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CHi\PTEH I 

OaiJ::NTATlON TO Till~ STUDY 

I n t r o rl 11 c t i o n 

Th e capac it y to r~~ lcD sr n cu r:->m u e ul a r 1 e n s ion and 

udj ust effort and movement p <JL t c r n s fo r n s moother efCic:ie n t. 

func tioni ng of mo t or re spo n se centers a roun d rcluxat i on ( 63, 

p. 1 20 ) n c l n x <1 t i o n IJ y d c f i n i t. i o n m c a n s r c l c :1 s e o f t c n ,· i o n 

T h i s do t' s no t n _ c c s s a r i l y i 111 p l y a com p l c t c 

r e d u c t i o 'l o f t c 11 s i o n i n t h c s k e l c t. ~ ~ l m u s c l e s , b u l i l m a y 

invo lv e a redi s tribut i on of 1h e t c n s ic; n thr ouu h 'Nh i c h ;) 

lJ a 1 an c e i s a c 11 i c v e d w i t h i n L 11 c b o 'I y o v c r 01 p c r i o d u f t i "' c . 

S t e i n !1 a u s ( 7 3 , p . 1 l 9 ) i n d i c a t e s t h Ll t L h c· 111 i n u 1 s u t r r s t 

wh e n muscu l a r r e laxation is att<linerl . E cJ m u n rl J a c o !J s o 11 , a 

p i o neer in th e sc i e nti f i c eva l ua tion of r e lax a t i o n, made a 

s i g ni fica nt cont r ib ut ion i n th i s area by th e demonstru t ion 

o f th e va l ue , practicJlity, anrl access ibi l ity of r e laxat i o n 

for e ve ry on e ( rJ3) . Cary ( 1 9 , p . 21 7 ) disc u sse s t h e rol e of 

p h ys i ca l exerci se in a pro g r am of re l axat i o n, po inti ng out 

th e nee d f o r t he p r op e r contro l a nd d i rect i on of m11 scu l a r 

activi t y . Sh e recom n:c n cls exe r c i s e s with r epe titi o us r h yt hm 

wh i c h a ll o w an t ago n i s t i c musc l es t o b e b rought in t o p l a y . 

Ra th bon e ( 64 , p . 79) , sup port in g thi s pos iti on , r ecomme n ds 

l 



rh yth mic exercises which involve fr ee and loo se swinging 

mov e ments for the reduction of tonic contractions in local

i ze d muscles. 

Participation in games, sports , dance, and exe rcis e 

ha s long bee n be lieved to g e ner ate innum e rabl e values and 

ou tc omes. The direct relationship of such activities on 

2 

re laxation is open to doubt be caus e of th e lack of scientific 

re se arch in the ar e a (20, p. 22 ). According to Moor e ( 57, 

p . 70), a psychiatrist, play and sports provid e a med ium for 

the releas e of muscular and e motional t e nsions. Prof ess ional 

p h ysical educators state that muscular activity provi des a 

ph ysical outl e t for accumulat e d mu s cular and e motional ten

si ons which se e m to be reliev e d by the action of th e skeletal 

muscles ( 20). 

Authoriti e s in tension control have str essed that 

relaxation is a skill that must be learned ( 43 , p. 64 ). Th~s, 

the scientific experimentation conduct ed has primarily been 

concerned with the effectiveness of the techniques taught 

and not with the direct ef fect of the participation in phys-

ical activity upon relaxation. Larsson, Linderholm, and 

Ringqvist (49, p. 310), and deVries (31, p. 1) appear to be 

the only investigators that have scientifically studied th e 

effect of participation in controlled exercise programs 

directly upon relaxation. At least one authority contends 

that the value of participation in physical exercise as a 
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1c ns ion-rel e as i n g medium can not b e d e n i e d , !Jut obj e ctiv e 

>: ' v i de n c e i s i n com p l e t e ( 6 0 , p . l 2 9) . 

Stat e m0 nt o f th e Pr o bl e m 

Th e pr ese nt i n ve s tig a t i on e nt a il e d a st udy o f s i x ty 

,v o 111 e n e n r o 11 e cl at t h c T c x a s W om a n ' s U 11 i v e r s i t y d u r i n y t h \~ 

0 c a d e m i c y e a r o f l 9 6 9 - l 9 7 0 , t o d e t <' r 111 i n c t h c c f f c c t o f p a r -

t icipa tion in li ght , mod e rat e , a n t! h ea vy l e v e l s of gr oss 

Ill o t o r ll c t j v j t y u p o n r c s i rl u u 1 n l~ u r o Ill u s c u l <I r L c 11 s i o 11 J s Ill c ll -

s urecl by q u a n titlltiv c c l cc L romy o ~Jrllphy . T ll c r c c r e <l t i o 11 :1 1 

fl C t i V i t i c s s c 1 C c L e d f 0 r L It c p u r p 0 s (' 0 f L It c · L u d y l v c r c I J o \V ] -

i11g , sw i mm ing, a n d mod e rn d ll n c c . T it • · mount o f r es idual 

t e ns i on in th (• e l bo w fl ex or mus c l e g r ou p a n d th e r c ct.u s 

femo ri s muscle wo s mea s u re d lJy e l. ec tr om yo~Jr ap hi c t e chniqu es 

b e fore , during, u n d llft e r a n cx p c rim c nt<.ll p er iod of nin e 

w e e k s p a r t i c i p a t i o n i n t h c s e 1 L-c t c d a c t i v i L i c s . Uuri ng th e 

i n itial a n d fin a l t esting p e riod s , e l e ct r o my og raphic me a s ure-

me n ts we r e mad e approxi ma t e ly on e h our a f t e r th e activ i ty , 

r epea t ed six h ou r s l a t e r, a 11 d aft e r tw e nt y-four hours . pon 

th e b asis of th e f in d in gs , a conclu s i o n was dra wn co n ce rn in g 

th e e f fec t of p a rti cipat i o n in light , mo clc r <J te , a n d h e avy 

l e v e l s of r ec r eat ion a l typ e motor a ct i v i 1.i es o n r e s i <iu a l 

n e uro mu s c ul ar t en s io n . 

Rationa l e for tlt e Stu dy 

T h e im po rt anc e of l ea rnin g h ow to prov i de a p h y s fo -

l o g i ca l d e cr e ase in n erv ou s act ivi t y a n d th e acc om panyi ng 



re lease of mu s cula r t e n s i on cannot be ov er em p l1a s i zed . 

/\ ccor di n g t o d e Vri es (29, p . 251 ), r es i dents of th e Unit ed 

S ta t e s spe nd more th a n thr ee hun dred milli o n dollars o n 

s e cii.lt iv es for t h e r e l ease of un due n e u ro muscu l ar t e n s ion . 

C a r y ( 1 9 , p . 2 1 9 ) p r e ci i c t e d a r i s c i n n e tt r o m u s c u l a r t c n s i o n 

cond itio n s on th e basis of vit a l s L<l ti s ti e s . ~~a n y i n d i v i d -

ua ls ar e unab l e to r e l <lx n atur<llly . Thi s lJ (JS pro mpted a 
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c once rn for th e se l e ct i on of activ iti es wh i c h could co ntriiJ -

u t e t o a d c s i r c d s t a t e o f n e u r o mtt s c 11 1 a r L c n s i o n f o r e f f i c i c n L 

lllO Ve lll Cnt . 

A popu l ar be li e f cx p re:s0d ll y se vera l conches i.l n d 

phy s ica l e rlu cat or s (2 9 , S, 6 1), as we ll as phy s ic i ans (1 0 ), 

i s t 11 a t p a r t i c i p a t i o n i n p h y i c a l a c L i v i t y <J n d s p o r t s c a n 

co ntribut e t o th e r e li ef of t en ion . 1\ j o int conrnrit t cc of 

l h e A 111 c r i c a n M c d i c 8 l A s o c i a t i o n 8 n d t h e 1\ m c r i c 8 n 1\ s s o c i a t i o n 

f o r H e a lt h , l' h y s i c a l 1:: d u c a t i o n a n cl ll c c r c iJ L i o n (:38 , p . :) ) s t (') t e d 

th a t th e r elat i o n s hi p of phy s i ca l activit y t o me n tal h ei:l lth 

mer i t ed con s id e r a ti on and th at exer c i se o f 8 p l easura ble 

n a tu re wi ll b e mor e apt to foster continued p ar tici pa tion . 

This s t at e ment su gg es ts th at r ec r ea ti on8l typ e activities 

s hould be s tu d i e d sc i e nti fic a lly to d e t ermi n e va lu es o f 

p a rticip at i o n . 

Th e p ro po sed in vestig at ion i s concer ne d ~ ith t he 

i nflu e n c e of parti cipat ion in three l e ve l s of mo tor act ivity 

of a r ecr ea tional ty pe , a hi g h ly acti ve l e v e l , a mod e rat e 

l eve l, a n d a r e l ativ e l y s e d e nt a ry l e ve l, upo n r es idu a l 
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ne uromusc u l a r t e ns ion in sub j ec t s may be l owered by p a rti c i-

11a tio n in mo to r act iviti es thr oug h which physical concli tion-

in g occ ur s , a nd th at th e b e nefi t s gnincrl arc dependen t up on 

t he phy s iologi ca l in t e n s ity l eve l of t he ac ti vity i11 which 

o 11 c p a 1· t i c i p CJ t e s . 

D c f i n i L i o 11 s <l n rl I o .r l~ x p l a n ; 1 I _i_ 2_.!!._ s o f T e r m s 

Fo r th e pu r pose of clurification , th e fol l owing 

d c f i 11 i t j 0 n s rt 11 d I 0 r c X p 1 an (J t i () ll s 0 r L c r Tll s IV c r ( ! c s t (J b l i s h l ' d 

f or use tltrou uhou t th e s Lu cly : 

Te n s i o n: u ri gid s La t e of cont r ac til e 

mus c l e . " ( 6, p . 25) 

Res idu a l Tens i on : n fin t o n ic co ntr actio n 

a l o n g w i L h s 1 i g It t m o v c m c n L o r r c f l e x c s " ( tJ ~' , p . 0 7 ) . 

For Lit ' pu rpose of t hi s 

s tudy l e vels o f moto r activity r efe r to a c l assif i c<J Li o n of 

motor ac tiviti es as li ght , modera t e or hea vy . Upo n th e 

b as i s of pr e vi o u s stud i es (70, 7 2 , 0 6) , t h r ec r ea ti onal 

ty pe a c ti v iti es of bo wl in g , sw i mmi ng, a nd moder n dancr we r e 

e mpiric a l ly pl <Jced int o t h e re spective cat eg ori es of li g ht, 

mo de r a t e , ancl h eav y l eve l s of act ivi ty . Th e c l ass i fic a tio n 

o f t. h e s e s p e c i f i c a c t i v i t i e s a 1 s o w a s IJ a s e d u p o n t h c k 11 o 11· 1 -

edg e that th e y were t aught at th e beg i nn e r l e ve l i n a r e 4uir ed 

ph y s ical edu ca ti o n progr am for co ll ege wom e n . Th e clas se s 

met app roxim ately forty - fiv e minut es per day , thr ee da y s a 

week, wi th th e ex peri me nta l p e ri od ex tending for a p e rio d of 

n in e wee ks . 
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De limit a ti o n s of th e Stu~ 

T h e s t 1! d y IV a s s u b j e c t t 0 L h e f 0 1 l o \I/ i n 0 d c 1 i m j L il L i o n s : 

A • T I! e p u r p o s e f tt l s e l e c t i o n o f t h c 111 o t o r a c L i v i -

t i e s o f b o 1v l i n g , s w i n1111 i n g , a n d Ill •) d 0 r n d CJ n c c a s 

repre se ntin g thr ee di ffe r e nt l e vels of e ne rgy 

ex r> e n cl i t u r e , l i g h t , m o d c r a L e , cr 11 cl It e <J \ ' y . 

B. Th e se l e ction of fr eshma n a n d s ophomor e v.·omc n 

enroll ed in th e ac tivity clas ses o f bow lin g , 

sw i mm ing, Gn d mod e r n da nce of Lh e r 0 q ui r cd 

p h y s i c a l e d u c a t i o n p r o g r am a L L h c T c x 3 s \\' o In <1 n ' s 

Univ e rsity. A p p r o x i m <l L e l y f i f L t • c n w o 111 e n c n r o l l e d 

in eac h of til e d cs ign CJt e d cla s . 0s p arti c i pn t eJ 

i n L h e s t Ll rl y . 

C . T h e p a r t i c i p t.1 t i o 11 o f f i f L e e n w o m c n v o l. u 11 t <' c r s , 

juni or and se nior s tu de n t w h o ~~ e r e n o L e n r o l l e d 

in th e r e quir ed phy s i ca l ed ucaLi o n p r ogrJm o r 

in th e Co ll ege of H alt h, Phy s ic a l EducCJLion a nd 

Re cr ea tion, a s a control group . The s u bj . c L 

th e co n trol group participa t ed in no · sch e d u l e d 

pro gr a m of ph y s i c a l act i \' i t y f o r n in e wee J· s • 

i n 

D. The e qu ation of th e four g r o ups 111 th e b e l pos

s ibl e mann e r with r espe ct t o p r e vious backgr o un d , 

/l.me ric a n Col l e g e Test o r Sch olast ic Apt i tude Tes t 

scor es , and age . Spec i f i cally , th e s ubj e cts in 

th e sw i mmi ng group, a nd th e co ntr o l group h ad n o t 

comp e t e d or pe rform ed in or ga ni zed comp e t iti on, 



and th e subj e ct s in th e moder n du n ce gr o up h ad 

rec e iv e d no form a l da n ce l esso n s d u r i ng Lhc 

p r e v i o tt s f o u r y c a r s . 
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E . Th e p a rticip a tion of Lh e s ubjec t s in u swimm in g 

group, a bowlin g gr oup , an d a mo d e r n c.liJ n ce g r ou p 

in th e r e gulur phy s i ca l c tlu c<Jtio n p ro ~Jr8m , wi Lit 

th e ex per im e ntal per i od cx Le n tli n g for a per io d 

of nin e wee k s . Th e w i mm in ~ cl<1ss a n d Lit e 

modern d a n ce c la ss me t app r oxima t e l y f or t y-f iv e 

minut es ea ch day, thr ee d ays a week , a nd a 

bowling cla ss me t app ro x i mately s i x t y- fi ve min 

ut es e ach day , t wo days a week . 

f . Th e obj e ctivity, rel i a bili t y, a nd v a li d i ty o f 

t h e s c 1 e c t e cJ i n s t r u m e n t s i n t h e m e n s u r ern e n L o f 

th e des ir ed ch a r <Jcter i s ti cs f or euc h subjec t . 

Pu r po ses of th e Study 

Th e purpos e o f th e s t ucly was to dete r min e th e influ 

e n c e of th e p a rt i ci pa tion i n nin e weeks o f r ec r eatio na l 

typ e s of light, mod e r a t e or hea vy l e v e l s of gr oss moto r 

activity on re s idu a l neu ro muscu l a r t e ns i o n as me a s ur ed b y 

quantit at iv e e l e ctr omyog r aphy o f th e e l bow f l exor mu sc l e 

group an d r e ctus f em o r i s musc l e . 

i n g n u ll h y p o t h e s e s \\.e re t e s t ed . 

Specif i ca l ly , th e fo ll o~-

A. Th e r e i s no s i g ni f i ca nt dif fe r e nc e b e t~ ee n th e 

influ e n ce of p a rti c i p ation in th e motor activity 

of bowling a n d n o n-p a rti c i pa ti o n in th e motor 
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activity upon th e residual n e uro mu s cular ten s ion 

in t h e e lbow fl exor m usc J c g r o up u n rl th e r c c t tt s 

f e mori s muscle ::~s me asur e d appro x i mat e ly on e 

h ou r af t e r th e act ivit y, r e peat e d s ix h o ur s 

l ater , and after twenty-four hours . 

13 • T h c r e i s n o s i g n i f , i c u n t rl 1 [ [ c· r t ' n c ~ ~ I> e L we c n t h c 

i n f l u c n c e o f p a r t i c i pH t i o n i 11 L h t ' m o to r <.1 c L i v

ity of sw i mming and n on - purL i c i paLio n in mo tor 

ac tiv ity up on Lh e r c s i du ::~ J ncuro mus cu l <:Jr t e n s ion 

i n t h c e l lJ 0 \1' f 1 C X 0 r Ill II S ] C g r 0 U p <1 11 d t h C r c: C l II S 

f e m o r i s 11111 s c l c as rn e a s u r c d a p p r o x i m a t L' l y o n l' 

h our <:Jf t e r th e activity, repeat • d s ix h our s 

l ater, a n d CJfLer tw e nty-f o ur hour s . 

C • T h e r c i s n o s i \l n i f i c a n L d i f [ e r c n c c· b e t 11· c c n t h c 

i n [ 1 u e n c e o f p G r t i c i p a t i o n i n t h c· 111 o L o r <:J c t i \' -

it y of mo d e rn tl a nce a n d non-particip Gtio n in 

motor activity u po n th e r e sidual neuromu s cu l<:Jr 

t e n s i on in L'li e e lb ow fle xo r muscl e group <Jncl 

t h e r e c t u s f e !tl o r i s m u s c l e a s m e a s u r e d a p p r o x i -

mat e l y on e hour afte r th e ac tivi ty , r epeat e d 

six hour s l ater , a n d aft e r twenty-four h our s . 

D. Th e r e is no s ignifi cant d iff e renc e b e t we en th e 

in f l u e nc e o f participation in th e moto r acLiv -

iti es o f bowling , wim mi no , a n d mod e rn d<:J n ce 

u pon th e r es i d u a l n e ur omusc ul a r t e n s i on in th e 

e l I; o w f l e x o r m u s c l e g r o u p a n d t h e r e c t u s f e m o r i s 



mu sc l e us measur e d approxi ma t el y on e hour aft e r 

t h e act i v ity, r e pea t ed s i x ll o nr s l ater , Clllli 

a ft er t we n t y-fo ur ho u rs . 

~~~mary 
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Th e ca pac it y t o r c l cClse n e ttro mn s culca t e n s i o n ; 1 1Jd 

a dj us t effor t an d moveme nt pa t t e rn s of motor r es po n se centers 

<I r o u n cl r e 1 a x a t i o 11 • Th e u t i 1 i t y a nd n t L o i 11 a lJ J. c d ~ ~ u r c' c o f 

r c 1 a x a t i o n h a s b e e n s c i e n L i f j c 8 1 1 y cl c m o 11 s L r <.l L c· d , lJ 11 t t II c 

d i r c c t r e J. a t i o n s 11 i p o f p a r t i c i p u t i o n i 11 p II y s i c d 1 c cl u c a l i o 11 

il c L i v i L i e s on r e l. Cl x a L i o 11 i S o p 'n t 0 cl o u lJ t lJ t' c u us c· o f L II e 

lac k of s c i e nti fic ve ri f i cation. l' r o f c s i o 11 a 1 J c· <J cl e r s i n 

p hys i eal ed u c<-ttion and me d i c in e , l1o wcve r , s up po rt th c lJ ·lief 

t 11 a t m n :; e u 1 a r o c t i v i t y p r o v i d e s a 1 > II y s i c a l o u L I c' t f o r t h c 

r e l ense of e mot i onal a nd mu sc ular t e nsi o n . 

T h e p ll r p o s e 0 f t h c p r e s-te n L i n v c s t i g a t i o n w a s l 0 

d e term i n e th e i nf lu e n ce of pa r tic i pat i on 1 11 r cc r ea t i o n ul 

t ypes o f li gh t, mode r a t e o r heo vy lev e ls of g ro s 1 o t or 

ac tivi ty o n res i d ua l ne uro mu sc u l ur t e n s i o n i n t h e e lb ow 

f 1 ex o r rn u s c J c g r o u p a n d t h e r e c t u s f c m o r i s m tl s c 1 e o f m c a s u r c -

ments t ake n app r ox i mat e l y o ne hour after t h e ac ti vit y , 

r epeated s i x h on r s l a t e r , a n d a f t er t wenty-four hours a s 

d e t erm in ed b y q u a nti ta ti v e e l ectromyography . S i xt y f ema l e 

subj ects we r e se l ec t c I to p nr t i cipa t c i n t h e s tu dy . Te s t s 

we r e adm in i s t e red befo r e , d uring, an d af t e r an expe ri me n t a l 

p e ri o d of nin e wee k s pa rti c ip a ti o n or non-partic i pa ti o n i n 



1 11 e s e 1 c c t e d n c t i v i t y c 1 as s c s o f b ow l j n g , s w i m m 1 n g , a n cl 

··o d c rn d un ce . 

C h a p t c r I I p r e s c n t s t ll e r c v i C' w o f l i L e r n L 11 r e t h <1 L 

"us f o u nd pe r t in e n t to thi s inv est i gat i on . 

10 



CH APTE H II 

li E V l E IV 0 ~7 S E L E C T 1·: D H 2: L A T E l l L J. T L H A T U [{ I~ 

I n 1. r o d 11 c 1. i o n 

A s urv ey of th e lit ern tllr e d i sc l osed t ha t th e th c r a -

pc uti c v <t lu c of p CJ rti c ip a ti. on in motor uctiv i t i cs o f n 

rec rea tion a l type upon r esid u a l n e ur omu s cu l ar t n s i o n i s 

4 u c s t i o n a b l c h c c a u s e o f t It c l i m i t e d o b j e c t i v l' r c s e a r c 11 t 11 a t 

has bee n condu c t c<l . T h c r o s s i b l e r . l a l i o n s h i p IJ e t w l' c n p a r -

t i c i p a t i o n i n p h y s i c a l a c t i v i t y a n d r c l a x a t i o n <1 n cl I o r m C' n t a 1 

hea lth h Rs b ee n proj e ct ed f rom emp i r i. c<1l and c lini ca l <' va lu -· 

a t ion . A c co r d i n g t o [3 u c 11 c r ( l 5 , p . <I C) J ) , l c i s u r c t i m c ;t c. L i v -

iti es of a recr e<:Jt ion a l t ype a r c consid r ed <1 11 exce l l e n t 

mea ns fo r t h e a ll e viati o n of t ension a nd borcrlnm , n nd n r c 

ve hicl es to r e l a xa tion . Me nn i nge r ( S5 , p . 34 in d i c<JtCS 

t h a t p h y s i c a l e x e r c i s e p i· o v i d e s a n o u t l e t f o r i n s t i n c. l i v e 

aggr ess iv e d ri ves , r e l ilx<ltio n, <J n cl s 11 pp l cmcnts da il y wo r l-; by 

a llo wi ng t he indivi d u a l a ch ange from th e r egulnr wo rk in 

th e r e dir e ct i on of e mo ti o n a l t ens i ons . Moore ( 5 7, p . 70 ) 

sugg ests t h a t th e mor e v a lua b l e p l ay wi ll b e f o und i n sp ort 

form s wh e r e th e r e i s a ctu n l c ompe tition t h an me r e f orms o f 

cali s th e ni cs . Be i ss e r (7, p . 69) s tat es th CJt th e spo rt s 

ar e n n affor ds a n oppor t unity t o a ll ow t he pa rt i c i pa n t t o 

ll 



<·n<~e t a persona l drama within acceptab l e n orms of socie ty . 

i ,; 1 k o ( 7 6 , p . l 2 ) stat c s that in d i v i d ual s part i c i p a t e in 

d 1 !1 l e t i c s f o r d i f f e r c n t p e r s o n a l r c a s o n s , ex a m p l e s b e i n u 

illl'S t ige, feeling s of innd e quacy, t o cr eate havo c , or 

:.; ';,I j s tic t e nd en c i e s . 

The r e lat e d lit e r a tur e p e rtin e nt tJ th e inv es tjga 

tio n c e nters around writing s whi ch hav e r es ult e d fro m obser

va tio ns and clinicnl e valunLi o n, and th o obj ec tiv e analys i s 

or re lJ xat ion or r es idual n e uro mu . c ul ar t e n s i o n by e l ec tr o-

my ogr aphic techniqu e s. A r e vi e w of.· l cteJ litrraLur e co n-

s i rl c r c d i m p o r t a n t t o t h e d e s i g n o f t h o s t u d y i s p r e s c n t (' d i n 

this chapter under th e follo win g topic s : (l) Hclc.x<J ti o n, 

(2) He lati.onship b e tw ee n Ex e rci se and H 'SLinv Mu sc l e Act i o n 

Pot e ntial, ( 3) Re l at ion s hi p b e t wee n Exerc i se , Ph ys i c;d 

Ac tivity, Danc e , an d T e n s ion, a nd (4) Selc c t ed F ac t ors Whi c h 

Ma y Infl u e nc e th e Stud y . 

He l axation 

J acob s on ( 4 0) h as s p e nt a lmo s t o n e- h CJ lf a c e ntury 

studying me th ods ·of d e t erm ining t e n sion a n d r e l axa tion . 

Th e ear l i est r e port ed mea s ur eme n ts were det erm in e d by a n 

analysi s of the kne e -j e rk r e fl ex . In 1 92 5, J acobson and 

Ca rlson ( 44 , p . 324) con d uct e d a study to de t erm in e th e 

kn ee - jerk re f l ex action of s v c n s ubj ects wh il e r es tin g 

quietly i n a n ormal state of r e l axat ion f ol l owed by a dee p 

rela x ation stat e in which a conc e rt e d ef fort wa s mad e to 

consc i ous l y r e lax al l musc l es of t h e body more compl e t e ly. 



13 

l l• u r o f t h c s u b j e c t s h ad r e c e i v e d p r e v i o u s t r a i n i n g i n p r o -

\l , l' s s i v e relaxation . Control t es t s were administered wh il e 

lltt• sub ject rela xed in a natur al mann er in a sem i - r e c linin g 

1 hai r. Follow in g th e control t e sts, th e subject was in -

· .. l r u c t e d t o r c 1 ax com p 1 c t e l y a l l o f 1. h c m u s c lt• s o f t h c bod y . 

.i\pp rox i mate ly fift ee n minut es were al l owed for ci.lch s ulJj ec L 

t o u c h i e v e t h c d e s i r e d s t a t l ' • Som e s ubj ec t s a tt a in ed a 

d (' g r e e o f r e l a x A t i o n i n w h i c h L h c k n e r~ ·-. i e r k r c f l c x w a s a I 1 o J -

is hed . This indic ated t o th e inv es tig u Lo r s th <.~t vol u11tory 

r e l a x a t i o n w h i l e a w a k c m a y p r o u u c c u d c g r c e o f t c 11 s i o n J o \v c r 

th a n th ll t of light sle e p . .l a c o b s o n a 11 d C a r l s o n o n cl ucl t· d 

th a t the kne e - j erk action decreases with a d v nn · cd r e l<.~ x u tio n . 

J a co b s o n ( 3 9 , p . 9 8 ) , us i n g c l e c t. r o 111 yo g rap h i c e q u i p -

mcn t , Dnalyzccl th e a bility of t e n athl e t e s fr om the 11 i v l ' r-

s i t y of C h i c ago to r e 1 ax fro 111 q u a nti t. a L i v e m c a u r m c n t s 

taken of th e for e arm f l ex or musc l es . A comparison was mad e 

of the at hl e t es as a group in r e l at i on to a gr o up of stude nt s 

train ed in rela xat ion t ec hniqu es , ancl to a group of s tu de nts 

untrain ed in t e chniques of r e laxation . le asur cme nts 1•c r e 

tak e n and reco rded with an amplifier galvanom e t e r as sem bly. 

Each subj e ct was instru ct e d to b e nd th e ri g ht n rm upo n h e ar

ing a t e l egrap h ke y click a nd th e n to r e lax following a 

s e co nd click. J acobso n concluded th at th e at h le t es succ ee d e d 

i n r elaxi ng a part icular musc l e group to a g r ea t e r extent 

th a n s ulJjects untr a in ed in relaxation t e chniqu es . Jacob s o n 

cit es that in divid ua l athl e t e s can be s e l ec t ed who attained 



the le ve l of r e l axat ion ac hi e ved by ind ividual s ubj ec ts 

ra ine d in r e l a x ation t ec hni q ues . Al t hough th e ab ility to 

r\·J ux was ana l yz ed , th e inv est i gato r die! not eval ttnt.e Lit e 

t'f fcc t o f th e parti ci pation in at hl et i cs rlircclly upon 

r (' s i ct 11 a 1 n c u rom u s c u l a r t e n s i o n . 

Th e acc ur iJcy of th e meas u rem e nt of mus c le ten s i on 

1 4 

I\ a s c n h a n c e d w i t h t h e d e v e 1 o p me n t o f t h c J n l c <J r a t i n g N e u r o -

v o 1 t m e 1 e r b y J CJ c o IJ s o n ( !J 1 , p . ·1 l 5 ) . Voltug e cha nu cs in 

musc l es as low as on e-millionth of a n e l e ctr i cal volt ca n 

lJ c r e c o r c! e d • T h e N e u r o v o l t m c t r a l l o \\' c d r c c L i f i (' d u c L i o n 

pote ntials to b e ave r a ~J e d ov e r up rio rl of Li me ( ill , p . tllO) 

H a v e r 1 CJ n d ( 3 7 ) c o n cl u c t e d u s L u d y o f e i \J h t y - f o u r w o 111 e n 

c n r o l 1 e d a t t h c U n i v e r s i t y o f 1 1 1 i n o i s , L o d c t c r m i n c wIt L' L It e r 

u s i x wee ks tr aining pe ri od in J acobso n' s t echn i ques of 

re l axa 1 ion o r in eon d itionin g principl es , aclvocat ecl by 

Ra thbon e (6 3 ), could brin g a bout s i gnificant im p r o veme nt s ih 

coo rdin a tion, st ea din es s, or r eact i on t i me . Th e su bj ec t s in 

th e cont ro l grou p , a n d tfl e expe ri m nt al gro u p whi c h rec e iv ed 

re l axa tion tr a i n in g , we r e volunt eer subj e c t s who wc r · n 

roll ed in th e r e gul a r phy s i ca l ed uc a ti on c l asses 1n th e 

areas of dan ce , sw i mm in g , in d ivi d ua l sports , and t eam spo rt s . 

In add i t ion t o a tt e ndin g r egu l a r cla sses , th e subj e cts in th e 

experi rne nt C1 l grou p pa rti cipated in t wo for ty -minute periods 

of in str uction in r e l axa ti on trainin g eac h week . Th e thir d 

group , whi c h follo we d c o n cl i t ioning principl es advoca t ed by 

Rathb one , was a cl ass r ece iving in s tru ct i on s in Da ni s h 
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~J\m na st ics for two for ty -m in ute p er i od s e ach 1 ee k . T h e 

('>. pc r imenta l p er i od ex t e n d e d for s i x we ek s . 

Haver l a n d found th a t the r e l ax Qtion tr <-1ining 0l'O U J1 

j m p r o v e d p e r f o r man c e s i g n i f i c a 11 t 1 y i n r e a c t i o 11 t i 1n e , a i m i n y 

1.( s ts , a n d i n th e traci n g u n ci steadin es s of motc1r co ntr o l 

Ll·sts . Th e co ntr o l gro u p and th e conclitio 1r ing yroup ul s o 

imp r oved p e rformanc e s ign ifican tly on t h e tr aci n g and st e ad -

i u <: s s o f m o to r con t r o 1 t e s t s • H a v e r 1 a 11 tl co n c J 11 d c d t h a L 

!J e r f o r man c e i n c e r L a i n a r ea s o f m o t o r s k i l J s i 11 v o l v i n g 

smo o t h e r, coordi n at ed , and pr e ci se mov e me nt s may IJe en h a nced 

!Jy re la xa t i on tr a inin g, a n d th a t J acobson ' · t c chn iqH e s of 

r e laxa t ion were s up er ior t o the Da ni s h m ' th o d . 

W a t s o n ( 8 l ) c o n d u c t e d a s t u d y o f s i x t y - f o u r u n d c· r -

gr a d uat e col l eg e wom e n e n ro l led at the Univ e r s it y of O r e g o n , 

to d e t e r mine wh e t h e r or n ot the ab il ity to r ' l a x i s r e lat ed 

to at hl e t i c abi l ity . E 1 e c t r 0 m y 0 g r a r h i c t (' c h n j q u e s IV e r e u s e d 

to de t e rmin e t h e l e v e l o f musc l e acti on pot e n t i a l i n eac h 

sub j e ct of th e tr apez i u s , bic e ps , qua d ric eps fe mor i s , and 

h a m s t r i n g m 11 s c 1 e s . Measur e me nts of each su!J j e ct !s t e n s i on 

were t a k e n on thr ee occ as ion s dur in g a per i od of t wo a n d on e -

half wee ks . Ea c h s ubj ec t was in struct ed to r e l ax ~ hil e mak -

i ng s i mp l e mov e me nt s in volvin g the arms a n d l egs , follo wing 

th e dir e c tion s giv e n by th e in ves ti gator . Watso n conc l uded 

that th e r e was n o s i g nifi ca n t d iff ere nc e in th e ab i lity t o 

r e l ax b e t wee n th e wome n who demo n str ated hi g h a thl e tic s ld ll 

a n d thos e who d emo n s tr ated l ow athl e ti c ski ll. 
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Pab e n (60) compared th e l ea rnin g of a novel gro ss 

ni . L o r s k i l l b y t h e s u b j e c t s i n t II e e x p e r i m r n t a l g r o u p w h o 

.<' ta ug ht t ec hniqu es of relaxation a nd tension con t rol to 

t i. s ubject s in th e co ntrol group wh o were n ot t ra in ed in 

L· li n iques of r e l axation a nd t e n s i on control . Each urou!J 

1.. • .~ c o m p r i s c d o f f i f t c e n c o l l e g e w o m e n e n r o l 1 e d a t t II e T e x a s 

W (} ';' <l n ' s U n i v e r s i t y . El e ctromy ograph i c te c hni q ues we re usrd 

Ll) uc term in c' th e stat e o f t e ns i on co nt rol eac h · ullject 

a t· h i e v e d i n t h e w r i s t a n d f o r e a r m f 1 c x o r s a n u e x L e n s o r s . 

P <J h c n c o n c l u d e d t h a t t II e p r o g r a m i n r e l a x a t i o n u n d 111 u s e u 1 a r 

t e nsi o n cont ro l was of s ig n i f i ca nt valu e 1n l eurn in g a nove l 

gross motor sk ill. 

13 en s o n ( 9) co n cl u c ted a s t u d y o f t w c n t y rna l <' tudcnLs 

at tile Uni ve r s ity of Ca li fornia , Los An ge l es , t. o determine 

the e ffect s of rel axat ion in struc tion s on s wimming improv e-

men t . Th e subjects comp ri sed t wo group s , a control gro up 

and an experime nt a l gro up . Th e s ubj ects in th e control gr o up 

rece iv e d t we lv e week s of swimming in st ru ct ion in a r e gu l a r 

sc h ed uled c l ass wh i c h me t th re tim es a wee k , wh e reas , th e 

s u b j e c t s i n t h e e x p e r i m e n t a l g r o u p r e c e i \' e cl t w e l v e w e e k s o f 

swimmi ng in s truction, meeting t wi ce ea ch week for sw i mm in g 

and once each week for trai n i ng in r elaxation . The s ubj ec t s 

we r e se l ected on a volu ntar y b as i s , and o n th e amo unt o f 

r es idual neuromu sc ular ten s i o n be for e and after th e expe ri-

men tal pe riod . Thr ee swim ming te sts we r e admini s ter ed t o 
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e·,··!J s ub j ec t to eval uate speed in sw i mming , before and <Jfte r 

tl!, ex perime ntal per iod . 

Eac h ex tr emi ty was t ested f o r fou r typ es o f t e n s ion 

cluein g the des i gnated testing sess i ons in t he mCJn nc r of 

H ;1 1 I! I> o n c ( 6 3 , p . l 7 ~ ) , t h a t i s ( l ) a s s i s t a n c e u s c d b y t h e 

Slll'je ct in rai s in (l ex tr emity , ( 2 ) re s istan ce or th e opposi

t i o n by t h e s 11 h j e c t to m o v c me n t o f t h e c x t n~ m i t y , ( 3) L h e 

m ;1 n n c r t h e l i 111 b p o s i t i o n e cl i t s e l f p o s t u r a l 1 y w li e n n1 o v e d u p 

or down und ( 1 ) th e ma nn r th e ex tr emi ty continued in lh ' 

moti on started IJ y th e experimenter . E a c l! m ) v r: 111 e n L wet ru t c d 

acco rdi ng to a num er i ca l valu e assessm nt . T I! t' r c s u 1 t s 

indica ted t h a t r e l axa tion trai nin g was an ass t to beg inn ~ r 

swimme1·s . Be n so n conclud ed that rvining in relaxation 

t ec hniques resul t s in an in c r ea sed ability to consc i ou s ly 

r e l a x a n d f a c i 1 i 1. <1 t e s s w i m m i n g s p e c d i m p r o v e m c n L a m o n \d 

individ ua l s who a r e e xtr eme l y t e n se . 

Walton ( 80) con ducted a study of e i ght ee n co ll e g e 

wom e n e nroll ed in a b egihn in g te nni s c l ass at th e Texas 

Wom a n ' s Univ e rs it y, to determ in e t he r e l ationship between 

t h e a b i 1 i t y o f i n d i v i d u a l s to con s c i o us 1 y r c l ax t h e m 11 s c u l a r 

t e n s i on in se l ec t e d mu sc l es of t h e up per ex t rem ity and s ue-

c ess in t e n n i s . A on e group design wa s u sed . Th e subjects 

were taught se l ec t e d ~1r os s motor sk ill s in t e nni s . s k i 1 1 

t ests we r e used to eva lu ate th e proficiency l e ve l s eac h sub 

j e ct ac hi e ved . Eac h s ubj ec t th e n par ti c i pa ted in a r ound-

rohin typ e to urn am e n·t . Th e perce n tag e of games eac h s ub j ec t 
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won was calculated . El e ctromyo graph i c t cc hni4u es wer e use d 

t n d e t e r m i n e t h e a b i l i t y o f e a c h s u b j e c t t o co n s c i o 11 s 1 y r c 1 a x 

s p (' c: i f i c m us c 1 e ~J r o 11 p s • Wa lton conclud ed th at th e mur P 

( · f f' i c i c n t l e a r n e r s , a s me a s u r e cJ i n t h c s t u cl y , 1v c r c u n a ll 1 e 

to rcl<Jx spec ifi c mu sc l e group s to n hi g h e r de urec th an t h e 

su!1jc c.Ls who demonstrated l ess effic i e ncy i·n th e l ea rning 

of se l e ct ed t e nni s s kills. 

C h a n e y ( 2 l ) co n d u c t e d n s L u <.J y o f f o r L y - e i u h L f (' m a 1 c 

s t u d c n t s a L t h e T e x a s W o 1n a n 1 s U n i v e r s i L y , L o d e L e r 111 i n c t It r~ 

rela tion s hip b e t wee n sp ec ific r e l ax Lion ubili.Ly l! n u ch<1ngcs 

i n t. h c p c r f o r ma n c c o f a no v c 1 m J to r s k i 1 l a n d a no v l~ l 111 c n l a l 

s kill under in duced t e n sio n . El ctromyographic t ec hniqu es 

were used in th e coll ec ti on of data . T h subj e cts corn pr i sc cl 

t h r e e g r o u p s , <1 c o n t r o 1 g r o 11 p i n w h i c h t h e s u l> j e c L s p a r l i c i -

p a t e cl i n a p r o g r e~ m o f IJ o d y m e c h a n i c s f o r a p c r i o cJ o f s i x 

weeks, a pl acebo control g r o up in whi c h th e s ubj c.:c Ls t oo k 

a suga r tabl e t d a ily fo r a p e rio d of si x weeks , a n d t he ex

perime ntal group in which th e s ubj c t s rec e iv ed da il y ins tru c

t i o n s a n d p r a c t i c e i n J a co b s o n 1 s t C' c h n i q u e s o f r-c 1 a x a t i o n 

for six wee ks . Ch a n ey found th at th e subj ec ts in th e e xp e r-

im e nt a l g rou p did no t de!llons tr ate a significl.lnt chang e in 

th e p e rfo r ma nc e of a nove l mo tor sk ill n or in th e ability 

to r e la x whil e p e r forming whe n compared with til e t wo ot her 

groups who \\'e r e subj ec t e d to d if fere nt expe ri me ntal treatment s . 

J acob s on ( 40) h as demonstrated th e occ urr e n ce of· 

mu sc l e t e n s ion, ev i de nc ed by th e e l e ctro myog r ap h , in 
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c;;,,t i on a l state s . Sain s bu r y and Gib so n ( 6 7, p . 216 ) , u s ing 

<'l··c t r om y ogra phi c t e chniqu e s, con duct e d a p r c J i mi nn r y 

i nl's t i g a tion of tw en ty- s i x pati e nt s d i ag n o sed a s p ossess -

i :,J a n x ie t y s t aL es , a nd of thirty h e a lth y s o l d i e r s mf'as ur c cJ 

i 11 a r c l ax e d s t a t c , to cJ e t e rm in e i f a n i n c r e as c d i nn e r v a L i o n 

o ; t h c v o l u n t a r y m u s c l e s i s a p h y s i o l o g i c a l u c c o m p a n i 111 e n L • 

Th e· mu s c l e t e n s ion of th e anxi o u s p a ti e nt s was fo un d to b e 

siv ni f i ca ntly hi g h e r th a n th e mu s c l e t e n s i o n o f th e hea lth y 

subje c t s . 

An inv e ntory was fill e d o ut on th irty a n x i ou s an d 

t u ns<.: p a ti e nt s , r e cor d in g s y mp t oms , f e ' li ng s , and IJ otl ily 

comp l a int s . El ec tromy ogra phi c o b c rv ll t ion s in cl i ca t uc l tlt a t 

t hose wi th th e mos t clin ic al ma n if es t a ti o n o f t~n x i e i y a n d 

t e n s io n d ispl ay e d th e g 1·e at e s t mu s c l e t e n s io n . Sa i n s iJu r y 

a n d G i lJ s o n f o u n cl a s i g n i f i c a n t r e l a t i o n s h i p b e L 1 , e c n t h e 

concorda nc e of t e n s ion l e v e l s in f o ur mu sc J e gro u p s . Upo n 

th e b <1s is of th e fin d ing s , th e in v e st i ga t o rs c o nclu d ed th a t 

th e b od y mu s culatur e a s a whol e r ec e iv e s in cr ease d i n n c rva -

ti o n in pati e nt s wh o ar e a n x i o u s . S a in sbu r y a nd G i b so n 

su g g es ted th a t an i ncr ease in bo d ily t e n s i o n in on e a r e a 

c<ln b e r e li a bly associat e d with t e n s i o n in o th e r a r ea s o f 

th e bo dy. 

Re latio!1 s_hi p b e .~~ee n _~x e r c i s e a n d 
He s t i n g ~ I u s c 1 c i-\ c t i o n P o t e;t:TQ! 

A surv e y of s tu d i e s on th e e ff ec t o f th e p a rt i c i-

p a tion i n e x e r c is e dir e ctly upon r e s i d u a l n e ur o mu sc ul a r 
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t (•nsjo n , determin e d by e l e ctromyograph y , r e vcal e u th u t 

l i t!l i 1 e cl r e s e a r c h h au b ee n con d u c t ed to e v a l u a t e i t s s t Ll t u s . 

L <I , s o n , L i n d e rho l m , an d H i n u q v i s t ( 1!9 , p . 3 l 0) a n a .l y zed t h c 

c h :1 11 0 c s i n t h e e 1 e c t rom yo grap h o f s u b j e c t s a f t e r v a r i o u s 

t y 1•• s of standard i ze d muscu l ar work . Subj e ct s wc r n four 

f (' ;1· .1 1 e s and s i x t e e n ma l es of t h c U n i v e r s i t y of Urn c a , Swede n , 

wi1h a me dia n age of tw e nty-four y ars . El e ctr om yo g ruphic 

o lJ .• e r va t i on s we r c m a d c b e f o r e tit c ex e r c i s c an d f o r app r o x i -

rn; t1l· ly tw e nty min ut es aft e r th e xcrc i se . Th e work con s i s t ed 

o f: (l) cyc lin \) of max ima l in tensity on <J IJicycl c c ryo me t e r 

for s ix minut e period s, t h e r es i sta n ce in c r ' a sc I 200 o r 30 0 

k i 1 o po nd s e a c h rn i n u t c u n t i l r c s i s t a n c c b c c ·tm c i n t o l l' r a b l c , 

( 2 ) e x hau s tin ~J s ustain e d co ntr ac tion s of e lb ow fl exo r s 

r e p e a t e d aft e r paus es of thirty seconds h o ldi ng a t e n 

kilogram we i g ht as l ong as eac h sub j e ct was abl e to main

tain the weig h t for a p er i od of fift ee n seco n ds on e a ch 

trial, and (3) rhyth mic i sometric muscl e co ntr ac tion s of 

t wo s e co n ds cl t1r at ion a l ternated with two s e cond pau ses co n

tin ued until th e to ta l tim e was e qual to th e time of contrac-

t.ion a tt ain e d during sta tic wo rk . A thr ee cha nn e l l ec tro-

myogra ph and ne ed l e e l ec tro d e s we r e utili zed to me a s ur e th e 

t e n s ion of th e bra c hi al bic eps musc l e an d th e quadricep s 

musc l e (v tistii l ateralis and med ialis). 

An in creas ed n umber of po ly p 11 as i c action p o t e nt i a 1 s 

appeared a ft e r th e susta in ed musc ular contract i on s and to a 

l esse r d eg r ee aft e r th e rhyth mic contr act ions of th e cyc lin g, 
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s n ~~ \I c· s t i n g t h at t h e p a rt i c i p a t i on i 11 ex e r c i s e m i.l y p r o v i d c <1 

t li ,· J a rc utic ef fect in r ed u c i ng mu s cle ten s ion . T h e d tl r :.1 t i o 11 

o f :1 1 l a c t i o 11 p o t e 11 t i a l s d ec r ease u CJ f t e r ex e r c i s l ' w i t 11 n o 

s i ~J 11 i f i c Ci 11 t c h a 11 g e i 11 am r l i t u de • Th e investigat o r s s tated 

t h. ! the kn ow l edge th at a rcv ersa blc incr eDsc of po l yph as ic 

act i o n pot e nti a ls and <1 d e creo se d duration · po l c ntiu l C.JI1 b e 

i n t i ti c c d lJ y s u s t a i n e cl rn u s c u l a r c o n t r a c t i o n s f a c i 1 i t a L c s 

furthe r studies . 

In a pi lot stu dy of e ight c o ll ege mal e . ubj cc t s , 

d <' V r i e s ( 2 7 ) f o u n cl t h a t t h c p a r t i c i p a t i o n 1 n <' x c r c i s c· 1 o 1v (' r l' d 

res i u u a l n cu r om u sc u l a r t c 11 s i o 11 , but t h at L II c L c n s i on l < ~ v c l s 

b c c am e p r o g r e s s i v e l y l a r ~J e r w i t h i n c r . u s i n g p c r i o d s o f t i rr1c 

after th e exe r cis e r er .i od . T h c e x c r c i s c c o n s i s t c· d o f r i d i 1 g 

t h c b i c y c l e e r go rn e t c r f o r t h i l y m i n u t e s . Elc c Lromy ogra Jlh i c 

ollscr v a t io n s we r e rnaue i mm ed iate ly b e fo re t h exe rci se , 

i m rn e cl i a t e l y a f t e r t h e e x e r c i s e , f o r t y - f i v c rn i n u t c s a f L c r t h c. 

exerc i s e , a n d n inety min ut e s after th e exerc i se . d e Vri cs 

st a t e d th a t th e differ e n c es f a vori n g th e e x e rci ses wer e n ot 

s t a t i s t i c Cl l l y s i g n i f i c a n t b e c a u s e o f t h e s m a l l n.um b c r o f 

subjects . 

d eVr i es (31, p. l) con ducted a study of tw e nty - nin e 

physical ed uc at ion major st u dents , t we l v e f em a l es and 

sevent ee n mal es , a t the Univ e r s ity of South e rn Ca liforni a , 

to d e t erm in e th e effec t of exerc i se u pon th e r es ti n g musc l e 

action p oten ti a l . Th e s t o n da rd ex e rci se consi sted of bench 

stepping for fiv e min u t es a t a cad e n c e of th ir ty s t e ps r er 



mi nl' l<~ . Each s ubj e ct made t wo vi s it s t o th e l aboratory . 

0 n 1 l1 e f i rst vi s it , e l ect ro myog ra ph i c o b s e r vat ion s \1' c r c m n d c 

b ef<•r <: t he ex e r c i se , im med iat ely aft e r, and on e ho u r af t er 

th <· c xe rc i sL~ . T h e s a me o b s e r v a t i o n s w c r e m n d e o 11 L h e s L' c o n d 

v i s i 1. e x c e p t a r e s t p e r i o d o f f i f t e e n 1n i n u L e s w a s s u lJ s L i t u t c cJ 

fo r t he exerc i se . 

Ne ur om usc ul ar t e n s ion in t h e elbo w fl exo r musc l e 

g r o up cl e c r ea s e d s i g n i f i c <.t l1 t l y o n e h o u r a f t c r l h c ex e r c i s t ' 

co 11 1 p a r e d w i t h v i r t u a ll y n o c h a n g e o n t h e co 11 t r o 1 d a y . T h e 

t ens io n cha nge amounted to f i fty- e i g ht p e r c' nt of th e prC' -

exerc i se meas ur ed amount . The e l ec tri cal activ it y in t h e 

qua dr iceps mu s cle group decr eased by a mea n of thirty - t wo 

p e r ce nt aft er e x e rci s e , but th e d iff erenc e wa s not s t a ti 

tic a ll y s i gnifica nt. Upon th e ba s i s of th e finding s , d e Vri cs 

concl ud e d th a t neur omuscul a r t e n s i o n ca n lJ e r d uccd by a 

rigoro us bout of exercise l as tin g for fiv e minut es . In s up -

port of th e findings in th e pr e vious s t udy , th nt ex rcis e 

contribut e s to a reduction in muscular t e n s i on , d e Vri es (30, 

p. 123) in a study of th e spa sm th e ory of mu s cl e p a in meas ur e d 

by e l ec tromyographic ob se rvation s , foun d tha t static str e tch

in g exe rcises caused a decrease in mu sc l e act i o n poten ti a l 

follo wing th e exerc i se period . 

A study was conduct ed by d e Vri es ( 3 1, p . l) o n th e 

long term effects of exercise on th e r es ting mu sc l e ac tion 

potential of eighteen male members of th e facul t y at th e 

University of Southern Ca l ifornia, who compris e d a n 
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ex !•( r ime n t a l group and a contro l gr oup . El cctromyog r aplllc 

ob ~!·,va t ion s we re mad e of th e e l bo w fl exor musc l e grou1• and 

tit (' qua dr icep s mu s cle gr o up b e fore and aft er th e ex perime nt nl 

pe riod . The s ubj e cts in th e ex per im e n t al group, facul1y 

m e 11' IJ , ~ r s j u s t s 1. a r t i n g i n t h e f a c u 1 t y c o n cl i t i o n i n g p r o 9 r a m , 

we 1· (· i n s t r u c t e d in t h e us e o f b a r b e ll s a n d o t h e r r e s i s t <l n c e 

c x t· r c i s e s a nd t h c u s e o f a p r ogres s i v e i n t e r v n l t r n i n i n g 

pl an for a lt e rnate wa lkin g a nd r unnin g . Th e group t h e n 

p artic ipated in a p l a nn e d phy s i ca l fitness program t wo or 

th ree times a wee k un t il eac h s ubj ect h ad COlll j>lcLecl n t o tal 

of se ventee n work out sess ions . Th e se ven subjects in til ' 

contro l gro up d i rl not particip a t e in a n organ i zed pr ogram 

of exer ci se but ma in tai ned a r e l a tiv e ly con s l <lnL l e v J o f 

physira l act i vity . Ma x i ma l oxyge n uptakes of each s ubjl'c L 

were dete rmin e d to a ss u re th a t a r ea l co nd iti oning 'ffcc L 

h ad o ccu rr e d. Th e e xperi me nt a l grou p demonstrat ed n s ig-

nificant mea n i mprovem e n t in ph y s i ca l conditioning in com

p arison with th e control · g ro u p whi c h d i d n o t expe ri e n ce a 

signif i ca nt i mpr ov e me nt. 

Ch a nges in th e r e st in g muscl e act i o n pot e n t i a l o f 

th e con trol g roup were sma ll an d were consi dered as norma l 

v ariab ilit y . The tot a l e l ect ri ca l activity for th e expc ri -

m e n t <J 1 g r o u p d e c r e a s e d b y t we n L y - f i v e p e r c e n t 1-v h i c h 1·: a s 

st a tistic a lly significant. Upon th e basi s of t h e fin d i ngs , 

deVri e s con c lu ded th at vigorous exe rci se may prov i de s i g 

nificant r e li e f fro m h ype ra c tiv e n e uro mus cu l a r s tat es . 



fl.~l_§.-~:ionship be tw ee n Exe r cise, Physica l 
Act i v i t y L._Q_a n c e ~ ~T c Q_ s i o n 

Han d lon, l3yrd, and Gaines ( 36 ) conduct e d a s t udy to 

d i s l :) v e r w h c t h e r a r e d u c t i o n i n m u s c u l a r t e n s i o n o c c u r s I\ II e n 

s ul J_ir·c t.s who are in a ·n ea sur ed stDte of a nxiety participul c 

i n :l.c physical activity of bowling . A total o f 250 per so ns 

wh o t• n te r cd t h e P a lo Alto Bo wl, P a lo Alto, Cal.i for n iu, <Jncl 

t h e S a rat o g a Lan e s , San J o s e , C a l i f o r n i a , bowl i 11 <J e s L a b-

l i s ll m ~ n t s f o r t h e p u r p o s e o f b o w l i n g D g r e c d t o p a r t i c i p a t t ! 

i n Lh e s tu dy . A p ape r a nd p e ncil p s y chom e tr i c te s t w<Js 

a dmi nistere d to th e s ubj ec t s be for e an l aft e r bowling to 

det e r min e l eve l s of anx i e ty . Th e top t e n p·r c e nt of 1h e 

250 bow l ers , in t er ms of th e pr ese n ce of anx i ety IJ ·for e 

bo wling , were se l ec t ed for furth e r s tu dy . T!Je post-bo wling 

s core s of th e "t e n s ion bow l ers " we r e th e n compnred st;:~t i s -

t i c a l l y w i t h t h e p r e - b o w l i n g s c-o r e s a n d t h e p s y c 11 o m c t r i c 

t e st r es ults to discov e r wh e th e r a r eduction in muscu l ar 

t ens ion a nd anxi et y had occur red . All but f i ve of th e 

selected subje ct s s ho we d a po s t gam e drop in t e n sion . pon 

th e s i gnif i ca nc e of th e r es ult s , th e t eam of in ves ti gators 

from Stanford conclu ded that s upport was obtai ned for th ose 

physician s a nd p syc hi a tri sts who advis e t e ns e and anxious 

p a ti e nt s to e ng age in phy s i ca l ac tivi t i es s uch as bowli n g 

to ac hi e v e a r ed uction in mu sc ular ten s i o n. 

Handlon, By r d , Gain es , Lloy d , a n d Campbe l l ( 35) 

conduct ed a study to determin e th e t e n s i o n -reduc i ng qua liti es 

of th e ph ys ical activity of bowling. F o r t y - o n e a rl u l t s , II' i t h 
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a m , : ,; i il n o f f i v e y e a r s o f b o w 1 i n g e x p e r i e n c e , w h o b o w l (~ d a t 

th e l'a lo Alto Bowl , P a lo Alto, Californi a , and th e Sa ratoga 

L o !l··s , Sa n Jo se , California, volunt ee r e d for thi s s tu dy . 

S tr uc tu red intervie w s ess ion s were c o ndu c t ed with e ac h s ub -

j c ( upo n t h e compl e tion of a s e s s i o n of bo wlin g . Th e com -

pl t·t ed interview form s were lat er exam in ed a nd tabul n t ed b y 

t h <· p s y c h o l o g i s t me rn be r o f t h e r e s e a r c h t c am . T h c t c am o f 

in ve s tigato rs from Stanford conclud ed that po s t-bo1.v li.ny 

i n t c r v i e \V s o f f o r t y-o n e s u b j e c t s · u g g c s t t h i.l t a m a j o r i t y o f 

p erso ns i 'ho e ng age in th e mod era t e activity of IJJwlin g will 

exp e r ience r e du c tion of mu sc ular t e ns i on and anxi e ti es . 

Upon th e b as is of th e finding s th e in ves tig a t ors ugg es Lr d 

t h a t th ~ anticir at ion of a r ed uction in s tr e s o n e! mu s c ul ar 

t ens ion causes s om e pe rson s to s c k bowling 1n ord e r Lo 

obtain a release from th e ir a nxi e ti es . 

Byrd (1 6, p . 238 ) s urv e y e d 026 phy s i c i a ns in San 

Fr a ncisco , California, to d e t e rmin e th e med i cal vi ewp oint s 

and pra c tices on exe rci se and t e nsi on . Fifty - thr ee p e r c e nt 

of th e solicit e d respon ses we r e r e turn d, of whi c h nin e ty

e i g ht pe r cent of th e r espo ndents stat ed that th e y d id 

beli e ve physica l activity wa s valu a bl e in th e r e li e f of 

t e n s ion . Nin e ty -t hr ee pe r cent of th e r e spon de n ts indi

ca t ed that th ey h ad prescrib e d sports or activiti e s of me d iu m 

int e n s ity for th e r e li ef of t e nsion . Nin e ty -t wo per c e nt of 

th e r e sponding physicians pr esc rib 2d on e or mor e of th e four 

activities of wa lking, swimming , golf or bo -.v lin g . Byrd 



sp <:ctila ted that per h a p s some ac tivi ti es were r ccoin.lte nu ed 

fo r ilic socia l clemen t. accompa n ying th e p hysi ca l va lu e s . 

A survey condu cted of the b e li efs and prac t ic es of 

ei 9hry-s eve n psyc hiatri sts in San fo'r ancisco, Ca li fo rnia, 

i n 1· 1: J a t i o n t o c x e r c i s e a n d t e n s i o n , y i c 1 d ·3 d a p p r o x i m a L c 1 y 

t h e ::.a me re s ults as th e s urvey condu cted of th e phys i c i ans 

( 17 , p . 426 ). Fift y-fo ur ps yc h iatri ts rc s rond ed t.o th o 

in qttir y, of which nin et y-on e p er cent sta t ed that nto d e r a t. c 

ex erc ise p rov i des r e li ef f rom t e n s i on . E i ahty-th rec p e r 

c ent of th e re s po n de nt s h ad pr esc ril.J 2d wa lkin g , swimming , 

bo wJ:ing or go l f , in th at or der , for th e re li ef of te n s ion . 
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Byrd conc lu ded from th e results of Lh e twa u r v e y s con d u c L <: d 

t hat the attit udes , opinions, a n cl practicf's of phy s i c ian s 

and psyc hi atrists s houl d be recog n i zed by physical ·ducato r s , 

te ache rs , a n d th e gen e ral p ublic . Acc ord in g to 13yru , th e 

opinio ns of th e med ic a l specialist s should not be ignore d 

by those who foste r ph ys i cal education activ iti es . 

A l d e r m a n ( l , p . i ) a s s e s s e d a t t i t tt d e s t o w a r d p II y s i -

cal a ctivity o f 136 se l ected ma l e and f ema l e cha~pio n s hi p 

athl e t es , represen t at iv e of t e n sport events . Each athl e t e , 

on a n at t i tu de i nventory , was r eq uir ed to r ate the mea ning 

of spec ifi ed c o n cepts with res pect to his attitud e tow a r d 

ph ys i ca l act ivity . Th e ar eas i nv est i gated were ph ysical 

act i v ity as a so c i a l expe ri ence , as catha rsis, as hea l t h 

an d fitn ess , as a n aest h e ti c exper i e n ce , as th e pursu i t of 

ver tigo, a nd as an asc e t i c expe r i e nc e . Ph ys i cal act i vity 



a s c :.~ : l1 a r s i s was d c s crib e d as " a char a c t e r i z a t i on o f th o se 

ac t i\ i Lie s, wh i c h provid e , through som e vi car i ous mea n s , a 

r cl c; sP of t e n s ion pr ec irit atecl by fru s tr a tion" (1, p. 2) . 

Th P 11\.Jl e ancl fem a le groups d iff e red li ttl e in th e ir r at i n u 

of t l11• a r e as. Physic a l activ it y as an aes th e ti c c xperi-

en c c"' was rank e d as havin g strong es t mea ning', 1viLh s oci a l 

e xp (·riC' ncc and cat har sis in t he nu mb e r two a nd th r ee pos i-

t i 011 s • Th (~ in ves tigator stat e d th at thi s seems t o s upp o rt 

s o 11 r~ n o t i o n s t h a t a t h 1 e t i c s cl o p r o v i d c o ll t 1 c t s f o r r e l c l1 s e 

o f te ns ion. A l d e r rn a n con c 1 u de rJ t h Cl t m n l c a t h l e t c s s h o \\' · d 

2.7 

a su rpr i s in g stre ngth of attitud e to ward physical ac tivit y 

a s a n aest h et ic ex p e ri e nc e , and that athlet es do no t n ee ·s -

s a r i 1 y p o s s e s s a r o s i t i v e a t t i t u d e t o w a r Ll t h e 1 o n g , s t r • n 11 o u s , 

tr ain ing pro grams d Pem 8d necessa ry in mos t spo r ts . 

Tn e rol e of s p e cifi c exe rci s es in t e n s i o n o nL rol 

p rogra ms ha s in d ic a t ed t h e ir po ss i b l e va l ue in th e r e l e as e 

of musc ular and emotiona l t e nsion . Me theny ( 5 p . 59) 

sugges t s the stretching of 

r e l axa tion. Th e ex e rcis e s 

various muscle gr o ups Lo ac hi ev e 

s u g g e s t e d a r e u e d i n· d e e 1 o p i n g 

a kin e st he tic perc ep tion of wh at phy sical r e l axat i on i s , 

and th e exe rcis es are dir ect e d to th e musc l es of th e urp e r 

b ac k, f ace , l e g s , a rm s , a nd lo we r back . Y a u n g ( 8 7 , p . l 3 .J ) 

pr e scrib es stretching exe rcis es to pati e nts who co mp l a in of 

an in a bility to r e l ax . She suggests tha t rhy th mi c a l m·Jv c -

m ~ nt s ar e ne c essary but mu st b e perfor me d s l o ~ l y a nd qui ~ tly . 

Any variation of t e m~o is d e pe n d e n t upon the in d i\idu a ls' 



28 

p s y ,. L n l o ~J i c a 1 a n d p h y s i c a 1 t e n s i o n , a n d t h e t i m e i t t a k e s f o r 

t h e 11 '1 L j e n t t o a t t a i n f u 1 1 e x t e n s i o n • Ra thb Jnc ( 63 , p. 93) 

r e r. o !'Itt c n cl s t h r e e m •H h o d s o f r e d u c i n g t en s i o n s , f 1 ex i b i 1 i t y 

ex eJ.< is es , rhythmi c e xe rci ses , a nd co nsc i o u s reduc ti on or 

c o n l :· a c t i o n i n s p e c i f i c m u s c 1 e g r o u p s • Th e sugges t ed exc r-

ci s;· i s co mpr i s e d of r h ythmi c , swin g in g and stre t chi ng 

mo ve;n:; n ts . 

Exe rcis e , physical a ct i vity , da nce, and mov e me nt 

t h era py h a ve b e en succ e ssfully utili z e d to r c l ense t en s ion 

i n trea t me nt of me ntal pati e nt s in h o s p it a l s . Knu dso n und 

0 a v i s ( LJ 8 , p . 1 0 9 0 ) , i n t h e o b s e r v a t i o n s o f s v r a 1 h t t n d r c rl 

menta l l y ill pati e nts at th e Ve t e r a n s Hosp i ta l in Wash in g

t on, D. C., found th a t ph y s i ca l ac ti viti es p rov i ded outle t s 

t o a ll e viat e anxi e ty, r e l e a se a g g r ess iv fe ' li ng , r ed uc e 

gu il t f ee ling s , l es s e n me nt a l confu s i o n, r es olv e f ee l ings 

o f i n f c r i o r i t y , i m p r o v e s o c i a 1 r c 1 a t i o n s h i p s , a n d s t i 1n u 1 a t c 

a r e tu r n to r eal it y . Th e inv e stig a t o r s c onc l uded th at co r -

rectiv e therapy h as proved it s us e fu l n e ss in th e p s y c hi at ri c 

fi e ld throug h it s app li cation to me n ta l illn ess as a dynam i c 

aid to psychot he rapy . 

Dav is ( 25, p. 142 ) fo un d t h a t phy s ic a l ac tivi t i es 

and sports such as g olf, tenni s , skating, s 1 i mm in g , voll e y

ball, and calisthenics h ad valu e s in r e l eas in g t e nsion in 

mental patients . For certain pati e nts so me ju dgm e nt h ad 

to b·'2 exe r c i sed in th e provision of sports equi p m2nt be c a u se 

of their potential use as we apons of assault. 



Clark ( 23 , p. 154) found that sports and phy sical 

ac t i,it i e s were e ff e ctiv e in bringing p a ti e n t s out of con

c en tra t io n on s p ec ifi c th o ug hts and a ll o,ving t he m t o fac e 
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Th e p syc hoti c p a ti en t s be cam e mor e a l er t and we r e 

mor e c hee rful to ward oth ers foll owi ng th e participation in 

s uch s po rt s as t e nni s and voll ey b a ll. G am ~ s a nd spor t s 

w er~ · e spe cially valuabl e in brin g in g pat i e nts out of con-

di t io ns of indiff e r e n ce . Cl a rk co n c lu ded t ha L x ' rci c s 

wer ~ no t ed to hav e va lu es for a ll th pat i e nt s . 

11os~n (6 5 , p . 21 5 ) con d uc t ed a s tu dy in danc e 

th era py at a sma ll me nt a l ho s pi ta l n ca r Ne w York CiLy of 

t wo dif fer e nt pati e nt gro up s . Gr o up on wa s com;;,ri. c d of 

t we nty clos ed ward pati e nt s , a nd g rou 1> t wo was comp r i sed 

o f th e op e n- wa rd pati e nts wh o h ad full ground privil ges . 

In the clo sed ward, th e pati e nt s l ea rn ed t o da n ce to ge th e r , 

n eve r with o ut a l ead e r, on whom th e y d e p e nd e d for supp o rL 

an d e ncouragement . Th e op e n wa rd sess i ons we r e he l d in t h e 

auditor ium. Th e p atie nt ~ particip a ting se l ec t e d danc e 

among many activ it ie s in th e r ec r ea tion program of th e 

ho sp it a l. Rosen foun d , throu g h o b se rv at i o n s of th e pati e nt s 

in th e two gro up s , that danc e was u s e d as a med iu m f o r ac tin g 

out f a nta s i es . Th e p a rticul ar form and me d iu m for expr e s-

sion which an individu a l sel ected seem e d to be determ in ed 

by the in div idual pe rsonalit y n ee ds , cul t ural o ri e nt at i o n, 

a nd ed ucation. The mod e of exp r es sion s e l ec t ed b y th e 

p a tients s ee me d to p·rovid e a mea ns of r e li ef f ro m emo ti o n a l 

t e nsions. 



30 

May (51, p. 101) stated that mod er n da n c e can b e a 

v al u~ble attr ibut e to p syc hi at ric work . " Th e use of th e 

t o m - l < dll a n d o f rn u s i c s u c h a s T h e D a g g e r D a n c e o r t h e B o 1.2_~ 

s er vP t o ·r e l e as e emot ional t ension and to giv e fr ee pl ay Lo 

p en t ···· up fee 1 i n g" ( 51 , p . J. 0 3) . M a y con c l u de s t h at a p l an n e d 

p r og ra m of modern dance to aid in th e a dn pCaL ion of s uc 

c e s s fu l out l e t s for the d es ir e d driv e s can mee t th e un con-

s c i o 11 s n e e d s o f t h e n e u r o t i c o r p s y c h o t i c p l.l t i e n t . 

In mov e ment therapy, according to Win s ton ( 83 , 

p . 25 ), the p syc hologic a l e ff e cts of imp rov e d body fun c

t i oning includ e reductio n of a nxi ty, incr ase d · n e rgy, a nd 

a s e nse of poi se d self-confid e n ce . 

st r e tches and r e lax es th e muscl es . 

Fr ee motio n st i mul a t es , 

Win s t o n conc lu d ed th a t 

ev e ry therapist in th e dan ce and movem e nt th e rapy fi e ld h <Js 

se e n p a tient s respond to tr ea tm e nt, but ex p e rim e nt a l st udi e 

i n the a r ea ar e limit ed . 

John so n a n d Hutton ( 45 , p . 49 ) con d uct e d a s tu d y of 

e i g ht wr est l e rs, to det e rmin e ho w th e particip a tion in a 

vi o l e n t s p o r t a f f e c t s th e i n d i vi d u a 1 . A p e r s on a·l i L y t e s t 

was administered befor e th e wrestling season, four t o fiv e 

hour s before th e first intercoll eg iat e match of th e se ason, 

and th e morning after comp e tition. S e ve ral gr o up t e n d e nci es 

we re r e ve a led. Decr ease of functioni11g int e llig e nc , 

incr eased aggr e ssive f ee lin gs, and in cr e a se d n e urotic s i g ns 

we re charact e ristics not e d of th e subj e cts in t h e b e for e · 

match condition. A r e turn to approximat e ly th e statu s 
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e x i sti ng prior to the competitive season, except for con-

s i dera b l y less aggressive feelings, was noted th e morning 

a f t er competition whether or not the subjects had won th e ir 

ma t che s . Johnson and Hutton concluded that th e techniqu e 

us e d t o e valuate the effects of sports competition wa s 

de se r vi ng of further study. 

The types of exercise and conditions under which th e 

e x e rc i s i ng is done seem to reflect vari e d opinion s a s to th e 

e f f ec t d ir e ctly upon relaxation. Mitch e m and Tu t tl e ( 56 , 

p . 65 ) collected data from three groups of thirty subj e ct s 

e a c h, to show the effects of bouts of e xe rcis e s, which c on-

s i ste d of arm-curls, knee-b e nds, and bicycl e ri d ing o f 

v a r y i ng intensities, on neuromuscular tremo r mag nitu de . 

Mi tch e m and Tuttle concluded that the neuromuscular tremor 

va r ie d directly with the strenuousn e ss of th e e xe r c is e . 

Sl at e r-Hamm e l (71, p. 88), in a study of th e eff e ct o f th e 

or der of successive exercise bouts upon neuromuscular tr e mor 

measures, failed to find the same results with r e sp e ct to 

leg exercises. Twenty male subj e cts enroll e d at th e 

Indiana University participated in the study. Colville 

(22, p. 7), in a study of fifty-two female subjects of the 

University of California at Santa Barbara, f ound that th e 

neuromuscular tremor increases with the duration of e xercise. 

Selected Factors Which May 
Influence the Study 

The activities of bowling, swimming, and mod e rn 

dance selected for the present study were empirically placed 
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in t n ca te go ri es of light, mod e rat e or heav y l e ve l s of activ

i t y t·"c a us e n o invest igator had obj ec tiv e l y eva l uat ed th e 

en cJq:," ex p e ndit ur e or stren uou s ness of th e part i c i rutio n in 

th e L!Jr ee activities for wom e n in one in v e st i gati o n . Wesse l 

( 8 !1 , p . 18 2 ) s ub j e ctiv e ly rat e d th e pr eviou s l y i de n tif i ed 

ac t i\i t i e s in th e sa me mann e r th a t th e act ivi t i es we r e c l a s

s i f l t' d f o r t h e p u r p o s e o f th e pr e se n t i n v c s t i g a t i o n , l h a t i s , 

b o w l i n g i s a 1 i g h t 1 e v e 1 o f a c t i v i t y , s w i m m .i n g i · a m •) d c r <.J L <! 

l evel of acti vity, a nd mod e rn da n c e is a h e a vy l e ve l of 

a ct iv i t y. 

Attitud e tow a rd p h ysi ca l e ducati on wa s on s id e r ccl a 

po ssi ble factor in th e influ e nc e of th e parti c ip a tion in t h e 

t h ree lev e l s of act ivity upon r es idual n e uro musc ular t n s i o n . 

S e l ec ted s tudi es whi c h utili z e d th e Wear P h y s i c al Ed uca tion 

Attit ud e Inv e ntory to assess th e at titu d es of coll e g e wo me n 

e nro ll e d i n ac tivity c l asses a r e pr ese nt d . 

Ke ogh ( 46, p. 239) , conduct ed a study to de t ermin e 

if s tud e nts differ e d in t h e ir attitud e s t oward g e n e r al b e ne 

fits or valu es of ph y s i ca l e du cat ion a nd if me n a nd wo me n 

diff e r ed in this r es p e ct . Form A of th e \ e a r Inv e nt o ry was 

admini st e red to 136 male and 130 f e mal e Un iv e r s it y of 

Californi a , Los An ge l es , un d e rgraduat es e n ro ll e d in co e d 

in st ructional clas ses in voll eyba ll, b adminton, and arch e ry . 

Keogh foun1 that th e men a nd women wer e n ~ t different in 

th e i r stat e d attitud e toward physical educa tion . Subj e c t s 

e n dors e d th e so c i a l, · physical, a nd e motional v a lu e of 



33 

ph ysica l e ducation, but th ey conflict e d in opinion s co nce rn 

in g 1 ile re lativ e value of a physical e du ca ti o n pr og r am in 

th e ~ch oo l c urriculum. 

Broer (ll, p. 1 5) , in a study of th e l.J as jc ski ll s 

cu r ricu l um for freshman wom e n of l ow mo to r a bili t y a t th e 

U n i \' t' r s i t y o f W a s h i n g t o n , u s e d t h e We a r 1\ t t i t u d c I n v c n t o r y 

to meas ure the attitud e toward physical erl uca ti o n ac t iv it y 

up o n c n t r a n c e t o co ll e g e a n d f o l l o w i n g c a c h a c t i v i t y co ll r s 

A g rou p o f 14 5 stude nt s r e c e iv e d instructi o n in a s pec i al 

pr ogra m prior to entering th e r e gular se rvi ce pro g r <lm . Af t e r 

th c spe c ial instruction, follow-up pro c ed ures w 1· c employed 

an d the n th e group was compar e d to a ma t c h d gro up . Hesu l t 

in dica t e d that th e instructi on wa s e ff ect iv .in .i rn p rov i n g 

mo tor ability a nd attitud e towar d phy i ca l erl ucat i o n, a nd in 

g aini n g s kill and kn owl e dg e in s p e cific activiti s . 

Broer, Fox and Way (13, p. 378) , s urv e ye d th a t t i -

tu de toward physical ed ucation of 1,1 49 coll e g e fr es hma n a n d 

soph om or e stu de nts e nroll e d in th e activity cla sses at th e 

University of Washington . Th e We ar Attitud e In v~ nt o r y ~as 

administered to the students e nroll e d in th e a c tivity 

clas s es . Th e inv est ig ato rs conclud e d from t h e r es ult s th a t 

th e ma jority of the stud e nts express e d a highly f a vo r ab l e 

attitude toward physical educat ion as an act i vity cla ss . 

Stud e nts e nroll ed in th e activity class e s of swi m~ in g a nd 

t e nnis had a more favorable attitude toward phy si c a l ed u c a

tion than those e nroll ed in oth e r activity cl ass e s . Th e 



s tu d e~l s enr oll e d in an ac tivity cl ass o f arc h ery r eacted 

l e s s : Jv ora bly to wa rd phy s i ca l e du ca t io n. Broer , Fox and 

Way .in d i c ated th a t th e r es ul ts of th is s tu dy we re i n agr e e

men t wi L!J a s tudy c ondu c t e d a t th e Uni ve r s it y of Mi chiga n, 

in t llclt a hi g h pe r ce nt a g e of stu de n ts e ndor se d t he valu e s 

o f soc ia l deve l opme nt, me nt a l a nd p h ys i ca l h e a l t h a s a t trib

ut e s of pa rtici pa tion in ph ys i ca l ed ucatio n (0 , p . 379) . 

Vinc e nt (77, p. 1 26) de t e r mi n ed t h e a tt itud e toward 

p h ysie a l ed u cR ti o n of l B8 f r eshman and sophomore wom e n 

enr o lle d a t th e Univ e rsity o f Ge or g i a , a n d th e r · l at i o n s hip 

b et we e n ex pr es s e d attitu des a nd s ucc e ss in a variety of 

ph y s ic a l e du ca tion activiti es . Th e We ar P ny s ica l Edu at i on 

Attitud e Inv e nt o ry was adm ini s t ered at t h e first cl<..~ ss 

meeting . Th e stu d e n ts p art i cipati ng in t h e s t udy we r e 

enrolle d in til e a c tivity c l asses of arch e ry , b adm in ton , 

b Cls i c motor skill s , bowlin g , gymn as t ics , mod e r n da n c e , 

sw im min g , and t e nnis. Th e final gr ade r c eivcd for t h e 

acti v i t y cours e by e a c h s ubj e ct was used as t he s ucc e ss 

facto r . Attitud e scor es we r e a n a l yzed accordi ng to t h e con -

tribu t ion of phy s ical ed u ca tion t o fo u r c ategor i es , n am e ly , 

phy s iologic a l- p hy s ic a l, me ntal - emot i o n a l, socia l, a n d g e n e ra l 

valu e s . Th e mo st favorabl e atti t udes t owa r d p h ys i cal educa -

tion we re e x pr e ss e d by th e subj e ct s e nr o ll e d in gym nas ti cs , 

follo we d clos e ly by t ennis, with th e stu d e n ts e nr o ll e d in 

swimmin g and bow ling class e s exhibiting t he l eas t f avo r a bl e 

attitudes . Vinc e nt concluded that coll e g e wome n e x p r ess 



ap pr1 c iu t ion of th e contribution s o f phy s i ca l ed ucat i on to 

81 1 th o v a lu es e x am in e d, but th e g rea t es t co n tr i b u tio n of 

ph ysica l ed u c otion assesse d is th e phys i o l og i ca l -p h ys i c<J l 

c at <' 9 o r y . A s ign i fi ca nt r e l a tion s hi p was f ound b e tw~ e n 

ex pres se d a ttitu de s a nd suc cess in ph ys i ca l educat i on . 
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Vinc e nt ( 78 , p . 50 2 ), in a s tu d y of th irty-s eve n wome n 

enr o l led in th e a ctivity cl asses o f th e Univ ersity of Georg ia, 

as se sse d th e fa c t o r s of s t re ng th, efficie n cy , a n d e>..p r e se d 

a t t i t u c1 e s t o w a r d p h y s i c a l e d u c a L i o n i n t h e p r C' d i c t i o n o f 

success in ph ys i ca l e du cati o n c l as ses . 

u ate d b y t h e Wear Attitud e Inv e nt ory, 

A t L i t u d e s w c r <' c v a 1 -

t r ngth by dyn amo -

mete rs , a n d e ffici e nc y th ro ug h ca l culation of net e n e r gy 

cost of a n e xe r c i se bout, u s in g a .1 i ndir ct , closed circu i t 

resp i romete r, a n d s uccess i n p h ys i c a l d u cation wa mca , urecl 

by th e g r a de r e c e iv ed for th e semes t er in the ac ti vity c l ass . 

All pr ed iction b a tt e ri es were si g n if i cant in th prediction 

of succ e ss in phy s ical e du ca ti o n act i viti es . Vin ce n t co n -

elud ed that whil e th e va Ti ab l e s stu d i ed were facto r s 1·hic h 

could be us e d as pr ed i ct iv e measur es , th e u sc of th e at ti 

tud e it em a l o n e coul d b e con s i der d as ad e qu a t e . 

Ma ny s ub max im a l t es ts for pr ed i c ti ng ma x i ma l wo r k 

capacity hav e bee n su gges t ed bu t i nsu f f i c i e n t data are 

available r e g a r d ing th e r e li a bili ty a nd / or va li d i ty . Th i s 

i s especia ll y tru e for wom e n . Av a ila b l e r e s e a r c h h as 

prompted in v e sti gator s to s ug ges t th a t th e t ests of s ub 

maxi ma l work l e ve l c ~ n g iv e r e li a bl e inf o r mat i o n ab ou t a 

subj e ct ' s aerobi c ca pa city (79, p . 45 ) . 
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Wa hlund (79, p. 72), in his in vestigat i on of !J69 ma l e 

su hj 1•; 1 s of v ar ious phy s ical fitn ess l e ve l s , fo und a c on s t a nt 

m c c h : . .1 j c a l e f f i c i e n c y ·.-v ~~ e n h i s s u b j e c t s we r e w o r k i n g o n a 

0 i c y : l c e r g o ;n e t e r . T h e t e s t co n s i s t e d o f a s e r i e s o f w o 1· k 

l o a d ·. I; e g i n n i n g w i t h 3 0 0 o r 6 0 0 k i 1 o g r a 11 m ,~ t c r s p e r m i n u t e 

u n t i l t h e s u b j e c t c o u 1 d n o t c o n t i n u c t h c e x·c r c i s c a n y 1 o n g c r . 

P u l Sl' rate s were d e t e rmin e d with a t e th oscopc f rom th e 

beg in n ing o f th e third, f ifth, a n d seve n t h minut e of each 

1 o a d. Wa h1 und conc l uded th a t th e r e ult s obt<.~in ~ d s how th e 

i m p o r t a n c e o f m a k i n g w o r k i n g t e s t s w i t h v a r y i n g a n J s tt f -

fi ci e nt. 1y high lo ads , with r e fer e n ce to c i rcul a tory a nd 

r e s pira tory functions . 

A s t ra n d ( 2 , p • 4 5 ) o n t !1 e b as i of st udy of a me th od 

fo r pred i ction of aero bic work c apac ity f o r fema l e s and 

mal es of di ff e r e nt ages stat ed that th e pr ed i c tion of 

a e rob ic wor k capa c ity can be made fro m a submaximal t st . 

Dorosc huk (33) supplemented t hi s st a t eme nt by i ndica ting 

th at studi es of s ubmaximal wor k ca pacity ar e fairly adva nc e d 

in European centers . I n a s t u d y c o n d u c t e d f o r a· s a f e me t h o d 

to t es t work ing capacity, Dor osc hu k and hi s co - work e r s 

d e ve l op ed a t e st with continuous in cr eme nts in r e si t a n c e . 

St a rtin g at 200 kil opo nd meters pe r min ute the r es i s tanc e 

was in creased by 100 kilopon d me t e r s e ach minut e until th e 

subj e ct r ea ched ex haustion . Exh austion in th e l e gs u sually 

occurr ed in the t e nth or e l eve nth minut e 1 ith th e h e art r a t e 

n ear 170 b e ats p e r minut e . Th e fin di ng s in d i cat e d th at th e 
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hea r1 ra te increas e is lin ea r a nd th e r efore it i s pos s i bl e t o 

pr edi1, L fina l work c a pacity from hear t rat es duri ng th e fir st 

f e w : .. I n u t e s o f w o r k • Th e inv e stigator s conclud ed that it i s 

p o ss ib le to stop the test at a ny point after at l eas t thr ee 

h e a1t ra tes are r e cord ed . As a r es ult o f th e in ves t i gut i on 

a sh or ter test was standar d iz e d b eg inn i ng with a n in itial 

r e si s ta nce of 1 50 kilopond s , in c r eas in g r es i s t a n ce 1 50 

k i l opo nds p e r minut e for a p e riod of fo ur minutes . 

de Vri es a nd Kl a f s ( 32 , p. 207 ) co n duct ed n study to 

ev alunte s om e of th e mor e commonly us d s ubm ax i ma l t s t 

ag ains t maxima l oxyg e n int ak e as a cri t e rio n m ~;as u r e for 

v alidi ty . Th e t e sts assess e d were th e Sjo tr anci-Wahluncl 

t est o f phy s ical work ing capac ity, a mod ific at ion of th e 

Sj ostra nd-Wah lun d t e s t usin g be n c h st p p in g in s t ead of t h e 

bi c ycle e rgom e t e r, th e Harvard St e p t es t , th e Pro g r ess iv e 

P ulse Ra tio t es t, a thr ee- minut e modification of th e De lt a 

R. 0 . t es t, and th e Astr a nd-Rhyming nomogram . Si x t c n ma l e 

stu de nt s at Lon g Be ac h St ate Coll ege were s u bj cts for th e 

st ud y . Max im a l o xyge n int a k e was determin ed for e a c h s ub -

j ect us ing a bicycl e ergom e t e r. d e Vr i e s an d Kl afs i ndi ca t ed 

that max imal oxyg e n int ake and phy s ical workin g capacity fo r 

coll ege age me n can b e pr e dicted with a r easo n able e rror 

or pr ed iction from sub max i ma l t ests . Th e t ests u s in g he ar t 

rat e during measured work l oads a s a ba sis o f pred i c ti on 

seem to possess greater pr ed icti ve valu e th a n tho se t es t s 

u sing th e heart rate in th e r ec ov e ry p e rio d for predict i o n. 
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T h c~ 11 i g he s t pre c1 i c t i v e v a 1 u e s in t hi s s t u d y were at t a i ne d 

fr o1n r~ s tr3 n d- Hhymin g nomogr am a nd th e Sj ostra n d Lest . 

C u mmi n ~J ( ~4, p . 873), on th e b as i s of a st udy which 

r ev eal e d th a t o xyge n uptak e a t PW C170 (phy sical working 

c n p n ~~ i t y ) w a s a b o u t s i x t y- f i v e p e r c e n t f o r 11 n f i t b o y s a n <! 

ei gh ty per cent of maximal for fit boys , s t ated th at t he 

su bma x ima l test can he expec t ed to show a wider diff e renc e 

bet wee n fit a nd unfit sub j ects th a n a maximum oxyg e n upLilk c 

t est . 

S ummary 

A r ev i ew o f re l a t ed l it e rat ure disclo se d t hat 

limited r esearc h h as bee n cond ucted on th e e ff · c t of Lh 

participat ion in exerc i se or physical ac tivi ty dir e c tl y upo n 

r e s idual n e u romuscula r ten s i on . A n umb e r of in div i d ual s 

h ave s u rmised that th e . p artic ip at i on in phy . i c a l exerci se 

provid es an outl et for th e release of emotional and mu s cular 

t e nsion, a lthou gh ob j ec tiv e r esea rch to support th e be l f 

i s li mited . El ec tromyogr ap hic e quip me nt h a s enabl e d 

res ea r chers to ob j e ctiv e ly meas u re mu s cle t e nsion wi thin 

indivi dua l s . Th e bulk of th e r esearch in relaxation r e volv e s 

arou nd th e a n a l ys i s of th e teach in g of relaxation techniques 

and it s effects on n e ur omuscu l ar act ivity . Clinical in forma-

tion concerned with th e valu e of r elax a tion in psycho 

th e r apeu tic tr ea t me nt was a l so pr ese n t e d . 

~T a cob so n was a pion ee r in t eac hin g in di \ idua l s to 

relax a nd in me thods of d e t ect in g t e nsion and r e l axat i o n . 
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I n a c ompa rison of athl e t es with subj ec t s tr a in ed in rel ax

at i on te c hniques , J a coi.Json r e vea l e d th a t t h e at hl e t e group 

wa s Inf e r ior in th e atta inm e nt of r e l axa ti o n l e ve l s in 

c er toi n musc l e g r oups . Haverland and, l ater , Ue nson , fuund 

t hat s ub jec ts t r ain ed i n r e l axat ion t ec hni qu e s 1v ere ai.Jlc to 

pe rfor m des ignated t as ks bett e r th an th ose ' individual s who 

h a d re ce iv e d no training in n e ur omuscular t e nsi o n control . 

Larsso n, Lind e rholm, a nd Rin gqv i st , and cl e Vri cs 

f ound t h a t th e par t i cipa tion in r e p e titiou s exerc is e cau sed 

th e ac tion potential of th e musc l es mea s ur d Lo d imini s h, 

su gges ti11g that th e participation in cxcrci e may provi de 

a the rapeutic e ff ec t in r ed u c ing muscl e t n i o n . S tu dies 

conduc t ed by p e r s onn e l from Stanford Un i v r iL y in d i cat e d 

th at th e part i c ip a tion in th e ac tivity of bowling pro v i d 'S 

r e lief in t e n s ion. A surv e y con d ucted of p h y s icians and 

p s yc hi atr i sts co n c er nin g th e ir b e li efs of the participatio n 

i n e x e rcis e and t e nsion indic a t ed th a t pe r s o n n e l in th e 

me dical prof ess ion advocat e th e parti c i patio n in e x e rci se 

as a meas ur e of r e l eas ing t e n s ion, wi th walkin g,- sw i mming , 

golf, a n d bowling be ing th e activiti es pr ed ominilntly r ec om-

me n ded . Ex e rcise, mov e me nt th e rapy, a n d da n ce h ave bee n 

used in th e tr e at me nt of indi v i dua l s who a r e me nt al ly ill, 

and th e r es ult s indicat e th e ir possibl e th e r ape uti c value in 

reducin g t e nsion. 

Studi e s conc e rn ed with at titu de t owa r d p hy s i ca l 

ed uc a ti o n sugg es t it is of valu e in th e pr e diction of success 
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iil ac t i\·it y clas~es . A s i g n i ficant r e l a ti ons hi p was fou nd 

t · c x i s t b e t ~~ e e n e x p r e s s e d a t t i t u d e s a n d s u c c e s s i n p It y s i c a l 

f ·:l!c a t ion . ~en a nd Rame n Ke r e not fo un d to be d i ffere n t i n 

t h l' i r s t a t e d a t t i t u d e s t o 11 a r d p h y s i c a 1 e d u c a t i o n . 

Ma n y subma x i ma l tes t s for p r ed i ct i ng maximal wo rk 

Cdpa cit y har e be e n sugg es t ed but i n s uff i c i e n t data arl' 

ava ilab l e r e gar d i ng th e r e l i ab ili ty a nd / or valid it y . Ava il -

ab le r esearc h s tron g l y sugg es ts th at tes t s of s ubm ax imal 

leve l can g i r c r e l i ab l e in fo r mat i on abo ut t h e a . robic 

cap ac i ty o f an i nd i v i d ua l . 

Ch a pt e r III pr ese nt s th e proced u r s fo l lowed i n 

this s t udy . 



CHAPT ER III 

PHO CEDU RES OF THE STUDY 

Intr oduct i o n 

The p urpose of th e inv es tig a tion was t o dc t rmin e 

th e inf l us nc e of th e p a rticipation in l ight, mod era LP. , or 

h eavy le vel s of gross motor act ivity upon residu a l neuro

m u s c u l a r t e n s i o n i n t h e e 1 b o "N f 1 e x o r m u s c 1 e g r o u p a n d L 11 r: 

r e c t u s f e m o r i s m u s c 1 e a s m e a s u r e d b y q u a n L i L G L i v C' c 1 e c L r o -

my ograp hy . Th e r e cr ea tional ty!J e a c tiv ities selected for 

th e s tudy we r e bowling, swimmin g , a n d mo de rn dan ce . Th ' 

study e ntai l ed th e use of a fou r grou p d es ign , eac h gr o up 

co mprise d of fift ee n coll ege wome n, d es ignat d as : ( 1 ) a 

l ight l e ve l e x e rcis e group, which was a bowli ng class ; 

( 2 ) a moderate l e ve l exercis e group, which was a swimm i ng 

cl ass ; (3) a h eav y l e ve l 'exe rci se grou p , which was a mod e rn 

d a n ce class; and (4) a co ntrol group. Th e subj e c t s in th e 

motor activity groups participat e d in th e r e gu l ar clas s s 

of th e required phy s ic a l ed ucation pr og r am d urin g Lh e spr in g 

s e me st e r of th e academ i c ye ar 1969- 1970 . Th e s ubj ec ts in 

th e control group pa rticipat e d in n o sch ed ul ed pro gram of 

physical activity . The exp e rim e nt a l per i od fo r th e s tu d y 

ex t e nd e d for a pe riod of nin e weeks . Th e procedur es u s e d 

4 1 



i n th P de ve l o pme nt o f th e s t udy are pr ese nt ed in thi s 

ch apt v r. 

P r e l i m i n a E....Y__ P r o c c d u r e s 

A doc ume nt ary a n a l ysis of in form a tion p e rtin e nt t o 

all phas es of th e st ud y was co n d ucted b ef o~e e stab li s hin g 

defi nite proc e d ur es . Sp ec i a l e mp h a s i s was plac e d upo n 

( l) t l1e re la t io n s hi p of exerc i se to r e l ax<:~t i o n a nd 
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( 2) ele c tromyograp h y . Ur o n t he ba s i s of con. i der<:~blc m p i r --

i c al an d li mi te d clini c<J l e vi de n c e , i t was t h eo ri z · d th :l L 

parti ci pa t i o n in ph y s i ca l exercise ca n rl a y <:1 t hcr ap ut i c 

rol e in th e re l ease of t e n s i on . Neuro mu s cul a r t e n s i on i s 

c onsidere d to b e r e l ated to a nx i e ty an d o th e r " s Lr c s s . " 

Relaxa tion has bee n rl e f in e d in ma ny d iff re nt wny s 

and num e ro u s me th od s of ac h i e ving a r e l <:~xed sta t e hav e ~ cc n 

r ecom me n d e d . Be ca use of th e l a-c k of docu m nt a ry e vi d~ n ce 

c orr e lat i ng th e p a rti c ip a ti o n o f r e c r ation a l activiti e s t o 

t h e re l ease of n e u rom u sc ul a r t e n s i o n th e pr e e n t 

un d er tak e n . 

Lud y wa s 

A Te nt a tiv e Outlin e fo r th e stu d y 1 as de ve lo ped a n d 

p rese nt ed in a Gr ad ua t e Se min a r c on d uct e d i n th e Co ll e g e 

o f Hea lth, Physi ca l Ed uc a ti o n a n d Rec r ea t i on at th e Texas 

Wo ma n' s Univ e r s ity in De n to n, Texas , duri ng th e fall sem es t e r 

of th e 1969 - 19 70 ac ade mic s c hool yea r . Th e Te n tat i ve Ou tl i ne 

wa s r e vi se d in ac c or da nc e with s ug g es ti o n s made by t h e mem

bers o f th e d i s s e rt at ion c o mm itt ee . Upo n approva l by th e 

co mmitt ee me mb e r s , th e Te nt a ti ve Outlin e was f il ed in t h e 
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fo r m of a prospect us in the offic e of th e Dea n of Graduate 

stu d j (• s . Pla ns were formu lat ed for th e data to b e co l l ec t ed . 

P er m i~s io n was sec ur ed from the De an of th e Coll ege of 

Heal th , Physica l Education, and He cr e ati o n t o co nd t ct th e 

pr op u~c d stud y dur ing the spring se mes t er of th e ac ademic 

yea r 19 69 -1()7 0 . 

Sel ect io n of Gro ss Motor Activiti es 

Th e motor activiti es se l ec t e d for thi s inve s ti gat i o n 

were bow ling , swimming, a nd mod e rn dance . 

were se l ec t ed o n th e basis that e ach was : 

The activitiC' S 

(1) c l a:sif i cd as 

a r ecrea tion a l activity taught in phy s i ca l educa ti o n p rograms 

fo r wome n a t t h e coll e g e lev e l of in s t r uct i o n; ( 2 ) · u iL abl' 

fo r al l ages ; (3) pr e viou s ly rated by a n inv sLiga Lo r a u 

li ght, mo de rat e , or hea vy l eve l of motor ac tiv ity ba sed up o n 

t h e s t r e n u o u s n e s s o r e n e r g y e x p e n d i t u r e ; ( 4 ) p o p 11 1 a r , t h u t i s 

a recre ational leisur e tim e act ivity partici pat e d in by, or 

<:lp prop riat e for, l a rg e numb e rs of wom e n; and ( 5) LaughL in 

th e r e quir e d program of th e Coll e ge of Hea lth, Ph y ical Edu -

cation , and Re cr ea tion at th e Texas Woma n' s 

th e spr ing of th e academic yea r 19 69 -1 970 . 

ni ve r s i ty d uring 

S e l ect ion of Muscle Gr~ 

Th e musc l e group s meas ur ed were t h e e lb ow fl exo r 

muscle group and th e rectus femoris . Th e spec i fic musc l e 

se l ected were the bic eps brachii of th e dom inan t h a n d a n d 

th e rectus f e moris of th e right l eg . Upon t h e basis of 



kin e si(>lo g ical ana ly s is, the e l bow f l exors a nd th e r e ctus 

f em o ri s ha ve b ee n de termin e d to be of criti ca l importan ce 

to t hP a ct ivities s e l e ct ed , pe rh aps , th e bi c e ps br ach i i to 
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a l e s ~ . · r de gree in th e activity of modern dance a nd th e 

r ect I! ·, f em o r i s to a l esser de gr ee in th e act i vi t y of bow 1 i n g 

(1 2 ) . Se lec tion of th e spec ifi c musc l es wa s bas e d upon th e 

r es ult - o f previous inv es tig a tor s ( 39 , 59 , ~ ) . Th ese 

in vestig a to r s indicat ed that a f actor of g e n e ra l t e nsio n 

exi st ed a nd th a t during r es t thi s factor i s cc nt e r · d arou nd 

li mb mus c ulatur e . Th e bic e ps brachii was foun d to h av e a 

v e r y h i g h l o a d i n g f a c t o r w i t h o t h e r m u s c l e s t h r o ll g I! o u t t I! e 

bod y. Th e l oading factor of th e r e c tu s f emo ri s with oth e r 

mu scl es of th e body was not studi e d . de Vri es ( ~ 1) used t h e 

r ectu s f e mo ris and t h e bic e p s brac hi i in h is s tu dy of th e 

e f f ec ts of exe rcis e upo n n e u romu s cular t e n s ion . A pr e viou s 

in ve s tiga tion s ugg e sts that a n in cr ease in bod ily t e n s i o n 

in on e a r ea of th e hum a n body i s r e li ab l y as oc i at d with 

an incr e a se i n ot he r ar e a·s (67, p . 223 ) . 

In s tru me nt at ion 

El ect romyography 

Th e e l ec tromyographi c in s tru me n tation ut il i zed for 

qu a ntitativ e a n a l ys is of r es idu a l n e uro muscular t e n s ion in 

th e pre se nt stu dy consisted of severa l sepa r ate compon e nt 

p ar ts. A Ne wport Laboratories Int e grating Bio- e l ec tric 

Monitor , Mod e l 100 , was u s e d t o int e gr ate and s um th e musc l e 

action pot e nti a l in p ut f or pr ec is e time int e rva l s by vol t ag e 
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to fr eq ue nc y conversion to puls e counting in an accessory 

e l e ctron ic di gital counter and conv e rsion into Ro o t Me a n 

Sq uar e (RMS ) value s . The monitor fr e qu e n cy used in thi s 

st udy was se t as follows: High Pa ss h z l OK , LO\'i Pass h z 1.0, 

an d Fnl l Se a l e 0.1. This allow e d maximum acc ep tanc e o f th e 

fr eq uenc ies a ppropriat e to mu sc l e acti o n pot e ntia l whil e 

e l i minat ing e xtr a ne ou s fr eq ue n cy r es pon se . 

T h e H e w l e t t - P a c k a r d E l e c t r o n i c Co u n t e r ~1 o d c l II 2 2 

5 2ll B, mod ified , produc ed a digital di splay of th e int e grnt c J 

po t ent ia l s of mu sc l e actio n ov e r a Le n s co n d pe riod . The 

co unt, pe r unit tim e , is r e l ated to me a n vo lta g a 

RMS =counter readin g (tot~ul s s ) 
int egratio n p e riod (i n sec . ) 

( 30, p . 

Th e mus cle actio n pot e ntial input to th e mo ni tor wa d i s-

1 2' ) 

pl ayed vi s ually on th e Hew l e tt-Packar d Oscil l oscop e ilocl e l 1 20!3 . 

Th e oscilloscope was esse nti a l to th e pret es ting of th e 

equipme nt and det e rmining artifact or ex tran e ou s e l ectrica l 

activity. 

Accessory equ i pment for cali bration of t h e mo nit or 

and the e ntir e sy s t em in c lu de d a Hew l e tt-P acka r d Lo1 Fr eque n c y 

Ge n e rator Model 202A and Ge n e ral Radio Co mpa n y Aud i o -Fr e qu e n cy 

Microvolt e r, t ype 546- C. In d ustrial Med i ca l In st ru me n t 

(I.M.I.) biopotential skin e l ec tro des 1 e r e used in t e Ling 

th e subjects. Standard me thods for th e op e ration of th e 

e l ect ro myograph and acc ess ory instru me nt a tion 1 ere follow e d 

in th e quantitativ e measurement of residual n e uro muscular 

t e nsion in this in vest i gation (58). 
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A t t l_l~___I Q_~~ r r:l__ ~ i c a l Ed u c a t i o n 

T h e C a r l o s L • We a r P h y s i c a l E d u c a t i o n A t L i t t t d e 

I n vent or y ( 83 , p. 113) was th e in s tru me nt s e l ec t ed Lo mea 

s u r (' t h e a t t i t u d e o f e a c h s u b j e c t t o w a r d p h y s i c a l e d u c a t i o n 

bef ore a nd a f t e r th e exper im e ntal p e r i od . Th e in str ume nt 

wa s se le cted on th e basi s of obj e ctivity, r e li ability , and 

vaU d it y . Th e r e li ability of For m A was 0. 94 , and th e 

r eli ab il ity o f Form M was 0.9 6 . Th e produ ct-mom nt cor-

r el at io n b e tw ee n th e scor e s on th e t wo fo rm s wa 0 . )6 . 

Wh il e t h e v a l idity of thi s inv e ntory h ad b e n t ab li · h e ll 

on fig ures obt a in e d from coll e ge me n, Dr . W ar s t at s , 

" Becau se of th e n at ur e of th e stat eme n ts , i t is b e li cv tl 

th at the Inv e ntory would b e e qu a ll y s uit ed for us 1 i th 

gi rls' a nd wome n' s c l asses"(8 2 , p . 1 22 ) . Bro e r (10 , p . 16 ) 

ch ecked t h e r e liab ility and validity of th e inv e nt ory with 

coll e ge wom e n and found the r es ults e qu a lly valid for wom· n . 

Upon th e basis of authoritativ e a n a l ys i s mot i va tion 

ha s bee n cit e d as a de tetminant of p e rfor ma nc e l e ve l ( 53 , 

p. 3 9 ) . The measu r e me nt of attitu de to ward p hy s i ca l duca -

tion was important sinc e attitud e s d e t e r min e muc h mot i vat ed 

b e havior and l eve l of performanc e ( 50, p . 9~ ) . 

Form A of th e We ar Physic a l Ed ucation Attitu de Inv e n

to ry was administer e d to each subj e ct during th e initi al 

t es ting s e ssion, and Form B was admini s t e r ed to e ach subject 

during the post-t es t s es sion . Th e in v e ntory was a dm ini st e r ed 

to th e subjects in th e bowling group, swi mm ing grou p , and th e 
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mod ern da nce group duri ng a r e gul a r class period . Th e \V e(.l r 

In ven tor y was admini s t e r e d in d i vidually to th e s ubj ec ts in 

th e cont r ol group during u t es ting ses s i o n in th e Hu man 

Per forma nce Labor atory . 

It was e xpl a in e d to th e s ubj ec ts that Lh e inv en t ory 

wa s not a t e st but simply a meas ur e to determine h ow eac h 

on e fel t to wa rd physical ed ucation. Each o n e was r eassured 

th at it was part of a r e s ea rch proj ect a n d wa s to be used 

on l y for that purpos e . 

ri ght or wrong an swers . 

Th e y we r e tol d that th r e we re no 

A sincere r espo n ba s d upon 

pr evious expe ri e n ce wa s r eq ues t ed . 0 i r e c t i o n s p r i n t e cl o n 

th e i nv e nto r y wer e r ead to th e subj ec ts to mak e s u r e och 

on e unders tood th e correct proced ur e to follo w in muc kin g 

r espo n s es on th e answ e r s hee t . 

Th e r es pon se of eac h s ubj ect on each i t e m of th e 

attitude inv e ntory was tabulat ed by 5-4-3-2- 1 or 1 - 2-3 -~-5 

d epe nding upon wh e th e r th e it em was wo r d e d pos itiv e ly or 

n ega tiv e ly . A s ubj e ct's scor e on th e inv e nt ory was th · s um 

o f th e scores made on individual it em s . Th e scores of eac h 

subj ec t on the pr e -t e st an d th e po s t-t e t we r recor ded on 

th e appropriate score sh ee t. 

Estim ate d Meas ur e of Phy s ical Work Capacity 

A short t e st of submaximal wor k ing ca pac ity (Swc 170 l 

( 33 , p . 10) was th e instrum e nt s e l ected to de t e rmin e a n 

estimated meas ur e of phy s ical work capacity of e ac h s ubject 



bef o r • a nd a ft e r th e e xp e rim e nt a l pe rio d . Th e bi cy c l e 

er g o 111 ,_ t. c r wa s use d for th e p r act i ca l m ·~ a s u re m e n t . 

A s ubmax i ma l te st wa s s e l ec t e d be c a u se of th e e ase 

o f a d ro 1 n is t rat i o n a nd th e e qui pm e n t a va il a bl e to t h e 

48 

in ves L ig a t or . Accordin g t o pr 8 v i o u s in ves tig a tor s , t h e 

acl v aJltag e s of a subm a xim a l t es t a r e : (l) mot iv a t i o n ca n be 

li mi tPd as a f ac tor in phy s i c a l f itn es s t e s t in g , ( 2 ) un f it 

or unco nd it i on e d subj e ct s c a n be t e st e d with o ut t h e pos s ib l e 

h a za rds a tt e nda nt upon a ma xi mum wor k l o a d , a n d ( j ) a w l l 

equ ip pe d l a bo rat ory with s kill ed t e chn ici a n 

sa ry (3, 29). 

i n oL n c s-

The bi c ycl e e rg om e t e r wa s s e l ec t ed for t he m as u r e-

me n t be c a us e i t wa s th e b e s t in s trume n t av a i l ab l t 0 t h c 

in vest i g a tor. For t e s tin g ph ys i ca l wo r k capac ity, lh 

b ic yc l e e rg om e t e r h as th e f oll owin g adv a n t ag e ( l) t h 

work l oad is ex p re s sed in s t a ndard uni t s of wor k , thu s 

all ow i ng for work com p arisons mor e eas il y t h a n t h e l r ad

mill; ( 2 ) meas ur e me nts with var j o us in strum e n t s ca n b e 

e asil y t a k e n b e c aus e th e s ubj e c t' s upp e r bo d y r e ma in s 

r e l a ti ve ly motionl e s s . Oth e r in s tru me nt s u s e d to adm in -

i s t e r th e t e st were a me tron ome , e l e ctr oni c st e th o sc o pe , 

a n d a stopw at ch. 

Preliminary t e sting, prior to th e exper i me nta l 

p e riod, to e stablish r e liability of th e s ubmax i mal t es t 

CSW C170) se l e ct e d for th e purpos e o f th e s t ud y , in d i cat e d 

a n e e d to mo dify th e S WC 170 Te st r e quir e me nt s on t he b i c y c l e 
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e r uo me tcr as s ugges t ed by Doro sc huk ( 33) in the study of 

c o !i eg eme n . Th e re li ab ility co e ffici e nt of th e t es t found 

f ol me n was 0.7 2 . 

Th e investigator experime n ted wit h varyin g th e 

r e : i s t a n c e i n c r e 111 e n t s ea ch m i n u t e , a L t emp t i n g to s e 1 c c t 

m '~a s u r e s t h a t w o u 1 d a ll ow the s u l> j e c t to com p l e t e t h e f o u r 

minu t e test. Upon th e ba s i s of th e t ests , it appea r ed that 

th (• ma jority of th e college population to be t Le d could 

c omp le t e th e t est r eq uir e me nt s s tarting with a n initi al 

wor k load of 450 kpm and incr eas ing Lh r s i ta n ce 1 ~0 kpm 

e ac h mi n ut e for four minut es . A pilot stud y \vas t he n con-

du c ted to det er mine th e r e liability of th e t st . 

Pilot ~tuciy_2_L_SWC 170 

Th e purpos e of th e pilot s tu d y was Lo d t c rmin e th e 

t es t-retest reliabi li ty of th e mod ifi ed SWC 170 . Twe nty 

volu nt ee rs e nroll ed in th e activity cla sses of th r equ ir ed 

phy s ical ed u ca tion program in th Coll e g e of Hea lth, Phy s i ca l 

Educatio n, and Re cr ea tion participat ed in th e p il ot s tu dy . 

The e quipm e nt n e c essa ry for th e adm ini stration of 

th e t es t in cl11ued (1) a bicycl e e rgo mete r, (2) an electronic 

stethoscope, (3) a stop watch, ( 4) a metronom e , and (5) a 

ph o n og raph. Th e e l e ctronic st e thoscop e was conn e ct ed to 

the audio spea ke r of the phono grap h for mag nification of 

th e h ea rt r ate to facilitate counting while th e subj ec t ro de 

th e bicycle. 
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Eac h s ubj e ct visited th e Hu man P e r form a nc e Labora 

t o r y up o n two o ccas ion s . Upon a rriv a l th e s ubj ec t wa s giv e n 

i n st ru c ti ons on the oper a tion of th e bicy c l e e rg om e t e r and 

t h 0. ;) u r p o s e o f t h e t e s t . 

T h e b i c y c l e s e a t w a s a d j u s t e d a s r e q 11 i r e d f o r e a c h 

su bjec t . The subject was th e n in s tru cted t' o b e sea t ed on 

t h e b ic ycle . A resting hea rt r a t e wa s tak e n for fift c n 

s e c o n d s , monitor e d with th e e l e ctr on ic s t th oscop e . The 

r at e was multipli e d by four and record ed as r ting r nte 

p e r one mi nut e . Th e me t r onom e wa s se t a t 100 a n d th Sllb-

j e c t wns dir e cted to peda l at this fr qu e n cy . Thi s s t an-

dardized th e work rat e a nd th e only d viation was th e load 

i mposed by a me ch a nical brak e . 

Th e subj e c t cyc l ed fo r four minu te tar t i n g wit h 

an initia l work lo ad of 45 0 kpm and in c r eas ing th e r ·s i s 

t a nc e 150 kpm eac h minut e . At t h e n d of ach min u t (th 

l ast fif tee n s e conds ) th e h e art rat e wa s monitored a n d th 

count was tak e n prior to incr e asing th e r es i s tanc e . Th e 

r ate was multi p li e d by fou r and r e cord e d . up 0 11 ·t h e c 0 Ill -

pl e tion of th e t e st, each subj e ct was as k ed to r et urn t o 

th e l abora tory two days l ate r (fort y - e i g ht hou r ) at approx i

ma t e ly th e sam e time for a r e -t est . 

Th e h ea rt rate was plott ed in r e l at i on to th e work 

l o ad for each t es t . A be st fit lin e was dra1 ·n a nd th e point 

at wh ich th e h e art rat e r e ach ed 170 wa s determin e d . Th e· 

work l oad and the time r eq u i r ed to r e ach th e wo rk loa d we r e 
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r cc orJe d . A P ea r s on Product-Mom e n t Corr e l ation ( 47, p. 59) 

wa s co mpute d. Th e test-r e test r e liabilit y was 0 . 91 . Th e 

sa me te s t given to fifty-nin e coll ege wom e n not previously 

t es t0d res ult e d in a reliability co ef fici e nt of 0 . 95 (6 6 ) . 

Em p iric a l validity of th e t est was accepted upon th e bas i s 

o f the s ugges tions of th e pr ev i ous in vestigator of th e 

o ri gi nn l SWC l70 Te st s e l ec t ed for th e present inv s ti ga tion 

( 33). Doros chuk ( 33 ) in sta nd a r dizing th e s hort ve rsion of 

th e SWC l70 Tes t found th e test-r etest r l iability Lo b e 0.72 

i n c o mpa rison with a long vers ion whic h wa s 0 . 83 , in<licaLing 

th e te st to be a valid meas ur e to estimate physical work 

c ap ac ity . Justific ation in th e modi f i cation of th e swcl70 

Test se l e ct e d for th e purpo se of this in ve Li gatio n was felt 

warrante d becaus e th e popul a tion to be t s t d could p rfor m 

th e recommended r e quir e me nt s of th e t es t. Upon til b<J s i s of 

the r es ults of the pilot study an d approval of th e i nves ti

gator's dissertation advisor, th e mod i fi ed SWC1 70 T s t was 

adopt e d for the purpose of this in vest i gation . 

Selection of Su b j e cts 

During th e spri ng s e mes t e r of th e academ ic year 

1969-1970, a total of sixty coll ege women e nroll ed at th e 

Texas Woman's University in Denton, Te xa , rangin g in age 

from seventeen through t we nty-two y e ar s we r e select ed to 

participate in the investigation. Forty-fi ve fr es hman a nd 

sophomore women stud e nts were e nroll ed in th e r e quir e d phys 

ical education program of th e Coll e g e of Hea lth, Phy s i ca l 



52 

E d u c~t i o n, an d Re cr e atio n in th e s e l e ct ed cl ass e s of bow lin g , 

s w i r ':1 j n g , and modern dan c e , a nd f i f t ee n o f th e wo me n , j u n i o r 

a n d se n i or s tud e nts, we r e not e nroll e d in th e r eq ui r e d 

p r r, \:r a m of th e Co ll e g e o f He a l th , Ph y s i ca l Ed u c a t i on , a nd 

He rrc a tio n . 

Lott e ry me thods we r e us e d to se l e c t (l) th e s p e c i fi c 

c l ass o f bowling, swimming , a nd mod e rn d a n c e fr om th e r e quir ed 

a ctiv i ty c l as ses off e r e d in th e Coll e ge of Hea lth, Ph ys i c al 

Educa t ion, and Recr e ation, a nd (2) fift ee n st ud e nt nr o ll d 

i n e 8 c h of th e cla s s e s to p a rticipat e i n th e gr ou p s fu rt h r 

d e s i ~Jna t e d as t h e bowling group, th e s wim min g g r o up, a n cl 

t h e mod e rn danc e gro up. Th e crit e ria e s t abl i h e d f o r th 

s e l e c tion of s ubj e cts in th e bo wling g r ou p a nd th • s wi mmin g 

g rou p wer e that th e y had not e ng aged in organi z d co mpe ti 

ti on a n d the sub j ec ts in th e mod rn da n ce gr o up h a::l h a d no 

f o r ma l l e sso n s in modern da n c e duri ng th e pr viou s f o ur y a r 

The swimming and modern da n c e c l ass e s me t approxi mat e ly 

fo rty -fiv e minut es per d &y, thr ee days e ach we e k, an d th e 

bo wl ing class me t approx ima t e ly sixty-fiv e minut es p e r day , 

two days eac h we e k. 

Permis s ion was secured from th e De a n of Wom e n of 

th e Te xas Woman's Univ e r s ity t o s e l e c t f i ft ee n volunt e e r s , 

junior and senior students, from a dorm it ory which was 

se l ec t ed by lott ery met ho ds from among th e dormitori e s \ hich 

hous ed junior and s e nior stu de nt s to part ici pate as a contro l 

group. Th e subj e cts · in th e control group we r e n o t e nr o l l ed 
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in t h (· re quire d program of phy s ical act ivity a t th e Uni ver-

s it y pa rt icipating in or ga niz e d comp e t i t ion d uring th e 

ex p e r j 1n c· n ta l p e riod . 

Th e fo ur groups wer e equated in the bes t po ss ibl e 

man n e wi th respect to pr ev i ous backgro un d . Th e s ubj ec t s 

h a d n o L p a r t i c i p a t e d i n o r g a n i z e d c o m p e t i t i 'o n o r r e c i v c d 

fo r mal le ss on s in mod e rn dan ce , a n d th e ir scor es o n th e 

Amer ica n College Tes t or th e Schola stic Ap ti t ude Tes t, a n d 

ag e, t ha t is b e tw ee n ages seve n teen and t we n ty - t wo y a r s , 

we re comp a r ob l e . Each subj e ct in t he motor activity groups was 

a s ked i f she had comp e t e d in organi z e d comp e titio n, a n d e nc h 

subj ec t in th e moder n danc e group was ask e d if h h ad 

rec e i ved fo r ma l l ess on s in mod e rn da n c e within th pr vious 

fou r ye <:ns . Th e Am e rican Co ll e ge T s t scor es a n d th 

Scholastic Apt itu de Test scor es were chang ed into z , or 

st a ndard sco r es , and th e mea n z scor e s of th e grou ps were 

co mpare d with th e me an ag e of th e group s . 

Proc e dures Follow ed Prior to 
Exp e ri mental P e ri od 

Th e inv est igator es tabli s h ed proc e du r es f o r u se 

throughout th e inv es tigation. Pr e li mi n ar y t e s ts we r e con-

duct ed prior to initial t es ting of th e s ub jects to esta b li h 

appro p riat e testing schedules and st a ndardiz e p r oc ed ur e t o 

be use d in the administration of t e sts b e for e , dur in g ( aft e r 

th e fourth we e k), and aft e r nin e wee ks of th e partic i pat~on 

in th e selected activiti e s of th e r equ ir ed p hy s i cal 



ed ucatio n program or th e non-partici patio n in org a ni z e d 

act i \' i L y. 

The in v e s t i gat o r select e d a 11 d t r a i 11 e cl tw o grad 11 a t e 

st u d,, 'l L s as l abo rat or y ass i s tan t s to aid in th e p r cpa r a t i on 

o f t ll <) s u b j e c t f o r e a c h t c s t a n d t h e r e c o r d i n g o f s c o r c s o n 

ap p ropr ia t e score cards. 

s e s sio ns we re conducted. 

S e vera l orientation a n d pr ac ti c e 

An exam pl e of th e sco r e card used 

i n t he st udy may b e found in App e ndi x C, pag 1 20 . 

Coll e ction of Data 

The inv estiga tor coll ec t e d dat a p er t aining to 

r esidua l n eu romuscular t e nsion, attitu d to ward phy s i a l 

educat ion, a nd an estimated mea sur e of phy s i ca J work capac-

ity. The data for ne uromuscul a r t e n s i o n wer co ll et c I fr om 

th e su bj ec ts id e ntifi ed , thr oug h th e administraLion of Lhr rc 

t es ting per iods, a pr e -t e st, a mid -poi nt t es t, a nd a po s t

t es t, th e ex perim e ntal period being of nin e we ks d ur at i on . 

Th e data for th e attitude inv e ntory an d SWC170 T st w r 

coll e ct ed from the subj e cts id e ntifi e d, through th e adminis

tration of a pre-test and a post-t e st . Durin g th e xpe ri 

mental p e riod the subjects in the thr ee motor g r oups partic

ipat ed in th e required physical ed uc atio n progr am of th e 

College of He alth, Physical Ed ucation, and Rec r e at i o n a t 

th e Texas Woma n's University, and th e s ubj e cts in th e contro l 

group did not participate in a program of organi zed physica l 

activity. 
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A..!:...!J_J_ti5ie Toward P h ys i cal Ed uc at i on 

Form A of th e Wea r Physic a l Ed ucatio n Atti tu d e 

In ventor y was ad minist ere d to eac h su bj ect durin g th e initi Dl 

t e s t ing se ssion, a nd Form B was administ er d to ea ch subj ec t 

du r ing t he po st -t e st s es sion . Pro cedures a dh e r ed t o ar' 

de s cri be d on page 46 . Copies of Form A a n d for m B u s e d in 

th i s s tu dy may be found in App e ndi x B, p ag es 11 4 -11 9 . 

E st~_a t _ed Me a su r e of Phy s i ca l Work Capacity 

The mo d i f i e d SWC170 Tes t was adm ini s t ered to each 

su bj e ct during th e initial t es t an d at th co nclu s i o n of th 

exp er ime ntal pe riod to de t e rmin e if physical cond itioni nu 

h a u oc c urr e d, It was be li e ved that th e r d uc tion of ncu r o-

mu scu lar t e nsion was relat e d to th e l e vel of activ it y in 

whi ch t h e subj ec t e ng aged . 

Special days during e ach t e sting p e rio d w r e 

d es ignated for eac h subj e ct to visit th e Hu ma n Pe rf o r manc e 

La bo ra tory of the Coll ege of Hea lth, Physic a l Educatio n, a nd 

Rec r ea tion of th e Tex as Woman ' s Univ e rsity . Th e inv estigat o r 

monitor ed and counted th e heart rat e at r st pr 1or to and 

during th e t es t. An estimated me asur e of physi cal wo r k 

capacity was d e t erm in ed as pr ev iou sly stat e d . 

Res idual Neuromuscular Tension 

An electromyographic analysis was made of th e 

r es idual n e uromuscular tension in th e bic ep s bra ch ii of th e 

dominant h a nd and the rectus f e moris of th e right l eg of 
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e a c h ~· H b j e c t i n t h e f o u r g r o u p s t h u s i d e n t i f i e d . Each subject 

ma de th r ee visits to th e Hu ma n Pe rform ance Laboratory for the 

in i t ia l tes ting per iod and th e final t es ti ng period, and o n e 

vi s i t fo r the mid-point t es tin g p e riod. Follo win g th e fir s t 

t es t du ri ng the initi a l and final t e st p e riod, eac h s ubj ect 

r et u1ne d approx im ate ly six h o ur s l ater, a ncf appr ox im at e ly 

t we nt y- fo ur hour s later. An attempt was ma de to sch e dul e 

ap poin tme nts for eac h t esti ng sess ion at approximately th e 

sa me t ime of da y. 

In ord e r to co ntrol certai n ex tr an ous v a ri a bl es 

sub je c ts were asked to ge t a n averag amou nt of s l r th e 

n i ght before schedul e d appo in tm e nts , not to smok e a t l as t 

on e-ha lf hour prior to th e t e st , a n d not Lo Lake a ny drug s 

or alc oho l twenty-four hour s be for th e appointm ' nt ti me . 

P r ior to e ach t es ting sess ion op ration a l t sts W' rc 

conduct ed . The monitor was turn ed on o n -half hour prior 

to eac h t es t session for a s tabilizati on p e riod . Th e n Lh 

auxi li a ry compon e nt s we r e activat e d . A r eco r d of a full 

sca l e reading was obta in e d on t h e e l ec tronic co~nt e r for 

on e s econd (58, p. 2). Th e t e mp e ratur e in th e l a boratory 

was ma intained at approximately 7 2° Fahr e nh e i t . 

Th e monito r was calibrat ed each day b e for e a t es ting 

session and imm e diat e ly aft e r th e t est in g session . A cable 

connect e d to a microvolter wa s c o upl ed t o th e monitor wh i c h 

had bee n set at 0.1 for full scale r eado ut on the vi s ual · 

display unit. A lo w frequ e ncy g e n e rator ha J a s e tting of 
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100 0 cy c les per s e cond and the microvolt e r was s e t at 50 to 

pr o vi de a known, calibrated input of 50 mi c ro vo lt s to th e 

mon itor . The reading of averag e volta ge on th e e l ec tronic 

co unl ( r s hould h ave be e n 45 as thi s monit or conv er t s th e 

ac t ual inp ut to Root Mea ns Squar e (RM S) units . A va lu e 

gr e at e r o r sma ll er than 45 ± l / RMS unit indic a t e d an rror 

an d was not e d for future calculation; ho wever , th cr • was 

no know n e rror r e corded during th e t es ting pe riod . 

Eac h sub j e c t, upon arrival at th e l abora t ory , was 

or i ent ed to t es ting proc e dur es and instru me ntati o n . A 

l ab ora to ry a ssistant aided in th e pr eparatio n o f 

j ect. Electrode plac e me nt on th e bic e ps brachii 

c<lc l! s ub -

mu s a nd 

th e r e ct us f emor i s mu sc l e was acc ompli shed in a stan dard 

man n e r . Specifically, the plac e me nt o n th bi p. brac hii 

of the dominan t hand was accompli s h e d accord ing t o th ' m thod 

of Da vis (26, p . 29), and th e plac eme nt on th e right r ctus 

f emoris muscle according to d e Vri es (31, p. 5 ). 

Following th e location and marking of r e f er n ee 

point s for th e placem e nt of e l e ctrod es , th e sk in was cl e a n sed 

with alcohol and th e n abraded with fin e sa ndpape r for max i

mum contact a nd the l owering of e l ectrical r e sist a n ce . 

Adh es ive collars wer e placed on the electrod es a n d ea ch 

e lectrod e was fill e d with e l ec trolyti c solution . El e ctro de s 

we re placed on r e f e r e nc e points previou s ly ma r k e d . 

A t e st was made for th e output off se t e rror, to 

d e t e rmin e if the error of th e output s e ction of th e monitor 
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wh j cl! re s ult e d from amp lifi cation was larg e e nough to di s t o rt 

th e 1·c c orded valu e . Th e moni tor was s e t at 10 0 mi crovolt s 

( 11 v ) f u l l s c n l e , t h e a c t i v e l e a d s we r e b r o u g h t t o g e t h e r 

fo r mi ng a s hort cir c uit wh e r e no r es i s t a nc e d e ve lop e d . Th e 

r ec or d i ng was r e peat e d with th e mo n itor set at 0 .1 ~ v full 

sc a le , the t es t mode used in th e prese nt i n ves ti ga tion . Th e 

d i f fe r e nc e in th e t wo valu es was r ec or d d as th e outp u t 

o f f se t e rror . A v a lu e gr e ater than on e mi c rov o lt would b e 

c on s i d e r e d s ignific a nt a n d subtract ed fr om eac h mc u :; u n· mc n t 

ho we \· e r, th e output off se t e rror n e ve r r eac h e d Lhi dim e n s ion . 

A t es t was made for i mp e da n c e or t otal r . s i s tun c 

betwee n th e e l ec trod es a nd th e e l ec tri cal p o L · ntial 1n th e 

body . Th e active cables l ead in g fro m th r l e c t.r od s w'r c 

pl aced into th e in put cab l e c o nn e ct ed t o th moni t o r vh i h 

was se t to r e cord th e resist ance . A r e cord cl valu e of l ess 

th an 5 000 ohms was r equired . Any r es i stanc e h i g h r th a n 

5000 ohms would tend to g e ne rat e or pick-u p art i facts cuu s in g 

e r ro rs in volt a g e to app ~ ar . Th wav e putt e rn o n th e 

o s ci lli scope we r e ob ser ve d for art if acts . If th e mini mum 

acc e pt ab l e dim e nsion we r e e xc ee d ed , skin pr epa r ation was 

r e p e at ed . This me asur eme nt was mad e at e ach t est sit e . 

The grou n d an d activ e e l ec tro des of th e bicep s mu s cl e 

we r e conn e ct ed to th e input cabl e to b e gin me a ur e men t of 

t e nsion l eve ls. The subj e ct was t es t ed in a supin e po iti o n 

on a t ab l e in a groun ded scr ee n cag e t o e li min ate all po s 

s ibl e a rti fac t. 
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Th e subj e ct wa s a sk e d to li e s till and to r e lax . 

Sh e was told th a t th e e l e ctro des of th e arm and th e l e g 

mu s rl cs wo uld b e altPrnat e ly c onn ected a n d d i s c o nn e ct e d 

d u r j ng t h e t es t. Th e subj e ct wa s in s tru ct ed to clo se h e r 

ey e s a nd d i s r e g ar d any n o is e s h e mi g h t hea r dur in g th e t es t . 

E 1 e c t r om yo g ra ph i c o b s e r va t ion s we r e· mad e o f a c h 

mu scle gro up b e in g t es t e d . T h e b i c e p s rn u s t: 1 e w a s L s t e d f o r 

o n e mi nu t e , th e n th e r ec tu s f mor i s musc l e for one minut e , 

f o llow ed by a r es t p e rio d o f on e min ut e . Th t 'st in g 

s eque nce wa s r e p e at e d . Da t a w r e r e cord ed on ap propr i a t e 

sc ore ca rd s . Th e e l ec tro des we re r emoved and c l <.Jns cd for 

t h e nex t t es tin g se ssi o n . 

All e l e ctromyo g r aphi c r e co r d i ng s we r e t Qk n QS th e 

o n e minut e int eg ral o f mus c l e a ct i o n pot ntial 

f rom t h e e l ec tr o ni c c o un t e r we r e r cord d as th 

Th e vn lu es 

ra w cor s . 

Any o utput off s et er r o r a n d no i se co rr ec tion fnc t or we r 

d e t e rmin e d and subtra c t ed fro m origin a l da ta . The out p ut 

off se t e rror was elimin a t ed fro m th e cor r e c t io nal procedur' 

since th e e rror was ne ve r abov e .000 1 mi crov o lt .- Thi s pro 

c e dur e was follo we d on all t es t s c o r es t ak n fo r e ach muscle 

group t e st e d and a mea n of th e in d ivi d ual o n e min ut 

in gs for e ach muscl e group was de t e rm in ed . 

Activity P a rtici pa ti o n 

r eco r d -

No control ov e r th e t e a c hing of th e thr ee act i v i ty 

groups was allow e d . Ea ch grou p ha d a d if f e r e nt te a ch e r 

and th e les s on plans we re not monitor ed . It is be li e ·ed 
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t h a1 th i s kind of situation was most appropriat e to th e 

b a sic h ypotheses of the stu dy . Fo r th e co nt rol gro up , no 

c o ntr o ls cou l d b e exerc is ed exc e pt to r eq ue st th a t eac h s ul.J

j c cL no t participate in organi zed activity duri ng til e ex pcr

i mC'nt a l p e riod . Th e s ubj e c t s we r e not e nr o ll ed in a ny 

c l ~sse s in th e Coll ege of Hea l th , Ph ys i ca l Edu ca tj o n , a nd 

Recre a t ion, but did co n t inu e p a rticipatin g in th e nor ma l 

a c t iv i ti es of co ll ege st ud e n ts . 

An a ly s i s of Da ta 

An analysis of varianc t e c hn iqu wa u I b c a u 

t h e nut ur e of the data co ll e ct e d by me a n s of til udm ini s tra -

ti on of th e Wea r Physical Educatio n Attitu d ln v nt o ry and 

swc17 0 , a nd th e quantitativ e a na ly s i s of r s i dua l n uro mus

cular t e n s ion h ad th e des i r ed charact e ri ti s for thi s typ 

stat i s tical tool. A two-factor mi x e d d s i gn wa s 1 c t c d to 

d e t e rmin e th e signifi ca nt diff e re nc es b tw e n a c h group ancl 

wit hin eac h group on th e r e p ea t e d me asur e s of r sidual 

n e uromuscular t e n s ion (thr ee ) on th e pr -t e st and post -

t e st (1 4 , p. 282). A on e -wa y classifi ca tion de s i g n wa s 

sel e ct e d to dete rmin e the significant d if f e r e nc es b e t 1 ee n 

eac h group a nd within eac h group on th e t es ts g i e n f o r 

ea ch of th e id e ntifi e d variabl es wh e n only on e meas ur eme nt 

was taken of e ach subj ec t (3 4 , p. 269) . Pri or t o th e co l -

lection of the data, it was decid ed tha t th e fiv e p e r c e nt 

lev e l of confidenc e would constitut e th e l e ve l for r e j e ct i o n 

of the null hypoth es i s in all comparis o n s . Th e Duncan ' s 
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Mu1t ip le Range Te s t ( 52 , p. 17 2) was se l e ct e d to a naly ze th e 

s i :~ 11 i fica n c e of th e F-rat i o . 

Suwmar y 

In this c h a pt e r the proc e dur es i n th e d eve l op ment o f 

t h e s t udy were outlin e d . Pr e liminary p rocedur es inv olv c rl in 

th e se lectio n of three gross motor activiti e s of a r ec r c <J-

t j o n a l t y p e , s e 1 e c t i o n o f m u s c l e g r o up s , i n s t r u 10 c n l a t i o n , 

and se l e ction of s ubj e cts . Coll e c ti on of datu in clud ed th e 

a d m i n i s L r a t i o n o f me a s u r e m e n t s t o d e l e r m i n · a t t i t u d · L o 1v u r d 

phys ical e ducation, a n es tim at e d m a ur c of phy ic a l wor k 

capa city , a n d r es i d ual ne ur omuscular t •n s i on , befo r ·, du ring, 

and af t e r a n e xper i me nt a l pe riod of nin e we ks dltruLi on . 

Sub j e cts for th e study we r i x t y co ll 'g wom e n 

enro ll ed a t th e Texa s Woma 11' s Univ e r ity of De n ton , T x<~s , 

comprising fo ur groups : a bowling grou p , a S\ i mm in g group , 

a modern da n ce group, a n d a control group . Th . subj e ct s 

in th e specified motor activity g rou ps parti c ipat ed in 

r e g ul ar c l asses of t h e r e quir e d physic al d u a ti o n pr og r am , 

a nd th e sub j e cts in th e co n trol g r oup pa r t i c i pa t ed in no 

pr ogram of o rg anized physi ca l activity for nin w e ks . 

El e ctromyog raphic observations we r e mad e durin g 

eac h t e st ing sess ion of th e bic e ps musc l e gr o up a n d th e 

rectus f em oris mu sc l e with a n in tegrating Bi o e l e ctric 

Monitor coupl ed with an e l ec tronic count e r . 

was meas ur ed in a r e lax e d supin e position . 

Each subj ec t 



Ana ly s i s o f var i a n c e was t h e st a ti s ti ca l t oo l 

u t iJ iz e d to e va lu at e th e d i ff e r e n c es be t we e n th e group s , 

a nd wi t hin th e grc ups , o n e ac h t e st adm ini s t e r e d before , 

d u rin g, a nd aft e r a n e xp e rim e n ta l p e r i od of nin e wee k s 

du ra tio n . 

Ch ap t e r I V pr e s e n ts a n a n a ly s i s a n cl. int e r pr e t atio n 

o f t he f in di n g s . 

62 



CHAPTEH IV 

PRESENTATION AND ANALYSIS OF DATA 

Introdu c ti o n 

The pres e nt c hapt e r contains th e pr e s e n tatio n of 

th e s ta ti s tica l t reatm e nt of th e d a t a util iz d t o t e t t h e 

h ypothe se s of th e st ud y . An int e rpr e t a ti o n a n I di c u i o n 

o f the r es ults of the statistic a l an a lysi 

nar ra t ive and tabu l ar form . 

rtr p r sc n t c cl in 

Th e st udy was de sig ne d to de t c r min t h in flu n o f 

th e pa rticip a tio n in thr ee l e ve l s of gro s moLo r ac t i i ty 

of a re cr e ationa l n atur e upon th e r es i d ua l n e uro mu cuJar 

t e n s ion of sixty coll e ge wom e n e nroll ed at th e Te xas Woma n' 

Univ e rsity dur ing th e spring se me st e r of th e aca d mi c ye a r 

1969 -1 970 . A four group d e s i gn wa s e mplo y d : (1) a li g h t 

l e ve l ex e rci se grou p , wh i c h was a bo wlin g c l ass · ( 2 ) a 

mo de rate l eve l exercis e group, which was a s ~ i mmin g cla s ; 

( 3) a h eavy l e ve l ex e rc i se group, whi ch was a mod e rn d a n c e 

c l a s s ; and ( 4) a control group, whi ch 1 as c omp ri s e d of s ub 

j ects participating in no sc h e du l e d p r o g ra m of p hy s ic a l 

act ivity. 

Data were collected fr om the subj e cts th r ough th e 

adm ini strat ion of three t est ing periods, a p r e -t e st , a 
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mi J- po int test, and a post-t es t . Th e experiment~! peri od 

e x te nde d for a period of nin e weeks . El ctromyograp h ic 

mc us ure mc nt s wer e made of th e r es idu a l n e uromu scu l ar t e n s ion 

i n t he biceps br ac hii of th e domi nant h and and th e r ectu s 

f e tn o r i s o f t h e r i g h t l e g . A modif i e d t es t of s ubm aximal 

p h y s ica l wor king capac ity wa s us ed to es tim a t e the phy s icnl 

f i t nes s of eac h s u bj e ct . Th e Wea r Phy s i cal Educatio n Att i-

t ud e I nv e n tory was adm ini ster ed to det e rmin th ~ a ttitud e o f 

subject s to wa rd p hy s ical e du ca ti o n . It wa s ur mi s 8 d thCJt 

atti tude to wa rd phy s ic a l ed ucatio n a nd th ph y s i cJ l fitn rss 

l e v e l o f a n i n d i v i d u a l a r e fa c t o r s w !1 i c h c o u l d p o i l.J 1 y 

inf lu e nc e th e t h e rap e uti c eff ct of th e part i c i pa tion in 

moto r act ivity upon r es i dua l n e uromu cular t · n s i o n . 

Analy s i s of va rian c e , a -:-. wo-fa · tor m." d design of 

rep ea t ed meas ur e s of on e fa ~ tor (1 4 , p . 54 ), was Lh stu ti s -

tica l t ec hni qu 8 se l ec t ed to a naly ze th data . Du n ca n' s 

Multiple Ra ag e Te st was us ed to tr e at eac h F ratio in wh i c h 

a s i g 11 i f i c a n t d i f f e r e n c e w a s f o u n d a t t h c . 0 J l c v l o f 

co nfi d e n ~e . 

Det e rminin g t h e Ho~e n e it y B tw ee n Groups 
on Initi a l Me as ur 

Du e to variat i o n s in scores of th e ubj ec ts on th e 

initial t e sts of th e study it was n e c e ssary to de t erm i n e i f 

th e groups we r e ho mog e ne ous in al l me asurcm 2 nt tak e n . A 

o n e -w ay ana ly s is of va ri anc e was us ed t o compa r e th e mea n s 

of th e bowling group, th e swim~ing grou p , th e mode rn da nc e 



g r oup , a nd th e control group up o n eac h of th e measur eme nt s 

t <l k '· ·i p r i o r t o t h e e x p e r i rn e n t a l p e r i o d . 

El ec t r omyogr a ph i c me as u r e me nts were mad e o f Lh 

r e sti ng ac tion pote nti a l of t he s e l ec t ed muscl e group s 

p r i u r to t h e exp e rimenta l pe rio d . M e a s u r e m ·~ n L s 1 e r e L n k e n 

o n c ( ~ , r e p e a t e d a p p r o x i m a t e l y s i x h o u r s 1 a t ·r , a n d a f L ' r 

t wen t y - four hour s . Tab l e 1, pag e 66 , pr se n l s des cr i ptiv e 

dat a wi th resp ec t to th e means , st a n d<l rd deviation s , a nd 
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st a nd a rd e rrors of th e mea ns of Lh initi a l me a s u r e me nt s of 

r e s i d ua l n e uromu sc ul ar t e n s ion in th e bic •p s brachii mu cl 

of the domi n ant h a nd a nd th e r e ctu s f moris mus c l o f t h · ~ 

right l e g . T h e In e a s u r e m e n t s a r e g i v n i n u n i t of mi c rovo lt 

for o n e minute int e rvals . Th e t e st in g s ss ion s a r i cJ n t i -

fied in th e t a bl e by nu mbers with CT1) b in g t he r es ult of 

th e f i rst meas ur e me nts tak e n, CT2) th e s co ncJ m as ur me n t 

t a k e n app roxi mat e ly s i x hou rs l at r , a n d (T J) th e thi r d 

measurem ·~ nt t a ke n approx i mat e ly t\ e nty- four ho ur s l at e r . 

Th e s ubj ec ts expe ri e n ced the h igh es t t n s ion 1 ve l s on Lh 

fir s t me as u r e m e n t s tak e n o f th e bic eps br a c h i i a-n d r e ctus 

f emor i s wi th th e exception of th e contr o l group on th e 

measureme nt s of th e r ectus f emor is. Th e high e r mea n s cor e s 

r eco rd e d for th e first testi n g s e ssion on th e initial me a 

su reme nts we r e attribJt e d to th e subj ec ts b e in g un c rt a in 

a s to what to expe ct d urin g th e t e st in g s e s i on e v e n th oug h 

an e ffort was mad e to acq uaint ea c h subj e ct 1 ith th e instru -

me ntation and procedur e s of th e Les t. Th e c o ntrol grou p 
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ex pe ·i e nce d the highest tension levels on the measur em e nts 

of the r ectus femoris taken approximately six hours aft e r 

th e in i tial test. No reason can be found for this ph e no me non. 

TABLE 1 

I NITI AL MEASUREMENTS OF THE NEUROMUSCULAR TENSION MEASURED 
I N MICROVOLTS DURING A ONE MINUTE PER I OD FOR FOUR 

ACTIVITY GROUPS IN THE BICEPS BRACHII 
AND THE RECTUS FEMORIS* 

Biceps Brachii Rec tus Fe moris 
Gr o up 

M so SEM M so SEM 

Bo wl i ng 
CT1 ) 145.60 94.69 24.49 100. 26 50. 99 13 .1 7 
(T 2 ) 124.40 83.87 21.66 89.20 55 .09 14 . 22 
(T3) 130.33 89. 45 23 .10 94.20 46 . 67 12 .0 5 

Swi mmi ng 
CTl} 128.93 107.41 27.73 87. 4 1 66.0 4 17.05 
CT2) 113.47 105.84 27.33 76.40 67.28 17.37 
( T3) 113.87 103. 41 26.70 73 . 5 3 66 . 68 17 . 22 

Mo dern Dance 
CTl) 128.60 116.95 30.20 8 4 .33 81.33 21 .01 
( T2) 109.73 90.10 23.26 81.13 69.52 17.9 
(T3) 121.20 99.49 25.69 79.40 67.60 1 7 . 5 

Control 
CTl) 120.80 112.79 29.12 90.33 72.73 18.79 
CT2) 118.27 76.70 19.80 92.33 73.50 18 . 98 
(T3) 119.53 104.36 26.95 87.60 69.98 17.81 

•Resting muscle action potential for one minut e 
intervals given in units of microvolts with (Tl) bei ng t he 
results of th e first measurement, CT 2 ) the s e con d measure
ment taken approximately six hours later, and CT3) the 
third measurement taken approximately twenty-four hours 
later. 

The bowling group elicited the high e st mean scores 

in resting tension of the four groups on the initial 
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m e u ~ urc me n t with a mea n score of 145 . 60 ~v ( microv o l ts) for 

t h e b i c e p s , a n d l 0 0 • 2 6 ft v f o r t h e r e c t u s f e m o r i s . 

g r oup e xpe rien ce d th e high e st t e nsion l evels on th e meas ur e

merJ LS of th e bic e ps r e p e ated six hou rs l at e r, and a l so on 

t h c 111 c a s u r e m e n t s rn a d e t we n t y - f o u r h o u r s l a t e r , rn e a n s c o r c s 

wer e 12~ . 4 0 ~v and 130 .3 3 ~ v, r es pe c tiv ly. Th e mod er n 

d an ce gro up and the sw imming group ha d sli g htly dif f re nL 

mean sc ores for th e initial meas urem n t Lak n of Lh b i c r s 

a 11 d r e c t u s f e •11 o r i s , w i t h t h e m o d e r n d a 11 c g r o u p r a n k i n g 

sl igh tly low e r than th e swimming group on Lh e me asur e m· nt s 

t ake n of the r e ctus f e moris . Th m e a n s c o r ' s w r c : ( l ) m o cl c r 11 

d a n ce - -1 28 . 60 ;1. v for th e bic eps , 84.33 p.v for t h r us 

f e Ill 0 r i S ; ( 2 ) S W i Ill Ill i 11 Q - - l 2 8 , 9 3 ~L V f 0 r t h b j C p S 1 8 7 . 1 Jl V 

for the r e ctus femoris . Th e control gro up d i p l ay ed th e 

mo s t s t a bl e t e n sio n l eve ls th ro ughout th thr t ting 

s e ss ion s in meas ur eme nt s tak e n of th bi c ps bra c hii a n d 

th e r e ctus femoris in comparison with th t h r ol h r grou ps . 

Th e mean scores for th e bontrol subj cts for th e bi c p \~C r c : 

CT1l 1 20.80, CT 2 l 118. 27 , and CT3l 11 9 . 53 , with a rang e of 

2 . 53 ~v; the me an scor e s for th e rectus f emoris 1 e r 

90.33, CT2) 92.33, and CT3) 87.60, with a rang e o f ~ . 63 ~ v . 

On e might surmis e that th e control grou p wa s th mo t stabl e 

of the groups becaus e th e studen ts we r e b tt e r adjust ed t o 

coll e g e routin e than the subjects in th e mo tor act i vity 

groups. The control group consisted of junior a nd s nior 

stud e nts who had su~vived th e probl ems of th e l ow e r division 
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c u rri cu la while the subjects in th e exp e ri me nt a l gr oups, 

f rt '': hm a n a nd sophomor e stud e nts, we r e not as e xp e r i e n ed in 

c o JJe ge proc e dur e s as th e control g roup. 

A one-way an a lysis of v a rianc was used t o d e t e rm i n e 

i f t he r e was a significant di f f e r e nc e be tw ee n Lh me an s f or 

e a ch g rou p on each of thr ee s e ts of m as ur e~ n ts t ak n . Th e 

a n a lys i s was re-evaluat e d in th e an a lyti ca l proc dur s of 

t h e two f a ctor mi xe d design for r e p e a t e d m as u r s of Lh 

meas ure me nts tak e n during th e expe ri m•n ta l p r i od . Th e 

F ra t io in e ach analy s is wa s not signi f i a n t a t t it . or: 

l eve l of co nfi d e nc e , indic a ting th at t h group s did not 

di ffe r in r es idual ne uromu sc ul a r t n i o n l ev l s t ak • n o ne 

r epe at ed a pproximat e ly si x hour s l a t e r, a nd agai n tw ~ nty -

f ou r hour s lat e r. A s umm a ry t a bl o f 

in thi s c h a pt e r nea r th e di sc u ss ion of 

ac h an a l y s i s app ar 

ac h of Lh m ils ur e-

me nt s t a ke n of th e bic e p s a nd r ec tu s f em ori s . Re f e r to 

Tabl e s 5, 9, 12, 14, 16, and 18, pa ges 7 3 , 78 , 8 1, 83 , 8 , 

and 87 , r e sp e ctiv e ly. 

An e stim a t ed me asur e of p hy s i ca l work in g ·capac ity 

was d e t e rmin e d for e ach subj e ct throu g h the adm ini s tr at i o n 

of the SWC170 Test. 

e xp e rim e ntal p e riod. 

The t e st wa s admini st e r ed pr i o r t o t he 

A on e -way analy s i s of a ri a n ce wa 

used to de t e rmin e i f th e r e was a signi f i ca n t d i ff e r e n c e 

between the groups on the initial me a sur em nt s . Th e g ro ups 

were found to b e homogen e ous with r es p e ct t o es ti ma t ed me~s 

ures of physical worki ng c a pa c ity. Th e a n a ly s is i s eval u a t e d 
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i n t he s ummary table o n page 89. Desc ri p tiv e data r e l at i ve 

t o Lhe mean , standard d e viation, and s t a ndard e r ror o f t h e 

mc Jn f or e ac h gro up in the initi a l meas urem e nt s o f th e S WC 170 

Te st a ppear in Tabl e 2 . The r e sults a r e r e cor d e d in kil o~o n d 

m t' t e r s • Th e group s we r e rank ed in th e fo llo win g o rd e r b e gin -

n lng wit h the high e st me an scor e : ( l ) b o w l i n g , ( 2 ) s 1v i n1 rn i n g , 

( 3) c ontro l, and (4) mod e r n dan ce . No si g nifi cant d i ff c r ' n ce 

i n t h e phy s ica l fitn es s of th e gr o up s , a s me a s u r ed b y th e 

SWC 17 0 Te s t, suggests that th e s ubj c t s who s l cc t d bow li ng 

h a d a fitness l e ve l as high a s th ubj ct i n t he til ' r 

g ro up s at th e beginning of th e pr s nt inv s ti gaL i o n . 

TA BU. 2 

INITIAL MEASUHE MENTS OF PHYSlC AL \VOHK I NG CAP CITY TO 
HEACH A HEAHT RATE OF 170 BEA TS PER Ml UTE A 

ESTIMAT ED UY THE SWC 170 TEST FOH FO UR 
ACTIVITY G RO U PS ~ 

Group M so S U I 

Bowling 670.400 7 1. l 0 19 . 13 

Swimming 668.600 69 . 4 5 17. 93 

Mod e rn Dance 6 ·11 . tl1 0 67.07 17 . 32 

Control 650 . 800 60 , _1 15 . 55 

*Recorded in kilopon d me t e r s pe r minu t e . 

Th e Wear Physical Education attitud e In e n t o ry 1 as 

administered to th e subjects in th e four groups. Th e r e sults 

indicated that there were no significant d iff e r e nces b e t we e n 
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t h e bow li ng grouo , th e swimming g1·oup, th e mo der n da n c e 

g r oup , a nd th e cont rol grou ;:> in measured at t it udes to ward 

ph ys ica l e ducation . A s ummary of th e ana ly s i s i s inclu de~ 

o n Ta b l e 22, p age 91 . Tabl e 3 , on thi s pag e , pr ese nt s 

d esc r ipt iv e data r e l at iv e to th e me a n s , sta ndard de vi a ti o n s , 

a n d s ta ndard erro r s of th e mea n s for the f our group s on th e 

i n i tia l meas ur eme nts of th e We ar Ph y s ic a l Ed ucation At titud e 

I nve nt o ry . 

TAB LE 3 

INITIAL SCOHES ON WEAR PH YSIC AL EDUCATlO ATT l TUlJ E 
INV ENT ORY FOR FO UR ACTlVlTY GKO PS * 

Grou p M su St.:: I 

Bow lin g 1 24 . 4 7 1 2 . 00 3 . 10 

Swimming 116.13 10. 68 2. . 7 6 

Mode rn Danc e 1 23 .0 0 9.3 3 2 . ·11 

Control 119.87 11. 96 3 . 0 9 

*Record e d in poi nt s with 1 5 0 po sibl poi nt 

Th e means for th e four group s vari ed li tt l e 'ith r e p c t t o 

p o i n t s r e co r d e d i n t h i s a t t i t u de i n v e n to r y , bow 1 i n g 1 2 -J • • J 7 , 

swim ming 11 6 .1 3, mod e rn dance 1 23 . 0 0 , and contro l 11 9 . 87 , 

out of a po ss ibl e 150 points . 

El e ctro myograp hi c Meas ur eme nt s 

El ec tromyogr ap hic me asur e me n ts we r e tak e n of th e 

bic e ps brachii of th e domi n ant h a nd a n d th e r e ctus f emo ris 
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o f t he rig ht l eg b e for e , af t er t he fourth wee k , a n d after 

t he ni nt h we e k of participation in th e p r e viously des i gnated 

a c t i v ity c l asses for thr ee group s , as we ll as for t he n o n 

p a ·t i cipa nts i n org a n iz ed act i vity, th e contr o l gr o up . 

Duri ng t h e initial testing period a nd th e fin a l t es tin g 

per iod , a singl e measur e me nt of ea c h s ulJj e ' twas t aken thr ee 

t ime s in a tw e nty-four hour pe riod . An in it ial r ecording 

w a s t a k c n , a s e co n d r e co r cl i n g wa s t a k n s i x h o u r s l n t t· r , a n d 

approx imate ly tw e nty -fo ur hou rs lat e r a fin a l r e o r ding was 

made . Only on e meas ur e me nt was tak n of ach ul>j cc t duri ng 

t he mid- point t es ting per iod a n d thi m as ur me nt wa s ta ke n 

on e hour af t er participation in th e s l ct a Li v it y . 

Tabl e 1 , p age 7 2 , pr ese nt s d criptiv e da l <J r 1 · Liv e 

to th e mea n s , s t a nd ard devi a ti o n s , a nd s t a nda r d rr ors of th e 

mea n s for th e quantitativ e me a s ur em nt s of th e bic p s I.Jr ac hii 

t a ke n pr i or to a n y activity for th initi a l l s l, an d approx-

i ma t e ly on e hour after p a rticipation in th e ac ti v ity for th e 

four groups du r ing th e mi d -p o in t t st a nd th e f in a l t L. 

An a na l ysis of t he tabl e r e vea l s th at all grou ps ~ with th e 

excep tion of th e control group, exp e ri e n ced a d cr e a. in 

me an scores of r es idu a l n e u romuscul a r t e n s io n be t w e n th 

ini t i a l t es t a nd th e fin a l t est . Th e control group d i splay ed 

th e gr ea t e st stab ilit y in r e cor ded t e n i on l e ve ls . Th e 

mod e rn danc e group h ad th e g r e at es t r ed uction in t e n s i o n 

l e ve ls b e tw ee n th e initi a l t e st and f in al t es t, fr o m 1 28;60 ~ 

to 57.12 jJ.V. 



TABLE 4 

QUAN TITATI VE MEAS UR EME NT S OF TH E NEU ROMUSC ULAR TENSION 
MEA SURE D IN MICROVOLT S DU RI NG A ONE MINUT~ P ~ RIOD 0~ 

T H E 13 I C E P S 13 H A C H I I F 0 R F 0 U H ACT I V IT Y G R 0 U l' S T 1\ K E, 
AP PRO XI MATE LY ONE HO UR AF TER PARTICIP ATION lN 

THE ACTI VITY ON TH E I NIT IA L TES T, MID-POINT 
TEST , AND FINAL TEST 

Group M so EM 
- --

Bow li ng 
( T 1 ) 145 . 6 0 94 . 69 2 t1 • ·I<) 
( T 2 ) 101.00 59 . r 1 t: • ~)0 

(T3 ) 88 . 27 59 . 18 15 . 20 

Swimmi ng 
( T 1 ) 1 28 . 9 3 10 7 . 4 1 27 . 7 3 
( T 2 ) 106.07 70 . 77 c: o. 1 7 
(T3 ) 27.73 18 . 27 1 2 . 9:-i 

Moder n Da nc e 
( T l) 128.60 11 6 . 9 5 30 . 20 
( T2 ) 95 . 5 3 66 . 20 17 . 20 
( T ) 3 57 .1 3 44 . 32 1 1 . ·1 tl 

Control 
( T l) 120.80 11 2 . 79 2 9 . 1 2 
(T2) 11 8 . 27 98 . 8 7 25 . 53 
( T3) 1 23.53 8 3 . 22 2 1 . tl 9 

A two factor mi xed d e si g n a n al y sis of va r i anc e of 
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r e p e at e d measur e s was us e d to de t e r min e t h e ig ni fic anc of 

th e diff e renc e be tw ee n th e me ans of th e gro up du rin g th e 

e xp e rim e ntal pe riod . A summary of thi s a n a l y s i s ap pe a rs in 

Table 5 , page 73. 

An analysis of Tabl e 5 r e vea ls th a t t he F-r at i o 

o b t a i n e d f o r t h e d i f f e r e n c e s b e t 1 e e n t h e g r o u p s \'I a s n o t 

significant at th e .05 l eve l of confi de n ce , in d i cat i ng t ha t 



TA BLE 5 

ANALYSIS OF VARIANCE OF RE SI DUA L NEURO MUSCULAR TENS I ON Oi 
BI CEPS BRACH I I FOR FOUR ACTIVITY GRO UPS MEASUHEO IN 

MIC ROV OLTS OURlNG A ONE MINUTE PERIOD TAKEN 
APPR OXI MA TELY ONE HOUH AFTEH Pi\HTICI PATlON 

IN TH E ACT IVI TY ON THE IN ITIA L TEST, 
MID - POI NT TEST , AND FINAL TEST 

So urc e d f ss ms F 

Betw ee n Sub j ec t s 59 947 538, 11167 160 ·-9 . 9732 

7 3 

Be twee n Gr o ups 3 18 906 . 6033 6 0 2 . 2278 . 30 0~ 
Er ro r b 56 928 63 1 .7 33 l 6S0~ . 700 5 

Wi thi n Su bj e ct s 1 20 359841 . 3333 2990 . 6770 
Tr i a l s 2 649 t11 . 33:33 3 2. tJ 7 0 . 0 0 6 7 1 ' . 0 ::> 16 ~· •:: 
Gro ups X Tri a l s 6 323 48 . 7 :n· 5 9 J • . J8 7 2 . 2999~· 

Er rorw 11 2 2622 50 . 67 78 234 tJ . 202 <: 

Tota l 179 1 307379 . 7 00 

'~S i g ni f i ca n t a t t he . 0 5 l e v ' l F ( 6 ,1 12) = 2 . 1 9 . 
~":'S i g ni f i ca n t a t t h c . 0 l l e ve l F (2,11 2 ) = ·I . 0 2 . 

F( 3 , 56 )(.0 5 ) = 2 . 7 8 
F( 2 ,ll 2 ) ( . 0 5 ) = 2 . 19 

th e grou ps did not v a ry s i gnifi ca nt ly in th e r ed ucti on of 

t e n sio n in th e bi ceps br ac hii as a r es ult of t he pa rti c i pa-

tion in va riou s l eve l s o f p h ys i cal act i vity in a r eq uir d 

phy s i ca l ed uca tion progr am wi t hin th e d e li mitatio ns of t h e 

st ud y . 

Th e F va lu e f o r tri a l s wi t hin s ubj ec ts 1 as hi ghly 

signifi ca nt. This in d ic a t ed a n o ve r a ll chang e in th e r e s i d ua l 

n e uro mu s cul a r t e nsion l e ve l f rom t he i n i t i al t e st t o th e 

fin a l t e st. Re sidu a l n e uro m:.~sc ul a r te n s i on l e ve ls of th e 



gr o ···,s , ac cording to me an sc o r e s, t e n ded t o d e c r e as e at 

d i f it r e nt l e ve l s b e tw ee n th e thr ee me as ur ements . Th e F 

v al uPs for th e group s by trials wa s s i gnif i ca n t a t t h e . 0 5 

l e vP1 of confid e ~c e , indi c ating th at t he group s c h ang ed at 

d i f f •.: r e n t r a t e s i n t e n s i o n 1 e v e 1 s b e t we e n t h c i n i t i a 1 a n d 

f i n al me as ur e me nt s . Tabl e 6, b e lo w, p r e s e n ts D un c<~ n ' s 

Mul ti p le Range Te st for a comp a ri so n o f t he s i gn ifican c 

lJ e t w c c n t r i a 1 s o f t h e t h r e e s e t s o f m e a u r e m ~ n t s L a k (' 11 

d uring til e e xp e rim e nt a l pe rio d . 

TA BLE 6 

DUNCAN 'S N EW MULT IP LE RANG E TES T APP L IED TO TilE DlF FEHE' E 
I N NEU IWM USCUL AR TENSIO N MEASU RED IN IIC IWVOLTS BET VE EN 

THE IN IT IA L T EST, MID -P OIN T TEST, A. D FJN AL Tl:: T ON 
MEAS UR EME NTS OF BIC EP S BH ACH II FOR FO R A ~TI l TY 

GHOUP S APPHOXI MATE LY Oi C: HOUR AFTER 
PARTICIP AT I ON I N ACTIVI T Y 

(l) ( 2) ( 3 ) ( 'J ) 
Short t 

7 tj 

T3 T2 Tl Si gnifi a n t 
Mea n s 84 . 5 500 10 5 . 2166 130 . 9833 Ha ng 'S 

T 3 8 ·1. 5500 20 . 66 6 6 '~ 4 6. 4 333~' R = 18 . .J 50 

T2 10 5 . 2166 25 . 7667':< R 2· = 17 . 52 61 

*Significant at . 05 l e ve l = (11 2 , 3 = 2 . 9 - 0867 ; 
112, 2 = 2.80 38 67) . 

error). 

Sx = 6.2 50 5 (Stan da rd e rror of a s in gl e mean) . 

( l - .0 5 ) 2 = . 90 25 (Pos s ibility of ma king a Type I 

T3 (Final test) 
T2 (Mi d-point t e st) 
Tr (Initial t es t) 
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Th e r es ults indicat ed that there was a s igni ficant dec r ease 

in r e s idua l n e uromu sc ular t e n s ion of th e bic eps brac hii 

bet we e n th e initial and mid-point t es ts, mid -point a nd fin a l 

t e s ts , a nd th e initi a l a nd fi n al t e st s , meas u rem ents tak e n 

o n e ho ur after participation in th e sele ct e d activity . 

Th e F value of th e gro up s by tri a l s for me as ur em e nt s 

o f re s idu a l n e uromu sc ula r t e nsio n tak e n of th e bic e ps ap 

p rox imate ly on e hour after pa rticip ati on in th e act ivity 

th a t was pr ese nt ed in Table 5 was signific ~ n t at th e . OS 

l e ve l of confidenc e , r e ve aling th at the group p rform d 

diffe r e ntly on th e final test whe n co mpa r d to Lh initi uJ 

t e s t . Dun ca n' s Multipl e Hange T st was app li d to d ·t r mi n 

which specif i c group s e xperi e nc d th g rea t s t d i m u n i t i o 11 

in res i dua l n e ur om usc ul ar t e n s ion betw n th e init ial mc us-

ur e ments a n d th e fin a l meas ur eme nts. An a n a l ys i s of Tabl · 7 , 

page 76, reveals th at t h e rang e b tw e n th m an of th e 

initial and final meas ur ements of th mode rn da nce group , 

th e sw im ming group, and th e bowling gr oup 1 a s s i gnif ic a nt 

at th e . 05 l eve l of confi dence . Th ran ge of sca r s for 

the control group was not signif i cant . Th r wa a s i g -

nific a nt differenc e between th e mea sur m nts of th e fina l 

t es t for th e mod e rn da n ce group a n d th e swi mm in g gro up in 

comparison with th e fin a l t e st of th e cont r ol group . A 

trend i s evident t hat participation in p hys i cal acti ity of 

a recr ea tional nature will prov i de r e li f in muscula r t e n

sion approximat e ly one hour aft e r th e pa rti cipation in th e 
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ac t lv i t y . The control group remained r e lative ly constant 

in te n s i on levels throughout the exp e rim e ntal pe rio d . 

Quantitative measurement~ of th e r e ctus fe mori s 

mus c le a pproximately one hour after particip a tion in th e 

ac t i vi ti es previously designated indicat ed th ere wa s no 

s i gni f ic ant d i fference between the four group s on meas-

ur e rne nts taken at the beginning, after th e fourth wee k, 

an d a t the end of the experimental perio d wh i ch e xt e nd d 

fo r n i n e weeks. Table 8, presented be low, r e vea l s 

de s c r ip tive data with respect to the me asur e me nt s . 

TABLE 8 

QUANTITATIVE MEASUREMENTS OF THE NEU RO MU SC ULAR TE SION 
ME ASURED I N MICROVOLTS DURING A ON E MI NUTE PERI OD OF 

THE RECTUS FEMORIS APPROXI MAT ELY ONE HO UR AFTE R 
PARTICIPATION IN THE ACTIVITY ON TH E INITIAL 

TEST, MID-POINT TEST, AND FI NAL TEST 

Group M so SE M -
Bow l ing 

(Tl) 100.26 50.99 13.17 
(T2) 71.33 35.83 9. 25 
(T3) 52.00 71.19 18.38 

Swimming 
(Tl) 87.41 66.04 17.05 
(T2) 45.73 35.28 9. 11 
(T3) 25.73 28.73 7. 42 

Modern Dance 
(Tl) 84.33 81.33 21.01 
(T2) 53.60 38.24 9.87 
(T3) 34.66 31.02 8.01 

Control 
(Tl) 90.33 72.73 18.79 
(T2) 74.73 41.71 10.76 
(T3) 73.26 40.8 3 10.54 

77 



78 

Th e ~ w im ming group obta in ed th e great es t mea n l os s in t ension 

l e ve ls be tw ee n the initial t es t and th e finul t es t and th e 

l owe st mea n scor e for th e four group s on th e final t est , a 

mea n of 87 . 41 IJ.V for th e i n itial t es t and a me an of 25.73 JLV 

f o r Lhe fina l t es t , a l os s of 6 1 . 68 !J.V . Th e control group 

ex p • ri e nced th e l east me an lo ss of th e four grou ps , with a 

me an of 90 . 33 IJ. V for th e initi a l t est a n d a mea n of 73 . 26 ~ v 

f o r t he final t est . Th e t e n s i o n l eve l s r c ord d for the 

r e cL us f e mor is are l ower than th e l e v ls r ported for Lh 

~ i c e ps brachii ea rli e r in thi s chapt r . This i s in agr mc nt 

wi th t h e r es ults report e d by Stei nh au s (7 , p . 31) , a n <.J d ·Vr i s 

( 31, p . 9) . A s um mary of th e analysjs of varian e , pr'. ntcd 

in Ta b l e 9, reveal ed th ere was no signific a nt d jff r nc . 

TABLE 9 

AN ALYSIS OF VARIANCE OF RES I!Jll.A L NEUBO MUS CULA H TE 10 OF 
RECTUS FE MORIS FOR FOUR ACTIV ITY GRO UPS lEAS RED I 
MICROVOLTS DURING A ONE MINUTE PERIOD TAK E 

IMAT ELY ONE HOUR AFTER PARTICIP ATI O I 

Sou rce df ss ms 

Betwee n Subjects 59 3 117 83 . 3 1 1 52 8 <1 . <I 6 2 9 
Bet wee n Gr o ups 3 22264 . 8 222 7-121 . 6075 
Er rorb 56 28 95 18 . '-1809 5169 . 973 0 

Wi thin Subjects 120 18 24 08 . 000 1520 . 0 66 7 
Be t1.vee n Tria l s 2 6061 4 . 6778 30 307 . 3389 
Gr oup s X Tria l s 6 838 4 . 4778 139 7 . .Jl30 
Errorw 11 2 11 34 08 . 8 44 101 2 . 5789 

Tota l 17 9 494 19 1. 311 

F 

1 . <132 

29 . 303~' 

1 . 3801 

* Si gn i ficant a t t h e .01 l eve l F ( 2 ,11 2) = . 82 . 

F ( 3 , 56 ) ( . 05 ) = 2 . 78; F (l , 56)( . 05) = 4 . 02 
F ( 6, 11 2) ( .05 ) = 2 .1 9 
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betw ee n th e group s on th e f in a l t es t . Th e F va l ue in dicated 

a si gn ifi c a nt d iff e r e n c e be tw ee n th e initi a l tes t a nd t h e 

f ina l t e s t, but th e g r ou ps d i d not va ry s i g n if i ca n t l y . A 

c h a ng e in t e n s i o n l e ve l s suppor t e d t he t h eory th a t th e par-

t ic ipa ti on in r e c r e a ti o na l a cti vit i es ca n co nt r i b ut e t o a 

r ed uc tio n in t e n s i on in t he r e ct us f mo ri s musc l e . Dun can' s 

Mu l ti r l e Ra nge Tes t , Tab l e 10, o n t hi s pag e , r vea l s th at 

t he re was a s ignifi ca n t c h a n ge be t w e n eac h of t h t es ts , 

i ni t i a l , mid-p o in t , a nd f in a l, of th e r c tu f mod s t a k · u 

appro x i ma t e ly o ne ho u r a ft e r t he ac tiv i ty . 

TAB LE 10 

DUN CAN 'S NEW MU LT IPL E RANG E TES T APP LIED TO THE DIFFEilE NC E 
l N N E U H 0 MUSCUL AR TEN S I 0 N 0 F F 0 iJ J1 ACT 1 V lT Y G H 0 UP Ll E T \ E 1·: 1 

Til E I NlTl AL TES T, MJ D- PO lNT TEST A 0 F l i\l. TE T 0 
ME AS U H E i\1 EN T S 0 F TH E HE C T US FE M 0 H 1 A P P ll 0 X 1 ~I ATE L Y 

ONE HO J R AF TER PART I CI PATION I ACT1VITY 

(1 ) ( 2 ) ( 3) ( <J ) 

T3 T2 Tl Sh o rt rs t 
S i gn i f i ca nt 

Me a n s 46. 4167 6 1. 3 0 90 . 600 Rang s 

T3 46 . 4 167 14 . 9 4 4 lj ~' 44 . 1 033\~ R3 - 12 . 122-J 

T 2 6 1. 35 0 2 9 . 2~oo ~· R2 :: 11. 5 185 

*Si g ni f i ca nt a t . 0 5 l e ve l :: ( 11 2 , 3 :: 2 . 950 8 67 · 
1 12,3 :: 2 . 80 386 7) 

S ~ :: 4 .1 0 807 9 ( s ta nda r d e r ror of a si ng l e m_a n ) 

(1 - . 0 5 ) 2 = . 90 25 ( prot e c ti o n l e ve l) 

Tab l e 11 , pag e 80 , p r ese nts t he me a n s, s t a nda r d 

d e v i ation s , a nd s ta ndard e rr or s o f t he me asur e me n t s of th e 
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b i ce ps brac h ii rep ea ted approximat e ly six hour s af t er partie -

i p ,: t i on in t h e act i vi t y . Th e swimming gro up experi c ncrd th e 

g r1·a tes t mea n reduction i n r e sidu:J.l t e ns i o n with a m ~a n of 

1 1:5 .4 7 JLV for the initia l test and 65.7 3 fl V for th e final 

t e s t . The co ntro l group r e main ed th e mo t stabl • of th 

f ou r groups, althoug h a mea n gain of 9 . 73 flV wa s depict ed 

bet wee n the initial and fi n a l t es t . A lluns Te t ( 69 , p . S2) 

i ndi cates th a t th e consistent trend of Lh activity g r o ups 

t o l o N e r t h c r e s i d u a l n e u r o m u s c u l a r t n s i o n n f t ' r p <:1 1· L i c i p n -

ti o n in ph y s ical ed ucation cl ass s i s s ignifi a n t nt th e . 0 5 

l eve l of probabi l ity . Th data may b ' int ' rpr r t cd to ug-

ges t that p ar ticip a tio n i n th e r cr ational ac tivi i cs of 

sw imming and modern dance , within th d li mit a tion s o f t h r' 

stu dy, provide a th er apeutic cff ct upon r sidu a l t n si n . 

TABL E 11 

QUANTITATIVE MEASUREMENTS OF THE EUHOMU SC LA!l TE 10 
MEASURED IN MICROVOLTS DURI G A 0 E •II TE PEHIOD Of 

THE l3 I CEP S 13R AC HII TAKE. APPR OX HI.~ TEL Y S J X 11 0 RS 
AFTE R PARTICI PATION I THE ACT I 'I TY 0 THE 

INITIAL TEST AND FI 1 AL TEST 

M so SUI 

Group I n iti al Fi n a l Initial Fin al Initial Fin a l 
Test Test Tes t Test Test Test 

Bowl in g 1 24 . 40 9.:.1 . 33 83 . 87 63 . 83 21 . 66 16.4 8 

Sw i mming 11 3 . 47 65 . 73 10 5 . 81 2 . 28 27. 33 10 . 92 

Moder n 
Da n ce 109 . 73 64 . 93 90 . 10 53 . 61 23 . 26 13 . 84 

Co n trol 118 . 27 128 . 0J 76.70 85 . 76 19 .80 2 2 . 1-l 
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H o ~e v e r, the statistical analysis pres e nted in Tabl e 12, on 

t h is p age, indicates that there was no significant d iff e r-

e n ce between the groups on the final trial. Th e F valu e 

be t we e n the trials was significant at th e .01 l eve l of 

c on f i dence, indicating a difference betw ee n th e initial 

a nd fi nal tests at this test period, six hours aft e r par-

t ic i pation in the activity. The F valu e be tw ee n groups by 

t ri a ls was not significant, indicating th e groups did no t 

c ha nge differently in tension levels from th e initial to 

t he final test. 

TABLE 12 

ANALYSIS OF VARIANCE OF RESIDUAL NEUROM USC ULAR TE SION Or 
THE BICEPS BRACHII FOR FOUR ACTIVITY GROUPS ~EA URED I 

MICROVOLTS DURING A ONE MINUTE PERIOD TAKEN APPROXI
MATELY SIX HOURS AFTER PARTICIPATION I N ACTIVITY 

Source df ss ms 

Between Subjects 59 671925.0917 11388. 5609 
Between Groups 3 26077.2917 8692. 4306 
Errorb 56 6458 47.8000 1153 2 .9 964 

Within Subjects 60 154912.5000 1153 2 .99 6 
Between Trials 1 23885. 4083 23885 . 4033 
Groups x Trials 3 15746. 4083 5_ 8.8 306 
Errorw 56 11538.6000 2058.5821 

Total 119 826837.5917 

*Significant at the .01 level F(l,56) = 7.12; 
F(3,56)(.05) = 2.78. 

F 

. 7537 

11.6028• 
2 . 549 

Table 13, ?age 82, reveals that the swi mm ing group 

experienced the greatest reduction of mean scores (31.15 ~v) 



82 

f or t h e meas ur em e nt s of r e sidual t e nsi on o f th e r ec tu s 

f em or i s tak e n app roxim at e ly six hou rs f o ll o win g th e part i c i -

p a t i o n i n t h e a c t i v i t y w i t h a me a n o f 56 . 11 0 1• v f o r L h e 

i nit ia l t es t and 25 . 25 ~v for th e fin a l t e s t . Th e sm all es t 

rn e a n v a r i a t i o 11 ( l 0 . 7 8 f L v ) w a s r e c o r d e cl f o r L h c o n t r o l g r o u p 

w j t h a rn e a n of 9 2 . 3 3 ~ v fo r th e in i L i a l t e s t a 11 d G l . 55 JL v 

for th e final t e s t . Thi s follo ws th e pa LL rn note d in t h e 

res ul t s of th e me asur e me n ts a l r ad y di .c us se d , i n t h a t th e 

co nt r ol group r e ma in e d t h e mo s t s t abl e t hr oug ho ut t. h · t es t -

ing pe docl . 

TAl3LE 13 

QUANTITATIVE ~IEASU IU::M ENTS OF T i l E E llO .IUS CUI. 1\ H T E1' S LO 
MEASUH ED I N iVIICR OVOL TS DUHJ G A 0 E ~11 ' TE l' E H l OU 

OF THE HECTU S FEM OR I S APP HOXJ 11 T EL Y S I X 11 0 HS 
AFT E H P A H T I C I P AT I 0 N I T H E i' C T I V IT Y 0 T I l l·: 

INIT IA L TEST A U ~IN A L TES T 

M SD EM 

Group Initial Final Initi al Fi na l I n it i a l 
Tes t Te s t Te s t Te s L Tes t 

Bowling 89 . 20 6 1 . 13 55 . 0 9 2-J , cJ 8 H . 22 

Swi mm ing 76. 40 24 . 25 67 . 28 26 . 7 17 . 37 

Modern 
Da nce 81 . 13 110 . 20 69 . 52 39 . 27 17 , 9 Lj 

Contro l 9 2 . 33 8 1 . 55 73 . 0 48 . 9 1 18 . 98 

F i n a l 
Tes t 

7 . 3 

6 . 90 

10 . 1-1 

12 . 63 

On me asurem e nts of th e r e ctus f e mo r i t h e co n t r o l 

group ex perie n c ed s li g h t mea n ga in s . Ta bl e 14 , pa ge 8 3 , 

pr e sents a su m ~ary of th e an a lysis of a ri a n ce of t h e me a n 
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v ar ia ti on s e xperi e nce d betwee n th e in it i a l te s t and fin a l 

t es t f or me a s ur eme n ts t ake n s i x h o urs af t e r partic ip a ti o n i n 

a c t ivi ty . Th e F va lu e in d i ca t ed th ere was no s i g nifi cant 

dif fere nc e b e t wee n th e ini tia l t est and th e fln a l test 

sco re s . 

TA I3L E 14 

AN ALYSIS OF VA RIANCE OF RESID UAL NEU ROMUSCULAR I E 1 IO N 
OF TH E R ~C TUS FEMORIS f OU FO UH AC TIVIT Y GHO PS 

ME AS U RED I N M l C H 0 V 0 :.... T S 0 U H IN G i\ 0 1·: M I U T 1:: 
PER I OD TAKEN APPROXIMATELY SIX 11 0 1\FTE H 

PARTIC IPATI ON IN ACTIVITY 

Sour ce df ss ms 

Be t wee n Subj ects 59 296577 . 1 ~0 r: o26 . 7 60 
Be t wee n Grou ps 3 22 4 15 . 7 r:03 7 ·I 7 l . 9 1 ) ·I 1 . c-,26 2 
Errorb 56 274 16 1. 66 67 1J8 9 ~l , 7 ·f •ll 

Within Subj e ct s 60 899 18 . 5000 1 •1 9 8 . 6 ,, 1 7 
Be t wee n Tri a l s l 3 1850 . 2• 03 10-0 . 2003 3·1. 68 l ~~ 
Group s X Tri als 3 66 5 1 . 29 17 2n7 . 0972 • • J l...J 7 
Errorw 

Tot a l 

56 5 14 16 . 9=1 99 

119 . 38 6!195 . 92 59 

*Signi f i ca nt at t h e .01 1 ve l F(l , 

F(3, 56 ) (.0 5 ) = 2 . 78 
FC1, 5S) (.0 5 ) = 4 . 02 

91 8 . 160 7 

= 7 . 12 . 

Quantit at iv e me as ur e me n ts of the n euro~uscu l ar Le n-

sion in th e bic e ps br ac hii app r o x i ma t e l y t we nty-fou r hours 

aft e r parti c i pa tion in th e activi ty be fore an d aft e r t he 

exp e rim ental p e riod r evea l ed th a t t h e sw i mmin g g r o up exper i -

en ced th e gr ea t es t me a n r ed ucti o n in r es i d ual tens i o n 



( ~8 . 1 4 ~v), a mean of 113.87 ~v for the initi a l test com

par e d with 65.73 ~v for the final test. Desc riptiv e data 
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wit h respect to the measurements for the bic eps brachii a r e 

p re s e nted in Table 15. The control group remain ed stabl e 

wlt h a slight mean gain (1.20 ~v), a mea n of 11 9 . 53 ~v for 

the in itial test and 120.73 ~v for th e final t es t. 

TABLE 15 

QUANTITATIVE MEASUREMENTS OF THE NEUROMUSCULAR TENSION 
MEASURED IN MICROVOLTS DURING A ONE MINUTE PERIOD OF 

THE BICEPS BRACHII TAK EN APPROXIMATELY TWE TY-FOUR 
HOURS AFTER PARTICIP ATION IN THE ACTIVITY ON 

THE INITIAL TEST AND FINAL TE T 

M so SEM 

Group Initial Final Initial Final Initial Final 
Test Te st Te st Tes t Test Te st 

Bowling 130.33 89.00 89. 45 54.28 23 .10 l . 01 

Swimming 113.87 61.53 103. 41 42 .6 2 26 .70 11.00 

Modern 
Dance 121.20 75.80 99. 49 45 . 50 25 . 6 9 ll . 7 5 

Control 119.53 120.73 10 4 .36 81. 7 9 26 . 95 21 .18 

Table 16 presents a summary of th e analysis of 

variance between the means for measurem e nts of the bic eps 

brachii taken approximately twenty-four hours aft e r partici

pation in the activity before the start of the experimental 

period and after the completion of the experimental period 

of nine weeks. The F value indicates there was no signifi

cant difference between the groups on the final test of 
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me as ure me nt s tak e n approximately tw e nty-four hour s aft e r 

p a rt i c ipa tion in the act ivity. Th ere wa s a significant d if -

f c ,·e nce between the initi a l t es t and fi n a l t es t, but th 

F va l ue between group s by trials was not significant . Thi s 

i n .J i ca ted th at th e s ubj ec ts dimini s h e d t h e ir n e u romuscular 

t ens ion from th e initial t es t to th e fi n al t st but th a t th e 

g ro ups di d not differ s ignifi ca n tly bc tw c n th e i n iti a l t es t 

a nd t h e final t es t. 

TA BLE 16 

ANALYSIS OF VARI ANCE OF Rc.SIDUAL NE ROMUSCULAH TE ' 10 
OF THE BICEPS BRACHJI FO :~ FO UR ACTIV1TY GH UP 

M E A S U R E 0 I N \11 C H 0 V 0 L T S D R 1 G A 0 i E ~1 L'l iJ T E 
PEHIO D TAKEN APPROXIM ATE LY T WF::NTY - FO' H 

HO uRS AF TER PARTICI P~\TlON I T!IE 

Sourc e 

Be tw ee n Subj ec t s 
Be tw ee n Grou ps 
Errorb 

ACT I V I T Y 0 !~ T 1-l E I 1 T J A L T E . T 

df 

59 

60 

3 
56 

A;''iD FI AL TE T 

ss 

641 59 1 . 50 ·~ 
22 2 . s 7 

6191 8 . 9 333 

ms 

10 87 ,1. ·1322 
7 80 . 8 '"' 56 

11 05 . 23 10 

31 27 . 5 167 

F 

. 6766 

Within Subj ects 
Be t wee n Tri als 
Grou ps x Trial s 
Errorw 

1 
3 

56 

187651 . 000 
455 52 . 03 33 
17 959 . 6333 

1 24139 . 3333 

4552 . 0 333 20 . -~88* 

5 98 6 . 5 ~~- 2 . 70 00 
2216 . 77 38 

Total 119 8292 2 . 500 

* Signifi cant at th e .0 1 l eve l F( l, 5S) = 7 . 12 . 

Desc riptiv e da t a with r espe ct to quant i tativ e meas -

ur e men ts of the re c tu s f emo ri s t ak e n ap p ro x i ma t e !) t 1·e n ty -f our 
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ho ur s after participation in the activity on the initial t e s t 

and f i nal test are presented in Tabl e 17. An analysis of 

me a n sc ores reveals that the swimming group expe ri e nc ed th e 

g r e a t es t reduction in tension levels during th e experim e ntal 

pe r io d (46.90 ~v), from a mean score of 73. 50 ~v to 26 . 60 ~ v 

r es pe c tively. The modern dance group rank ed s e cond i n 

r ed uct ion of tension (42.5 4 ~v), with an initial scar of 

79. 40 ~v and a final mean score of 36.86 ~v . Th e control 

g ro up experienced the least variation in me an score, ma in-

t ai ning a similar pattern to that which was pr e viously 

r ep orted. 

TABLE 17 

QUANTITATIVE MEASUREMENTS OF THE NEUROMUSCULAR TE SIO 
MEASURED IN MICROVOLTS DUR ING A ONE MINUTE PERI OD Or 

THE RECTUS FE MORIS TAKEN APPROXIMATELY TWE TY-FOUR 
HOURS AFTER PARTICIPAT I ON IN THE ACTIVITY ON 

THE INITIAL TEST AND FINAL TEST 

M so SE ~ 

Group Initial Final Initial Final Initial Fi nal 
Test Tes t Test Test Tes t Test 

Bowling 94.20 49.60 46.67 22.2 4 12.0 5 5 .7 4 

Swimming 73.53 26.60 66.68 28.75 17. 22 7.42 

Modern 
Dance 79.40 36.86 67.60 31.67 17.45 8. 18 

Control 87.60 76.46 69.98 42.38 17.81 10.94 

A summary of the analysis of variance for quantita

tive measurements of the neuromuscular tension recorde d for 
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t h e r e c tus femoris taken approximat e ly tw e nty-four hour s 

a f t ;or pa rt icip at i o n in th e activity b ef or e a nd after th e 

e xp •.: r ime ntal period of nin e wee ks is prese nt ed in Tubl e 18 . 

Th t· F rat io in dicates ther e was no signific a nt di f f e r e n ce 

b e t we e n th e groups, and that th e re was a signific a nt di f f e r -

en c c betwee n th e trials . The F ratio for gr oups by tri a ls 

wa s n o t significant . 

TABLE 18 

ANAL YSIS OF VAR IA NCE OF HESIDUAL , EU ROMUSCULJ\H Tl·:N . IO OF Til E 
RECTUS FEMORIS FOR FOUR ACTIVI TY GROUP MEA UREO J 
MI CFlOVOLTS DURING A ONE MIN UTE PEHLOO TA KEN APPHOX 

IMATELY TWENTY-FOUR HOURS AFTER PARTLClPATlO [ 
ACTIVITY ON THE INI TIAL TEST A. 0 Fl AL TE' T 

So urc e df ss ms 

Betwee n Subj ects 59 2525 53 . 3667 4280 . "6:-ir: 
Be tw ee n Groups 3 168"5 5 . 36 67 56 1 8 . l j 5 :) 6 
Er rorb 56 2356 98 . 0000 ,J208 . 8 9 2U 

Within Subj ects 60 8477 5 . 0000 1 4 1 2 . 9167 
Be twee n Tri a l s l 34273 . 1999 3 .J 2 7 3 . l 9 9 9 
Groups X Trials 3 5723 . 8000 1907 . 93'3 
Errorw 56 44778 . 0000 799 . 6071 

To tal 11 9 337328.3667 

*Significant at . 01 l evel F(l, 56 ) = 7 . 1 2 

F(3,56) (.0 5) = 2 . 78 

F 

1. 33 19 

<12 . 86 26* 
2 . 386 1 

On e might conclude upon the ba is of a ummar of 

th e f in dings of th e data prese n ted so far th at pa r t i cipaLi o n 

in physical activity of a recr eational natur e , 1 ithin the 
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del ·:n i ta tions of this study, do es signi f i ca n t l y in fluenc e th e 

r e sid ua l ne uromuscular t e nsion in th e bi cep s b rac h i i approx -

i ma•e l y on e hour aft e r particip a ti o n in th e act i vity . Ho \' -

ev e r , no s i gnifican ce was foun d be tw ee n th e group s for th e 

r e ctu s f e mo ri s a t any tim e nor for a ny oth e r t im e pe riod 

f o r t he bic e ps brachii. 

Estim a t e d Me a s ures of Phy s ical 
Wor k Capacit y 

Estim a t e d meas ur es o f ph ys i ca l work capacity of ac h 

s ubje c t we r e d e t e rmin e d be for e a nd af t r th ex pe r i m n tal 

perio d of nin e wee ks to de t erm in e i f th e re wa s a chang in 

ph ys ica l fitn es s. In Tabl e 19 , be l ow , it i r vc al c d 

t h a t th e four group s vari e d in mea n scores of Lim atf'd 

meas ure s of physic a l work capac i t y on t h fi na l t c . t . 

TA BLE 19 

FINAL MEASURE MENTS OF PHY SI CA L WOH KING CAPACITY TO HEACII 
A HEART RATE OF 170 BE ATS PER MINUTE AS ESTI MATED ~y 

THE SWC 170 TEST FOR FOU R ACTIVITY GRO PS * 

Group M so SE l 

Bowling 656.00 86. 26 17. 62 

Swin111ing 69 5 .80 8 8 . 89 22 . 95 

Modern Dance 686 . 00 63.71 16 . 45 

Control 63 2 . 80 5 4 . 4 l 14 . 05 

*Re cord ed in kilo po nd me t e r s . 
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Th1• mo de rn dance group experienced th e gr e at est me an ga in, 

4 4 .5 9 kp m, between the initial t e st and th e fi nal t es t . On 

T a lJ l e 2 , pag e 6 9 , the me an scores of th e in i t i a l t e s t me a s -

u r p me nts of the SWC 170 we r e pr ese nt ed . Th e s ub j e c Ls par

t i c i pa ting in bo wling and th e control group had a d e er me nt 

i n Lhe performanc e measur e d by the SWC170 from th e iniL ial 

t o t he final test . Table 20 , pr ese nt ed be lo w, pr es nL s a 

s umma ry of t h e analysis of varianc e on ini t i al Les t and fin a l 

t es t measureme nt s. Th e F valu e in dicat th aL Lh c grou p s 

w e r e 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 o n t h e f i n a l m c a u r e 111 c n L s . 

TABLE 20 

AN A L Y S I S 0 F VA FU AN C E 0 F T H c. E S T I MAT E 0 m: AS ll l1 L:: M 1:: T S 
0 F S U B ~I A X I M J-\ L W 0 R K l N G C A P A C I T Y T A K L:: 13 E F 0 H E A 0 

AFTEH A NI NE WEEK PHOG RAM OF PIIY I CAL ACT LV lTY 
FOR THRE E GROUPS AND NO -P ARTl ClP ATIO 

FOR TH E CONTROL GRO UP 

Source df ss ms 

Be tw ee n Subjects 59 364631 . 4700 6 l 8 0 . 1 9 tl ,I 

F 

Be tw ee n Groups 3 2455 0 . 2000 81 83 . ~1000 1 . 3 ·17 5 
Errorb 56 340081 . 2700 60 72. . 8798 

Within Subjects 60 213156 . 0000 3552 . 6000 
Betwee n Trials l 2900 . 8300 2900 . 8300 . 8609 
Groups X Tr i a l s 3 21566 . 2400 71 8 8 . 7 66 2 . 13 3-
Errorw 56 188688 . 9300 3369 . -I...J -1 

Tota l 11 9 577787 . 47 00 

F ( 3 , 56 ) ( . 05) :: 2 . 78 
F( l , 56)( . 05) :: 4. 16 
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Th i s revea ls that t h e subj ec t s in th e activity group s did 

n o1 a chie ve a statistical ly s ignifi cant gai n in physi ca l 

c ou d it ioni ng through th e partici pation of th e pr e viou s ly 

d c~ i g nat e d activit ies in th e requir ed physical e ducati on 

p ro g ra m. Th e results f a il ed to s upport th e cla ss i fica ti on 

o f s wimm in g a nd moder n dan c e as moder ate a~d hea vy l ve l s 

o f a ctivi ty as me asured by th e SWC170 T s t. 

Attitu d e Toward Phy s ic al Educ at i on 

Th e Wea r Physical Educat i o n At titu d Jnv c nt o ry was 

adm i ni stere d to eac h s u bj ec t b e for e a nd aft r Lh x p ri -

me nta l p e riod. Desc riptiv e data r lativ to initial m•u-

sureme nts a r e pres e nt e d in Tabl 3 , on pag 70 . Tal>l 21 ' 

be lo w, indicat es th a t t h e me an s of th four gr up o n Lh ' 

f inal meas ur e me nt s of th e Wea r Phy s ic a l Education ALtiLu d 

I n v e n t o r y d i d no t d i f f e r g r e a t 1-y 1 i t h a r a n g o f 5 . 7 3 p o i n t 

TABLE 2 1 

FINAL TEST SCORES ON WEA R PHYSIC AL ED CATIO 1 ATT IT DE 
INV EN TORY FOR FOUR ACT! ITY GRO PS 0 

Group M so SE I 

Bo wling 125 . 33 12 . 65 3 . 27 

Swim ming 119.60 12 . 68 3 . 28 

Mod e rn Dance 123.00 7 . 68 1. 98 

Control 120. 67 10 . 10 2 . 61 

*Record e d in points, wit h a poss i bl e of 150 po ints . 
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A s~mm ar y of the analysis of variance of th e me asur eme nts 

t a ken be fore and after the experimental pe rio d appears i n 

Ta ble 22 . The F values were not significant, indicating 

t hat t he expressed attitudes did not chan ge from th e initial 

t e st t o the final test through th e participation in th e 

s pec i f ic activity classes. It is ther e for e beli e ved th a t 

TABLE 22 

AN ALYSIS OF VARIANCE OF THE SCORES OF TH E WE AR PHYSIC AL 
EDUCATION ATTITUDE INVENTORY TAKEN BEFORE AND AFTER 

A NINE WEEK PROGRAM OF PHYSIC AL ACTIVITY FOR 
THREE GROUPS AND NON-PARTICIP ATI ON 

FOR THE CONTROL GROUP 

Source df ss ms F 

Be twe en Subjects 59 12635. 491667 21 4 .1 60 9 
Bet ween Groups 3 816 .29167 272 .0 972 1.2392 
E r ro rb 56 11819.20000 211.0 571 

Wi thi n Subj ects 60 2184.500000 36 . 083 
Be tween Trials 1 6.07 499 6 .07 499 .1 66 1 
Groups x Trials 3 130.8 25003 43 . 60830 1.1927 
Errorw 56 2047.600000 

Total 119 14819.991667 

F(3,56)(.05) = 2.78 
F(l,56)(.05) = 4 .02 

the attitud e s of the subjects did not influenc e th e results 

of quantitative measurements of residual neuromuscular 

tension of the biceps brachii and rectus femoris muscles. 
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Summ ar y 

A description of th e stati s tical tr eatment of th e 

da t a co ll e ct ed through th e administration of Lh r e t es ting 

vc r iods , a pr e -t es t, a mid-point Lest , a n d a post - t es t, was 

pr e se nt ed in nar ra tiv e and tabular form . Qu a ntit a tiv e 

me as urem e nt s of res idual ne ur o mu scu l ar t e n s i o n, es t im a t ed 

me as ures of phy s i ca l workin g capacity , a n d att itu de t owa r d 

ph ys i ca l ed u ca ti o n were tak e n d urin g the X! ri m ntal p ' r i od 

of nin e wee k s . Analysi s of varianc , a t wo-factor mi x e d 

des ign with r e p ea t e d meas ur es o n on' factor , a nd Dun can ' 

Multipl e Rang e Tes t compris e d th 

dur e s in tr eatm e nt of th e data . 

bil sic ilnnlytical procc-

Th e analysis of data r v a l d th a t t il e r 1 ns no 

s ignificant diff e r e nc e be tw e n t h group on t h q11anti t a-

tiv e me as ur e me nt s of r es i d ua l n uromu s ular t n s i on o f til 

bicep s br ac hii and r ec tu s f e mo ris t ake n approx i ma t ly o n 

hour after p a r t i c i pa tion in th e activity r r al d s i x h ours 

lat e r, a nd aft e r tw e nty-~o ur hour 

t e n s ion l eve l s di d c h a ng e from th 

Res i d ual n ur omuscula r 

initi a l t o th e fin al t es t . 

Only on the meas ur eme nt of th b i c ps tak e n one hour a ft r 

partici pa tion in act ivity d i d th e group s d iff e r ignifi ca n tly 

in c h a nges of t e n s i o n l eve ls fro m th e initi a l to the final 

t es t . Dun ca n' s Mu ltipl e Rang e Te st appl i ed t o th e s i gn i f i-

cant F valu e for groups by tri a l s in d i cated that th e final 

t es t for th e mo de rn dn n c e grou p , th e s1 i mm in g group , a nd th e 

bowling group diff e r ed s i gnifi ca n tly from th e ini tial t es t . 
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T J; (~ c h a n g e o f t e n s i o n w i t h i n t h e co n t r o l g r o up w a s n o t s i g -

n i f ica nt . 

The re s ult s of th e analysi s of var i a n c e for qu a ntita

tiv e measur e ments of est im ated me as tt r e s of ph y s ical wor k ing 

c a pac ity and attitud e toward physi ca l e ducation indi ca t e d 

th at the groups we r e not significantly diffe r e nt . Th meas-

ur es did not chang e s ignifi cantly from th ini tial to th 

f i nal t est , but Lh e groups did not vary .ignifi untly fr om 

t he initial t est to th e fin a l t e t . 

Chapt e r V pr s e nts th 

a nd recomm e nd ations for fuLu r 

summ a ry , finding , 

s tu di es . 

on lu s ion , 
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CHAPTER V 

CONCLUSION OF THE ST UDY 

Intro d uc tion 

The present chapter contains a r e vi w of th s tu dy 

wiL h a presentation and discussion of Lh c hypot l1es A 

c on c lusion to the study is drawn and r~co mm nd a Li o ns for 

f urt her studies ar e cit ed . 

Summ ary of th e Inv stigatjon 

There i s controv e rsy ov e r th th rapc uLi 

of participatio n in recreation a l typ activiLi 

ff L s 

Phy i al 

educators, physici ans , psychiatrists, a 11 d p s yc hologi s ts hav 

offered favorable r ema rks in r e lation to th e be n fit of 

p ar ticipation in p hy sica l activity upon th e r 1 ase of mo

tional a n d musc ul ar tensions, although obj e ct i c e valuation 

through r esearc h on this point has bee n par se . 

Authorities in t e nsion contr o l contend th a t r e laxa-

tion is a sk ill which may b e l ea rn ed in muc h th sam manner 

as any other n e ur omusc ula r skil l. Thu s , th li mit ed amount 

of r esearc h conducted in th e area of relaxation i pr in cipal! 

concerned with a n analysis of th e t each ing of relaxation t e ch

niques and its e ff ec ts upon n e uromu scu lar a ct i ity . 

94 
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Larsson, Lind er holm, and Ringqvi st ( 49 ), in th e 

an n l ysis of chang es in the e l ec trom yograms of su bj ec t s after 

var i ous types of standardized muscular work , founu th:.JL th e 

dura tio n of all action potentials decreas e d aft e r exe r cis e 

wit h no significant chang e in amplitud . This fin d in g was 

inte rp reted th at participation in exercis e may provid e a 

the ra peutic effec t in reducing m~ sc l t n s ion . d Vri ( 3 1) 

fo und that n e uromuscular tension can b r d ue d by part i c i -

pa tio n in a rigorous bout of x rcis E · r i mo v me nt 

the rapy , and danc e h ave b e n succ s fully utili z I in Lh 

tre atm e nt of individuals who ar m nt a lly ill, indi cat iv 

of th e pos s ibl e th e rap e utic valu e of Lh parli i p Li on in 

physica l activity in the r l a of moti o nal o n d mu cular 

t e nsion . 

Th e present inv es tig a ti o n wa s ign cl to d 1. r min 

the effect of participation in nin w k of 1 ct d r cr -

ational typ es of activities, cla sifi d as light, mod e r a t , 

and h e avy lev e ls of activity, upon r sidual n ur om u scula r 

tension in th e bic eps e lb0 w fl exo r mu sc l group a nd he 

rectus femoris mus c le as d e t erm in ed by quantitati e e l e ctr o -

myography. The sp ec ific muscl es ~ e r s l ec t ed beca u s 

previous lit eratur e suggested that th e selecte d mu s cl e 

we re indic ative of th e bo d y t e nsion an d cou l d be approp ri at e ly 

measured as well as of obviou s use in th e r ec r ea tional typ e 

activities the subjects of thi s stu dy pa rtici pated in. 
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The hypoth ese s t es t e d in this s tu dy we r e : (l) Th e r e 

i s no s ignific a nt diff e r e nc e b e t ween th e influ e n ce of par

tlci pa tion in the motor activity of bowling, swimming, and /o r 

mode rn danc e and non-participati o n in th e moto r activity upon 

res id u a l neuromu s cu l ar t e nsion in th e bic eps br ac hi i and th e 

re ct us femoris as meas ur ed appro x im aL ly on h o u r a f t e r t h l ' 

ac t ivity, wh e n rep ea t ed six hour s l a t e r, a n d ag in af t ' r 

twe nty-four hour s . ( 2) There i s n o significant d iff'r n c 

b e t we e n t h e i n f 1 u e n c e o f p a r t i c i p a i. o :1 i n t h - 1n o t o r a c L i v i -

ties of bowling, swimmin g , and mo .;~:: rn d\ln :. , Ui on th r s i dual 

ne u rom uscular t e nsion in th e b"i c p s brach ii an1 th r c L u · 

femo ris as meas ur e d approxim:::~t l y o n hour af t r tll e a.:: iv i ty, 

whe n r e p ea t ed six hou rs l a t er , an d aft r l\ n ty-four hour s . 

To t es t th e hypoth a r arch de ign of four 

groups was emp loy e d. Ea ch gr oup wa co mpr i s d of fif , n 

coll ege wom e n. On e g roup , whi c h was 

designated as a ligh t l e ve l exercis 

a bowli ng cla ss , was 

grou p . An oL h r group , 

which was a swimming c lass, wa des i gnat ed a ~od r at l e l 

exerc ise group. A t h i r d g r o u p , w h i c h w a s a m o d e. r n d a n c 

class, was designat ed a heavy l e ve l x e rcis e grou p . Th e 

fin a l group was a control grou p . Th e d e signat i ons as to 

lev e l of activity we r e based up on th e lit e r atu r Th e sub

j e cts in th e motor activ ity grou p s partici at ed in th e r g 

ular classes of th e r e quir ed physical educ ation program dur

ing the spring s emes t e r of th e a cadem i c y e ar 1969 - 1970 . · Th e 

subjects in the control grou p d i d not pa rtici pa t e in a 



s,·IJ ed ul e d program of phy s ic a l activity. Th e e xp e rim e ntal 

!' · r iod for th e study ex t e nded for a p e ri od of nin e weeks . 

UJ ta we re coll e ct ed from th e s ubj ec ts i de n t ifi e d, th rough 

th e a dmi nistr at ion of thr ee t esti ng p er iod s , a pr e -t es t , a 

nt i cl - p o i n t t e s t , an d a p o s t - t e s t . Res i d ua l n e ur omuscu l ar 

te nsio n in th e bi ceps brac h ii a nd th e r ctu f moris was 
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me as ured with a New port Labor a t o ri es int eg rating Ui o - l 

M o n i t o r c o u p l e d w i t h a n e l e c t r o n i c c o u n L e r w h i c h g a v L' n 

t r i c 

di gita l r ead out. Dur ing th e initial a n d final t t j II Q 

pe rio ds, meas u re me n t s w r e t. ak e n app r o x i miJ L ly on hour after 

the act ivity, r e pea t ed six hour s l nt r, and after t1 nty -

f our hour s . Meas ur e me nt s were tak n approx i ma t •l y o n hour 

afte r th e a c tivity d urin g th e mi d-p oin t t 'Sl ing p rio d . 

Th e We a r Phy s ica l Edu cat ion Attitu d Inv nt o ry was 

admin ist e r e d to eac h s ubj ec t b fore a nd aft r th X p r i -

m e n t a l p e r i o d t o d e t e r m i n e a t L i t u d e t o w a r d p h y s i c a 1 d tl c a -

tion. It was initi a lly th eo ri zed that if any diff r nc s 

oc c urr ed th e y might b e d ue t o ba ic attitu d s of th ub 

jects to wa rd physi ca l activity . 

An e stim ated meas ur of phy i cal 1 o r k in g capac i t y 

was d e t erm in e d thr o ugh th e admi nis tration of a mJd i fi d 

SWC170 Te st to eac h s ubj ect bef ore and aft e r th xper i me nt al 

p er iod . It was b e li eved th a t th e r ecreat ional act i v i t i es 

requir ed diff e r e nt l e ve ls o f physical acti ity and , si n ce 

str e nuou s a ctivity h ad pr e viou s ly b ee n how n t o l owe r n e ur o 

muscular te nsion i mm e diat e l y after ex rc i s e , a s i mp l e me asur e 
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of b a s ic fitn es s was use d to s ee if th e r ec r ea tion a l act i v i 

ti e s did , in fa c t, alter fitn e ss l e ve ls . 

An a ly s is of varianc e , a mix e d f a ctor des i g n o f 

r e pe ated meas ur es , was th e statistical t o ol se l ected t o 

e v a lua t e th e diff e r e nc e s b etw ee n e ach gr o up a n d within e nc h 

g ro up on the meas ur e ments tak e n d urin g eac h p e ri od . The 

Duncan Multipl e Rang e Te st was s e l e ct ed to a n a ly z th 

s ig nific a n c e of th e F-ratio . 

Fin di ng s o f th ' tu d y 

An a n a 1 y s i s o f t h e d a t a r v a 1 d t h ' f o 1 1 o 1" i n g 

f indings: 

A. 

B • 

The bowling grou p , th s wi mm in g g r o up, th 

mod er n da n e gr oup , a n d th co ntr o l gro up d i d 

not vary s ignific an tly in r e· i d ua l n ur mu sc ular 

t e nsion of th e bi c p bra c hii an d r ct u · f mo rj s 

follo wing a nin e w k p e rio d of p a rti c i pation o r · 

non- participation in th 1 c t d a t i it y 

class e s of th e r e quir e d phy s i ca l d u cati o n p r o -

gram at th e Tex a s Wom a n's ni ve r s ity . 

Th e ov e rall chan ge in r e i d ua l t e n i o n l e ls o f 

th e bi c e ps br a chii an d th e r e ctu s femo ri was 

not ed b e t we e n th e initi a l t e st an d th mj d - po int 

test, th e mid-point t e st and fi n al t st , a n d th e 

init ial t es t a nd final t e st of mwasur eme nt s t a ke n 

appro xima t e ly on e hour aft e r th e p a rt i ci pa ti o n 

in th e act i vity . An o ve r al l chan ge 1 as also 
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not ed b e twe e n th e initi al t e st a nd final t es t of 

measur eme nt s tak e n approximately si x hour s a n d 

tw e nty-four hour s aft er th e participation in th e 

acti v i ty . Th e chang e s we r e in th e dir ction of 

a d ec r ease in n e uro mu sc ul ar t e nsion. 

C. A significant d e cr e ase of th e r e si d ual n uro mus 

cul a r t e ns ion of the bic e ps brachii f o r th 

moder n da nc e group, the swim min g gr o up, an d Lh ' 

D . 

E. 

b 9wl in g gro up wa s obs e rv d on h 0 U r f 0 l 1 0 1\1 i II 9 

th e participati on in th s l . c t d ac ivity 

cla ss e s of a r equir e d p hy i c al d uca ti o n prog r a 11 

for a nin e week xperim nt a l p ri od . 

Th e r e sid ua l n e ur om uscul a r t ns i o n of th bi c ps 

br achii a nd r e ctu s f mo ri s for th f o ur g r o ups 

did not differ sig n ificantly in ch a ng t.> we n 

th e ini tia l t est and t h final t t of m as ur -

me n ts t a ke n approximat ly s i x hour s an d t1 nly

fou r hours followjng the participa i o n in th e 

activity durin g th e exp r i m n tal p e r-i od of nin 

we e ks. 

Th e four group s did not initi al! ary in me asur ed 

attitu des to war d physical e d ucat i on as me a ur ed 

by th e Wear P h y s ical Ed uc a ti on Attitu de In e n tor) , 

and th e attitu d e s did not chang e s i gnif i cantly 

durin g the exper i me ntal pe rio d . 
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F. The physical fitn e s s l e ve ls of th e f our groups, 

as meas ur e d by th e SWC170 Tes t , were initi ally 

comparabl e a nd di d not change s i gnifi cantly as 

a r es ult of t h e p a rticip a ti o n in th e se l ec t e d 

activity of th e r e quir e d phy s ical ducat i on 

program for the thr e experim e nt al gr o up and 

th e non - parti c ip atio n in organi z d ctivity for 

th e control group . 

Di scussion of th Findi~ 

Th e finding s wi ll be di c us d in r lat i o n to th e 

hy po th es i s . Pos sibl e implication s 1 ill b e in ludc d . 

was: 

Th e first hyp ot h is of t h p r nt inv s igat i on 

T h e r e i s n o s i g n i f i c a n t d i f f r n c b e t ,., n t h i n f 1 u -
e nc e of th e p a rti c i pa ti on in th motor act i v ity of 
bowling and non-p a rtici patio n in mo tor acti ity upon 
r es i du a l n e ur omusc ular t e n ion in th lb ow fl e xo r 
mu scl e group and th e r ctus f mo ri musc l as me asur d 
appro ximately on e hour aft r th e act ivity, r e p e at d 
six hours l at e r , a nd aft r t1 nty-four hour s . 

The F valu es for th e analy s i of a ri a nc b t1 e n th groups 

of the quantitativ e meas ur em n ts of th e bic ep brachii a nd 

r ec tus f e mor i s tak e n b e for e , du ring, and af t r t~ xp ri-

me nt a l p e riod of nin e 1 eeks 1 ithin th e pr e scrib ed ti me w_ r e 

not significant. The F valu e s for groups by tri a ls were not 

significant in all instanc es excep t for the me asu r eme nts of 

th e bic eps brachii tak e n approximat e ! o ne hou r afte r th e 
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pa rticipation in the activity during th e three t st ing 

pe riods . Duncan's Multiple Rang e T s t in d i cated th a t t he 

bowling group did not diff e r signific a ntl y b tw e n th e 

i nitial and final t es t, and th e control group d i d no t dif-

fer significantly b e tw ee n th e initial nd final t s t. S in e 

th e change was not obs e rv e d for all th e muas ur e m nt s tak e n 

there was a f a ilur e to r e j ec t th null h ypo th es i s . 

It ma y b e assum ed , th r for , th at th • xp . r i me nt al 

period of a nin e wee ks partici pa ti o n in th ac ti vity o f 

bowling d id not significantly lo w r r s i dua l n ' ur omusc ul ur 

t e nsion in th e bic e ps br ac hii a nd r tu s f mo ri s . Th i s do 

not se e m to coi ncid e with th 

duct e d by Handlon, et a l. (3 

fi nd ing 0 f t h s tu cfi s co n -

6) , 1 hi ch in dica t d t ha 

participation in bo wlin g s igni ficant ly l ow r d t n i o n . 

Ho weve r, i t should b not e d th a t th s st udi d i n o L us 

electromyograph t e chniqu e nor ~ e r th s tu d i by Handlo n, 

et a l • , obj e ctiv e in natur Fur t he r r ea r c h in ol \ing 

additional or com pl e t ly · diff r ent mu c l g r o up , and pe r-

hap s analysi s of th e musc l es as a compo i t uni co u 1 d 

provide b e tter in sight as to th eff ct of th e pa rti c i pa ti on 

in the activity of bo1 ling upon r e si dual ne uro muscula r t e n-

s i o n • Th e physic a l in tensity of bo 1 ling i g n rall 

believ ed to b e lo w, thus, th e p hy i olo g i ca l be n e fits ar e 

thought to be small a nd, th r e f o r e , th e r at i o n a l e of a po -

sible r e l at ionshi p betwee n th e physic a l int e n ity of th e 

r ec r e ational activity and a r e duct ion in t e ns i on ma y still 

hold . 



10 2 

~thesis 2 

was : 

The second hypoth es is of th e pr es nt inv es t igation 

Th ere is no significant diff r ne e b e twe n th e in flu
e nc e of th e parti c ipation in t he motor activity of 
swimming and non-p a rticip a tion in motor ac tivity upon 
residual n e uromu s cu l a r t e ns ion i n th e e lbo w fl xor 
muscl e group and th e r e ctu s f emo ri s m u 5~ l as m asu r ctl 
approxim a t e ly on e hour aft r th activi t y , r epea L tl 
six hours lat er , a n d aft r t\.<Je nty -four h ou r s . 

Ther e was a failur e to r e j e ct th null h ypo lh s i Th F 

valu e s for th e quantitativ me as ur m nt s IJ tw 11 Lh ' g r oups 

taken of th e two mus c l e gr ou p b for , dur in g , nu aft • r t he 

experimental period wc r not s i gn ificun t . ln an ana l ys i s of 

groups by trials, th swimmin g gro up xp r i n cl a i g ni f i -

cant decrea se in t nsi on b t w n th ini ti a l t s t a n rl finol 

t es t only for th e mea sur mc n ts of th b i p b r a c h i i t a k C' n 

approximately on e hour aft e r po rtici pat i o n in a ti y . A 

disc e rnabl e trend s eemed to uppo rt Lh r s ult s r . a 1 d ·by 

deVries who found th at : (l) a fiv minut bo ut of ri gorou 

exercise did contri bute to a s igni f i cant r d uc ti o n in t n -

sion of th e bic eps brachii up to ap pro · i ma t l o.n hour aft r 

participation, and (2) a n ex rci s pr ogram of cond i ion in g 

exercises perform e d two or thr ee days ach 1 e k for e nt e n 

sessions , throug h which con d i t ionin g occu rr d , i gn ifi cantly 

lo wered residua l n e uro mus cu l a r t e n s i on of th bi c ps br ach ii 

( 31) • d e Vries (31) stat ed that th e d i minution of r es i d ua l 

tension in the r ec tus f em oris was not i g i f i ca nt in e it h e r 

cas e . In combining th e r es ults of t h e me as u r eme n t of bo th 



103 

~1u s c le groups in the long term program, a signi f icant r ed uc -

ii on in tension was noted by deVries (31). 

The F values for the p~ysical fitn ess me a s ur eme n ts 

in the present investigation wer e not signi f ic a nt. Th e 

ph ysical fitness level of the swimming g rou p d i d n o t c h a ng 

s i gnificantly as indicated by th e SWC 1 70 Tes t. Pe r haps , a 

l ong e r experimental pe rlod with guid e d l e ve l s o f i ns tru ctio n 

wo uld provide additional informa tion to th e eff ct of t h 

p a rticipation in a recreational activity such a s sw im mi ng 

upon residual neuromuscular t e nsion. 

Hypothesis 3 

was: 

The third hypothesis of th e pr e s e nt inv es ti gatio n 

There is no significant d iff e r en ce be t wee n th i nfl u
ence of participation in th e motor act iv i ty of mod r n 
dance and non-participation in mo tor acti v it y upo n 
residual neuromuscular tension in th e el bo w f l exo r 
muscle group and rectus femoris muscl e a s me a s ur ed 
approximately one hour after the activit y , r epe at ed 
six hours later, and after twenty-four hours. 

The F values indicated that the four groups d i d not var y 

significantly on quantitative measurements of the bic e ps 

brachii and rectus femoris, but an analysis of groups b y 

trials indicated that the modern dance group diff e red sig-

nificantly between the initial test and the final t e st on 

the measurements of the biceps brachii taken approximatel y 

one hour after participation in the activity, Therefor e , 

there was a failure to reject the null hypothesis. Impli-

cations discussed for the previous hypothesis can also be 
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a pp li ed in this instanc e . Th e probl em of th e effec t of 

p ar ticipation in physical act ivity thro ugh 1 hich condition-

i ng occurs se e ms to warrant furth e r s tu dy . 

.!:!_lloth cs i s 4 

wa s: 

The fourth hypo thes is of th e pr s n t inv es ti gat i on 

There is no sig ni f i ca nt diff r nc b e t we e n Lh influ 
e nc e of th e particip a tion in th m t or n . tivi ti s of 
bo wling, sw immin g , a nd mod rn dane up on tl! r iduu l 
n e uromu s cul a r t e n s ion in th e lbo w fl ' Xor mu c l . group 
and th e r ec t us f e moris rnu cl as m su r ' d approx i mat ' ly 
one hour a ft e r th e a c tivity, r pat cl s i x ho ur s ln cr , 
and tw e nty-four hours . 

The F valu es b e tw ee n th e g r oups of th quanlit <J tiv m a ur -

me nt s tak e n of th e bic e ps br ac hi i a n d r c tu f mor i s duri ng 

th e thre e t e sting p e ri ods within th cl i g n <l L C' i rn c int e r -

val s were not s igni f i ca n t . An a n al ysis of groups by tri o l s 

indicat ed that only on th e m ~:: asur em nt s of th e bi c p bra hii 

tak e n approximately on e hour af t r parti cipa ti o n f or th 

swim ~ ing group, th e mo de rn da n c e group, and th e b wl ing g roup 

was a signifi can t chan g e not ed b e tw n th initi a l t st a n d 

the final t es t. Th e c o ntrol group d i d n ot change s ignifi-

cantly on th e sam e measurem e nt Sin ce th tr n d 1as not 

not ed for th e oth e r me as ur e m nts th e r e was a fa ilu r to 

r e ject th e hypoth es i s . 

In general a tr e n d vas not ed su gg _ ting th a t pa rtie-

ipation in the recr ea tional a c tiviti es o f bo vling, s" i mm ing , 

and modern da nc e lo wers th e ne ur o muscular t e nsion l e \ e l of 

participant s . Th e lo we r ed t e nsion l e 1, a m ~ asur ed by 
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Pl e ct romyographic methods, was tran sitory and whil it ma y 

b e of s uffici e nt value for th e rap e utic purpo ses it was not 

~ t a tist ically significant. 

Con clusion of th e Stu dy 

Based upon the r e sults of th e s tu d y, it w s o n 

e l uded that the participation in th e r c r ation a l activiti es 

of bow ling, swimming, and mod e rn danc e of a r quir d ph ys-

ic a l educa tion program for a pe riod of nin w k do n o L 

s i gnificantly low e r r e sidual ne uromuscul ar t n i on b yond a 

s hort, transitory p e riod. 

Limit at ion s of th :::.._.::::....:t:...:u::..:d::.....~-Y 

The pres e nt study was subj ct to th 

limitations: 

follo1 in g 

A. The inability to test all s ubj ct during th 

designat ed tim e p e riod s of on hou r , s i. hour 

and tw e nty-four hours follo1 ing partici pa ti o n 

in activity because of con f li ct ing sch d ul s 

or fa i lur e to keep design ated a p p o i n·t me n t s . 

B. Th e me asurement of physical f itn e s 1 e l 

through the administration of a modified S C170 

Test is not sufficiently accurat e e nou g h to 

discov e r all th e chang es that may h ave o cc urr d . 

Recommendat ion s for Furth e r Stu d i e s 

Th e following r ecomme ndations for furth e r studi es 

are of fe red: 
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A. The effect of th e participation in vigorou s 

physical exercis e upon r e l axa tion of th e hyper

tens e in dividual as determin ed by e l ec tromyogr aphy . 

B, The influ ence of th e participation in r r at i on a l 

typ es of activiti e s upon r e idu a l ne uromu sc ttl ar 

tension of the hyp e rt e ns e in dividu a l a s measured 

by e l ectromyogr ap hy. 

c. 

D . 

The th era p e utic va lu e of th participation in 

physic a l act iviti es of varying 1 v 1 upon 

rel ease of emotional a nd muscular t · n s ion for 

the ag e d . 

A comp ar i so n of th e psych olog ic a l a n a ly i of 

the th e rapeutic valu of th part i cipat i on in 

physi cal activity of variou l vels of inl n ity 

of differ e nt ag e s upon r l a a ti on as an 

myographi c analy s i s . 

1 c tro -

E. Th e influ e nc e of the parti c i pa tion in p hy sica l 

acti vity of a r ec r ea tional typ up o n r s i d ua l 

n euromuscular t e n sio n of in d ivi d ual wit h ary ing 

skill l e v e l s , as th e highly skill d in d i i dual 

in contrast to th e b e ginn er . 
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TABL E 27 

DATA OF ESTIMATED MEASU RES OF PHYSI CAL WORKI G CAPACITY 0 
TH E INITIAL TE ST AND FINA L TEST OF \ C170 AD 1I 1 ISTEHED 

BEfO RE AND AFTER A NINE WEEK PARTI CIP TIO I 
SEL ECTED ACTIV ITY FOR THE THREE EXPEHIME TAL 

GRO UPS AND NO N-PARTICIPATIO FOH 
CO NTROL GROUP * 

==========~======~====~===========r====-==~==== 

Sub j ec t 

Bow ling 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
1 2 
I 3 
14 
15 

Swimmin g 
l 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
ll 
12 
13 
14 
15 

Initj al Fin a l 

7 32 
7 23 
6 24 
564 
771 
577 
71 7 
7 5 3 
669 
6 30 
568 
61 5 
7 29 
629 
7 56 

70 2 
6 54 
71 4 
7 68 
70 5 
561 
55 5 
70 8 
67 5 
612 
7 83 
6 57 
71 4 
582 
639 

601 
678 
618 
597 
783 
591! 
633 
7 24 
708 
59 7 
5 tJ 9 
6 
601 
597 
7 6 c_ 

693 
657 
86 <1 
73 2 
852 
558 
5 6 tl 
7 1 tJ 
678 
660 
7 59 
7 20 
732 
600 
65 4 

Subj ec t 

Mod rn Dane 
I 
2 

6 
7 
0 
9 

10 
1 I 
1 
13 
1 •l 
1 5 

Cont rol 
1 
2 
3 
4 

6 
7 
8 
9 

10 
1 1 
1 2 
l 3 
14 
15 

IniLja1 Fin n 1 

5B 2 
6'2.7 
71 7 

9 
s 7 
:i91 

7 
'2. 7 
70 
0:1 

80<1 
6l c: 

87 
607 
67 c: 

6 
1J3 

657 
71 7 
675 
59 •1 
702 
570 
612 
6 8 
6 - 8 
639 
6 39 
657 
78 9 

63 
690 
72. 
7H 
S7 
67 ·I 
630 

6l r 
67 5 
01 

90 
70 
7 s 

87 

*Recor de d in k i1opond me t e r s p e r minut e . 
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TABL E 28 

DATA OF TOTAL POINTS SCORED ON PH E-T EST A 10 PO ST-TEST OF 
WEAR PHYSIC AL EDUCATION ATTITUDE I~ E 1TOHY ADMI ISTEHED 
BEFO~ E AND AFT ER A NINE -WE EK PARTICIPATI O I SELECTED 

ACT I V IT Y F 0 R T H E T H HE E EX P E R Hl E TA L G H 0 U P S A 0 
NON -PARTICIPAT I ON FOR CO TROL GROUP* 

~==============~=====r======,r===-=-~=-==-====~~~==~===-- -----

Subj e ct 

Bowling 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3 
1 4 
1 5 

Swimming 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4 
1 5 

Pr e 
Tes t 

1 32 
11 9 
1 23 
1 28 
138 
130 

93 
1 29 
13 5 
117 
120 
1 2 2 
10 6 
1 42 
133 

129 
126 
131 

0 4 
129 
1 26 
110 
129 
121 
110 
113 

95 
11 5 
109 
115 

Po s l
Tes t 

130 
11 1:3 
128 
13 2 
13 5 
11 5 
10 3 
1 3 9 
1 24 
10 9 
1 
11 2 
1 7 
1 2 
1 38 

1 2 
1 20 
131 
10 2 
1 3 5 
1 2 7 
11 2 
120 
11 8 
1 23 
1 23 

98 
13 2 
108 
1 2 1 

*A possible 1 50 poi nts. 

Subj c t · 

Mo d r n D· n 
1 

3 
4 

7 
8 

l 
ll 
l 2 
1 3 
1 4 
1 5 

Contr o l 
1 
2 
3 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

P rc
T 

10 
1 1 8 
1 2 1 
1 . 

1 1 
l 2 1 
11 9 
1 2 
1 
1 10 
1 7 
12" 
1 :U 
126 
1 3 -1 

1 1 1 
1 20 
1 30 
109 
1 0 
1 0 
ltlO 
1 17 
11 
1 l 
11 3 
11 <1 
1 28 
1 10 
11 6 

108 
l Oti 
1 l 7 
J 
l l 
1) 0 
L .. O 
l 2 
1 2 
l 7 
127 
1 27 
11 
1 2 
1 I 

10 
129 
133 

8 
1 32 
1 . ' 

1 3 
1 0 
11 
1 1 3 
1 1 
1 1 
1 30 
1 1 
1 1 



APPEND IX B 

CARLOS B. WEAR --PHYSIC AL EDUCATIO ATT IT DE INV E TOH Y 

FORM A 

D i r e c t ions- -P 1 ease read car e full y: B l ow you 1v i l 1 fin cJ o 01 

s t at em e n t s abo u t p h y s i cal d u c a t i o n . I w o ll 1 d 1 i k ' to k n o 1 

how you feel about eac h s tat eme nt . You u r ' a ked t o co n s i dt>r 
p h y s i c a l e d u c a t i o n .Q..!!l_y f r o m t h t a n p o i n L f i s p 1 a c ' ·1 s 
a n act ivity cours e tau g ht during a r •gulnr 1 s p ri od . o 
r efere nc e is int e nd ed in any s t a t m n t o int • r s ho 1u Li r 
int ram ur a l athl e tics. P opl d iff · r 1 i dly in Lh way Ll ' Y 
f ee l about e ach s tatem e n t . Th r ' ar n o ri g ht or wr ng 
answ e rs . 

You have bee n provid d with a s paraL a n 1 r 
in g your r eact ion to ac h stat m nl. ( t~) H ad 
car efu lly, (b) go to th e a~ sw r h t , a nd (c) 
numb er of th e stat e m nt p lac ir 1 around 
words) which b s t expr c s yo ur f lin g abou t 
If you ~r e e , th e n d e cide wh Lh · r to p l a · a 
" a g r e e " o r " s t r o n g l y a g r " I f yo u .2_!_ ~-

h t f r r c r cl-
e <1 h Lu t cme nL 
o p p o i l t~ II l ' 

h wo rci (o r 
h ' a m ' 11 

w h e th e r to p 1 a c e t h e c i r c 1 a roll n d " d i s a g r . · 
disagree ." In cas you ar un d c i d d ( or 11 

your f ee ling abo ut th e stat m nt, th n p l ac 
"und ec id ed . " Try to avo id placing a c ir cl 

a c ir 
aroun d " und c i deci " 

in ve ry many instanc es . 

Wh ereve r poss ibl e , l et your o wn p r so n al xp ri n 
your answ e r. Work r ap l d ly, do n o t sp nd muc h i ~ 
statement . This i s no t a Le t , but i s i mpl a urv 
det erm in e h ow people f ee l ab o ut phy ic al duca t i on . 
answ e rs will in no way aff e ct your gr ad in an cou r 
answ e r eac h stat eme nt as you ac tually f c l about i t . B 
to a nsw er e very stat e me nt. 

Statements 

1. If for a ny r easo n s a f 1 subj cts h a e to b e dropp ed from 
the school progra ~ , physi ca l educatio n houl d b one of 
the subjects dropp e d . 

11 4 
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2 . Physical ed u cat ion activiti e s provid e n o opport uniti s 
for l ear nin g to control t he emot i o n s . 

3 . Phys i c a l e duc a tion i s o n e of th mor e i mp ortan t s ubj ec t s 
in h e lping to estab li s h and maint a in desirab l e soc i al 
standards. 

4 . Vigorous physic a l ac tivity work s o ff h arill ful em ti o n a l 
tensions. 

5 . 

6 . 

I would tak e physi ca l ducation o nly if i t ~ ·r 

Participation in phy s i ca l ed ucat i on mak •s no 
to the d eve lo pme nt of poi s 

r c qu i r d . 

ontribution 

7. Be cau se phy s ic a l sk ill s loo m larg ' in i mport n · ir1 
youth, it i s e s s nti al th a t a p r on lJ h l p d to 
acquir e and i mprov s uch kill 

8. 

9 . 

10. 

ll. 

Ca li st h e ni cs tak n r gularly ar 
healt h. 

Skill in activ gam or s p rt i 
l ead ing th e full e s t kind of l if 

Phy s ical ed ucat ion do s mo r h arm 
do e s good. 

go od for o n g e n •ral 

n t n c a r y for 

phy i ally t h a n i t 

Assoc iatin g wit h oth rs in som phy i al d ucat io n 
activity i s f un. 

1 2 . Physical educat i on cla s s pro i de s itu a tion forth 
formatio~ of attitu d s 1 hic h will rna~ o n a b t e r 
citiz e n. 

13. 

14. 

15. 

16 . 

Physical ed ucation 
making fri e nds . 

ituati o n s ar a mong til poor t fo r 

Th e r e is not e n ough va lu comi ng from ph s ical 
to justify th e tim e c o n sum e d . 

d ucat i o n 

Physical ed ucati o n sk ill 
to th e e nri chm e nt of li 

make 1 orlh l hil 
in g . 

P e opl e g e t a ll th e physical re i e th e 
taking care of th e ir da il y wo rk . 

co n tr ib ut i o n 

n d in jut 

17. All who ar e phy s i ca lly abl e will p r o fit fro m an ho ur of 
physic a l e duc atio n e ach day . 

18. Physi ca l ed uc a tion makes a ~ a luabl e c o n tr i buti o n t o1 ·a r d 
buildin g up an adeq u a t e res e r e of str e ngth a nd e nd uranc 
for eve r yday li v in g . 
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19. Phy s ic a l ed ucatio n t e ars down soc i a bility by n co uraging 
pe op l e to attempt to surp ass ea ch oth er in ma ny of th e 
activities . 

20 . Participation in physical education a c tiviti s maK s for 
a mo r e whol es om e outlook on li fe . 

2 1. Physical educatio n adds nothing to th e i mp r ov ~ m e nt of 
social b e h av i or . 

22 . Physical e ducation class activiti e s will h lp to r li 'V' 

and r e l ax ·phy s ical t n s ion 

23 . 

24 . 

25 . 

26. 

27 . 

28 . 

29. 

30 . 

Participation in phy s ic al ed u a tion a c ti 
person to maintain a hea lthful mot i onal 

iti s h lps a 
l i [ 

Phy s ic a l ed uca tion i s o n 
in th e sc hoo l progr am . 

0 [ t h m r " i mpo rt a nt ~ ul>j ' t s 

Th e r e i s li tt l e valu 
phy s ical we ll-b in g 

in phy s i a l 
i s cone rn d . 

cl u cn ti o n a f ar <Js 

Physical e ducatio n 
e ve ry scho ol . 

Skill s learn e d in 
b e n e fit a pe rson . 

Phy s ical ed ucation 

a 

d e sirabl e charact e r 

Physical e ducation 

Physical educa tion 

hould b inclu d di n h program 

phy i cal d ucat i on 1 as do no t 

provid s itu a ti o n f 0 ( d l op in g 
qualiti 

mak for mo r n j o ab l livi ng . 

ha s no p 1 a c in mod rn ':lucat i o n . 

f 



CARLOS B. WEAR--PHYSICAL EDUCATION ATTIT UUE I V E TOR Y 

FOR M B 

Directions--Pl ease r ead ca r e fully : B lo w you will f in d som " 
statem e nt s about physic a l e duc a tion. W w~u l d li k to k n ow 
how you f ee l about eac h s t a t eme nt . You ar • a k0d t o co n s i d e r 
p h y s i c a 1 e d u c a t i o n .2..!lli: f r o m t h s t a n d p o i n t o f i t s p 1 a c e a 
an activity cours e taught duri ng a r •gul a r la s p ri d . o 
r eference is int e nd e d in any tat m nt to int r s h l :lst i r 
i n L r a ~n Lt r a l a t h 1 e t i c s . P e o p 1 d i f f r 1 i d 1 y i n t h ~~ n y t h y 
fe e l abo ut eac h stat e m nt. Th r ar no ri ght or wroug 
a n sw e rs. 

You have b ee n provid e d with a parat a n w r h t for 
r ecordi ng your r action to ach tat m_n t . ( a) H 
stat eme n t carefully, (b) go t o th e a n s1 •r s h , 
oppo s it e the nu mber of th s ta t cm nt p l a - · a cir ar11und 
the word (or words) whic h b t y ur f· l i ng obou 
th e statment . If you ag r , he h ::. r o place a 
circle around " agree " or " str ngly ag r If you~~-- ' 
th e n d e cid e wi1 e th e r to pla ~e t h ir 1 a r o.tn d " disa~rl"" 
or "strongly di s a g r e ." In ca you ar unci c i d cl (or n Pulral) 
conc e rn in g your fe lin g a o ut Lh t at men t th 11 pl ac a 
circl e around "und e ci ded ." Try- to a oid placing a ci r l 
around "und e cid e d" in v ry many in s t a n c s . 

Wh e r e ve r possibl e , let yo ur ovn p e r o n al xp ri n c d rmi n 
your answer . Work rapi d ly, do no t p n d much ti m ~ on 
stat e me nt. This i s no t a t t , bu t i s i mply a ur o 
de t e rmin e how p e opl e f e l about phy i cal duca i o n . o r 
an s we rs will in no way aff ct your gra d in a ny cour 
Pl e a se a n swer ea ch s t a t eme nt a ou actuall f 1 about it . 
Be sure to answ e r ev ry sta t m nt . 

Statements 

1. Associations in physica l ed ucation act i iti s gi\ e p opl 
a b e tt e r und e rst and in g of a ch oth e r . 

2. Engaging in vigorous physical activit) g e t 
in practicing goo d he alth h ab it 

117 

on int r st d 
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3 . Th e tim e sp e nt in g e tting r ea dy for a n d e ngay in g in a 
physical ed uc a tion class cou l d be mor e pr ofi t ably S? Cnt 
in oth e r way s . 

4. A pe rson' s bo dy us ua lly ha s a ll th e st r e ngth it n e e ds 
without part ici patio n in physi ca l ed u ca tion a c tiviti es . 

5. Participati o n in physical ed ucat ion a c ti v iti e s t end s t o 
mak e on e a more socially des ir ab l p e r on . 

6. Phy s ical e ducation in s choo l s d ocs not r 
emphasis th at it should . 

i v t h e 

7. Phy s ic a l ed ucatio n cl a s e ar p oo r i, op po rtuniti s for 
worthwhil e soc i a l exp ri n c e s . 

8. 

9 . 

A p e r s o n w o u l d b c b c t L r o f f 1n o L i o n a 1 l y i f h 
p a rticip at e in physical d ucati o 1. 

did no t 

It is po ss ibl e to mak 
subj ec t by prop e r s c l 

phy s i a l rl u c a ti on 
ctio n of a ~ t i viti • 

v a l u<.~b l • 

10. De ve lo p in g a physical s kill bring m ~ ntol r l <.~x a tion 
and r e li ef. 

ll. 

12. 

13. 

Phy s ical ed u ~ at ion cl a s s s pro v i d 
b e of valu e out s id e th cla s . 

11 0 l h j n g I ~ ~ i C h I~ i 1 1 

Th e r e s houl d not b e over two on - hour p r i od 
d e voted to physical d u c ation in choo1 

Be longing to a grou p , 
in t eam activiti e s , i 
p e rs o n. 

for whi c h oppo rlunit i 
a d e ir ab l pe ri n c 

p • r w k 

pro id d 
f or a 

14 . Physical e ducatio n i s a n im porta nt subj t in h lp in g a 

1 5 . 

1 6 . 

p e r so n gain a nd ma int a in a ll -round goo d h alth . 

No definit e b e n e fici al r sult s com 
in physical ed uc at ion a c ti iti 

Engag ing in group ph ys i ca l d ucati o n 
d e sirabl e for pr o pe r pe rson a lit y d 

fr om pa rti c i pa i o n 

ac ti vi ti e s i 
e l o pme nt . 

17. Phy s ical e ducat i o n acti iti es t e n d t o up c t a p r o n 
emotionally . 

18. For ~ts co ntrib~ tio n s to me n tal an d e mot i o nal 1 1- b in g 
phy s 1c a l e ducat i on shou l d be i nclu d e d in th e progra ms 
of eve ry sc hoo l. 

19. I would advise a ny on e wh o i s physically ab l e to take 
physic a l ed u catio n. 



20. As far as impr ovi ng p hy s i ca l hea l th is con cern d a 
ph ys i ca l ed u catio n cl ass i s a waste of tim ~ . 

1 19 

21. P a rti cipation in p h ysic a l ed uc ation class act iviti es 
t e nds to d ~ v c l op a who l esome int erest in th e functioning 
of on e ' s bouy. 

22 . Physi ca l e ducation c l ass es giv e a pe r so n a n opportunity 
to h av e a good ti me . 

23 . 

24 . 

Th e fin a l mast e ring of a c rt ai n mavcm n t or k i ll 
a phy sic a l ed u ca ti o n c l ass bring o pl ea ur abl • f• 
th a t on e se l dom ex pcri e n s l scw h c 1·e . 

in 
l ill g 

Physic a l ed ucat i o n co n triuut •s litt le to1 r d th • i mp r 
me nt of socia l b e h a vi o r . 

2S . Physi cal e duc a ti o n c l as . s provi d • value 1 hi h a r e 
u se ful in o th . r p ar t s of da ily li v in g . 

2 6 • P h y s i c a 1 e d u c a t i o n · h o u l cl b i 11 1 u r! d i 11 L h • p r g r · m o f 
e ve ry sc h ool. 

27. Phy s i ca l e duca1 ion s ho u l d ' r quir · d of all who a r • 

28 . 

29. 

phy s i ca lly ab l e to parti ipat 

Th e ti me de voL d to phy a l du at i o n in 
b e mor e pr of i tably u s d in tu d 

Th e skill s l ear ne d in a phy ic a l duca ti o n 
add anyt hin g of va lu t o a p r on ' s lif . 

s h 0 l o ul rl 

l a. do no t 

30. Phy s i ca l e du cat i o n do e s mo r h arm oc iall y th a n good . 

e -
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