at T2. 

Conclusions 

Based on the statistical interpretation detailed in the 

preceeding chapter and the limitations and delimitations 



of  t h i s  s t u d y ,  t h e  fo l lowing  conc lus ions  w e r e  o f f e r e d .  

There w e r e  no s i g n i f i c a n t  i n c r e a s e s  (p ) .05)  seen i n  

V02 max v a l u e s  a f t e r  seven weeks of  rebounding o r  jogging. 

The re fo re ,  no s i g n i f i c a n t  c a r d i o v a s c u l a r  improvements w e r e  

seen  a s  a  r e s u l t  of  seven weeks o f  t r a i n i n g  through jogging 

o r  rebounding i n  t h e s e  s u b j e c t s .  
f 

There were no s i g n i f i c a n t  (p) .05)  changes i n  VE max 

i n  exper imenta l  s u b j e c t s  a s  a  r e s u l t  of seven weeks of re- 

bounding o r  jogging.  

There were no s i g n i f i c a n t  changes (p) .05)  observed f o r  

body weight  measurements o r  f o r  MRPE v a l u e s  i n  b o t h  exper-  

imen ta l  g roups  a s  a  r e s u l t  of  seven weeks of t r a i n i n g .  

There was a  s i g n i f i c a n t  & c r e a s e  ( p ( 0 )  i n  pe rce ived  
- ---I 

e x e r t i o n  v a l u e s  a t  t h e  t e n t h  minute  of  t h e  t r e a d m i l l  r un  

as a  r e s u l t  of  seven weeks o f  t r a i n i n g  v i a  jogging.  

There was a  s i g n i f i c a n t  i n c r e a s e  i n  TRT (p<.01) f o r  a l l  

groups  combined a s  a  r e s u l t  o f  seven weeks o f  t r a i n i n g .  

There was a  s i g n i f i c a n t  i n c r e a s e  (p<.01) i n  maximal 

h e a r t  ra te  v a l u e s  f o r  bo th  exper imenta l  g roups  a f t e r  seven 

weeks o f  jogging and rebounding.  

Rebounding and jogging a r e  e x e r c i s e  m o d a l i t i e s  capab le  

o f  p r o v i d i n g  a  means t o  o b t a i n  e x e r c i s e  h e a r t  r a t e s  of  75% 

of maximum o r  g r e a t e r  i n  u n t r a i n e d  c o l l e g e  women. 

The r e s u l t s  of  t h i s  i n v e s t i g a t i o n  i n f e r r e d  t h a t  t r a i n i n g  

on a  rebounder o r  through jogging f o r  seven weeks, f o u r  days  a  

week, f o r  30 minutes  each s e s s i o n  a t  t r a i n i n g  h e a r t  r a t e s  



of  75% of  maximum does  n o t  induce  a t r a i n i n g  e f f e c t  t h a t  

would have been r e f l e c t e d  by an  i n c r e a s e d  oxygen conswnp- 

t i o n ,  an  i n c r e a s e d  k 3  max, and a lowered o r  s t a b i l i z e d  

maximal h e a r t  r a t e .  The r e s u l t s  d i d  v e r i f y  t h a t  rebounding 

can  be v igo rous  enough t o  e l l i c i t  a  h e a r t  r a t e  o f  adequa te  

i n t e n s i t y  f o r  t r a i n i n g  t o  occur  i f  done l ong  enough and o f t e n  

enough. The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a l s o  demonstra ted  

t h a t  seven weeks of  t r a i n i n g  r e s u l t e d  i n  a h ighe r  endurance 

l e v e l  r e f l e c t e d  i n  t h e  a b i l i t y  o f  t h e  s u b j e c t s  t o  r u n  
I 

l o n g e r  e x e r c i s e  t e s t s  a f t e r  t h e  program of  e x e r c i s e .  I n  t h e  

c a s e  of  t h e  j ogge r s ,  t h e  l o n g e r  t es t s  were accompanied by a 

lower  s u b j e c t i v e  r a t i n g  of  p h y s i c a l  f a t i g u e .  

w i t h i n  t h e  c o n f i n e s  o f  t h i s  s t udy ,  a  = r a i n i n g  e f f e c t  

o r  an  i n c r e a s e  i n  p h y s i c a l  f i t n e s s  was n o t  seen  a f t e r  

e x e r c i s i n g  th rough  jogging o r  th rough  rebounding.  T h i s  i s  

n o t  t o  s a y  t h a t  rebounding and jogging a r e  e x e r c i s e s  t h a t  I 

do n o t  promote f i t n e s s .  The women invo lved  i n  t h i s  s t udy  had 
f. 

h i g h e r  i n i t i a l  l e v e l s  of  f i t n e s s  t h a n  t h e  ave rage  person  j u s t  

beg inn ing  a f i t n e s s  program. They may have needed more t i m e ,  

more f r e q u e n t  e x e r c i s e  s e s s i o n s ,  o r  h ighe r  working g o a l s  

t o  a c h i e v e  an  improvement i n  f i t n e s s  ove r  t h e  seven weeks. 

Hea r t  r a t e s  w e r e  h igh  enough and t h i s  i n d i c a t e s  t h a t  i f  done 

l ong  enough, b o t h  e x e r c i s e s  cou ld  h e l p  deve lop  a more f i t  

body. I n  c o n c l u s i o n ,  t h e  t o p i c  needs  f u r t h e r  i n v e s t i g a t i o n  

and t h e  e x e r c i s e  moda l i t y  o f  rebounding should  n o t  be con- 

s i d e r e d  i nadequa t e  u n t i l  more s t u d i e s  a r e  done. 



Recommendations 

As a result of the conclusions presented and based on 

many of the statements published about rebounding and many 

of the research studies done on jogging, the following re- 

commendations were offered. 

A repeat study of similar design with the exception of 

implementing an introductory visit to the laboratory is 

suggested. Familiarization of subjects to the laboratory 

measuring devices may yield a more accurate initial treadmill 

test. 

A longer study lasting 10 to 20 weeks, investigating 

the cardiovascular benefits of rebounding should be done. 

A study measuring percent body fat should be done to 

assess the actual loss of body fat that can not be repre- 

sented by body weight measurements. 

A study involving measurement of impact force and 
r 

stress to the joints should be designed to prove or dis- 

prove statements claiming reboundings superiority over 

jogging in this respect. 

A study involving cardiac patients should be designed 

to assess rebounding's role in cardiac rehabilitation. 

A study comparing rebounding to other popular exercise 

modalities such as swimming, bicycling, or jump roping 

should be designed and implemented. 

A study involving older subjects should be completed to 



determine t h e  ' f e a s i b i l i t y  of rebounding a s  an e x e r c i s e  f o r  

middle aged and e l d e r l y  popu la t ions .  

A s tudy  involv ing  a t h e l e t e s  o r  h igh ly  t r a i n e d  i n d i v i d -  

u a l s  should be designed t o  determine i f  h igh  i n t e n s i t y  

e x e r c i s e  can be s u s t a i n e d  on a rebounding dev ice .  
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Oral  Heal th  Q u e s t i o n n a i r e  

1) Have you eve r  had t r o u b l e  w i t h  your h e a r t  before?  

2 )  Are you t a k i n g  any drugs  f o r  your h e a r t ?  

3 )  Have you eve r  been t o l d  your blood p r e s s u r e  w a s  high? 

4 )  Are you t a k i n g  any drugs  f o r  h igh  blood p r e s s u r e ?  

5 )  Have you e v e r  had t r o u b l e  w i th  your lungs  o r  w i t h  
b rea th ing?  

6 )  Are you t a k i n g  any drugs  f o r  your b rea th ing?  

7 )  Have you e v e r  f a i n t e d ?  

8 )  Is t h e r e  a  h i s t o r y  of h e a r t  d i s e a s e ,  r e s p i r a t o r y  d i s -  
e a s e ,  o r  hyper tens ion  i n  your family? 





INFORMED CONSENT 

Rebounding versus jogging in college females 

1, hereby agree to participate 
in the study conducted by M. J. Forrest and her assistants. 
I understand that the procedures involved in this study have 
been approved by Wayne Kaufman, Richard Fletcher, and Nancy 
Butts, her supervising thesis committee. 

I agree to take part in a maximal graded exercise test 
on this date and approximately seven weeks from now. As 
explained to me, I will be walking and running on a motor 
driven treadmill while my electrbcardiogram is monitored. 
I will be wearing a mouthpiece attached to a hose. The hose 
will be connected to a computer used to measure oxygen 
levels during the test. The difficulty of the test will 
gradually increase by increasing the speed and height of the 
treadmill, until my maximal effort is attained. I understand 
the potential risks associated with exercise tests. These 
include lightheadedness, leg and chest discomfort, fainting, 
muscle cramping, and rarely heart attack or sudden death. 
I also understand that the laboratory is equipped for such 
emergencies and that the testing personnel are trained for 
such emergencies. I accept the risks involved. 

If I am in the rebounding or jogging group I also agree 
to take part in a seven week training program. I understand 
the training will be by one of two methods; jogging or re- 
bounding. I agree to do the type of exercise that is 
selected for me. I am willing to exercise four days a week 
for thirty minutes each day. I understand the risks involved 
These include muscular fatigue, joint fatigue or injury. 
I also understand the possible benefits I may obtain such 
as increased cardiovascular fitness, increased stamina, and 
a feeling of well being. 

To my knowledge I am not affected with any disease or w 

have any limiting physical conditions or disabilities, 
especially with respect to my heart, that would preclude 
such a strenuous exercise. 

I understand that any information obtained about me 
in connection with this study will remain confidential. Any 
data published will be done so anonymously. 

I am aware that I may discontinue my participation in 
this study at any time without penalty or threat. 

Any questions I have may be directed to M. J. Forrest. 







Examples of  Music Used f o r  Rebounding Ses s ions  

1) The Hor i zon ta l  Bop by Bob Segar - C a p i t o l  Records. 

2 )  On Broadway by George Benson - from t h e  o r i g i n a l  motion 
p i c t u r e  soundtrack of A i l  That  Jazz  - Casablanca Record 
and Filmworks. 

3) Be t ty  Lou 's  G e t t i n '  Out Tonight by Bob Segar - C a p i t o l  
Records. 

4 )  Jump Shout Boogie by Barry  Manilow - A r i s t a  Records. 

5 )  Bandstand Boogie by Barry Manilow - A r i s t a  Records. 

6 )  American P i e  by Don McClean - L i b e r t y  Records. 

7 )  Me and J u l i o  Down By The Schoolyard by Simon and 
Garfunkel  - Warner Bros. Records Inc .  

8 )  M r s .  Robinson by Simon and Garfunkel  - Warner Bros. 
Records Inc .  

9 )  Crunchy Granola by N e i l  Diamond - MCA Records. 

1 0 )  Cherry Cherry by Ne i l  Diamond - MCA Records. 

11) Night Thunder by B i l l  Murphy - Epic  Records. 

1 2 )  The Bal lad  of John and ~ o k o  by John Lennon and Paul  
McCartney - Maclen Music, Inc. 

13)  Easy Dr iver  by Kenny Loggins - Columbia Records. 

1 4 )  Hot P a t o o t i e  - Bless  My Soul  from t h e  soundtrack of The 
Rocky Horror P i c t u r e  Show - Ode Sounds and Visua ls .  







APPENDIX E 

PRE / POST MEANS AND 
STANDAPJ) DEVIATIONS 

OF ALL VARIABLES ANALYZED 



Pre / Post Means and S. D. of all variables 

Controls Joggers 

2,34a 
.42 

2.43 b 

.40 

Rebounders 

$02 max (~*min-l) 

t 

V02 max 

(ml* kg. min-l) 

Max HR 

* 
VE max 

TRT 

MRPE 



qsod = q 
axd = -e 


