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CHAPTER I 

INTRODUCTION 

Exces s iv e ne uromu s cular tension may re s ult from f e ars 

a nd anxieti e s a s we ll as from ov e r-activation of muscl e 

g r oups. This kind of ten s ion is found incr e a s ingly a mong 

pe rso n s of all a ge s, occupations and s o c io ec o n omic l e ve ls. 

Ac cordi ng to [)unbar, "th e inability to r e l ax i s one of t he 

mos t wid e ly spr e ad dis e as e s of our tim e and on e of th e mo s t 

i n frequently r e cog ni z e d" (31 : 570). In t we nti e th c e nLury 

Ame rica man is con s tantly confro nt e d with t e n sion-produ c ing 

e ve nt s over whi ch h e h as no voluntary co ntr ol . 

Re l axatio n training is concern e d with a ll e via t ing 

a nd co ntroll ing n e uromu s cular t e n sion s which aris e wit hin 

t he human body in response to .various physiological a nd 

p syc hologi ca l stimuli. In the e ar ly part of the pr e s e n t 

c e ntury Jacobson dev e lo pe d a program of relaxation techniqu e s 

known as "Progr essive Relaxation," which has conti nu e d to be 

recogniz e d by me dical doctors a nd psychologists as a reliabl e 

methoJ for t e achi ng n e ur om usc ular r e l axatio n (27:3-8). 

Progr e ss iv e Relaxatio n is a program that att e mpts to 

develop skill in r e lax atio n through in c r e as ing th e kinesthetic 

awareness of c h a ng e s in muscle tonu s . Jacobson stat e s that 
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After you have recognized contractio n in a muscle 
group, you practice at relaxati ng it completely . 
You l earn to recognize co n tractio n in th e various 
parts of your body in a certai n order. The l arge 
muscl es are studi ed first, beca use the se n satio n 
therefrom is most co n spicuous . As you r e l ax a 
given part, you sim ult aneous ly relax al l parts 
that hav e rec e ived practic e pr e viously (27:01). 

2 

The ability to relax n e uromu scu l arly , lik e other motor ski ll s , 

re quires much practice to perf ec t. 

The skillful p e rform e r of gross motor ski ll s attempts 

Lo produce th e most efficie nt a nd the most effect iv e mov e -

rne nts possible during the exec ution of a given task. The 

c o nve ntion a l vi ew of effic i e n cy relates to the amo un t of 

wo rk accomplished in relation to th e amo unt of e n ergy ex -

pe nded to complete a t ask . We ll s states that, "the great e r 

th e eff ici e ncy, th e s mall er the amount of wasted movem e nt" 

(5 2 :382). It is hypoth es i zed that a n in div i d ual who h as 

de ve lop ed the skill of relaxation can control ne uromus c ular 

t e nsion by relaxing th e muscles which do not contribute 

ma terially to the p e rform a nc e of effic i e nt movement. Wh e n 

co mparing the novic e and the advanced performer in th e per-

fo rmance of a gross motor skill, it is r e lativ e ly easy to 

de tect that on e of th e central d iff ere nc es in individuals 

is motor efficiency. In the skill ed performer the agonists 

contract while the antagonistic muscl es relax. The novic e , 

in contrast to the skilled individual, is unabl e to s e l ec t 

and isolate the appropriate muscle groups for a given task. 

In the human organism, a complex n etwork of physical 

and mental responses to the underlying stimuli is imposed by 
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the e nvironm e nt when individuals p e rform motor and / or me ntal 

s k i l l s . Pr ev iou s inv es tig ators h av e obtain ed confusing 

re s ults when they studied e ff e cts of indu ced t e n s ion on 

me n tal and moLar s kills ( 2 1:1 46 ; 45 : 33 0; 3 : 227; 10:23 5;~8 : 

26 ) . Th e pr ese nt investigation provid ed a n opportunity to 

o b se rv e both the me ntal a nd motor p e rformanc e of th e s am e 

· ubject d u rin~~ induc ed t e n s ion . 

Stat e me nt of th e Probl e m 

The probl em of th e st ud y was to det e rmin e po ssib l e 

re lations hip s lJ e tw ee n ability to r e l ax a nd c h a nges in th e 

pe rf ormanc e of a nov e l motor s kill a nd a no ve l me nt a l skill 

du r ing indu ced t e n s ion on t h e part of thr ee groups who h ad 

e x pe rienc ed different tr ea tm e n ts for a p e rio d of six wee k s . 

Ps yc hologi cal a nd physiologica l t e n s ion was in d uc e d by a 

ve r bal thr ea t d urin g the admi ni stration of t he final t es ts. 

P s ycho logi cal t e nsion, as measur e d by th e galvanic ski n 

r e spo ns e a nd r es piration rat e , a nd n e uromuscular t e n sio n in 

spec ific muscles, as me asured by electromyographic t ec hniqu es , 

we re r·ecorded be fore and after a n e xp e rim e ntal p e riod of six 

weeks . 

The study entai l ed the us e of thr ee groups, each 

containing sixteen female subjects. One co ntrol group 

participated in a program of body mechanics for a period 6f 

six weeks. A placebo control group took a sugar tablet 

daily for a period of six weeks. Th e experime nt a l group 



re ce ived da il y instruction and ~ract i ce in J acobso n' s 

te c hniques of r e l axatio n for six we e ks. 

Ra tiona l e for th e Study 

Th e p u rpose of part i cipat i on in programs of n e ur o ­

mus c ul a r r e l axatio n i s to l ea rn to c ontrol th e amo un t of 

muscular ten s ion. Basmajia n, as well as J acobso n, h as r e -

4 

ve a led that i nd ivi duals ca n volun tari ly co nt ro l n e uro musc ul ar 

t e ns ion t hrou g h l ear nin g to r e l ax (3:230; 29 : 83) . Eff i cie nt 

mo veme nt d e mands a spec i fic amo unt of t e nsion; how e ver , 

unnecessary te n sio n int e r feres wit h t h e smoot h seq ue n c e of 

mus cular action esse nti a l for coo rdinat ed mov e me nt s . If 

i nd ividu a ls are to perfo r m ne ur omusc ul ar s kills a t a n optimum 

le ve l of efficie n cy , or to l ear n moLar s ~ill s quickly, it 

f o l lows th at t r a ining in spec i fic r e l axat ion t ec hniqu es may 

b e nee de d to r e duce unn e ces sary o r negat i ve muscular t e n s ion 

wh ich limits e fficiency. 

In physic a l ed uc a tion classes th e t ea ch e r of moto r 

ac tivities is confronted fr e qu e ntly with students who e vi­

de nc e excessive psychological and ne uromus c ul a r t e n s ion s . 

The physical ed ucator who is concerned with th e tot a l aspects 

of l ea rning motor skills should be be tt e r prepared to teach 

conscious relaxation t ec hniques th a n any oth e r ed uc at or ( 4 1: 

469) • 

The pr e s e nt inv e stigation was conc e rned with th e 

relationship b e tween the ability to r e lax and changes in th e 

performance of a selected gross motor skill and a me ntal 
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sk i ll d uring induc ed t e n s ion. It was hypoth es iz ed that sub-

je cts who we r e capable of co n trol ling n e ur om us cular t e ns ion 

co u ld reduce t e n sio n during th e p e rformanc e of se l ec t ed 

s k i lls to a gr ea t e r ex t e nt than s ubj ec t s who h ad not l ea rn ed 

n e uromuscular r e lax at ion t ec hniqu es a n d , th e r ef or e , th e ir 

pe rformanc e s houl d e nh a nc e a high e r l e ve l of e ffici e n cy 

t ha n subject s not train ed to co n t rol n e ur om usc ul ar t e n s ion. 

Today, th e pot e nti a l a pplication s for ed u ca tion in 

te nsion r e duction ar e unlimit ed . It i s co n ce iv ab l e t h at 

p h ysical a nd me ntal p e rformanc e und e r s tr ess can b e f ac il­

i t ated if t ec hniqu e s of ne uromu sc ul a r t e n sio n co ntrol are 

le ar ned. 

De finitions a nd / or Explan a tions of Te rms 

To contribut e to a c l ea r un dersta nding of th e pro b­

l e m, th e following d e finitions and/o r e xplan a tion s of t e rms 

we r e establish e d for use throughout th e s tu d y. 

Tension: Th e inv e stigator acc e pt e d th e d e finition 

of Cratty, who stated th at t e nsion "is ov e rt mu sc ul a r 

c ontraction caused by an emot ion a l s tat e or incr eased e fforts" 

(12:219) 0 

Relaxation: Th e inv e stigator acc e pted th e defini-

tion of Jacobson, who stated that, "r e lax at ion i s th e mini­

mum of tension in th e muscles r eq uisit e for an act" (29: 83 ). 

In this study, relaxation was measur ed by e lectromyographic 

techniqu e s, 



Galvanic Skin Res pon se : Th e in ves tig a tor acc e pted 

t he defi niti on by Engli s h, wh o stated that 

galvanic skin r e sponse is th e r es i s tan ce of th e ski n 
to the pa ssa g e of a n e xt e rnal e l ec tric curr e n t , or 
to th e pro d uction of an ex t e r11al e l ectr i c c urr e nt, 
or to th e produ c tion by th e body of a weak c urr e nt 
on the skin s ur face (19:17 4 ). 

6 

F o r th e purpos e of this study , th e e l ec trod es we r e pla ce d o n 

t he middl e fing e r of th e non-pr e f e rr ed han d for the se l ec t e d 

s k i 1 1 s • 

Nov e l Motor Skill: For th e purpo se of thi s st udy 

t l1 e inve stigator defi ne d a Nov e l Motor Skill as one th at h as 

110 t been att e mpt e d be for e or h as bee n pe rform e d with s u c h 

i nf requ e ncy that th e initial p e rforman ce of th e skill e quals 

t ha t of som e on e who has n e v e r e xec ut e d th e mov e me nt. In 

t hi s study, th e nov e l motor skil l was throwing darts at a 

ta r g e t mount e d on the wall at a distanc e of t e n f ee t from 

t he s ubj e ct. 

Mental Skill: Th e inv es tig ator d e fin e d me ntal skill 

fo r th e present study as th e ability to r e call lists of ran-

do mly-order e d numb e rs. This sk ill was me asur e d by th e 

acc uracy of ea ch subj e ct in th e ve rbal r e call of diff e r e nt 

sequences of nons e ns e numb ers . 

Indu ced Te n s ion: Th e inv e stigator defi n e d induc e d 

tension as an e xt e rnal stimulus de sign ed to pr e vent norm a l 

adaptation. In this study, in d uc ed t e nsion was produc e d by 

a verbal threat. The amount of induced tension was meas ur ed 
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by c h a nges in th e g a l va ni c s kill r e spo n se a n d in t he r es pir a ­

t io n rat e . 

De li mi tatio n s of th e S tu dy 

Th e st udy was s ub j e c t to th e fo ll o wi ng de li mi tat ion s : 

n. Fr e sh ma n wo me n r a nd omly as s ig n e d to t h r ee g r o ups with a 

total o f s i x t e e n s ubj e c t s i n e ~c h g rou p . All s ubj e c t s 

we r e e nr o ll ed in t he r e quir e d phy s i ca l e d uca ti o n p ro gr am 

o f th e Te xas Woma n' s Uni ve rs ity d ur in g t h e s pr i ng se me s t e r 

of th e ac a de mi c y e a r of 19 69 -1 970 . 

H. Subj e c ts we r e e qu a t e d or matc h e d wi th r e s p e c t t o t h e 

followin g v a ri ab l e s : (l ) l a c k of p r e v i o us for ma l i n s tru c -

tion in tec hn iq ues of r e l axatio n, (2 ) n o p r e v io us for ma l 

instruction in t ec hniqu e s o f me mo ri zatio n, (3) scor e o n 

th e St a nd ar d Ap t i t ud e Te s t a n d / or th e Ame r ic a n Co ll e g e 

Te sting Pr o gr a m, ( 4 ) sco r e o n t he Tay l o r An xi e t y Te s t, 

( 5 ) r e stin g mea n ba s e l e ve l as r e cord ed by e l e ctro myo­

graphic t e chni q ue s , ( 6 ) me an ne ur o mu sc ul a r t e n s i o n l e ve l 

on th e initial t es t o f d a r t thr o wing, (7) mea n ne uro - ­

mu~c ular t e n s ion l e ve l o n th e ini t i a l t e s t o f r e ca llin g 

nons e ns e s e qu e n ce of numb e rs, a n d ( 8 ) s cor e on nove l 

motor skill. 

C. P a rticipation of an e x p e rim e nt a l g r o up in a pr ogram of 

sp e cific r e laxation t ec hni q ue s f or a p e riod of on e hour 

per day, five d ays a we e k for s ix we e k s . 

D. Particip a tion of a control g r o up in a p ro g r a m in whi c h 

th e subj e cts r ece iv e d on e sug a r t a bl e t a d a y, fiv e d a y s 
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a week for six wee ks. Th e subj e ct s we r e told that daily 

ingestion of th e tablet would r e duc e n e uromuscular t e n­

sion. 

1~. Participation of a control group th a t r e c e ived no 

schedul e d instructions in t e chniqu e s of r e la x ation and 

we re provid e d no place bo. Th e c o ntrol group r ece iv ed 

instruction s in body mec h a ni cs for a p e riod of s i x wee k s . 

Purpos es o f th e Stu d y 

Th e g e n e ral purpo se of th e s tudy was to de t e r min e 

th e relationship b e tw ee n th e a bility to r e lax s p e cifi c mu s cl e 

gr o ups during th e p e rforman ce of a nov e l motor s kill a n d a 

no ve l me ntal skill und e r indu ced t e n s ion. Sp ec ifi ca lly, th e 

fo llowing null hypoth e s e s we r e t e st e d : 

1. There is no signi f i c ant diff e r e nc e b e tw ee n th e 

pl a c e bo group, th e e xe rcis e control group, and th e r e l a x a­

t io n group in their ability to throw darts a c c ur a t e ly an d to 

co ntrol neuromuscular tension during induc e d t e nsion. 

2. Ther e is no significant diff e r e nc e be tw ee n th e 

p l a c e bo group, th e e xercis e control group, and th e r e l a xa­

tion group in their ability to control n e uromuscular t e nsion 

and their ability to recall nons e ns e numb e rs accurat e ly 

during induced t e nsion. 

Summary 

Neuromuscular relaxation is a learn e d skill that 

requir e s a kinesth e tic awar e n e ss of r e sidual mu sc l e tonus. 
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A p e rson who h as id e ntifi ed t h e amo~nt of t e n s ion necessa ry 

to pe rform a giv e n task i s u s u a lly bette r prepared to volun­

ta r i ly control ne ur om usc ul ar t e n s ion than on e wh o i s no t 

s uc cessf ul in r e cognizing mu sc l e t e n s ion. Th e sk ill of 

re la xat ion de ma nd s many hours of co n ce ntrat ion be for e t he 

lea r n er can progr ess from co n sc iou s r e l a xation to s itu a tion s 

"h e re relaxation becomes h abit u a l. 

Th e purpo se of this in vestigatio n wa& to d e t e rmi n e 

the r e lation s h ip be t wee n t h e abi li ty to r e l ax a nd c h a nges in 

Lh e p e rformanc e of a se l ec t ed mo t or and a me nt a l s kill d uring 

in d uc e d tension. It was b e li eved t h at s ubjects who we r e 

c a pa bl e of co ntrollin g ne urom usc ul a r t e n s i o n co ul d r ed uc e 

Le ns ion d uring th e p e rform a n ce of s e l ec ted skil l s to a 

g re ater ex t e nt than s ubj ec ts who h ad not l e ar ne d to co ntrol 

n e u romuscul a r t e n s ion; th e r e for e , th e s ubj ec t s would p e rform 

the se l ec t ed ski lls mor e e ffi c i e ntly than thos e s ubj e cts not 

t r ained to control ne uromu sc ul ar t e nsion. 

Forty- e ight f e mal e subj ec ts were se l ec t e d to partici-

pa te in th e study. On e c ontrol group c onsist ed of s ixt ee n 

fe ma l e subjects who participat ed in a progr a m of body 

me chanics for a period of six wee ks. A s e cond control 

group consisted of sixte e n f e mal e s ubj ec t s who too k a sugar 

tabl e t d a ily for six wee k s . Th e r e la xat ion group co n s i s t e d 

of sixteen femal e subjects who r ece iv e d daily instructions 

in Jacobson's t ec hniqu e s of r e l ax ation for six wee ks. 



Chapt er II pre se nt s th e r e vi e w of lit e ratur e which 

wa s found pertin e nt to this inv es tigation. 
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CHAPTER II 

REVIEW OF RELATED LITER ATURE 

I n trodu c tion 

Th e succ e ss of th e fir s t ac c urat e me a s ur e me n t of 

n1 u s c l e t e n s i on b y me c h ·a n i c a l me a n s i s a t t r i b u t e d t o Ed m u n d 

J ,1 c o b s o n , w h o i n c o o p e r a t i o n w i t h t h e B e l l T e l e p h o n e L a b o r a -

to r ie s d e v e lop e d equipm e nt that wa s s e n s itiv e e nough to 

re cord volt a g e chang e s as low a s a fra c tion of on e -millionth 

of a n e l e ctri ca l volt in hum a n mus c l es ( 29 : 3 10). Jac o b s on, 

mo re th a n a ny oth e r individual, h as s tr essed th e impor ta n ce 

o f n e uromuscular t e nsion control a s a laboratory t ec hniqu e 

t h a t is valuabl e in mod e rn s o c i e ty . A r e vi e w of th e lit e ra-

tu re p e rtin e nt to t he control of mu s cl e t e n s ion r e ve a l s 

nu merous r e s e arc h designs which have att e mpt e d to isol a t e 

spe cific r e laxation t e chniqu es a nd t h e e ff ec ts of induc e d 

te nsion upon mu s cl e t e nsion. To simplify th e r e vi e w of th e 

r e lat e d literatur e th e following subh e ading s hav e bee n for-

mulated : Studies in Relaxation and Studi e s in Indu ce d 

Muscular Te nsion. All of the studi e s ar e pr e s e nt e d in 

chronological ord e r. 

Stud i es in Re laxation 

Prior to the dev e lopm e nt of ad e qu a t e ly s e nsitive 

electrical instrum e n ts, Jacobson and Ca rl s on (2 4 : 324 ) 

ll 
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~ na l yz ed th e int e n s ity of th e kn ee -j ·e rk in fourteen sub j e cts 

" ho we re tr a in e d in sp ec ific t ec hni q ues of r e l axa tion as 

op posed to s ubj e cts not train ed in r e lax a ti o n. Jacob son 

and Ca rlson con c lu de d that th e knee-j e rk act ion t e nd s to 

di mi nish a s th e skill of relaxation i s l ea rn e d. Th e s ub-

jec ts train ed in r e l a x a tion r e ported a d ec r e ased se nse of 

Le ns e ness during p e riod s devot e d to r e lax a ti o n. 

Jacobson (2 5 :6 94 ) studi e d mu sc l e ac tion pot e n t i a l 

Ju r i ng variou s form s of me ntal actjvity . A s tring galva no-

we te r was th e instrum e nt use d to me a s ur e th e mus c l e action 

po te nti a l during prescrib e d me ntal activity . Th e subj e c t s 

1ve re tw e nty femal e s trained in th e t ec hniqu es of r e la xa ti on. 

Ea c h subj e ct wa s asked to li e down in a r e l axed position 

wi t h th e e ye li ds closed and to e ng age in a s p ec ifi c me nt a l 

ac t ivity, suc h a s imagination. It was not ed th a t a mcas ur-

ab l e in crease in co n traction occurr ed in th e sp e cific muscl e s 

of the body measured. Jacobson not e d that d uring a particu ­

la r menta l activity, th e muscl e s of a subj e ct train e d to 

re lax r e mained inactiv e , e xc e pt for thos e mus c l e s sp ec ifi­

ca lly associated with th e control of th e e ye s a n d mouth. 

Elect rical records, along with subjectiv e r e ports, indicat e d 

that during the Progressiv e Muscular Re l axatio n l esso n s , 

imag e ry and thinking proc e s ses dwindl e d and disapp ea r ed . 

Jacobson concluded that the relaxation of th e specific 

muscl e co ntractions norm a lly pres e nt d uring a particul a r 

mental act ivity brings about the disapp e arance of that activity. 
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J aco bson ( 26 : 23 0) furth e r ex plo red t he b e n e fi ts o f 

re l a xat ion by comparing e ight co ll e ge sub j ec t s train ed in 

r1.·l ax ation with a s imil ar numb e r of s ubj ec t s not train e d 1n 

r 0 l a xation during resting l e ve l s of mu sc l e t e n s ion. All of 

ihe s ubj ect s we r e t ested on g e ne ral mu sc ul ar t e nsion by 

F: 1: a n s o f a g a l v a n o m e t e r o n t w o d i f f e r e n t d a y s f o r a p e r i o d 

(l f t h i r t y m i n u t e s . T h e o n l y i n s t r u c t i o n g i v e n t o t h e s u b -

jn c ts in th e untr ai n ed group was to re la x a s mu c h as po ss ibl e . 

The seco nd group of s ubj ects were gi ve n in st ru c tions in 

1.t.: ch nique s of r e laxation. Jacob so n co n c lud e d that no s ub-

j c c t i n t h e u n t r a i n c d g r o 11 p a c h i e v e d a n d m a i n t a i n e d c o m p l e t e 

re l a xation in th e a rm mu sc l es d uring th e t hir ty minut es ; 

whe reas , th e subj e cts train e d to r e l ax produ ced a mu c h low e r 

le ve l of t e n sio n for th e same tim e p e riod . 

Ru es ch and Fin es ing e r ( 44 :1 32 ) inv es tigated th e 

r e la tion s hip b e tw ee n mus c ul a r r e lax a tion, as meas ur ed by 

the e l ectromyograph, and s ubj ~c tiv e f ee ling s of r e l a x at ion 

as r e port e d by th e subj e cts. El ec tromyogr ap hi c tra c ing s 

of th e f l exor and e xte nsor mu sc l es of th e arm we r e made on 

a s e ri es of thirty- se ve n pati e nt s with psychiatric a nd 

neuro logi ca l diseas e s and on norm a l subj ec ts whi l e closing 

a nd opening th e fi st at differ e nt tim e int e rval s up to thr ee 

s e co n ds . Th e inv e stigators r e port e d t h a t th e gr e at e st 

relaxation values we re obtained wh en th e int e rval betwee n 

the movem e nt s was greatest. On e -half of th e subjects 

report e d on th e qu e stionnaire that th e y could f ee l th e 



re la xa tion int e rvals in th e ir arms a n d f ing e r s during th e 

ac t i vity p e riods. Th e oth e r s ubj e cts r e port ed that th e y 

lln d no s e n sat ion in th e a rm s a n d fing ers . 

Jacob so n (28: 98 ), u s in g e l e ctromyographi c in s tru­

~e nts , e x amin ed th e r e l a tion s hip be twee n th e a bility of 

at h letes and non- a thl e t es , both tr a in ed a nd untr a in ed , in 

te c hniq u e s of r e lax at ion. Th e s ubj ects we r e tw e nty-on e 
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c.o l l e g e stud e nt s who we r e not particip a ting in at hl etics 

an d t e n coll e g e stud e nts who we re act iv e ly particip a ting o n 

a va rsity t e am . At th e b e ginning of th e e xperim e n t ea ch 

s ubj e ct was instru c t ed to b e n d hi s right ar m im med i at e ly 

up o n hea rin g a te l e graph ke y c lick a nd t h e n to r e l ax t h e 

nr m. Resp on ses we r e mea sur e d and r e corded b y a n a mpli f i e r 

ga lva nom e t er assemb ly. Jacob s on con c lu d e d that a s a group 

t he athlet es su cceed e d in r e l ax ing a p art i c ul a r mu sc l e 

g r o up to a full e r and mor e s us tain e d deg r ee th a n d id s ub-

je c ts untr ai n e d in r e lax ation . Th e at hl e t es ' s u ccess was 

ge n e rally inf e rior to that of those subj ec ts spec ifi ca lly 

tr ai ne d in t e c hniqu e s of relaxatio n. It was not e d that 

s ome individual at hl e t e s attain e d l e ve l s of r e l axa tion as 

low as the subj e cts who we re train e d i n t he tec hniqu e s of 

re l axat ion. 

Davis (1 3 : 451) me asur e d th e mu sc l e ac tion pot e ntials 

of three limbs in two groups of subjects whi l e th e y worked 

at multiplication and me moriz at ion of non s e ns e syllabl e s . 

Th e subjects work ed un der normal co n ditions and und e r 



d l re cti on s ask in g for to t a 1 r e 1 ax at i ·on of th e right a r m 

Ju r i ng me ntal activity Davis not ed that muscular activity 
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inc re ased progr e ssive ly during work p e riods. No co nsist e nt 

re l a tionship betwe e n muscle action pot e ntial and outpu t of 

wn r k was found und e r the exper im e ntal conditions wh e n 

in d ivid u a l subjects we r e compar e d. Subj ec t s s how e d mor e 

mu s c ul ar activity in the body part s t es t ed d uring me n t a l 

wo r k than during rest. It was found that instruction s to 

re la x the right arm during work produ ced a dec r e as e of 

nc t i vity in that limb with similar but sma ll er dec r e as es in 

th e other segments of the body t e st e d. 

Using nons e nse sy ll ab l es as th e l ear ning task, Pasc e l 

(3 9 :32) conduct e d e xperim e nt s compari ng r e c a ll un der a s t a t e 

o f normal t e nsion (sitting in an eas y c h a ir) with r ec all 

un de r a state of induc e d r e laxation (lying o n a couch li ste n-

ing to five minut e s of instructions on r e laxation). Re l ax a-

ti o n time was held constant at one hour and comparison s we r e 

ma de on the ability of twelv e subj e cts to r e call th e nons e ns e 

sy llabl e s after on e , five, and ten l ear ning trials, r espe c­

tive ly. Pascal conclud e d that subjects me r e ly lying on th e 

couch without instruction in r e laxation show e d no signifi­

cant difference in r eca ll over the expe rim e ntal condition . 

Relaxation immed iat e ly aft e r l ea rning, in stead of imm ed iat e ly 

preceding recall, also produced no significant difference 

over the control condition . 
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In 19~ 3 , Ne rf e l d ( 35 : 132 ) u se d techniques of r e l axa ­

ti o n as a method of r ed ucing t e n s ion s in pilot s who ex p e rienc e d 

ne r vo u s t e n sio n d urin g missions of combat d uty . Appro xima t e l y 

15 , 000 cad e ts r ecei ved re l axatio n trainin g fro m 100 Navy 

of f ice r s . Th e in str uctio n s were li mi t e cl to thr ee h a l f -h our 

pe r i ods, thr ee d iff e r e nt days p e r week , for a tota l of tw e nty-

si x per i ods . Th e specif i c obj ec tiv e of th e tr ai ning p rogram 

wu s to t ea ch cadets to r ec og ni ze th e i r individual patterns 

of ne uromu sc ul ar t e ns ion a nd to r e l ax wh e n necessa ry . A 

su b jec tiv e rating sca l e wa s admi ni s t ere d to eac h cadet afte r 

re ce iving in st ructions in r e l axatio n. Upon th e ba s i s of t he 

f i n di ng s yi e ld e d by th e rating sca l e , Ne rf e ld co n c lu ded t h at 

c a d e ts train ed to r e l ax a n d co n tro l muscular t e n s ion h ad a 

lo we r fatigu e -t e n s ion r a ti ng t h a n those cadets who h ad not 

be e n taug ht t ec hniqu es of r e la xat i on. 

Hav e rland (2 2 ) conduct ed a study to determ in e wh e th e r 

si gnificant improv eme nt s in coordinatio n, steadi ness , or 

r e a ction tim e might be obtain ed by a six wee ks training 

pr ogram usi ng e ith e r Progr ess iv e Re l axation t ec hniqu es or a 

spe cific physical co nditionin g progr am . Th e subj e cts we r e 

com pris e d of fr e shman and sophomor e co ll e g e wom e n vo lunt ee rs. 

One group was a physical conditioning class; a s ec ond group 

received training in Danish Gymnastic s for forty minut e s 

twic e each wee k; and the third group r e ceived instructions 

in the Jacobson techniqu e s of r e laxation for forty minutes 

twic e eac h we e k in addition to the requir e d physical 
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ed uca tion program which met two for ty minut e p e riods pe r 

wee k . 

Hav er l a nd found that th e s ubj ec ts receivi ng in s truc­

tio n in Progressiv e Re la xa tion t ec hniqu es improved th e ir 

i'cr f ormance significantly in r eac tion tim e a n d a im i n g t es t s , 

and ve ry significantly in the tracing and s t ead in ess it e ms 

of t he motor control te s ts. Th e phy s i cal conditio ning gro up 

~ n d the Dani s h Gymnast-ics group also im prov e d th e ir p e r ­

fo r ma n ce significantly on th e tracing a n d steadi ness items 

uf t h e motor control tests. Have rl a n d conclud e d that trai n­

i ng in Jacobson's t ec hniqu es of r e laxation may result in 

imp ro ve d performanc e in c e rtain aspects of motor skill s 

in volving smooth, coord in ated a n d pr ec i se mov e me nt s and i s 

to be favor ed ov e r th e oth e r met ho ds s tudi ed . 

Watson (51) co ndu cted a st udy to d e t e rmin e th e 

r e lat ionship b e tween athl e tic ability a nd th e abi lit y to 

re lax in sixty-four und erg raduat e colleg e wome n. El ect ro­

my ographic techniqu es wer e e mploy e d to d e t e rmin e th e l e ve l 

of muscle action pot e ntial in ea ch of th e s e l ec t e d s ubj ec ts. 

Eac h subject's tension was r ec or ded during d iscr e t e mov e ­

ments using the individual muscl e groups . The subj e ct was 

instructed to relax as much as possible a n d still compl e t e 

the mov e me nt. Watso n conclud e d th at th e r e was no signifi-

cant difference in the ability to r e lax un de r specific con­

ditions between the women who had high athl e tic skill a nd 

thos e who had low athletic skill. 
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Evans (20) conduct e d a st udy to determine th e influ­

eHce of t e chniques of r e laxation on th e l e ve l of t e n sion in 

eol le g e women . The subj e cts we r e tw e nty- e ight wom e n in a n 

0xpc r imental group who receiv e d instructions in r e l axat ion 

Jnd t hirty- six women in a control group . Te nsion was 

1:1 e as u r e d with s pec i f i c de vi ces w hi c h dete rmin e d th e amo unt 

of k n ee -jerk pres e nt be for e and after p ar ti c ipation in 

sev e ra l motor skill t es ts. Evans co n c lud ed that th e r e wa s 

l!ll s ig nific a nt d e cre as e in n e uromu sc ular tensio n im me d i ately 

aft e r the motor skill t es ts in eit h e r th e ex pe rim e nt al or 

t 1 co ntrol groups . Wh e n comparing th e h e ight of th e kn ee ­

jer k be for e a voll e yball ski ll t es t with th e h e ight of th e 

k ne e -j e rk nin e minut e s aft e r th e admi ni s tr a tion of th e skill 

t e s ts , th e r e was a significant r ed uction in ne uromu sc ular 

t e ns ion which f avored th e e xp e rim e ntal groupo 

Ben so n ( 4) studi e d th e e ffects of instructions in 

r e lax ation on e ighty colleg e stud e nts e nroll e d in be ginning 

swi mming classes ; forty subjects we re in th e e xp e rim e n ta l 

gro up which r ece iv e d twelv e wee ks of in s truction s in t e ch-

niq ue s of r e lax a tion, Th e oth e r forty s ubj ec ts we r e in a 

control group that had no instructions in r e l axat ion. 

Benson found that r e laxation training was a n ass e t to 

b e ginning swimmers. Thos e subj e cts train e d in r e laxation 

not only dev e loped skill more rapidly than th e control group 

but also experienced a generally low e r t e nsion l e ve l as 

d ete rmined by s ubj ecti v e eva lu at ion, In add ition, all of 
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the nonswimmers in th e group wh o r ece iv e d r e l axat ion in s tru c ­

ti ons l ea rn e d to swim a giv e n dista n c e , whil e o nly h a l f of 

i he s ubj ects not gi ve n s uc h in s truction we r e s ucc es sf ul in 

· lie sa me t es t. 

Ron e y (4 3 ) s tu d i ed th e r e l atio n s hip be tw ee n kin es ­

llie s i s a nd r e lax atio n by comparing th e abi li ty to p e r cei ve 

:n H s c l e co n t r a c t i o n a s me a s u r e d b y t II e k i n e s t h e t i c t e s t s o f 

! ; ,_: r c e p t i o n o f e f f o r t a n d p o s i t i o n , w i t h t h e a l> i l i t y t o r e 1 a x 

s p e c ific mu sc l e groups. A s ec o nd purp os e was to determ in e 

if t he skill of r e la xa tion could b e taught a n d i f so , co uld 

ki ne st hes i s , as me asur ed by t h e se l ect e d t e st s b e i d e n t ifi e d 

us a fa ct or in l e arning to r e l ax . Th e co mpo ne nt s of ki n -

es t he sis se l e ct e d for s tudy we r e awa r e ness of e xt e nt of 

mu s c ular contraction in th e arm , for c e of mu sc ul a r co n trac ­

ti o n of th e arm, a rm s tatic fun c tion, l eg positioning, forc e 

o f muscular contraction of l eg , a nd thigh a n d l e g static 

fu n ction. Th e tests we r e administ e r e d to fifty- e ight co ll ege 

wo me n at th e b e ginning and at th e e nd of a nin e wee k e xpe ri­

me ntal period. During th e expe rim e nt a l p e riod th e s ubj e cts 

we re divid e d into two groups; on e group r ece iv e d instructions 

in Jacobson's techniqu e s of r e lax a tion, a n d the oth e r group 

r e ceived no training in r e la xat ion. Ron e y c onclu ded that 

th e r e was a s light relationship be tw ee n tota l kin es th e s is 

and total relaxation in the initial t e st s cor e s for both 

groups; but this was not apparent in th e final t es t r es ults. 

The e xp e rim e ntal group improv ed significantly in total 
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re l a x ation, wher e the control group did not. Kin e sth e s i s , 

as me asur e d in this study, did. not improv e in e ith e r group. 

Rone y concluded that it was not a factor in l ea rning to 

r e la x . from a subjective vi ewp oint it was noted that t he 

sJ b j ec ts in this st udy becam e more aware of mu sc ul ar t e n s ion 

<1nd deve lop e d positive c ha nges in me ntal a nd emo tional 

a tt i tudes as a r es ult of the r e lax a tion progr am . 

King (32) d e t e rmin ed th e e ff ec t of voluntarily 

ind uce d relaxation in t e n co ll e g e wom e n e xpos ed to a 

psy chological str es sor. Th e e xp e rim e nt wa s desig n e d to s tudy 

ne ur omuscular and cardiovascular f un ctioni ng und e r e xp e ri-

men ta l co n d itions. The str essor co n s i ste d of trying to ad d 

i g ures whil e loud music played in th e background. Meas ur e -

me nts of steadines s , r e action tim e , puls e rat e , and blood 

co a g ulation rates we r e r e cord ed whil e t he s ubj ec ts were in 

a " normal" condition, following ex po s ur e to th e s tr ess co n­

dit ion for th e first time and fo llowing e xposur e to th e 

s tre ss condition for the s ec ond time , wh e n r e laxation was 

the int e rv e ning variabl e . King conclud ed t h at th e r e was no 

si gnificant diff e r e nc e in th e variabl es me a s u red in th e dif-

fe r e nt conditions. King notic ed that after th e s ubj ec ts 

were exposed to a stressor the puls e rat e declin e d during 

the period of r e laxation. 

de Vries (15) analyz ed the e ffects of a specific 

r e laxation techniqu e and two different types of stretching 

exerc i se programs which are commo nly us e d as warm~up 
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p.to c edures upon subseque nt motor performances in thr ee dif-

fvr e nt ath l et ic e ve nts. Th e ath l etic e vents consid e r ed we re : 

(]). 220 yard run, (2) 50 yard swim, and (3) th e sta nding 

iH o a d j u m p • de Vri es hypoth es i zed t h a t t he resistanc e 

offe red by muscles antagonistic to th e prime movers in motor 

p~ rf orma ncc can b e minimiz e d thro ugh pr e li minary str e tchi ng 

a11 d/ or r e l axi ng techniqu es to an extent whi c h will re s ult in 

imp r ov eme nt or s ub seque n t motor performanc e . Th e subj e cts 

w~re e l e v e n me mb ers of t he track team, sixt ee n mal e mem be rs 

of a c l ass in adva n ced swimmi ng, a n d tw e n ty - one me mb e r s of 

a c lass in corr ec tiv e physical ed ucatio n. No stati s ti ca l 

evi de n ce was found to de monstrat e t h at e ith e r th e str e tching 

p ro g r a ms or t h e specific r e lax a tion program h ad a uniqu e 

va l ue as a warm-up proced ure for running a 220 yard run, 

sw im min g a 50 yard rac e , or for performi ng in th e standing 

b r oa d jump. de Vri es co n c lu d e d that th e re wa s n o e vid e nc e 

tha t th e r es istanc e off ered by muscl es a nt ago ni stic to t he 

prime movers in moto r performanc e ca n b e minimiz e d t hr oug h 

pre liminary stretc hing a nd/or relaxing t ec hniqu es to a n 

ex tent which will r es ult in me as ur abl e improv e me nt of s ub­

seq u e nt motor performance. 

St e inh a u s and Norris ( 4 9) not e d that n ~ uromus c ular 

tensio n, as meas ur e d by e l e ctromyograp h y, co ul d be r e duced 

substantially in college st u de nt s and older p eo ple, a nd that 

significant decreases in both systo li c a nd diasto lic blood 

pressur e could b e obtai n ed after an instructional period of 



t·ig h t weeks in techniqu es of relaxation . In addition to 

pre a nd post tests, th e subjects we re also te s t ed severa l 

time s during eac h day to d e termin e l eve l of tension at 
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:;:,c c ific tim e int e rvals. Upon the bas es of the data obtai n ed , 

S e i nhaus and Norris found that a period of e ight weeks was 

r:~q u ir ed to successf ully apply Progr ess iv e Re l axatio n tec h-

niq ues when taught t wo days per week . I t w a s n o t e d t ll <I t 

t•·n s ion lev e ls had a tendency to increas e duri ng th e da y . 

1 ~l e i n v e s t i g a t o r s f o u n d t h a t t h e m a j o r i t y o f t h e s u b j e c t s 

ta ug ht to r e lax had positive concomitant effec ts such a s 

cha nges in temperament, ability to fall asl ee p mor e qui c kly, 

r Pd uctio n of hea daches a nd se nsi tivity to pain, and improv ed 

dis position, as meas ur ed by s ubj ec tiv e ratings. 

Calleja (8) observed th e effect of r e laxation train-

in g on cognitive performance un der stress . The hypoth es is 

st ud i ed was that r e l axation training a n d cog nitiv e func­

tio ning would b e relat ed through th eir common co nn ec tion 

wit h anxiety. Relaxation training was plac ed within the 

g e n e r a l context of a conc e pt of . anxiety as a form of emo­

tiona l arousal with n e uromu sc ul ar and cog ni tive co n se quenc es . 

The word " cognitive" was applied to : (1) a verbal maz e task 

and (2) a perc e ptual task. Sixty-four pati e nt s from n e uro-

psychiatric wards were assign e d to high or low a nxi ety 

groups on the basis of their scores on th e Taylor Manifest 

Anxiety Scale. Half of eac h group was assign ed to a stress­

stimulus condition and the oth er half to a no- st r ess 



con d ition. Th e stress and no- stress group s we r e in turn 

sub d ivided into r e laxation and no-r e laxation s ubgroup s . 

Cul lc ga conclud e d that r e l axation dir ec tly af f ec ts th e 

cu r>a c ity to concentrat e by pr e venting th e intru s ion of 

irr e levant respons e s and th e r e by a llowin g th e p e rson to 

foc us on the task at hand. 

Lyons and Lufkin (3 4 : 663) conducted a s tudy to 

det e rmine electromyographically whet h er t e n l ess on s in 

rel a x a tion, spaced over fiv e wee ks, would s ignifican t ly 

l o we r muscle t e nsions in 257 coll e g e wom e n. Th e s ubj ec t s 

wer e subdivided into thr ee group s . On e group wa s giv e n 
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r e l a xation training and was t e st e d ov e r fiv e weeks . Th e 

s ec o nd group, which also r e c e iv ed training in th e t ec hn iques 

o f re laxation, was t ested ov e r a fiv e wee k s pe riod. Th e 

thi rd group wa s a control group which r ece iv e d no training 

in r e l a xation but was t ested in relax a tion a bility ov e r th e 

same p e riod. Lyons and Lufkin conclud e d that th e control 

of neuromuscular tension was significantly improv e d with 

te n hours of instructions exte nding ov e r a fiv e we e k pe riod. 

Sig nificant improvem e nts, how ever , did not occur b e for e the 

ninth session. The inv es tigators not e d that familiarity 

with the instrumentation or the factor of r e peated meas ur e ­

ments did not alter results nor did the tim e of day select e d 

for the testing procedure. 

Johnson (30) studied the effects of different 

stimuli and the Rassage of time on meas ur es of two specific 



c .i 1s s ifications of a nx i e ty. It was 'hyp oth es i zed t h a t mea­

sure s of trait - a nxi e ty (A-trait) wo ul d r e main esse n tial ly 

cuns ta nt over tim e a nd be un affected by p e riods of r e l axa -

1 ; :J n a n d s t r e s s . In co ntr as t, meas u res of state-a nxiety 

( ~- S ta te) we re ex pecte d to fluctuat e ov e r ti me , dec lin e 

d t; r i ng r e l axa tion period s , a nd incr ease in r es pon se to 

s!re ss. Meas ur es of A-tr ait a nd A- state wer e made from 

f or t y - e igh t ma l e n e urop s ychiatric p a ti e nt s in two exper i -

me n t a l sessio ns. In th e first sessio n, meas ur eme n ts of 
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A-t r a it a n d A- state were tak e n bef or e a nd after a r e l axa tion 

p <· r i o d . In th e seco nd sess ion, th e t h ird a n d fo ur th meas ur es 

of A-t rait and A-stat e were mad e before and after a period of 

r e la xa tion . Following an int e rvi e w period Lh e exper im e n ta l 

g ro up was plac ed in a s tr ess co n d it ion wh e r e t h ey disc ussed 

th e ir "mo st fright e ning" ex p e ri e n ces , whil e tho se assig n ed 

t o t h e control condition discus se d n e utr a l topi cs . During 

this tim e th e fifth me asurem e nt o f A-trait a nd A- s t ate was 

made . Scor es on trait- a nxi e ty me a s ur es we r e esse nt ia ll y 

unaffec t e d by e ith e r r e laxation proc e dur e s or a s tr ess 

inte rvi e w. A small, but stati s tic a lly s igni fica nt, dec lin e 

in Manifest An x i e ty Scor es ov e r tim e was th e only systematic 

change shown by th e A-trait me asures . Th e me asur es of state 

anx i ety all declin ed significantly a s a function of r e l axa ­

tion procedures, while scor e s incr eased significant l y in 

response to the stress interview. 
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Perkins (40 inv es tigat e d t h e eff ec t of mu sc l e r e l axa­

t i (,lJ a nd th e suggestion of relaxation on the reduction of 

a n x ie ty. Fifty-six f emale univ e rsity stud e nt s wer e assig n ed 

to o ne of four tr e atm e nts: verbal stat e me nt suggesting 

r ela xat ion a s anxi e ty reduction, verbal s ugges tion of r e la xa ­

t i ' ' n wi t h a s tate me n t in d i cat in g no e ff ec t , co n t r o 1 t as k 

wi t h s uggestion of anxiety reduction, and co ntrol ta s k with 

, U<iq e st ion of no effect . Str ess was impo sed by infor ming 

s ubj e c ts that their e motional stability was be ing e valu ate d 

b y Lhe ir palmar sweating (PSI), word asso c iation s , an d finger 

unst e adiness when responding to forty stimul us words in a 

L ur i a -type assoc i ati on-motor task. It was conclud ed Lh a t, 

a s a whole, th e st udy fail e d to d e mon s trat e tha t mu sc l e 

r e l a xatio n or sugg e stion of b e n e fit ar e superior to a co ntrol 

t as k or suggestion of no be n e fit in r e du c ing anxieLy as me a-

su r e d by PSI and motor control. How e ve r, s ubj ects r ece iving 

r ela xat ion or positive sugg e st.ion of th e valu e of r e l axat i o n 

p erce ived aniiety reduction in th e mselves mor e fr e qu e ntly 

th a n did subj e cts in the oth e r conditio n s . 

Brockberg (7) cond uct e d a study to d ete rmin e th e 

eff e cts of a training program in n e uromu scu l ar relaxation 

upon select e d motor skills of thirty-on e ed ucabl e me nt al ly 

retaided boy s and girls b e twee n th e ages of e l e ve n and four­

teen who were divided into an exper im e ntal and control group. 

The experim e ntal group receiv e d instructions in th e tech­

niqu e s of relaxation, while the control group r e c e iv e d no 
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t ril i ning in relaxation. Electromyographic in s trum e nt s were 

use d to determine the tension.l e ve ls of e ac h subject during 

the se lected tests. Scores were obtain e d on th e followi ng 

t es t s: Sequin form board, He alt h rail-walk, a maz e from the 

Wec hsler Int e lligence Scale for Childr e n, l eve l of aspira­

tio n a nd two subtests from t h e Illinois Tes t of P s yc ho-

l i n g ui s tic Abilit i es. Brockb e rg found no sig 11i ficant dif-

f1 ~ r e nce for e ither the control group or th e e xp e rim e nt a l 

gro up in their abi lity to control n e uro musc ular tensions as 

a r e sult of relaxation in str ucti ons . Although th e r e was n o 

sig nifica nt differ e n ce b e tw ee n th e two groups, it was not ed 

tha t th e exper im e nt a l group t e nd e d to r ed uc e t e n s ion fol­

l o wing the relaxation training program to a great e r d e gre e 

t h a n the control group. 

Studies in Induc ed Ne uromu sc ul a r Te n s ion 

Russ e ll ( 45 :3 30 ) und e rtook a study to determi ne th e 

eff ectiveness of different degr ees of neuromuscular t e n sion 

in a specific skill. The study was r es trict ed to acc ura c y 

a s th e criter ion of efficie ncy a nd to tossi ng b a ll s at a 

targ e t as the specific motor ski ll. Thr ee co ndition s of 

tension were e mploy ed : (1) 

and (3) mod erate ly r e lax ed . 

three groups of five men and 

mod e rat e ly t e nse d, ( 2 ) natura l, 

Th e subj ects were pla ced in 

five wom e n e ach. Russell co n-

eluded that a condition of r e laxation i s sup e rior to a con­

dition of t e n s ion with resp ec t to accuracy of tossing ball s 

at a designat e d target. 
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Duffy (17:535) st udi ed the iclation s hip be tw ee n 

q url l ity of performance and tension in th e sk e l e ta l mu sc l es . 

The s ubj e cts we re eig ht ee n children approx im at e ly thr ee 

y c<~ r s old. Graphic records we r e ob tained from the pr es -

s t! r e up o n dynamograph s he ld in th e domina n t h a nd d uri n g a 

t llp p ing performance, and during di .scriminativ e r e action s 

t o t hree kinds of pictures. The e xp e rim e nt was r e pea t ed 

f iv e tim e s within a per iod of four month s . Duffy conclu ded 

t ha t poor p e rforman£e was almost inv a riably accompa ni e d by 

h i9 h t e n s ion. Good pe rformanc e was accomplish e d with t e n-

si o n scores of various magnitudes, but most fr e qu e ntl y wit h 

mod e rate or low t e nsion scores. Th e quality of pe rform a n ce 

in d is c rimin at iv e re~ ctions, but not in tapping, correlaL ed 

r at he r closely with th e smoothn ess of t h e t e n s ion tracin g 

f ro m th e hand during th e tapping pe rform a n ce . Duffy sLated 

that excessive fluctuation s in t e nsion repr e s e nt e d poor 

i n hi bition, but that lack of inhibition i s a severe h a ndicap 

in ce rtain typ es of pe rforman ce . It was not e d that th e 

de gree of inhibition tends to incr ease with ag e . 

Zartman and Ca s on (5 4 :671) compar e d th e time requir ed 

to solve short arithmetical probl e ms un de r normal con d itions 

and the time r e quired to solv e th e sam e probl e ms wh e n th e 

subj e ct exerted pr ess ur e bet wee n tw e nt y-five and forty pound s 

with the right foot on a pedal apparatus. Each subj e ct 

solved each problem under th e two condition s , half of th e m 

doing a probl e m first und e r tension a n d lat e r und e r norm a l 
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c on d itions. Th e subjects were e igh te e n coll e g e s tud e nt s . 

Znrt man a nd Ca so n concluded from the r e sults of th e e xp e ri­

m e Jl L that inc rea s in g th e t e n s ion of t h e right l e g do es no t 

i 11c r e ase the eff ici e n c y of solving arithm e tical probl e ms . 

Stauffach er ( 48 :26 ) st ud i ed th e e ff e ct s of induc e d 

musc ular ten s ion on l earnin g in forty gradu a t e a nd un de r-

g ra d uate students. Each subject was giv e n a pr e li min ar y 

t e~ t to determine th e maximum amo unt of we i ght he could lift 

wi Lh one h a nd. During th e exper im e n t e a c h subj e c t g r ipp e d 

stir rup-handles, lift ed a pr e de t e rmin e d we ight off of th e 

fl o o r, and maintain ed it suspend e d. At th e sa me tim e a n 

ele c tr ic al ly driven me mory drum, which a d van ce d e v e ry two 

s ec o nd s , was used to expos e th e mat e rial to b e l e ar n ed . 

The material consisted of fou r list s of f ift ee n, thr ee 

let ter , nons e ns e syllables. Th e e xp e rim e n t was co nd uc t e d 

unde r four conditions: (l) no induc e d t e nsio n , ( 2 ) on e -

qua rter of th e maximum weight .tested , ( 3 ) on e -h a lf of th e 

max imum we ight tested, and ( 4) thr ee -quart e rs of th e maxim um 

we ight te sted . Stauff ac h e r sugg e st e d th at th e r e is a c e r­

tain a mount of mu sc ul ar tonus which, when indu c e d in the 

subject, will cause facilitation of l earn ing. This d e gr ee 

of tension was approximately one-half of th e in d ivi dua l' s 

max imum. Lesser or great e r amounts of induc e d mu s c ul ar 

tension provided little or no facilitation in memo ri zat ion 

of nons e ns e syllabl e s. 



Freeman (21:146) analyz ed th e effects of optim a l 

mu sc ul a r tensions for various .performances on skil l s th a t 

u ti l ized the upp e r part of the body for se n s ory input and 

moio r output . The skill studi e d includ ed fing e r os c illa -

t io n , mirror-drawing, intensity li men f o r touch, eye lid 
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r ~f lex , and mental arithm e tic. Kyom yrap hic r eco rdings were 

obta in e d on ten subj e cts in each of th e se l e ct ed ta s ks. 

The palmar ski n-r esista nc e was us ed to check upon th e g e n ­

era l excitation l eve l of eac h s ubj ect . Fr ee man co ncluded 

that ability in mental arithm e tic wa s se riously distorted 

b y te n sio n increments while se n sory discriminations a nd 

r e f lex -responses were facilitat ed . Th e r e sults indicat ed 

tha t a tension-load which was optimal for on e typ e of ac tiv­

ity may be detrimental to performanc e of a differe nt char-

ac te r. In general, it was sugg e st ed that th e more complex 

th e performance, th e ea rli er the tension incr e me nt will 

cause inhibitory effects. 

Courts (10:23 5 ) inv e stigat ed th e r e lationship b e tw ee n 

the l eve l of performance in memorization a n d various degrees 

of experimentally induced muscular t e n sio n. Muscular t e n­

sion was measured in ten subj ects by th e amplitud e of th e 

knee-jerk as indicated by th e amount of qua driceps tight e n­

ing in response to the tendon-tap. Te nsion was induced by 

squeezing a Smedley hand dynamom ete r. Courts concluded that 

no evidence was available to support a diff e r e ntial e ff ect 

of experimentally induced tension for good and poor memoriz e rs. 



The results indicated that both good and poor memo ri z e rs 

p(· r f ormed bes t und er approximately on e -fourth of th e maxi­

mum · tensio n when applied by th e h a nd dynamomet e r . 

Arnold (2:31 5 ) investigat e d a nu mb e r of h ypot heses 

c '.In c er n in g th e degr ee of m us c u 1 a r tension with w h i c h in d i-
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v :d ua l s react to situations. Tw e nty -two s tud e nt s we r e as ked 

to ta ke a tapping test and to write s ho rtha nd fr om cl i ct<:J ti o n 

wh ic h gradually in c r eased in sp ee d, whil e th e pr ess ur e o n 

the h ands was r ec ord ed by a hymograph . Con s i de r ab l e i ncli-

v i d ua l differ e nc e s were found be tw ee n all subject s . Effie -

i c nt p e rformance was found by Ar no l d to be associat ed with 

g r e a t er r e corded pre s sur es in th e right hand. An in crease 

in te n s ion was found to b e inv e rs e ly r e lat e d to s kill, int e l­

lige nc e, and average acad e mic sta nding in sc hoo l. 

Courts (11: 501) att e mpt e d to asc e rtain th e in f lu e n ces 

of pract ic e upon th e dynamog e ni c e ff ec t of e xp e rim e n t a lly 

in duced muscular t e nsion in 240 mal e s ubj e cts . Fifty tri a l s 

on a modified Koerth Pursuit Ro tor und e r various d e gr ee s of 

t e nsion induc e d by squ ee zing a dynamom e t e r yi e l ded th e da t a . 

Courts found that as l e arning progr esses , th e f aci lit a tiv e 

influence of optimal degrees of t e nsion incr e as es to a max i-

mum. The detr im e ntal influ e nc e of ex c ess iv e d e gr ee s of 

t e nsion becom e s mor e mark e d as l e arning progr esses . 

Adams (1:127) r e port ed th a t in d uced t e nsion did not 

facilitate performance in a t wo -hand ed task using matching 

rows of lights. The subjects we r e 160 basic airm e n who 



dc;>r e s se d a stirr up to Lh e floor while doing th e matching 

t ask . Th e stirrup r equ ir ed zero, ten, tw e nty and thirty 
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p c; tt n d s of f o r c e to depr e ss it . No d i f f e r e n c e in p e rformanc e 

o cru rred under the conditions of induc e d t e n s i o n. Adams 

c o:u: luded that the amount of movement r e quir ed by t he 

maLc h ing task may hav e mad e additional mu sc ul ar act ivity 

1 t' '; s effect i v e in imp r o v in g p e r f o r man c e t h <J n w o u 1 d h <J v e 

b r~ !' n t h e c a s e i n a 1 e s s com p 1 e x t a s k • 

Bourn e (6: 4 18) hypoth esized th at indu ce d t e n sio n 

woul d not improve s e rial l ea rning if th e r e we r e a de l ay 

be tw ee n study and recall. To induc e t e nsion e a c h s ubj ec t 

was p r e sented a list of adj ec tiv es and th e n told to antic ip a t e 

t he m in a pres e nt atio n whic h might occur z e ro, thirty, s i x ty, 

120 and 240 seco nd s l ater. Te n s ion was in d uc ed in s om e of 

the s ubj e cts during l ea rning, som e during r e call, some 

duri ng both; while oth e rs had no t e n sio n indu ce d . Bo urn e 

c o nc lud ed that induced te n sio~ during r eca ll was mor e e ff ec ­

t ive in improvem e nt of s e rial learning than t e nsion d uring 

th e learning task. As a long e r ·pe riod of tim e int e rv e n e d, 

t e nsion induc e d during r e call be came progr essive ly s up e rior 

to tension induced during th e l ea rning ta s k. 

Shaw (47:113) de t e rmin ed the e ff e ct of in d uced t e n ­

sion on the subject 's ability to r eca ll a list of randomi zed 

digits. Tension was induc ed by havi ng th e subj ec t hold on 

to a weight by a cord running ove r a pull e y. Th e total 

weight was th e maximum of th e subje c t's total pulling 
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st r e ngth . This amo unt was decreased by on e quarter incr e -

m,· n t s of the maximum lift d urin g t h e menta l task . Shaw 

not e d that the greatest facilita t ion occurr e d i n t h o se s ub­

j Pc t s who performed in a s u per ior fas hi o n o n the initi a l 

t es t . 

Ry a n ( 46 :111) test ed th e hypoth es i s that e xt e rn ally 

ind uced ten s ion wil l fa c ilit a Le p e rformanc e on a r e lativ e ly 

e ils y moto r s kill but will impair perfor ma n ce o n a more dif-

f ic ult motor sk ill. Male co ll ege st ud e n ts were test e d on a 

mut o r l ea rning t as k th at involv ed balan ci n g for twelve Lrials 

o n a stab ilom eter . Th e ta s k was made easy for forty subjecLs 

b y p l aci ng t h e sta bilom e t e r t e n inch es b e l ow th e p i vot a nd 

ma de diff icul t for e ighty of th e s ub j e cts by placi n g th e 

s t a b ilometer t e n in c hes above t he pivot . Ha lf of t h e s ubj ec t s 

p e r f orming th e e asy task were giv e n e l ec tri c s ho c k s ir­

r eg u l ar ly during the l ear nin g pe ri od to produce t e n sio n. 

Th e i r performance ~r l ea rnin g did not differ apprec i ab l y from 

th e control subjects. Un der the same condition s , except th a t 

th e difficult task was us ed , th e s ubjects giv e n indu ced t e n­

sio n achieved th e same amount of l ear nin g as t h e co n tro l s but 

showed poor er performance throughout th e t est . Wh e n th e 

application of th e t e nsion-pro d ucin g s ho ck was de l ayed un ti l 

th e third trial, it produc ed a l esser amount of impairm e nt 

in performanc e for that trial but full imp airment for l ate r 

trials. The results supported th e hypoth es i s that in creased 

tension impairs performance of a difficult motor task . Ryan 



33 

SL l t e d t h at rate o f l ea rnin g i s in d e'pe nde n t of th e state of 

t e n s io n f or e ith e r dif f i c ul t or easy sk ill s . Th e in du ced 

t ens ion d id not f ac ilit a t e p e r f o rmanc e o f t he easy t ask . 

Summ a ry 

Wh e n a n a l yzi ng t h e r e l ated l i t e ra t u re per t i n e nt to 

t h,_· infl ue n ce of r e la xat i on a n d i ntl uc e d te n sio n upo n me nta l 

a nri moto r p e r f o r man ce , it b e c om es evident t h at nu me ro us 

r ese arch st ud i es p rese nt co nfl ic t i n g r e su l t s , Som e of t he 

f ind i ngs c on ce rning r e l axati on a nd n eurom uscu l ar t e n s io n wer e 

b a s e d upo n s ubj e ctiv e r at in gs by t h e s ubj e ct s or by th e 

i nve s t i g a tor which ma kes a va li d int erp r e tat i o n diffi c ult . 

Thos e inv es tig at o rs who me as ured muscle actio n pot e n tj a l by 

mec h a n ica l mea n s f ound t h a t n e ur omuscu l a r t e nsio n ca n b e 

d ec r eased by sp e cific in str u c ti o n s in tec hn iq ues of r e laxa -

t io n . Edmun d J a cob s on was a pion eer in s tu dy in g r e l axatio n 

an d in t ea ching in d ivi d ua l s to r e l ax a nd co n tro l mu scu l a r 

tens io n . St e inh a u s and Norri s ( 32 ) a nd Lyo n s a n d Lu fki n 

( 34 : 663 ) hav e contribut e d to th e r esea rch in t he area of 

r elax ation training a nd h a v e in d i cated th e approx i mat e nu m­

ber of l e sson s and th e optim a l tim e o f da y fo r a s i g n if i ca n t 

d ec r e a se in n e uromuscular t e n s ion. Oth e r in ves ti gato r s h ave 

conclud e d that r e ducing n e uromus c ul a r te n s i o n a llo ws i n di ­

viduals to p e rform b e tt e r in a va ri et y of t as k s t h a n t hose 

individuals who are not 3bl e to control n e ur om u sc ul a r t e nsion. 

Studi e s bas e d upon induc ed t e n s ion h a ve pro d uced 

disagr ee me nts in r e gard to th e e ff ec t s of in d uc ed t e n s ion 



up r1n learning and performanc e in both mental a nd physical 

s k 1 .l l s . Z a r t m CJ n a n d C a s o n ( 5 -1 : 6 7 l ) , F r e e m a n ( 2 l : l 4 6 ) , a n d 

Du ff y ( 17 : 535) a ll found that induc ed te n s ion did not 

f a c i lita te mental performance , wh e r eas Stauffac h e r (48 : 26) 

c ouc l ud e d that certain amounts of te n s ion f ac ilit ated 
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l c; ,r ning . In r e lation to motor performance Ru s s e ll ( 45 : 330) 

a n (l Cour ts (11:;)01) found t hat induc ed t e nsion did n ot 

f aci lita te performance . Russ e ll (45 : 330) co nc lu ded that 

c onJ itio ns of relaxation were s up erior to conditions of 

t ens io n wh e n perfo rming a specific motor s kill. 

Chapt e r III p er tains to t he procedur es follow e d in 

t h is st ud y. 



CHAPT EH III 

PROCED URES OF THE ST UDY 

Intro d uct i o n 

Th e purpo se of th e in ves ti gatio n was to det e rmin e th e 

r e l a tionship .betw ee n ~bility to r e lax a nd c h a ng es in th e p e r ­

f o r m a n c e o f a n o v e 1 m o t o r s k i 1 1 a n d a n o v e 1 01 e n t a 1 s k i ] 1 

dur i ng induc ed ten s ion. Th e study e n ta il ed th e use of thr ee 

gr up s , eac h compr i s e d of sixt ee n coll e g e wome n. A control 

gro up par ticip a t e d da ily in a six wee k s progr am of b od y 

me c hanics, a s e cond control group to ok a da ily pl ace bo for 

a pe riod of six weeks , and an e xp e rim e nt a l g r o up r e c e iv e d 

da i ly instructions in sp e cific t e chniqu es of r e l a xation for 

six weeks . All of the subjects we r e t es t e d for ne uromu sc ular 

t e ns ion by electromyograp hi c tec hniqu es be for e and aft e r th e 

ex pe rim e ntal period which was conduct e d during t he fall 

s e mes t e r of 1969-1970. 

Preliminary Proc e dur es 

Before definite proc e dures we r e de t e rmin e d, a n 

ana lysis of all so ur ces availabl e conc e rning r e l axa tion and 

control of tension was conduct ed . A careful r ev i ew of 

lit erature revealed that severa l studi e s had bee n conduct ed 

in which inv es tig at or s attempted to r e duc e and c ontrol 
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n t ' u r om usc u 1 a r tens ion by specif ic r e l ax a t ion tech n i qu e s 

s t•J i lar to those techniques plann e d in the pres e nt inv es ti-

g ii t i 0 11. The review of th e lit erat ur e reveal e d th a t no 

c o~~ p let e d study d up l i cat e d t h e sp e c if i c des i g n of th e 

p 1· l' s e n t i n v e s t i g a t i o n . 

Pr e liminary ex per im e nts wer e conduct e d with 

vol unte e rs drawn from th e same population as th e sample to 

d er c rmine specific t ec hniques for inducing n e ur om uscu l ar 

t e ns ion. Exp e rim e nt a tion with high frequ e ncy noi se a n d 

el e c tric shock proved unsucc essf ul in in duc ing ten s ion 

d ur i ng th e p e rformanc e of a motor a nd a me nt a l skil l. SuiJ-­

j cc ts who were exposed to high-fr e qu e ncy so und s of e ighty 

t o n in et y decibels quickly adapted to th e noi se . Th e 

ada p tation was evident since no decr ease in th e specific 

mo to r and me ntal perform a nc e was apparent. An e l e ctric 

cur rent produced by a muscl e stimulator was th e n s ub stit ut ed 

in an att e mpt to induc e stress in a quantifiabl e ma nn e r. 

The electrical activity created by thi s me thod interf e rr e d 

wit h t_he electromyographic recordings; moreover, the muscl e 

had no influence on the p er formanc e of the tasks st ud i ed . 

Because the methods described we r e not sat i sfac tory 

for inducing tension, it was decided in co nsultation with 

the dissertation committee and with previous research, that 

a more common psychological me thod, a verbal thr eat , would 

be used as the method of inducing str ess . Th e ve rbal threa~ 

consisted of telling the students they would r ece ive a 
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f ~i l ing graJe in the class in which th e s ubj e ct s wer e 

e nr o lled if their scores wer e not sup e rior on th e final 

t es t as comp a red to tile initi a l t es t. Non e of th e s ubj e cts 

wc1 e aware of the threat until th e final t est in g pe rio d . 

The galvanic sk in r es pon se and r es pir at ion rat e 

Wl r c se lected as the phenom e na to be me a s ur e d to indi ca t e 

i f s tr ess was present. According to Woodworth a nd S c hl osb e rg , 

t l1e galvanic s kin response in dicat es th e de gre e of activ a tion 

o f t he autonomic nervous system (53:1 52 ). Wh e n th e hum a n 

orga nism i s in a str e ssful situation, th e l e ve l of activa­

ti o n of th e autonomic nervous syst e m in c r e as e s and th e l e ve l 

of s kin resistance de cr ea ses. Th e galv a nic s kin r es pon se 

p re - amplifi e r measures precis e ly th e d iff e r e nc e in th e l e ve l 

of a ctivation of the autonomic n e rvou s s ys t e m d u ring th ese 

spe c ific changes. An irregular r esp iration rat e of th e 

h um a n organism is another indication of t e n s ion. Ac cord ing 

to Rathbone (42:20), when th e .r e spiratio n rat e bec om e s 

i nc reased and irregular th e t e nsion l eve l i s a l so incr e as e d . 

J ac obson (29:28) also indicat e s · that irr e gular r es piration 

is one indication of tension. In the pr e s e nt study , 

r esp iration rate was measured by a pn e umo grap h. 

Administration of Pilot Study 

Prior to the beginning of the inv est igati on , a pi l ot 

study was conducted to determine accurate proc e dures to b e 

followed throughout the study and to isolate sp ec ific 

muscles to be tested by electromyographic techniques. The 
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s ub je cts in the pilot study wer e volunt eers , non e of whom 

Wl: J' e use d in th e main inv e stigation. Du ri ng th e pi l ot s tudy 

a la bor a tory ass i s tant, who assist ed throughout t he st udy , 

was taug ht to r eco r d data from th e differ e nt e l ec tronic 

i ns t rum e nt s . 

To det e rmin e whic h muscl e h ad th e gr e atest act io n 

pote ntial dur in g t h e p e rformanc e of t he s e l ec t ed motor a nd 

men t al s kills, a pr e limin a ry inv es tigation of th e foll ow ing 

m u~c l es wa s co n d uct e d: upper a nd mid d l e trap ez iu s ; an t e rior 

and midd l e de ltoi d; a nd posterior bi ce ps a nd tr i ceps . All 

o f t h e muscles t es t ed were on th e dominant side of th e body . 

Upo n the bas es of th e finding s, t h e tr i ceps o n t h e domi n Hnt 

a rm was se l ec t e d as th e mus c l e with th e gr ea t es t actio n 

p o te ntial while throwing darts for speed a nd acc ur a6y . For 

th e me ntal sk ill t h e mass e t e r on t he righ t s id e of th e fa ce 

was s e l ec t ed , which according to Ni dever (37 : 83) i s th e bes t 

i nd icator of me nt a l tension. 

S e l ec tion of Instrum e nt s 

Th e instrum e nt s used in thi s s tudy we r e a Ne wpo r t 

La boratories Integrating Bio e l ect ric Mo nit or (36 : 2 ) , a 

He wlett-Packard e l ec tronic digita l cou n t e r (23 : 4 ), an d a n 

E and M Company P h ysiograp h ( 18 :1). Th e Int e grating Bio­

electric Monitor is a vol tag e - meas u ring in str um e nt with 

switchabl e gain and bandwidth, which mak es it adaptabl e to 

a ll AC bi oe l ect ri c ph e nom e n a . Th e most valuabl e inn ovatio n 

e mbodi e d in t h e monitor i s its ability to int eg r ate data 
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o v,· r precise tim e int e rv a l s --by me ans o f vo l tag e - to-f r e qu e ncy 

c on ve rs ion, with puls e -counting in a n acc e s s o ry co un t e r (36 :1 ) . 

Acc o rdi ng to de Vri es (16:1), th e int egrat in g b i o e l e ctr i c 

muni t o r i s th e appropri a t e in s trum e nt f or me a s urin g th e 

l owe s t p o ss ibl e e l e ctric a l mu sc l e a c ti o n pot e n t i a l in a 

g ive n mus cl e . Th e e l e ctronic count er , a n in s tr ume n t wh ic h, 

wh\· n at t ac h e d to th e monitor, i s d es i g n e d t o pr ese n t in form CJ ­

t io n i n an ea sy-to-r e ad, non- a mbi g uo u s , n um e r i c a l d i s p l ay 

f or m ( 23 :9 4 ). 

Th e I.M.I. biopot e nti a l s kin e l e c t rod e s we r e use d 

i 11 t es t in g a ll s u b j e c t s ( 3 6 : 54 ) • Wh e n a ll t h r e e e l e c tro des 

we re ap p li e d to th e s kin u s in g d i s posa bl e co ll a r s , th e 

p hys iologi ca l transduc e r s tran sf orm e d bi opot e n t i a l s int o 

elec trical signals suit a bl e f or r e co rd in g . The proc e d u r es 

for r ec ording th e dat a a nd th e pr e pa r a ti o n o f e ac h s u bj ec t 

for t e sting we r e standar d an d h a ve bee n e nu me ra t e d by 

Lov e tt (33: 49). 

The Physiograph was use d to obt a in acc ur a t e rec or d ­

i ng s on two diff e r e nt physiological p h e n om e n a s imult a ne o u s l y 

and continuously throughout th e t es ting p e rio d (1 8 : l). A 

pn e umograph was utiliz e d to obtain d ir ec t ink r e co r d in g s 

of the subject's respiratory r a t e during th e se l e ct e d s kill s 

(18:9). The pneumograph was s e l ec t e d b e ca u s e of it s a bility 

to attach directly to the physiograph and b e c au s e it giv es 

a continuous record of r e spiration rat e during a prolong e d 

period of time. 



The Tay lo r Manifest Anxiety Test was se l ected as n 

v n li d a nd reliabl e i n st rum e nt for meas urin g d eg re es of 

anxi e ty ( 50:20 5 ). Th e Taylor Ma n ifest Anxi e ty Sca l e was 

co n s tructed from t he anxiety statem e n ts of th e Minnesota 

~l n 1 t i p h a s i c P e r s o n a l i t y I n v e n t o r y . The Taylor Scal e h as 
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bee n va lid ated many ti mes and h as a coefficie n t of correla ­

tion with oth e r s imil ar tests of from .82 to . 85. Th e 

L:y l or Ma ni fest Tes t was us ed in t h e p r e limi n ary p e riod 

b i' c a u s e t h e v e r b a l t h r e a t , w h i c h w a s t o b e t h e m e t h o d o f 

i n<l uc ing t e n s ion fo r all po s t exper im e n tal period t es ting , 

cou ld not be used init ia lly wit ho u t inv al i dati ng th e pote n t i a l 

thre at. 

Se l ec tion of Skills 

Th e pr ese nt study e nt ai l ed t h e inves tigation of th e 

l e ve l of p e rformanc e o n a nov e l motor skil l a n d a nov e l 

me n t a l sk ill und e r indu c e d t e n s io n. The nove l motor sk ill 

and th e nov e l mental skill we r e limit ed by two f actors : 

(l) ski lls th at we r e c l ass ifi e d as n ov e l to co ll ege wome n 

and ( 2) skill s that could b e p e rformed in the l aboratory 

wh il e th e subject r e main e d atta c h e d to sev e ra l d i ffer e nt 

p i e c es of l abora tor y r ecording eq ui pm e n t . 

Throwin g dart s a t a statio n ary targ e t was co n s i dered 

a nove l motor ski ll for mo s t un iversity wome n s t udents . 

Although ma ny stud e nt s ha d previous ly att em pted this activ­

ity, non e of the s ubj ects ha d de ve lo p e d ski ll in dart 
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t hr o wing . Th e subj ec ts participating i n thi s st udy wer e not 

n Hl v e to the activity, but w e ~ e un sk ill ed perform e r s . 

Th e nov e l mental ski ll s e l ec t e d was the imm e diat e 

ver b al recall of list s of different sequ e n c e s of r andomly 

arr a ng e d nu mbers . Th e r eca ll of n o n s e n se nu mb e r s was u til-

i~e d as the nov e l mental ski ll beca u se of t he me a ningl es s 

re l a tionsh ip betw ee n diff ere n t digits a s oppos e d to pos s ibl e 

acr o nym s of n ons ense syllabl es . Ac cordi n g to Co n rad a nd 

Hi l le (9:1), the imm ed i ate me mory span for co ll eg e st ud e nt s 

is app roximately e ight digits in th e recal l of numb ers . 

Tl1e non se ns e numb ers us ed we r e rando ml y se l ect e d from a 

t a b le of one-digit numb e r s a n d plac ed in t he s e qu e n ce of 

re c a ll. 

Tr eat me nt s Utili zed i n t he 
Grou p in g of Subj e cts 

Th e subjects in th e inv es tigation we r e forty - eig h t 

uni versity wom e n ranging in age from seve n tee n to tw e nt y-

one with a mea n age of nin e t ee n. All of t he s u bj e cts wer e 

fres hm e n e nroll e d in a body me chanics c l ass in t h e Coll eg e 

of Hea lth, Physical Education a nd Rec r eat ion at t he Te xas 

Woman 's Univer s ity, in De nton, Tex as , whi c h met f iv e days 

a week for nin e weeks during th e fall sem e s t e r of th e 

academic y e ar of 1969 -1 970 . All of th e sub j ec t s we r e 

se l ected upon the basis of having ha d no pr e vious instru c -

tion in memorization and / or instruction s in t ec hniqu es of 

relaxation. 



42 

Ori e n tation of Subj ec t s 

Du r in g th e f i r s t da y of th e co ur s e , th e s ubj ec ts wer e 

t oi d that t h e y were p a rt of an ex p e rim e n ta l st udy a nd t hat 

c ~~ c h s u b j e c t w o u l d b e r c q t t ir e cl to t a k e a p r e t e s t and p o s t 

t (' ,; t u s i n g s e v e r a 1 d i f f e r e n t e 1 e c t r o n i c i n s t r u me n t s i n t h c. 

1 '' b o r a t o r y • Ba se d upon t h e in d ividu a l sco r es of the p r e t es t , 

t iJ (' s u b j e c t s \'>' o u l j t h en be r a n d o m l y a s s i g n e d t o o n e o f t h r e e 

g ,. () ups . On e group wo uld r e c e iv e d ai l y in s truc t i o n s i n bo dy 

m E' c h a n i c s a s s c h e d ul e d . 

e ~ c h clay for six wee ks. 

Ano t h e r group would t ak e a pi ll 

Th e s u bj ects we r e tol d t h a t t h e 

p il l was to reduc e n e uromu s cul ar t e n s i ons a~rl that e ac h sub ­

j e c t wo ul d be approved to tak e th e r e l axant pill b y t he 

Uni ve rsity Hea l t h Se rvic e pr io r to th e expe rim e nt a l p e r iod . 

Th e third group woul d r ece iv e dai ly in s t ru ct ion s in 

Jac o b so n's tec hniqu es of r e l ax at ion. 

During t he second day of c l asses th e s ubj ec t s were 

take n to th e Human Performanc e Laboratory of th e Col l gc of 

Hea lth , Physical Education a n d Re creatio n a t t h e Te xas 

Woma n's Univ e rsity whe r e e ach pi e c e of e q uipm e n t t o b e use d 

in th e study wa s ex pl ai n e d a nd de monstrat e d in de t a il. 

During th e ne xt class period th e s ubj ec ts were adm ini s t e r ed 

th e Tay l or Manif e st An xie ty Tes t . 

During t h e second wee k of th e se mes t e r, eac h s tud e n t 

was as s igne d a given ho ur t o t a ke th e p re t es t in th e Huma n 

Performanc e Laboratory. P~ior to making th e l a bor atn ry 

ass ignm e nt s , th e investigator ra n dom l y ass ign ed eac h subj ec t 
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tn o ne of two differ e nt seque nc es of tr eatme nt . Til e first 

s,: q ue nce consisted of a n initial two minut e per iod, at which 

t1m e n e uro muscu lar r est ing tension was meas ur ed in th e 

1 ri c e p s of th e dominant arm. Following th e two minut e r es t 

pc r i od, the nov e l motor skill was p e rform ed a nd data were 

co ll ecte d with th e bio e l e ctric count e r, th e galv a ni c s kin 

res p on se pr ea mplifier, and the pn e um o gr ap h. At th e e nd of 

th e motor test, eac h subject was giv e n a sec ond two min ut e 

rc:s t p e riod, at which tim e r esti ng t e n s ion of th e ma sse t er 

W<ls recorded . At th e e nd of the second rest p e riod th e nov e l 

me n t al skill was administ e r e d, and data we r e co ll ec t ed from 

t he selected instrum e nts. Th e sec ond tr eat me nt was j de nti cal 

to the first treatment except that th e me nt a l s kill was 

ad mi nist e red first and th e motor ski ll se cond and both 

sk i lls were pr eceded by a two-minut e r es t p e riod. Th e pur-

pose of these two sequences of tr e atm e nt s wa s a n att e mpt to 

co unterbalance and eliminate a.ny influ e n ce of on e p a rticular 

pr ocedure upon the oth e r. 

When the subject arrived at the labor atory , th e 

investigator outlined the t est ing pro ced ur es . Th e s ubj e ct 

was then asked to fill out a data card which app e ars in th e 

Appendix on pages 113- 4 .Th e subject was th e n prepar ed for 

testing by abrading the skin in the areas se l ec t ed for the 

electrodes. The exact position for each e l e ctrod e was 

determined in accordance with the proc ed ur e s es tabli s hed by 

Davis (14:18). The procedures for preparing th e surface 



elec trod e s and calibrating th e e quipm e n t were th e sam e as 

ti1 o s e o u t 1 in e d by Lov e tt ( 3 3 : 51-52) . 

The pneumograph, whic h was attach e d to th e fir s L 
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c i1 a n ne 1 of the s i x channel ph y s i o graph , was connected a r o u n d 

tile rib cage of the subject. Th e g a lvanic sk in r es pon se 

p re a mpli fier was attached to a chann e l of th e physiograph . 

The po s itive and negative e l e ctrod es of th e galva n ic ski n 

r es p onse mechanism we re plac e d on th e third joint of th e 

mid d l e finger of the non-pr eferred h a nd. Th e po s itiv e p l a t e 

was placed on the bottom and th e nega tiv e e l e ct rod e on th e 

top . A piece of tape h e ld th e two e l ec trod es in pl ace rl u ring 

th e exper im e nt. Th e galvanic ski n r espo n se pr eam plifi e r was 

cal i brated for skin resi sta n ce a nd se t on direct curr e nt. 

The paper spe ed of the phy s iograph wa s set at . 25 em p e r 

s e c o nd. After th e e quipm e nt was co nn ec t ed to th e s ubj e ct , 

sh e was asked to sit and r e lax as mu ch as po ss ibl e for two 

min ut es . During the last minut e of th e two-minut e r es t 

per iod, the laboratory assistant r ec ord ed , from th e e l ec troni c 

digital count e r, the resting muscle ac tion potent i a l. 

Novel Motor Skill 

The novel motor skill consi s t ed of thro wing tw e nty­

five darts at a dart board for sp ee d a nd accuracy . In th e 

pilot study conducted by th e inv e stigator, tw e nty-fiv e darts 

were found to be an appropriate numb e r to meas ur e initi a l 

skill in dart throwing. Within thi s numb er of trials a 

significant degree of learning did not occur. Th e dart 
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boa r d was attac h e d to a so li d frame ·and pl ace d at e ye l e ve l 

t ( n fe e t from the s ubj ect . Accuracy wa s me a s ur e d by th e 

n tt•l be r of darts in the board at the e n d of th e l ast thro w. 

S pe e d was not record e d , but was emph as iz e d in t h e v e rbal 

i ns t ructions as a means of increasing t e n sion . No s p ec ific 

t im e limit was given but th e s ubj ect was to ld to thro w th e 

d il r t s as fast a nd as accurately as po ss ibl e . Th e s co r ing 

s ys te m of the dart board was e xplai n e d to e ach s ubj e ct prior 

t o t he begin ning of the pr actic e th ro ws . Th e sc ori ng 

pro c e d ur es and th e dimensions of the d a rt board a pp ea r on 

p ug e 11 5 of the App e ndix. 

Before th e initial test began, e ac h s ubj ec t was 

gi v e n a warm-up per iod of ten practic e trials at throwing 

d a r ts at th e targ et . Aft er compl e tion of th e t e n pra c ti ce 

t r i a ls, the dart board was cl e ar e d a n d th e s uiJj e ct wa s told 

to t hrow twenty-fiv e darts for spe e d and acc ur acy . On th e 

si g n a l '' r ea dy go , '' th e sub j e c t be gan to throw th e dart s . 

Whe n the last dart was thrown, th e subj e ct took a s e at wit h 

her back to the dart board. Th e subj e ct ' s scor e was th e n 

rec orded, and a ll of the darts r e mov e d from the board . At 

no time was th e subject inform ed of h e r sco r e on the dart 

throwing test. The e l e ctrod es were removed from th e tric e ps 

of the subject's dominant arm . Th e procedures follow e d in 

cleaning the electrodes and prep a ring them for a d iff e r e nt 

muscle group were in accordance with those described by 

Davis 04:15) 



46 

Nov e l Menta l Skill 

Th e nov e l mental sk ill co n s i s t e d of imm e di a t e r e ca ll 

o f a s e qu e nc e of non s e n s e nu mb e rs. Th e t e st was compri s ed 

o f a l ist of fifteen differe nt a rr a ngem e n ts of nu mb e r s 

r ung in g from f iv e d igit s to tw e lv e digit s . Th e n o n s e n s e 

n Hi I be r s wer e random l y as s i g n e d to t he l i s t i n o r d e r to p r e -

V<' nt any grouping of me a njn gful digits. Ea c h s ubj ec t wns 

g ive n a t wo minut e rest prior to th e no ve l me nt nl t es t. 

D11.r i ng t h e l ast minute of t h e two minut e r e s t pe rio d , t h e 

mu ·; c le actio n pot e nti a l of th e mass e t e r was r ec orJ e d fr om 

th e e l ec tronic counter. 

Th e subj e ct was then s ho wn e ig h t pr ac tic e ca r d s , e a ch 

o f whi c h h ad a d i ff e r e nt s e qu e n c e of non s e n s e nu mb e r Th e 

sub ject wa s told that the pr act i c e cards we r e s imilar Lo t he 

i ni t i a l t est but non e we re exact ly t h e sa me . Aft e r t he s ub -

j e c t h ad loo k e d at eac h of th e practic e c ards , t h e n o ve l 

me nta l s kill t es t was admini s t .ered . A copy of th e pr ac tic e 

numbe r s and th e act ual t e st can be f ound in th e App e nd ix o n 

p a g e s 116 -8 . E a c h l i s t o f n o n s e n s e n u m b e r s w a s p r e s e n t e d t o t h e 

sub j ect for a period of ten seco nd s . Acco r di ng to a p ilot 

study during which d iff e r e nt tim e periods we r e e xam in e d for 

immediate numb e r r eca ll, t e n s e cond s was found to be a suf ­

fici e nt amount of tim e to visu a lly vi e w e ac h n on se n s e nu mb e r. 

At th e end of ten seconds, th e inv es tigat or turned t h e ca r d 

over and asked th e subject to verbally r eca ll th e e x a ct 

s e qu e n ce of numb e rs. Wh e n all f if t e e n groups of nu mbe rs 
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w (' 1· c r c cal l e d , th e i n v e s t i g a tor r e co r de d the i n d i v i d u a l ' s 

s Go re on the score card. Th e .in dividual ' s sc or e consist e d 

of t he total numb er of accurat e digit s reca ll ed in th e cor­

f ''G t seque nc e of order. A copy of th e score card i s in the 

Appe ndix on pages 11 9 - 20 . 

Aft er the administration of the pr e lim inary t e sts 

the sub j ects were grouped in matc hed tri ple t s accordi ng to 

t h e f o l 1 o w i n g d a t a f r o.m t h e p r e t e s t : ( 1 ) s u b j e c t ' s c o l l e g c 

cnl r anee score on the Standard Aptitu de Te st a nd / or score 

f r o m the Advanced College Testing P rogram . Thi s was a meo n s 

of e quating int e llig e nc e , and thes e scores were se l ec t e d 

bec a use all freshmen h ad previously tak e n the Les t a nd 

sc or es were avai labl e for all possible s ubjects, (2) sco r e 

on t h e Taylor Manifest Anxiety t es t, ( 3) resti ng mea n ba se 

l e ve l s for th e tric eps and ma sse t e r mu c l es as r ec ord ed by 

ele ctrom yogr ap hic techniqu es , ( 4 ) mea n n e uromu sc ular te n s ion 

l e ve l while p e rforming th e nov e l motor ski ll, ( 5 ) mea n 

neuro mu sc ular ten s ion lev e l whil e performi ng th e menta l 

ski ll, (6) score on th e nov e l motor ski ll. Si x on e -way 

ana ly ses of variance wer e comp uted to deter min e if th e r e 

was any significant difference be twee n th e thr ee groups for 

eac h of the above six variabl es . All F ratios we r e not 

sig nificant at the .01 l e vel of co nfid e n ce; this fi ndi ng 

indicat e d that all thr ee group s were match ed on th e select ed 

variabl es prior to the e xp e rim e ntal period . 
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Experim e nt a l Pe riod 

Th e experime nta l p e riod bega n on th e third wee k of 

ti1e · semes t e r. The contro l group that was tr ea t ed with 

t" : e r c i s e me t f i v e days a wee k f o r s i x wee k s i n th e g y m n as i u m 

and r e c e iv e d daily instruction s in bod y mec h a ni cs . Th e 

r (,n t rol g r oup r e ceivi n g the pl acebo me t daily in th e gym­

nc~<; i u m to r ece iv e an indivi d u a l pi ll whi c h was a s ugar pill 

b11 t wa s giv e n to th e group with t he in st ru c ti o n s th a t Lh e 

pil l was a n e uro musc ul ar r e l axClnt. Aft e r r ece ivin g th e 

pi l l ea ch d a y, the control group was di sm i sse d . The ex p e ri-

m~ n ta l gr oup r ece iv ed dai ly in s tru ct ion s i n th e t ec hn iq ues 

of re l a xation. Th e expe rim e nt a l group was s ub- d ivid e d i n to 

t h re e s mall e r group s contai nin g f iv e stud e nt s in two gro up s 

and six stud e nt s in anoth e r. Th e purpo se of thi s s ub­

di v isio n was to a llo w for mo r e in d ivi d ua l ized teac hin g 

t ec hniqu es i n th e skill of r e l axatio n. Th e s u b-g rou ps me t 

in the Human P e rform a nc e La boratory wh e r e th e s ubj ec t s 

r es t e d on individual mat s during e ach per io d whe n in s truc ­

tio n s in r e l axat ion we r e giv e n. 

Each wee k al l me mb e r s of t he ex p e rim e n tal gr o up wer e 

t es ted e lectromyographically on th e sp ec ifi c mu sc l es th a L 

they had b ee n taught to r e la x d uring th at wee k. During t he 

wee kly t e sting p e r iod s e a c h s ubj e ct was asked to r ed uce 

n e uromusculClr t e nsion on th e command to r e l ax . Subj ec ts 

attempted to r e du ce th e t e nsion in th e tri ce ps or masse ter 

to z e ro l e ve l. No tim e limit was giv e n to th e s ubj ec ts , 
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and eac h subject attempted to r e.lax in a sitti ng po sitio n. 

[) ,:r i ng the te s ting sessions th e e l ec tro myograp hi c eq ui pme nt 

ser ved as a motivational device in th a t it a ll owed eac h 

s ub jec t to se e her l evel of n e uromu sc ul a r co ntrol as in di­

e ~l t c d by th e e l ec tron i c count e r and also by a u d i tory so u n d , 

w i' i c h is an a s s e s s o r y compon e nt of the b i o e l ec tric m o n ito r . 

Treatm e nt of t he Data 

At th e end of th e pr etest ing period individunl mea n s 

wer e comp ut ed for e ach subj ect on n e uro muscu l ar ten s ion 

res t ing lev e l, n e uromu sc ular t e n sio n wh e n performing a 

n ov e l motor ski ll a nd n e uromu scular tension l e ve l wh e n p e r-

for ming a nov e l me nt a l skil l. A on e - way a n a ly sis of varia n ce 

was computed , on ea ch of th e raviables, to de t e rmin e i f 

th e re were a ny significant d i ffer e n ces b e t we e n th e group s . 

At th e e nd of th e ex p e rim e n tal p e rio d , in d ivi d ua l 

mea ns we re computed for th e postt es t sc or es on n e uromu sc ular 

tens ion resting lev e l, lev e l of n e uromu sc ul ar t e n s ion wh e n 

per forming the nov e l motor skill und e r in d u ced t e n s ion s , a n d 

l e ve l of n e uromu s cular t e n sio n wh e n p e rforming t h e nov e l 

me ntal skill und e r induc e d t e n sion . An a n a l ysi s of v a ri a n ce , 

using a two factor mixed design with r e pea t ed me asur es on 

one factor, was then comput e d to d e t e rmin e if th e r e was any 

significant difference between the pr e t es t and postt es t of 

the novel motor skill and th e nov e l mental ski ll. 

Coeffici i nts of correlation we r e th e n comput e d 

betw ee n pretest and posttest scores for e ach of th e thr ee 
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gr o up s on the nov e l motor skill and on t h e nov e l me nt a l 

sk i l l. Correlations were alsfr comput e d b e tw ee n mea n r es ti n g 

]~ ve l a nd mea n l e ve ls on th e nov e l motor s kill and th e n ove l 

rn~· n t al s !{ill, respiration rat e and ski n r es i s ta n ce . Th e 

si gnifica n ce of th e corr e lations wa s t es t e d a t t h e .0 5 l e ve l 

of c onfidenc e . Upon th e b ases of th e r es ult s , a co n c lu s i o n 

IV:J S dr a vVn concerning th e ability to contro l n e urom usc ul ar 

te n s ion und e r induc ed ·te n s ion. 

Summ a ry 

In th e pre se nt inv es tigation forty- e iyht s ubj ec t s 

we re administer e d a nov e l motor ski ll and a nov e l me nt a l 

ski ll in the Hum a n P e rform a n c e Labor a tory b e for e a n d a fL e r 

an e xp e rim e nt a l p e riod of six wee k s duratio n. El ec tro-

myo graphic t ec hniqu es we r e u se d to meas ur e mu sc l e ac ti o n 

po te ntial in the tric eps and ma sse t e r. Simult a n e o u s l y , a 

pne umograph r e cord e d th e r esp ir at ory r at e a n d th e g a l vanic 

sk in r es ponse was recorded to det e rmin e a uton omic n e rvou s 

s ystem r e action to stress . 

Based upon th e r e sults of th e pr e t e st, th e s ubj ec Ls 

were matched on six differ e nt variables and r a ndom ly plac ed 

in three different ex perim e ntal tr ea tm e nt s ; on e co ntrol 

group received daily instruction s in body mec h a ni cs , a 

second control group r e c ei ve d a daily plac e bo, and a third 

group was designated as an experim e nt a l group. Th e expe ri­

mental group received daily instruction s in spec ific r e l axa ­

tion techniques. 



At t h e e n d o f t h e s i x we e k e ·x p e r i me n t a l p e r i o d , a 

pt 's t te s t was administered which wa s id e nti c<1 l to th e pr e ­

tf s t e x ce pt for th e influenc e of a verbal t hr eat to induc e 

5 1 

1 ·.n s ion. The d a ta were collected and treat e d s tatisti ca lly, 

n :- . i n g a n a l y s i s o f v a r i an c e a n d co r r e l a t i o n t e c h n i que s . Upon 

the ba s es of th e findings, a co n c l ~sio n was dra wn co n c e rning 

the relationship betwe e n abi lity to r e lax a nd cha ng es in th e 

p er f ormance of a nov e l motor skill a nd a no ve l menta l s ki ll 

und e r induced tension. 

Chapter IV contain s the a n a ly sis of th e data a n d th e 

res ult s rel a ted to th e int e rpr etat i o n of th e st udy . 



CHAPTER IV 

ANALYS IS OF DATA AND RESU LTS 

Introdu ct ion 

In Chapt e r IV th e r e sults of th e s t a ti s ti c a l a n 3 ly s i s 

a1 ~ pr e se nt ed in narrative a nd tabul ar form . T 11 e p u r p o s < ~ o f 

the pr e se nt investig a tion was to d e t e rmin e t he re l a tion s hip 

b r tw ee n specific r e l axa tion ability and change s in t he pcr­

fJr man ce of a nov e l motor skill a nd a n ove l me nt a l s kill 

unde r induc e d t e nsion. Th e st udy e nt a il e d th e u se of thr ee 

gro ups , eac h containing s ixt ee n f e mal e s ubj e ct s . On e co ntr o l 

gro up participat e d in a progr am of body mec h a ni cs for a 

per iod of six wee k s . A p l ac e bo c o n trol grou p to ok a s ug ilr 

t a b let daily fo r a p e riod of s i x wee ks without e ngagi ng i n 

any formal physical activity program a nd th e ex p e rim e nt a l 

gro up rec e iv e d daily in str uctio n s a n d pra c ti ce in J acob on ' s 

t e c hniqu es of r e laxation for s i~ wee k s . 

Quantitativ e meas ur es of th e follo ~ ing vari a bl es 

we re collect e d from all of th e s ubj ec t s be for e a n d after an 

e xperimental period of six wee ks: r es ting musc l e actio n 

pot e nti a l of th e tric eps , resting muscl e action pot e n t i a l 

of the masset e r, muscl e action potential of th e tric e p s 

during th e nov e l motor test, scor e on th e n ove l motor t es t, 

52 
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m1,s c l e action potential of th e ma sse t e r during th e me nt a l 

1 I' s t , s c o r e o n t h e m e n t a l t e s t , r e s t i n g r e s p i r a t i o n r a t e , 

.r,·s p ir<ltion r<lt e during th e motor t est , r es pir ot ion r <l t e 

d1•r ing mental t e st, galvanic s kin r esponse r es ting l e ve l, 

g~l va nic skin r esponse during the me nt o l t es t, a nd galvanic 

ski n res ponse during th e motor t e st . 

Th e data were tr e at ed s tati stica lly by a na ly s i s of 

var i ance; a two-factor mi xe d desig n with r epeated me as ur es 

on o ne f ac tor. For eac h F ratio for whi c h a sig ni fica nt 

dif fe r e nc e was found at th e .0 5 l e ve l of s i gni ficanc e , th e 

dat a were treated by th e Dun ca n' s Multipl e Rang e t es t t o 

de t e r m i n e w 11 i c h specific me a n s d i f f e r e d s i g n i f i ca nt l y [ r o 111 

t he oth er me ans. To de t e rmin e th e r e lati o n s hip be tw ee n a ll 

p os s i!Jl e combination s of th e differ e nt vari a bl es , th e 

P ea rs on Product-M ome nt corr e lation was comp ut ed . 

Pr ese nt atio n of th e Da t a 

Table l, presented on pag e S4 , indic ates th a t no 

sig ni!icant differences appeared betwee n th e groups on th e 

res ting ga lvanic sk in respon se . Th e r e was a s ignifi ca nt 

differ e nce, at th e .01 l eve l of confid e n ce , be t wee n th e t wo 

trials. Th e data indicat ed that str es s did o cc ur wh e n th e 

ve rbal thr e at was induc e d in all thr ee group s . Tabl e 2 , 

presented on page 54, illu s trates th e th e mea n s a nd s tan da rd 

deviations for each group on the r e sting ga lv a nic skin 

respon se both before and aft e r th e ex p e rim e nt al p e riod. 



TABLE 1 

ANALYSIS OF VARIANCE FOR TH E REST IN G LEVEL S 
OF THE GALVANIC SKIN RES PO NSE 

Bet wee n Al l Subjects 
Be twee n Groups 
Be twee n Subjects 

Same Group 

\'.'it h in All Subjects 
!3e tw ee n Trials 
Gr oups X Trials 
S ubj e cts/Groups x 

Trials 

Total 

i.<p • 05 
. 01 

= 3 . 20 
= 5 . 10 

df ss MS 

4 7 517372 48 . 958 
2 1 4850H.583 74 25 07 . 292 

45 50252 234 . 375 111 6716 . 3 19 

48 41796050 . 000 
1 598 5009 . 3 7 5 59850 09 . 3 75 
2 140 6368 .7 50 70 3 184 . 375 

45 3440467 1 . 875 76 4548 . 264 

95 93533 298 . 958 

TABLE 2 

MEANS AND STANDARD DEVIATIONS FOR THE RESTING 
LEVE L OF THE GALVANIC SKIN RESPONSE 

Initia l Te st Fin <:ll 

Mea ns s . D . Me a n s 

Re l axat i on Gro up 1643 . 12 5 1689 . 5 14 837 . 500 

P l acebo Co nt ro l Gro up 1397 . 500 106 6 . 931 9 15 . 625 

Exercise Co nt r o l Group 1070 . 000 818 . 535 837 . 500 

54 

. 6649 

7 . 828:;: :;: 
. 92 0 

Te s t 

S.D . 

269 . 548 

593 . 643 

468 . 874 
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The mea ns ar e as follows: r e l axa tion gro up , l 6 tl3 .1 25 , 

b:\7 .500; placebo control group, 1397 . 500, 9 15 . 625 ; exerc i se 

co n t rol group, 1070.000, 837.500. Wil e n a n a l yz in g th e mea n s 

lro m the initial t es t to th e fin a l t es t it appeared th at th e 

r •·l axa tion group ex peri e nc ed a great e r d e gre e of s tr ess as 

J I'C o r de d by th e galvanic skin r es pon se th a n did e ith e r th e 

pla c ebo contro l group or th e exe rci se co ntrol gro up. It 

sho u ld be not e d th at for th e galvanic s kin r es po n se th e 

lo we r the scor e th e gr ea t e r th e s tr ess r eac tion . 

Tabl e 3, pres e nted on pag e 56 , r e vea l s th e r es ult s 

of t h e galvanic ski n respo n se during th e mot or s kill t es t . 

The F value of 1.0 00 indicat ed that th e r e was no s i g ni f i ca nt 

di f ference be twe e n t he group s on th e fi n al tri a l but th at 

th e re was a significant F valu e , 9 ,1 119 be tw ee n th e initi a l 

te s t and final test scor es . Ba se d up o n th e r es ult s of th e 

ga lva nic skin r e sponse be for e and aft e r a ve rb a l t h r e at , it 

was concluded that in thes e s~bj e ct s th e ve rbal thr ea t d id 

pre sent a stiessful situation. Th e r es ul ts r e ve al ed that all 

three groups performed diff e r e ntly on th e final test as com­

pa r ed to th e initial test; but that no on e group was s ignif-

icantly different from the oth e r two. Tabl e 4 , pag e 56 , 

presents the means and standard d e viations for eac h group 

on the galvanic skin response during th e motor ski ll t es t. 

The means are as follows: relaxation group, 1620.687, 

796.187; placebo control group, 138 3 . 250, 878.000; e xe rcis e 

control group, 1054.937, 818.750. Analyzing th e me a n s of 
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TAB LE 3 

ANALYSIS OF VARIANCE FOR THE LEVE L OF GALVAN I C SKIN 
RESPONSE DURING THE MOTOR SKILL TEST 

·-'======================================================= 
Sou rce 

Be tween All S ub j e cts 
Be t wee n Gro ups 
Be t wee n S ubj ec t s 

Same Gro up 

Wit hin All S ubj e cts 
Be t wee n Tr i a l s 
GrOUIJ S X Tri a l s 
S ubj e cts / Gro ups X 

Trials 

Tot a l 

::' p .0 5 = 3 . 20 
::'::' p .01 = 5 .10 

df ss MS 

4 7 5 11 3 6 2 9 5 7 . 6 5 6 
2 1 2 20370 . 43 1 61 0 185 . 2 16 

45 5 324258 7 . 225 11 83 168 . 60 5 

•48 3 9 7805 8 8 . 500 
l 6 48 18 0 2 . 344 6il0 1802 • 34 Ll 
2 14 16 7 40 . 82 1 70 03 70 . 4 11 

45 3 18 8 20 45 . 335 7 08!J89 . 896 

95 4 52 17 54 6 . 1 56 

TABL E 4 

MEANS AND STA ND ARD DEVIATI ONS FOR GALV AN IC SK I N 
RESPON SE DURING THE MOTOR SKIL L TEST 

Ini t i a l Tes t F in a l 

Me a ns S . D. ~ I ca n s 

Re laxation Group 162 0. 68 7 168 4 . 9 29 7 96 .1 8 7 

Plac e bo Control Group 1383 . 25 0 10 98 . 5 1 5 87 8 . 000 

Exercis e Control Gr oup 10 54 . 93 7 789.5 2 2 8 18 . 750 

F 

. 5 16 

9 . l !J 9 ,;, ::: 
1. 000 

Te s t 

S . D. 

26 7 . 9 19 

595 . 582 

468 .7 03 
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tl1P i n itial te s t and th e fin a l t es t; it appea r ed th at Lh e 

1· \' 1 ax at i on g r o up e x peri e n c e d gr e at e r de g r c e s o f s t r c s s f r om 

thc · ver bal thr e at than did e ith e r th e pl ace bo c ontr ol gro up 

t• J t h e e xerci se control group . 

Table 5, pag e 58, illu st r a t es th a t no s i g nifi cant 

rli f fere nc e occurr e d be tw ee n th e thr ee g r ou ps o n t he galva ni c 

~' L i n r e s p o n s e d u r i n g t h e m e n t a l t e s t . A sig ni f i ca n t dif-

fe r e n ce at the .0 1 l e ve l wa s not ed be tw ee n th e i niti a l a nJ 

Lin a l trial, which indi cated t h a t meas u red stress d i d occ ur 

dur i ng the final t es t in a ll thr ee g roup s . Ta bl e 6 , pre se nt ed 

on pa ge 58, r e ve al s th e mea n s a n d s t a nda r d de vi a ti o n s for th e 

gal vanic skin r e spons e durin g th e me nt a l t est . Th e data 

ind ic a t e d that th e r e l axa tion grou p ex p e ri e n ced a grea t e r 

de g r ee of str e ss than di d e ith e r of th e oth e r t wo g r ou p s 

du r in g the performanc e of th e me nt a l t es t. Th e mea n s a r c as 

fo llOIVS : rel a xation group, 1295 .1 87, 795 . 625 ; pl ace bo co ntrol 

gr oup, 1370 . 938, 881 . 687; e x e rci se control grou p , 10 50 . 500 ; 

82 1.250. 

Based upon th e r es ult s of th e galv a ni c s kin res p o nse , 

it may b e concluded that th e ve rbal thr ea t d i d imp a rL s tr ess 

to the selected subjects in all group s during a r es ting Les t, 

a motor test and a mental t e st . 

Table 7, pr e sent e d on pag e 59, de pi c ts th e d a t a for 

the resting r e spiration rat e . Ther e was a signifi c ant dif­

ference at the .01 l ev e l of confid e nc e b e t wee n th e initial 

test and the final t e st scores for all thr ee group s . This 



So urce 

TABLE 5 

ANALYSIS OF VARI ANCE FOR THE LEVEL OF GALVANIC 
SKIN RESPO NSE DUHING Ti lE MENTAL TEST 

df ss ~IS 

47 52997344.958 

50 

F 

!', c tw een All Sub j c c t s 
Be tw ee n Gr o up s 
Be tw ee n Su~j ec t s 

Same Group 

2 11 86060 . 333 593430 . 167 .515 

Wi t hin All Subjects 
Be t wee n Trials 
Groups X Tri a ls 
S ubjects/Groups X 

Trials 

Total 

>!< p .0 5 = 3 . 20 
i.":' p . 01 = 5 . 10 

45 51810 484 . 625 11 5 1344 . 10 3 

48 38496993 . 000 
l 6269970 . 375 6269970 . 375 9 .1 37** 
2 1340113 . 750 674221 . 875 . 983 

15 30878578.875 686 190 . 612 

95 91494 33 7. 958 

TABLE 6 

MEANS AND STANDARD DEVIATIO NS FOR THE GA LV ANIC 
SKIN RESPONSE DURI NG THE MENTAL TEST 

Initi a l Test Final Tes t 

Me an s s . 0. ~I e an s S . D . 

Relaxation Group 1295 .1 87 984 .1 32 795 . 625 270 .1 00 

Plac eb o Control Group 1370. 938 10 55 . 368 88 1. 68 7 597 . 9 15 

Exercise Control Group 10 50.500 778.2 93 82 1. 25 0 466 . 264 



TA BLE 7 

ANALYSIS OF VARIANCE FOR TilE 
RE STING RESPIRAT ION RAT E 

So urc e df ss MS 

fle t wee n All Subjects 47 87l.!J90 
Be t wee n Groups 2 161. 396 80 . 698 
Be t we e n Subjects 

Same Group 45 710.0 94 1S .7 80 

\\!i t hi n All Subj ects 48 708. 5 
Be t we e n Tri als 1 326 . 3114 32 6 . 3!\ tl 
Groups X Trials 2 63 . 8 13 3 1 . 907 
S ubj ects/Gro up s X 

Tria l s 45 318. 3!J3 7.07.J 

Tot al 95 1579. 990 

>::p .0 5 = 3 . 20 
~:c ~!': p . 01 = 5 . 10 

TABLE 8 

MEANS AND STANDARD DEVIATIONS FOR THE 
RE STING RESPIR ATION RAT E 

I ni tial Tes t Fi n a l 

Mea ns S . D . Me a n s 

Relaxation Group 20 . 625 2.7 12 26 . 562 

Placebo Control Group 2 1 . 750 3 . 326 24 . 750 

Ex erc is e Control Group 19 . 625 3 . 887 2 1.7 50 

50 

F 

s . l ltl ::":: 

4 6 . 1 3 3 >:: :;: 

4 . 5 11 >:: 

Tes t 

S . D . 

3 . 656 

3 . 132 

2 .7 50 
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f1n d in g seems to support th e f in ding's of oth e r inv est i gators 

Jiia t whe n a subj ec t i s e xpo sed to a st r essf ul s itu ation th e 

l'I'S p ir at ion rate t e nd s to incr ease . Tab l e 7 a l so r evea l s 

iha t th ere was a sig ni f ic ant F valu e of 4 . 5 11 at th e . 05 

l, ve l of confide n ce b e tw ee n th e diff e r e n t gro up s on t he 

fin a l t es t, which co ul d indic ate th at on t he fin a l t est one 

or mor e of the group s wa s p erfo rmin g sig n i fi ca ntly d i ffere n t 

fro m the oth e rs. 

Tabl e 8, on p age 59, presents th e da t a of th e mea n s 

an d sta nd ard d e viation s for th e r es ting r es pir a tion rate . 

The mea ns are as follow s : r e l axa tion group, 20. 625 , 26 . 562 ; 

pla ce bo control group, 21 .7 50, 24 .7 50; exe rcise co ntr ol 

gr o up, 19.625 , 21.7 50. According t o th e mea n s from the 

i ni tial te s t and th e final t est , t he r e lax a ti o n group h ad 

a g r ea t e r incr e as e in r es pir at ion rat e than did e ith er of 

the other two groups. Th e exe rci se c ontrol group h ad th e 

s ma ll est incr ease in th e resting r es pir a tion rat e which co uld 

be int erpreted to mea n that th e diff ere n ce found might b e 

re lated to th e lev e l of phy s i c al fitn ess of th ese particular 

st ud e nt s e nroll e d in a body me ch a n ics c l ass during th e 

exper im e ntal period, 

Tabl e 9, pag e 61, pr ese nt s th e Dun ca n' s Multi p l e 

Rang e t es t for th e resting respiration r a t e . According to 

th e results of th e rang e t e st, th e r e was a s ignifi ca n t d if­

fer e nc e be tw ee n eac h of thr ee group s c ompar ed t wo at a tim e 

on the final resting r es piration r a t e . Becau se th e group s 



TABLE 9 

TABLE OF DIFFE RE NCES FOR DUNCAN'S MULTIPLE RANGE TEST 
BETWEEN ORDE RE D MEANS FOR THR EE GROUP S ON TH E 

RESTING RE SPIRATION RATE 

61 

"-···= =======:::::;===========;:==== ===== 
GROUP I 

Re l axati on Group 

26.562 

~"''P . 01 = 3.889 
':'p . 0 5 = 2 . 858 

GRO UP II 

Pl ac e bo Co nt ro l 
Group 

2t1.750 

GHOUP I l l 

Ex e r c i s e Co n tr o l 
Group 

2 1.7 5 0 
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t ha t were e ith e r tr ai ned to r e lax or l ed to b e li e ve th e y 

we re rece iving facilitating p i ll s for r e l axa tion did not 

re d uc e th e r es piratory rat e as low as di d t h e exe rci se con­

t ro l group und e r th e stress situ a tion, t l1 e r e i s e vid e n c e 

t ha t the differ e n ce could b e attribut e d to a physical 

tr a ining e ff ec t. Th e t e st of r es pir at ion r a t e wa s des ign e rl 

to determi ne if stress was actually indu ce J a nd not to 

i nve st igat e possibl e differenc es b e tw ee n t h e group s ; th e re­

f ore , furt he r study of this ph e n ome non was not pur s ue d . 

Table 10, p age 63, pr es e nt s data co n cer ning th e 

res piration rate during th e motor s kill t es t. Th e F va lu e 

o f 28 . 252 indicat e d that t he r e was a s igni fica nt diff e r e n c e 

be twe e n the thr ee group s on th e r es pir a ti o n r a t e during th e 

motor test. According to th e data , it may be co n cl uded t hat 

a ll thr ee group s we r e in a str ess ful s itu a tion wh e n compari ng 

th e initial group s cor e s to th e final group sco r es . Tabl e 10 

a lso indicates that th e r e was a s ignific a nt F valu e a t th e 

.05 l eve l of confide n ce , 4 . 395, b e twe e n th e diff e r e nt group s 

on the final t es t scor es . 

Tabl e ll, on pag e 63 , pr e s e nt s th e mea n s a n d s t a nd a r d 

deviations for the initial and final t es t score s as fo ll ows : 

relaxation group, 27.937, 33.37 5 ; plac e bo co n trol group, 

27.500, 34.187; e x e rci se control group, 27 . 582 , 28 . 562 . Th e 

means reveal e d that the low es t r es piration rat e during th e 

performance of a nov e l motor skill during a stressful 

situation was obtain e d by th e e xerci se control group . 



TABLE 10 

ANALYSIS OF VARI ANCE FOR RESPIRA TION RATE 
DUlnNG THE MOTOR SKILL TEST 

:-; 'J u r c e 

i>e tw cc n All Subjects 
Be t wee n Groups 
Be tw ee n Subj e cts 

S ame Group 

Wi t hin All Subjects 
Be twee n Trials 
Groups X Trials 
S ubj e cts/Groups X 

Trials 

Tot al 

>:: p .0 5 = 3 . 20 
>:::::p • 01 = 5.10 

df 

47 
2 

45 

48 
1 
2 

45 

95 

ss 

863 . 958 
15 4 . 6455 

709 . 3125 

133 4 . 000 
459 . 375 
142 . 9375 

731 . 687 5 

2197 . 958 

TABL E 11 

MS 

77. 323 

. 15 . 7625 

459 . 375 
71. 469 

16 . 26 0 

63 

F 

2 8 . 2 5 2 ::: ::: 
4 . 395::: 

MEANS AND STANDARD DEVIATIONS FOR RE SPIRATION RATE 
DURING THE MOTOR SKI LL TEST 

Init ial Te st Fin a l Tes t 

Mea n s s . D . ~l e an s s . D • 

Re l axatio n Gro up 27.937 3 . 732 33 . 375 3 . 333 

Placebo Control Gro u p 27.500 3 . 905 34 . 18 7 5 . 85 ·1 

Exercise Control Group 27 . 562 2 . 290 28.56 2 3 . 200 . 



· i1 e r c l a x a t i o n g r o u p h a d t h e g r e. a t e s t i n c r c a s e i n r e s p i r a -

1 io n r a te during t he performa n ce of a nov e l mo tor s kill 

wl1i c h wo uld indic ate th at the experimental tr ea tm e nt did 

n () t f a e i l i t a t e a l o w e r r c s p i r a t i o n r a t e i n t h e s e l e c t e d 

snb jec t s wh e n th e y were expos e d to a s tr ess fu l s itu at i o n 

us c ompared to th e s ubj ec ts in t h e oth e r t wo group s . 

Tabl e 12 , on p age 65 , pr ese nt s th e r es ults of th e 

LluH c a n' s Multipl e Ra nge test. An analy s i s of t he r a nge 

6 ·1 

les t indicated th at th e~e wa s no sign i fica n t di ffe r e n ce 

L1ct wee n the r e l axa tion group a nd t he pl ace bo co n trol g roup . 

The exerc is e control group e xhibit e d a l ow e r r es piration 

rat e under i n duced t e n s ion wh e n pe rformin g a n ov e l motor 

sk i ll t h a n did e ith e r of t h e oth e r two group s . lt WCJ S 

be l iev e d that und e r t h e condition s of t h e pr ese nt s tu dy , 

a p rogram of physical e xe rcis e wa s mor e e ff ec tiv e in r ed u c ing 

res pirati on rat e than specific i n s truction s in r e l axa tion 

tra ining or the plac e bo e ff e ct .. Th e r es piration rat e wa s 

use d as an indicator of t e n sio n in th e s ubj e cts with a n 

inc r e as e d r a t e sugg es tiv e of incr ease of t e n s ion . 

Tabl e 1 3 , o~ pag e 66, pr e s e nt s th e data co ll ec t e d 

from the r esp ir a tion rate d u ring t h e me nt a l t est . Th e F 

value of 2.785 indicat e d th at t h e re was no s i g ni ficant d if ­

f e r e nc e bet wee n t h e group s in th e r es piratio n rat e during 

the mental t es t. Th ere was a s ignifi ca nt diff e r e n ce bet wee n 

the initial test and the final t es t sc or e s as indic ated by 

the F value 86.444. Th e differ e n ce in d i cat ed t h at s tr e ss 



TABLE 12 

TABLE OF DIFFERENCES FOR DUNCAN'S MULTIP LE RA NGE TE ST 
BETWEEN ORDERED MEANS FOR THREE GROUPS ON THE 

RESPIRATION RATE DURING THE MOTOR TEST 

65 

-=-===============r==============~================ 

GROUP I 

Re laxation Group 

33 . 3 7 5 

•:·~·p . 0 1 = 3 . 889 
>:• p . 05 = 2.585 

GROUP II 

P l acebo Control 
Group 

311 . 187 

GROUP III 

Exerci s e Cont ro l 
Group 

28 . 562 



TA BLE 13 

ANALYSIS OF VARIANCE FOR RESPIRATI ON RATE 
DUR ING THE MENTA L TEST 

66 

---= ======================= 
·-_, u u r c e 

HPt wee n All Subj ec ts 
Be twee n Groups 
Be tw e en Subj ects 

Same Group 

Wi t h in All Subj e cts 
Be twee n Trials 
Groups X Trials 
S ubjects/Gro up s X 

Tri a ls 

Total 

,;, p • 0 5 = 3 . 20 
>:<>::p .01 = 5 . 10 

df 

47 
2 

45 

48 
1 
2 

45 

95 

ss 

567. 106 
18. 250 

549 . 156 

10 90 . 5 
680 . 0 10 

44 . 334 

358 . 156 

1657 . 906 

TABLE 14 

~IS 

9 . 12 5 

12 . 200 

688 . 010 
22 .1 67 

7.9 59 

F 

. 7 40 

8 6 . tl 1 4 ,;: :;, 
2 . 785 

MEANS AND STA NDA RD DEV IATIONS FOR RESPIRATION RATE 
DURING THE MENTA L TEST 

Initi a l Tes t Fin a l Te s t 

Me ans S . D . ~I e a n s S . D. 

Re laxation Group 2 1 . 375 3 . 199 27 . 8 1 2 2 . 242 

Pl ace bo Control Group 2 1.9 37 3 . 268 28 . 125 3 . 568 

Exerci se Control Group 22.250 3 . 288 25 . 687 2 . 686 
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Ji d occur in a ll thr ee groups wh e n a verbal thr e at was 

im pos ed on th e subjects. Tabl e 14, on pag e 66, presents 

th e mea n s and s tandard deviations for the r es pir a tion rate 

d tl r i n g t h e me n t a l t e s t . Th e in i ti a l and finHl mea n s arc 

"" f ollows: r e l axatio n group, 21. 375 , 27. 8 1 2 ; plac e bo 

ro n t rol group, 21 .9 37 , 28 .1 25; exerc i se contro l group , 

22 . 250 , 25 .687. Th e mea n s for th e initia l and fi nal sco r es 

r :l r e a c h g r o u p i n d i c a t e d t h a t t h e e x e r c i s e c o n t r o l g r o u p 

h a d a lower r es piration rat e on th e final t est th an dicl 

e it her of th e oth er t wo group s . T h e p l a c e b o g r o up h ad t 11 e 

h ig hest rate of r es pir a tion during a s t ressful s itu atio n. 

It was assum e d that th e exe rci se group who rec e iv ed daily 

in s tructio n s in body mec h a nic s had a lo wer re s pir a tion rat e 

be ca us e of an incr ea s e in th e phy s ical fitn ess l e ve l of t h e 

s ub jects. 

In this study th e two meas ur es that were used to 

de termine l eve ls of str ess wer e th e galvanic s kin r es pon se 

a nd th e rat e of respiration. From the r es ult s of th ese t wo 

measures taken b e fore and after ·th e intro d uct i on of a ve rbal 

t hreat it may be inferred that for all groups d uring th e 

mental and motor t e sts, stress did occur as dete rmin ed by 

the selected measurem e nts. 

Tabl e 15 , on page 68, pr e se nt s t h e r es ting mu sc l e 

action potential of the triceps. Accor d ing to a n analysis 

of the data, there was no significant differe n ce betw ee n th e 

groups in this measure on th e final trial. Th e r e was a 
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TABLE 1 5 

F VALUES FOH ANA LYS IS OF V.A RIANCE ON RESTlNG ~lU S CLr~ 

ACTION POT EN TI AL OF THE TRICEPS 

So urce 

L{P t wc e n All Subj ec t s 
l3 e t wec n Group s 
13 e t wee n Subj ec t s 

Same Group 

Wi t hin All Subj e ct s 
Be t wee n Tri a l s 
Group s X Tri a l s 
S ub jec ts / Group s X 

Tri a ls 

Total 

:;: p .0 5 -3 .20 
~: :;: p . 0 5 = 5 . 1 0 

elf ss MS 

4 7 25 0 25 1. 656 
2 2670 6 . 68 7 1 335~ . 84 11 

45 2235t15 . 069 4967 . 688 

48 2 10 823 . 500 
l 7167 2 . 138 71 6 7 2 . ,J 38 
2 11 289 . 813 56411 . 907 

45 18 1301 . 0 93 4 1 28 . 9 1 3 

9 5 46 107 5 . 1 56 

TABLE 16 

MEANS AND STANDARD DEVI ATION FOR THE RESTI NG 
MUSCLE ACTION POTENT IA L OF THE TR I CEPS 

Initi a l Tes t Fin a l 

Me ans I S . D . ~1 c a ns 

Relaxation Group 3 . 625 5 . 0 35 2 . 93 7 

Placebo Control Group 8.000 14 . 000 35 . 8 1 2 

Exercise Control Group 17.812 22 . 486 7 1. 812 

F 

2 . 608 

1 7 . 9 7 0 >:: ::: 

l. 4 10 

Test 

s . 0 . 

5 . 26 1 

6 6 . 384 

142 . 69 11 
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si g nifican t differ e nc e be twe e n the initial and final trials . 

illc data may be interpr e ted as in dicati ng that th e ve rlJal 

1ll r e at was s u ccessf ul in inducing s tr ess on th e measur e me nt 

:;f t he resting l eve l of the tric e ps. No group pe rfor me d 

~ ig nifica ntly differ e nt on th e final test trial . Tabl e 16, 

un page 68, presents th e mea n s a n d sta nd a rd deviation s for 

ihc resting muscle action pot e ntial of th e tri ce p s . The 

l!i t~ a n s f o r t h e i n i t i a l a n d f i n a 1 t r i a 1 a r e a s f o l 1 o >v s : 

r e l axation group, 3.6 25 , 2 . 937; plac ebo g rou p, 8.000, 35 . 8 12 ; 

exe rcise control group, 17 . 8 1 2, 71.81 2 . According Lo t he 

i n i tial and final means of th e r es ting muscle action 

po te ntial of the tric e p s , th e re l axatio n gro up h ad a muc h 

l o we r mea n on th e initial test than th e oth e r grours a nd 

wa s least affect e d by th e str ess ful sit u at ion. It wa s 

be lieved that th e r e l axatio n in s tru c tion s improv ed th e 

abi lity of the r e laxation group to r e l ax and co ntrol musc l e 

te nsion under a stressful sit uatio n, but thi s b e lief was 

not verified statistically. Th e plac e bo co ntrol group a nd 

the exercise control group both ·e vid e n c e d a mu c h greater 

incr ease in mu sc l e tension from th e initi a l t est to t he 

final test. Upon the bases of th e a n a ly ses of varian ce 

present e d in Table 15 and the previou s cit ed e vid e nc e , iL 

may b e stated that str ess did occur in a ll thr e e groups on 

the final t es t trial, Acc e pting th e stat eme nt that stress 

did occur in all three groups allow s on e to b e tter int e rpr e t 

the mea ns and s tandar d deviation s a nd to sugg es t that th e 



r r~ l axation group was be tt e r than the oth er t wo g roup s a t 

co ntrolling muscle tension during th e stressf ul s ituation 

uf a ve rbal threat . 
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Table 17, on pag e 71, illu s tra tes th e data co ll ec t ed 

fr o m th e muscle act ion pot e ntial of t he tri ce ps d uring th e 

pe r formance of a nov e l motor ski ll. Th e r e wa s no s ignifi ca n t 

d if fer e nce between th e groups o n th e initi a l or on th e final 

t r i a l. The data may be cons id ered as inrli cat ing th at th e 

ve r bal thr ea t did not caus e a diff e re n ce betwee n th e musc l e 

J c t ion potential of the initial tri a l a n d the mu sc l e ac tion 

po te n tia l of the final trial. It i s imp erative to note that 

no practice was allowe d be tw ee n th e two t es t s durin g the s i x 

we e ks experime nt a l period; th e r e for e th e initi a l tri al of 

the novel skill may hav e bee n as eq u a lly productiv e of te n ­

s i on as th e final trial und e r the ve rb a l thr ea t . 

Tabl e 18, on pag e 71, pr ese nt s th e means and s tanrlard 

de viations on th e muscle actiQn pot e ntial of th e tri ceps 

dur ing the performance of a nov e l motor s kill . Th e mea n s of 

the initial a nd final te s ts are ·as follo ws : r e l axat ion group, 

744 . 875 , 648.12 5 ; plac e bo control group, 4 01 . 187 , 4 50. 500; 

exe rcise control group, 606 . 750, 736 . 000 . Th e r es ult s of th e 

data may be int erpreted as indi cati n g th at th e r e lax at ion 

group was the only group that h ad a low e r mea n on th e mu sc l e 

action potential on th e final t e st than on th e initi al t es t . 

Ev e n though the differenc e was not statist i ca lly significant, 

the amount of the diff e r e n ce may indicat e that th e r e la xat ion 
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TABLE 17 

ANALYSI S OF VARI ANCE ON .MUSC LE ACTION PO TENTIAL 
OF THE TRICEPS DURI NG THE PERFOR MANCE 

OF A MOTOR SKI LL 

================================================== 
:)o urc e 

H -'t we e n All Subjects 
Betwee n Group s 
Be t wee n Subj ec ts 

S a me Group 

Wi t hin All Subj e cts 
Be tw ee n Trials 
Group s X Tr i a l s 
S ubj ec ts / Groups X 

Tri a l s 

Total 

':' r . os - 3 . 20 
':":'p . 01 = 5.10 

elf ss ~lS F 

47 1937996 . 334 
2 182436 1 . 896 9 1 2180 . 948 2 . 330 

45 l 7S 556 07. 438 390 l 2t1. 6 l0 

48 9 9701 02 .000 
l 83890 . 376 03fl90 . 376 . 400 
2 45236 5 . 107 226 102 . 59 ·1 1 . 079 

45 91]339 10 . 43 7 2096!12 . 632 

95 2 9 3 50 l s l • 3 3 Ll 

TABLE 18 

MEANS AND STANDARD DEVIAT I ON ON Ti lE MUSCLE ACTION 
P 0 TEN T I A L 0 F T HE T H I C E P S D U R I N G T H E P E R l· 0 R 1\1 AN C E 

0 F A ~10 T 0 H S K I L L 

Initial Test Final Te s L 

Mea ns s . 0 . ~~ e a n s S . IJ . 

Re l a xatio n Gr o up 7 44 . 875 7 5 1. 620 648 . 1 25 525 . 469 

P l acebo Co ntrol Group 401 . 18 7 287 .1 49 45 0 . 500 151 . 448 

Exercise Control Group 60 6 .7 50 7 22 .11 5 7 36 . 000 499 .0 32 



l r e a t m e n t f a c i l i t a t e cl t h c l o we r i n g o' f t h e a m o u n t o f m u s c l c 

;lc t ion pot e ntial from th e initial t est to th e fin a l Les t. 

\': h i c h t he o r e t i call y s h o ul d h av e IJ e c n m o r c s t r e s s f ul . 

Table 19, on pag e 7 3, r evea l s th a t th e re wa s no 

7 2 

.. ig nifi ca nt differ e n ce be tw ee n th e group s on th e initi al or 

J"l n a l t es t of th e nov e l motor sk ill . The data in d i cated 

! ha t th e varying tr ea tm e n ts h ad no s i g n if ic an t effec t o n 

!.he t es t scores for eac h group. Th e spec i fic sk ill of dart 

th r owi ng may not h ave bee n th e !Jes t moL or ski ll Lo indicaL e 

i mp rovement in th e final t est sc ores . Po ss ibl e rational e 

ma y be that beca us e a pr e t es t, postt est des ign with o ut 

pr a ctice in be twee n t he t es ts e limin ates po ss ibl e impr ove-

me nt in the nov e l motor s kill . Anoth e r e xplG n Gtion co 11l. d be 

th a t the amou n t of t e nsion util j zed by low s kill e d p e rform e r s 

va ries so gr eat ly that signifi ca nt c h a nges co ul d no L be 

sta tistically not e d with th e limit ed sa mpl e s iz e . 

In th e initial stag es of th e s tudy, dart thr owi ng 

was selected as a skill th at mo s t co ll e ge women wo ul d no t 

have bee n exposed to a t a high sk ill l eve l . Th e sk ill of 

dart throwing wa s p e rform e d in t h e l a bor a tory whi l e eac h s ub­

ject was con nec ted to various pi eces of eq uip me n t . At th e 

particular time of selecting th e no ve l sk ill it was b e lieved 

that dart throwing was a n ad e quat e s ki ll fo r meas uri ng p e r­

formanc e under induced t e nsion. In an attempt to i dent ify 

significant differ e nc es th e groups were all e quated on th e 

dart throwing t es t aft e r th e initi a l te s t r es ult s we r e obt a in ed . 
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TABLE 1 9 

ANALYSIS OF VARI ANCE FOR THE SCORES 
OF THE NOVEL MOTOR SKILL 

Sou rce 

f\ <' t we e n All Subjects 
Be twee n Gro ups 
Be twe e n Subj ects 

Sam e Grour 

Wi t hin All Subject s 
Be tw ee n Trials 
Grours X Tri a ls 
S ubjects/Groups X 

Trials 

Tot a l 

>:< p . 05 - 3 . 20 
>:<>::p .01 - 5. 10 

df ss ~IS F 

47 101 26 . 656 
2 14 l.!J 37 70 . 71 9 . 319 

45 9985 . 219 22 1 . 894 

tiS 71606 . !180 
1 364 . 260 36 tl . :2 60 . 235 
2 1368 . 397 6 e 'l . 1 9 9 . 4 ~1 1 

45 69868 . 023 1S 52 . 6!J l 

95 18 7 20 . 156 

TABLE 20 

MEANS AND STANDARD DEVIATIONS FOR THE 
SCOR ES OF TilE NOVEL MOTOR SKILL 

Initial Tes t Final Tes t 

Mean s S . D . Mea n s S . D . 

Re l axat ion Gro up 34 . 937 16 . 276 33 .0 62 9 . 303 

Plac e bo Control Group 28 . 06 2 15 . 586 42 . 625 12 . 7 12 

Exerci se Control Group 32 . 875 12 . 429 3 1. 875 11.952 
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lt may be t h at t he motor s kill t es t did not produc e sign i f i­

ca n t d iffer e nc es betwee n th e group s o n th e final tesL bec ause 

of th e priority that is pl aced by our soci e ty upon mot or a nd 

me n ta l e ffici e ncy. Th e subjects seemed to respond to th e 

c; e n t a 1 t e s t i n t h e d e s i r e d c o m p e t i t i v e m a n n e r , w h i 1 e t h e 

111 o t or sk i 11 e vok ed 1 e s s com p e tit i v en e s s and m o r e apathy . 

Tabl e 20, on p age 7 3, pr ese n ts t he me a n s a nd s t a ndard 

de v iations for th e sco.res o f th e n ove l motor ski ll. Th e 

s co r es for th e initial a n d final novel motor sk ill t es t are 

as follows: re l axatio n group , 34 . 937 , 33 . 962; pla cPbo 

co n trol group, 28.062, 42 . 625 ; exe rci se co n t rol group , 

3 2 .875, 31.875. Th ese data s h ow t h at t h e pl ace bo co n tro l 

gr o up was th e only group th at h a d a n improveme n t in th e final 

s c ore . The r e l axatio n a nd exercise co ntr o l gro ups h ad a 

de c rement in ab ility on th e fin a l meas ur e . Th e i mp r oveme nt 

of th e placebo group would see m to indicat e that th e 

ps ychological effec t th a t was fost e r ed in th e plac e bo gro up 

f acilitated improv e ment in dart thr ow ing that was gr ea t er 

than that which actually r es ul t e d from th e ph y s i o lo g i ca l 

e ffects of rel axa tion training. 

Table 21, on pag e 75 , pr ese n t s th e resti n g mu sc l e 

action potential of th e masset e r. Th e F va l ue , 3 . 366, 

indicated that th ere was a signi f icant diff e r e n ce at t he 

.05 l e vel betwe e n th e initi a l and final t es t sc or es . Th e 

F value of 9.725 indicat e d that th e r e was a s ignifi ca nt 

diff e rence at th e .01 l eve l of confi de n ce b e tw ee n the grou ps 



TAB LE 21 

ANALYSIS OF VAR IAN CE ON RESTING MUSCLE ACTION 
PO TENTIA L OF Til E MASSETEE 

---
So urce 

lJ, c t wee n All Subj e cts 
Be t we e n Gro up s 
!Je t wee n Subj e cts 

Same Gr oups 

Wi t hin All Subj ec ts 
Be t wee n Trials 
Groups X Tria l s 
S ubjects/Gro up s X 

Trials 

Total 

>!< p . 0 5 = 3 . 20 
~"~P . 01 = 5 . 10 

df 

47 
2 

45 

!18 
1 
2 

45 

95 

ss 

216620 . 2 '10 
33B l 6 . 58 ~l 

182003 . 656 

10 4297 . 500 
5 17 7 . 34 LI 

29912 . 25 0 

69207 . 90 6 

3 2 0 9 l 7 . 7 tj 0 

TABLE 22 

1\-IS 

16008 . 292 

5062 . 30 -1 

517 7. 3-'l 4 
1 Lj 9 56 , l 2 5 

1537 . 05!1 

MEANS AND STAND ARD DEVI ATIONS ON THE RESTING 
MUSCLE ACTION POTE NTIA L OF THE MASSETER 

--
Initi al Test 

Me ans S . D. 

Re l axation Group 40 . 0 62 

I 
44 . 486 

Pl acebo Co n trol 

Exercise Contro l 

Gro up 28 . 562 17 . 197 

Group 38. 18 7 19 . 65 0 

T..i::iX.M3 WOHAN'S UNiVERSITY 
·-- :__ LIBRARY 

Fin a l 

Mea n s 

I 4 . 500 

I 92 . 500 

53 . 500 

75 

3 . 366':' 
9 . 725':' :;: 

Test 

S . D. 

6 . 633 

138 . 133 

22 . 808 
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o n th e final trial. Tab l e 22 , o n pag e 75, r e ve a l s th e mea n s 

a nd standard d e vi at ion s for the muscle action pot e n ti a l o f 

1 he mas se ter durin g th e mental t est . Th e me an s for th e 

in i tial and final tests r esp e ctiv e ly ar c a s follo ws : 

re l axation group, 40 .0 62, 4 . 500 ; plac e bo control group , 

~8 .562 , 92.500; exerc i se control group, 38 . 107, 53 . 500 . 

Ac c ordingly, the mean scor e s of th e r e l ax atio n g roup di s ­

pl a ye d the greatest decrea se in muscl e act i o n i>Ot e n ti a l 

d u r ing th e resting pe riod. Thi s finding see ms t.o s tt gg cs t 

t ha t th e s ubj ects who r ec e iv e d in structio n s in t ec hn iqu e s 

o f relax a tion did, in f act , l e ar n to r e lax th e ma sse t e r 

whi ch is b e li eved indi cative of me nt a l activ it y . Tlt e 

p la cebo co ntrol group a n d the e xerci se co n tro l group uoth 

had an incr ease in mu s cl e t e n s ion from th e initial t e . t to 

t he final t es t. Th e amo unt of in creas e in th e plac e bo 

co ntrol group a nd th e exerc i s e co ntrol group a s compar e d 

t o the drastic d ec r ease in th e r e la xa ti o n group would f ur­

ther support the conc e pt t l1 at t h e r e l axatio n group did l e ar n 

to control t e nsion in th e mass e t e r d urin g a s t r e s s ful sit ua ­

tion and was abl e to demonstrat e t h e co ntrol wh e n th e sub ­

jects we re exposed to a ve rb a l threat wh ic h d i d in d uc e 

tension. 

Tabl e 23, on page 77, illu s trat e s th e data from th e 

Duncan's Multiple Range for th e significant F valu e betw e e n 

groups on the final trial of th e r es ting mu sc l e ac tion 

potential of the mass e t e r. Th e rang e test in d i ca t ed th a t 



TAI3L E 23 

TABLE OF DIFFER ENCES FOR DUNCAN 'S MU LTIPLE R A~GE TEST 
BETWEEN ORDERED MEANS FOH THREE GROUPS ON THE 

RESTING MUSCLE ACTION POT ENTIA L OF 

GROUP I 

Re l axatio n Group 

4 . 500 

~":'p .01 = 3 . 889 
>:<p .0 5 = 2 . 858 

THE ~IASSETEH. 

GROUP li 

Pl acebo ConLrol 
Group 

53 . 500 

GROUP lil 

Ex erc i se ConLrol 
Group 

92 . 500 

77 
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t lle re wa s a very s i gni fica n t diff e r e n ce betwee n th e relaxa ­

ti o n group and t h e pl ac e bo co n trol group on th e final test 

sc o r es of th e r e sting mu sc l e actio n potc ntii:ll of th e mas -

;;c t e r. There ' was no s i g n ifica nt diff e r e n ce be t wee n th e 

p la cebo co nt ro l group and t h e e xerci se co nt ro l gro u!J . The 

d at a indicate that th e r e la xat ion gro up h ad a very s ig-

n if icant ly lo wer r est ing mu sc l e action pot e nti a l l evel in 

Lhe ma sse t e r than did e ith er of th e ot he r tw o group s . S uc h 

a n a naly s is supports th e be li e f t h aL i n s tru c tion s in r e laxa­

tio n do l ower t he muscle actio n pot e nti a l wh e n t e n s i o n i s 

ind uc e d by a verba l t hr e at . 

Tabl e 24 , on p a g e 79, pr e e nt s th e r es ult s of t he 

ana ly s is of varia n c e of th e mu sc l e ac tio n pot e nti a l for t h e 

ma s seter durin g th e me nt a l t es t . Th e s tati s tical a nalysis 

i nd ic ated that th e r e was no s i g ni fic a nt diff e r e n ce b e tw ee n 

t he three group s on th e f in a l t es t . The r e was a s i g n ifi ca nt 

diffe r e nc e for a ll groups b e tw ee n t h e tw o tr i a l Th e dif -

fe renc e i s int erpreted as r e l ati ng to t h e influ e n c e of s tr ess 

fr om the ve rb a l t hr eat . 

Table 25 , on p age 79 , r eveal s th e me a n s a nd s t a ndard 

deviations for th e mus c l e actio n pote n tial of th e ma sse t e r 

during th e me ntal test. Th e me a n s for th e i ni tia l a nd fi n a l 

t es ts are as fo llow s : r e l axation group, 11 5 . 750 , 0 1. 93 7; 

plac e bo control group, 145 . 43 7 , 10 0 . 375; exe rc i se contro l 

group, 168 . 812, 94.500 . Ac cordi ng l y, i t app ea r s that the 

exercise control gro up h ad t he gr ea t es t d ec r e a se in mu sc l e 



TABLE .24 

ANALYSIS OF VARIAN CE ON THE MUSCLE ACT JON POTENTI AL 
OF THE MASSETE R DURIN G THE MENTA L TEST 

So urce df ss MS F 

Be t wee n All Su bj ec ts 47 6S07 19 . 906 
l3e twee n Group s 2 18553 . 000 9276 . 500 . 660 
De tw ee n Subj e cts 

Same Group 45 632166 . 90(J l tl 0 '1 8 . l s 4 

W] t hin Al l Subj ects 48 76l tl00 . 500 
13e tw ee n Tr i a l s l 62679 . 260 6 26 70 . 260 4 . OlV 
Gr oup s X Trial s 2 6958 . 584 3t1 79 . 29 2 . 226 
S ubj ec ts/Group s X 

Tria ls 45 6 () l 7 6 2 . 6 C> 6 15 3 7 2 . 50 tj 

Total 95 l 4 12120 . LJ06 

::'p . 0 5 = 3 . 20 
:!<:::p . 01 -- 5 . 10 

TABLE 25 

MEANS AND STAND ARD DEVIATIONS FOR THE MUSCLE 
ACT ION PO TENTIAL QF THE MA SS ETER 

DUR ING THE ~!ENTA L TEST 

Ini t i a l Tes L Fin al Tes t 

Mea n s S . D. I ~I e a n s s. D. 

Re l axatio n Group 11 5 . 7 50 77 . 357 8 1. 937 73 . 125 

Placebo Control Group 145 . 437 1 28 . 87 4 100 . 375 66 . 7 25 

Ex e rcis e Con tro l Group 168 . 8 12 220 . 326 9'-1 . 500 42 . 408 

79 
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a c tion potential during the me nt a l t es t . Diff e r e nces favor-

in g t he exerc i se co n tro l group. s ug ges t that exe rci se may be 

u f a c tor in r ed ucing me n tal t e ns ion. S u bj ec tiv e s tat eme n Ls 

of ph ys i ca l ed uc a to rs , h ea lth e ducator s a nd p s ychilltri s ts 

llu ve proposed s uch a par ad igm. 

Tabl e 26 , o n p age 8 1, p r ese nt s th e data for th e 

me n tal test scores when treated statistical ly by a n ana l ys i s 

of varia nc e . Th ere was a ve ry sig ni ficant diffe r e n ce be t wee n 

Lh e initial a n d fi n a l trials as we ll a s a v e ry s igni ficant 

di f ference betwee n th e group s on t h e fi n a l trial. Table 27, 

o n p age 8 1, illu s tr a t es th e mea n s a nd s t <J ndarJ d e viatio n s 

fo r th e sco r es on t h e me n ta l test . Th e me a n s for th e i n itial 

a nd fi n a l t es t are as follow s : r e l nxaLio n gro up , 87 . 562 , 

97. 062; plac e bo control group, 84 . 562 , 70 . 625 ; exe rci se 

co nt rol group, 76. 432 , 82.37 5 . It appears t h a t t h e r e l <Jxa ­

ti o n group h ad a be tt e r mea n score o n t h e final t e st t h a n 

e it he r of th e oth e r two gro up s . 

Tabl e 28 , on pag e 82 , in d i cat es th e r es ult s of t he 

Dunc a n's Multipl e Rang e t est to deter min e wh ich group wa s 

perf orming significa nt l y diff e r e nt from th e oth er two . Th e 

ra ng e t es t r eve al e d that th e r e was a s i g n ificant differe n ce 

at th e .0 5 l e ve l of co n fid e nc e betw ee n t he r e la xa tion group 

a n d t he exercise gro up . Th e re was no s i g ni f i ca nt d i ffere n ce 

be twee n th e e xercis e co ntr o l group a n d th e p l ace b o co n tro l 

group. Th e data ma y be int erp r e t ed as in d i cati n g that t he 

r e l axat ion group pe rf o rm ed mu c h be tt e r o n th e me nt a l te s t of 



TAB LE 26 

ANAL YSIS OF VARIANCE ON THE 
MENTAL TEST SCORES 

So urc e 

13 e t wee n All Subjects 
Be t 1ve e n Groups 
Betwee n Subjects 

S ame Group 

Wi t hin Al l Subjects 
Betwee n Tri a l s 
Group s X Trials 
S ubj ec t s/ Groups X 

Trials 

Total 

~'P .0 5 = 3 . 20 
~":'p .01 = 5 .1 0 

df 

47 
2 

45 

48 
l 
2 

45 

95 

ss 

97 27 . 950 
296 7 . 6-16 

6760 . 3 12 

3383 . 000 
294 .0 00 
90 5 .0 62 

2183 . 938 

13 110 . 958 

TABLE 27 

MS 

140 3 . 023 

150 . 229 

20!J . OOO 
452 . 53 1 

!J8 . 532 

MEANS AND STANDARD DEVIATIONS FOR THE 
SCOR ES ON THE MENTA L TEST 

Initi a l Test I Final 

Mea n s s . D . Mean s 

Re laxation Group 87 . 562 7. 193 97.0 62 

Placebo Control Group 84 . 562 9 . 855 70.6 25 

Exercise Control Group 76 . 432 7 . 705 82 . 3 7 5 

81 

F 

6 . 0 6 ::: ::: 
9 . 321::: ::: 

Test 

s . D. 

9 . 079 

13 . 284 

9 . 584 . 



TABLE 28 

TABLE OF DIFFERENCES FOR DUNCAN ' S MULTIP LE RANGE TEST 
BETWEEN ORDERED MEANS FOH THHEE GROUPS ON TllE 

MENTAL TEST SCOHES 

GROUP I 

Re la xatio n Group 

97.062 

>:<>:<p .01 = 3 . 889 
~=p . 05 = 2 . 858 

GRO UP li 

Pl ace bo Co nt rol 
Group 

7 9 . 625 

GRO UI JJl 

Ex e r c i se Control 
Group 

82 . 37S 

8 2 
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J <: C! r n i n g t o m e m o r i z e n u m b c r s i n a s e q u e n t i a l o r d e r u n rJ c r 

j nd uccd t e n s ion, th a n did e ith er of th e t wo contro l grou rs . 

J'he s ubjects wh o r ece ived instruction s in th e J a c o lJ so n 

t c c h n i q u e · o f r c l ax a t i o n p e r f o r m c d. be t t c r o n t h c m c n t a l t c s t 

d ur ing induced ten s ion than th e oth er t wo gro ups who r ece i veu 

u th e r types of ex p e rim e nta l treatm e nt s . Th e r efo r e , it was 

co n c lu ded t h at r e laxat i o n in s tru c ti o n s whi c h conce ntra t ed 

o n co n trol lin g mus cle action pot en ti al of th e ma sse t e r 

c na bJed th e s ubj ects to p e rfo r m be tt er o n th e me nt i:.l l t es t 

tha n th os e s ubj ec t s wh o wer e not train e d in t ec hni q ues of 

re laxatio n. 

All of t h e coefficient s of corr e l at i on for t h e s tudy 

ar c pr ese nted in tab ul ar form and s h ow th e r e l ation s h ip s th a t 

we re s i g n if i ca n t l y d iff e re n t from zero at the . OJ. a nd . 0 5 

le vels . In Tabl e 29 , pr ese n t ed on pay c 84 , th e ze ro or de r 

c oef fi cie nt s of cor r e l atio n be tw ee n a ll of t he t es t e d va ri-

ab l es in th e relaxation group are pr ese nt e d . A s ignifi ca n t 

coeff ici e nt of corr e l atio n at th e . 0 1 l e ve l of co n fid e n ce was 

found betwee n the following variabl es o n t h e initi a l t es t : 

resting G.S.R . a nd G.S .R. during t he motor s kill t es t a n rl 

G.S.R. durin g th e me ntal te s t . A significant co e ffi c i e nt 

of corr e lation at the .0 5 l eve l of confide n c e was t h e G. S .R. 

during th e motor sk ill test and th e G . S .R. d uring th e me n ta l 

test • Th e following r e lati ons hip s we r e s i g nific a nt at th e 

• 01 l evel : mo tor skill scor e a nd r es ti ng G. S .R., G.S.R . 

during th e motor ski ll t es t and G. S.R . during th e me nt a l 
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t c s t. Also corr e la te d a t th e .01 l ev e l of co n fid e n ce w e r~ 

res ting G.S.R., G.S.R. during th e motor sk ill Le st a nd 

G. S .R. during th e me nt a l t es t; G . S . R. du r in g t he motor 

s k i ll t e s ·t a n d G . S . R . d u r in g the ,me n L a l L c s t . At th e .0 5 

l eve l th e only co e f fic ie nt of eorre l a ti o n t h at wns sig ni f i ­

ca n t was th e r es ting. EMG pri or to me nt a l wor k a nd th e ment a l 

les t score . 

Tabl e 30, on pa ge 86, indicate s th e zero order coef­

f ic i e nts of cor r e la tion for th e pl ace bo co nt rol group . On 

the initi a l trial th e followin g var iabl es wer e rl~ lat e d at 

t h e . 01 l e ve l of co nfid e n ce : E ~lG me nt a l s kill anti r es ting 

G .S. H., G. S . H. during Lh e mot or s kill t es t and G . S.R . dHring 

the me nt a l t est ; r es ting G . S . H. a nd G.S.R . duri. n~J til e mo t or 

s k i ll t e s t and G . S . H • d u r i n g L II e me n t a l L c s t ; G . S . n . d t t r i n g 

t h e motor s kill t es t a nd G . S . R. duri ng th e me nLJl Les t . 

On the fin a l t es t trial, ther e wa s a s ignifi ca nt r e l a tion ­

s hip be twe e n t h e follo wi ng variab l es at th e . 01 l ev e l of 

confid e nc e : r es ting EMG prior to th e motor s kill Les t and 

EMG motor sk ill; resting EMG prior to th e me nt a l Les t, a n d 

EMG me nt a l s kill; r est ing G . S . R. a n d G . S .R . d urin g th e 

motor skill t es t and G . S . R . during th e menta l t es t; G . S .R . 

duri ng t he motor skill t e st a nd G . S . R . dur i ng th e me nt a l 

t est . At th e . 0 5 l e ve l th e only r e lation s hip th a t was 

s i gnificant was resting r e spiration a n d r es piration dur in g 

the menta l t es t . Wh e n corr e l ati ng th e s co r es from th e 

initia l t est to t h e fin a l t est t he following r e l a ti o n s hip s 
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wer e sig ni fica n t at the .01 l eve l of confidenc e : r esting 

l~ MG prior to th e motor t es t and r es tin <J EMG prior to th e 

!11 c n t a 1 t e s t , and EM G men t a 1 s k i 11 ; in i t i a 1 men t n 1 s co r e () n d 

me n tal sco r e ; ini tia l r es tin g G. S . R. and final re s tin g G.S.R . , 

G.S. R. du ri ng th e motor ski ll te s t , and G. S . R. durin<J 11i e 

me ntal t es t; and G.S.R. d ur in g the motor s kill t es t and 

r e s t i n g G . S . R . , G . S . !1 . d u r i n g t 11 e m o t o r s k i 1 1 t c· s t a n d G . S . !{ . 

d ur in g t h e mental t es t; G. S.H . during th e mental t es t and 

re s ting G. S .E., G.S.R . d uring th e motor s l<i ll Les t a nLI G. S . H. 

d ur ing th e me nt a l test . A t t h e . 0 S l e v e l o f co n f i d c· n c c t h c 

fo llowin g were s i g ni ficant : EMG mental sk ill and resting 

G.S . R. a ncl G. S . R . during t he motor s kill Les t iJnd G. S . R. 

d uring th e me ntal t es t . 

TiJbl e 31, pr ese nt ed o n pag e 00, indi ca t es Lh e 

zer o or der co e ffi c i e nt s of correlatio n for t he exe r c i s e 

co n tro l group. On th e initi a l trial t he following cocf-

ficie n ts of cori e lation we r e s i gni ficant iJ t t he . 01 l eve l 

of confid e nc e : EMG d urin g th e me nt iJ l s kill iJ nd t he r est ing 

G. S . R., G. S . R . during th e motor sk ill t es t a nrl th e G . S .R . 

du r ing the me nta] t est ; r es ting G. S . R . a nd G. S . R. duri ng t h e 

motor skill t est an d G. S . R. duri ng th e me nt nl sk ill test; 

G. S . R. during th e motor s kill t es t a nd G . S .R. duri n g t he 

me nt a l t es t . At th e . 0 5 l eve l of co n fide n ce th e fo ll owi ng 

r e l ation s hips we r e s ignific a n t : r est in g respirat i o n a nd 

r es pira t ion during th e me n ta l t es t . On the fi n a l t est 

tri a l th e following c oe ffi c i e nt s of cor r e l iJtion wer e 

significant at th e . 01 l eve l of confid e n ce : r e sp ir atio n 
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mo tor and re s pi r a L i on durin g t 11 e me n La J t. c s 1 ; re s L i 11 g G . S . R . 

an d G . S.R . durin g t.h e mo tor ski ll Les t and G. S . H . during 

t h e m e n t a l t e s t ; G • S . H . d 11 r i ll 9 t h e m o t o r s k i l l 1 e s t a n d 

G .S.H . during th e men tal t es t. At th e . 0 5 l evel of co n f i -

de n c c t h e f o 1 1 ow i n g c o e f f i c i en t s o f co r r c 1 a t i o ll \v (' r e s i g -

n ificant: r es tin g EMG pr ior to Lh e mo tor t es L and r es ting 

EMG prior to th e me ntal t est and mo tor s kill score ; r es t in g 

res piration and r es pir ation durin g Lll c mo t or Les t . \'Jh c n 

corre l at in g til e score s from th e initial te st to Lit e fi nal 

tes t t h e followin g r e L:rtion s ltir s were s i g ni f i ca nL aL th e . 0 5 

l e ve l of c on f i dence : init ia l mo tor s kill score ~t nd f i nCll 

motor ski ll score ; i n iti<Jl re s tin g r es pir a t ion a n1l final 

res t i n g respiration ; r es tin g ~·c s piraLion an d r es pir a ti on 

d u r in g th e me nt al t es t . 

Th e most sig n if i ca nt coeffic i e nt s of co rr e l ation I n 

a ll th ree g ro u p s for th e i n itial t es t tr i al, final t es t 

trial a nd th e combi n atio n of th e initi a l and fin a l Les t 

tri a l were betwe e n the v ar iabl es of r es 1. i n g G . S . R . , G . S . R . 

during th e motor ski ll t es t , G . S . R . duri n g t h e me nt a l Les t, 

and me nt a l EM G a n d motor E1G . 

Su mmary 

Quantit a tiv e mea s ures we re coll e ct ed o n t we l v e 

variabl es on a n initi a l test and s i x wee ks lat e r o n a fi n a l 

te s t a n d th e n pr ese n ted in n arrativ e a n d tabular fo r m. Th e 

data c oll e c te d were tr eated by an a l ysis of var i a n ce , two ­

factor mi xe d des i g n wi t h rep e_ at e d meas u re s on o n e factor . 



The Dun ca n Multiple Rang e te s t and th e Pe ar s on P ro duct­

Mome nt correlation we r e al s o computed . 

90 

Th e result s of the analy s i s of var i a n ce indical cd 

t ha t th e measur es that were emp l oy e d to meas u r e s tr ess bo th 

be f ore and after induc e d t e n sio n produc e d s ignjficant F 

va l ue s at the .05 l eve l of confid e nc e indicating that s lr ess 

d i d o c c tl r a s a r e s ul t o f t h e v e r b i1 l t h r e a t . Th e a n a l ys i s 

o f vari ance indic ated that t here was a sig ni fic a nt diff er ­

e nce on the final trial on th e r es ting r es piration r a t e , 

re sp ir atio n rat e during th e motor s kill t es t, r es ting mu sc l e 

ac tion potential of th e ma sse t e r, and me ntal t es t scores . 

W h e n c o m p u t i n g t h e D u n c a n ' s ~1 u 1 t i p l e H a n g e L c s t b e L w e e n t !J c 

g roup mea n s for thos e variabl es thaL we r e s i g11if icantly 

dif f erent on th e final test, the' rel axa tion group was found 

to be p e rforming significa ntl y "b e tt e r" th n n Lh e pla ce bo 

control group and th e e x e rci se control group . 

Coeffici e n ts of correlatio n were c omput e d to de t e r-

m i n e i f t h e r e w a s a s i g n i f i c a n t r e 1 a t i o n s h i p b e t 1v e e n L h e 

variables on th e initial t es t, fi n a l t es t a n d be twe e n th e 

initial and final test score s . In a ll thr ee group s th e r e 

was a significant r e lation s hip at th e .01 l e ve l b e tw ee n th e 

resting G.S.R., the G.S.H. during th e motor sk ill, a nd the 

G.S.R. during the menta l skill, t he EMG duri ng the motor s kill 

and the EhlG during the mental test. No oth e r corre l atio n a l 

relationships were found to be s ignificantly gr e ater than 

zero in all three groups. 



Chapter V contain s a d is c uss ion of th e r es ul ts 

re lati ve to the hy poth eses o f thi s s tudy a l o ng wit h co n­

c l usions a nd r ec om mendat ions for f utur e s tudie s . 

91 



CHAPTER V 

SUMMAR Y, FIN[) IN G S , C 0 N C L US l 0 N , L Hll TAT 1 0 N S , 

DI SCUSSION AND RECOM MENDAT IONS 

Intr od uct i o n 

Th e present c h apter i s a r e view of th e s tudy willl 

the hypo t heses pr ese nt ed and di sc u ssed . A co n cl us ion to 

the study is drawn, a nd r ecomme ndations for fu tu re s tudi es 

are s ug gested. 

Summ ary 

Ne uromu sc ular r e l axation i s a l ea rn ed s kill thill 

re quir es a kin es th e tic awar e ness of resid ua l mu s c l e tonus . 

Jacobson and oth e rs hav e in d i cated that Lll e s kill of r e l axa­

tion demand s many hour s of c onc e ntr atio n befo r e a l ear ner 

can progress from co n scious r e l axa ti o n to s itu atio n s whe r e 

r e laxation b ecomes habitu a l. It i s b e li e ved th at a pe r s on 

who has identifi e d th e amount of t e n s ion necessa ry to p e r­

form a given task may be be tt e r pr epa r ed to voluntarily 

control n eurom uscular t e n s i on t h a n on e who i s not s uccess ­

ful in r ec ognizing muscle t e n s ion. 

The purpose of th e pres e nt inv est ig at i o n was to 

determin e the r e lation ship b e tw ee n th e ability to r e l ax and 

chang es in th e p e rform a nc e of a se l ected motor ski ll and a 
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me ntal skill during indu ced t e ns i o n: The sk ill s us ed were 

da rt throwing for th e nov e l motor sk ill a nd th e r eca ll of 

ra ndom numb e rs for the me nt a l t ask . It was hyp ot hesized 

th at s ubj ects who wer e capabl e of co n tro lling ne ur omusc ul ar 

te nsion could reduc e t e n s ion d uring th e p e rformanc e of th e 

s e l ec ted skills to a gr ea t e r ex t e nt th a n s ubj ec ts who h ad 

no t l ear ne d to co ntr ol ne uro musc ul a r t e n s i o n; th e r e for e , th e 

s ubjects would perform th e se l ec t ed sk ill s be tt e r th a n th ose 

s ubjects not train ed to cont ro l n e ur omuscu l ar t e n s i on . 

Evid e nc e of conflicting r es ul ts i s re por t e d in th e 

re lat ed lit erat ur e concerning th e influ e nce of r e l axat i o n 

a nd induc e d t e nsion upon th e performance of me nt a l a n d motor 

tasks. Some of th e fi nding s co nc e rning r l axa tion a nd 

neuromuscular ten s ion were b ased upon u bj e ctiv e rating s by 

the subjects or by an inv es tig ato r, whi c h makes a vali d 

int e rpretation difficult. Tho se in vest jgation s whi c h 

emp loy ed instrum e nt s for meas uring mu s cl e action pot e nti a l 

!Jy mechanieal mea n s ha ve found th a t n e uro musc ul ar t e n s i o n 

can be d e cr ease d by s p e cific in st ru ctio n s in t ec hni q ues of 

relaxation. 

Jacobson (29) was on e of th e ear li es t inv es ti gators 

to indicate that an individu a l c ould be taug ht to co ntrol 

n e uron1uscular t e n sio n and that a n excess of tension co ul d 

interfere with th e subj e ct's l e ve l of p e rform a n c e . Ly o n s 

and Lufkin (34:66 3) found that t e n l esso n s ex t e nd ed o v e r a 

period of five we e ks was th e minimum neces sary for l ea rning 



the skill of r e la xatio n. 

9 tJ 

Be n se n ( 4) , Ro 11 ey (43), Evans ( 20) 

an d Hav er land (22), in ind e p e nd e nt s tu dies , co n c lu ded t h at 

re ducing n e uromuscul ar tension a ll ow s in di vidu a l s to p e r­

fo rm better in a vari et y of t asks than th ose in divid ua l s 

wh o arc not able to contro l n e u rom usc ul a r tension. 

Studi e s utili z ing in duc ed tension h ave s imilarly 

re sulted in disagre eme nt c on cer ning th e effec t s of s uc h 

te nsion upon l ear nin g a nd p e rform a n ce in bot h me n ta l a nd 

ph ys ica l skills . Zartman a n d Caso n (54 : 67 1), F ree ma n (21 : 

1 4 6), and Duf fy (17: 535 ) found that indu ced t e n sio n did not 

faci litat e me ntal perf orm a nce , whereas Sta uf fac he r (48 : 26) 

concluded that specific amo unt s of t e n s i o n ca used facilita-

tion of l earni ng. Ru sse ll ( tJ5 : 33 0) a n d Courts (1 0 : 2.35 ), in 

considering motor p e rforman ce , found that in d uced t e n s j o n 

did not facilitat e p e rform a n ce . Ru sse ll (IJ 5 : 330 ) co n c lud . rl 

that conditions of r e l axatio n were s up er i or to co nd i tio n s of 

t e nsion when performing a specific motor s kill. 

In th e pres e nt st udy e l ec tromy ograp hic t ec hni qu es 

we re used to me asure muscl e actio n pot e nti a l in th e tric e p s 

and masset e r. Simultan e ously a pn e umogra p h measur ed t h e 

respiratory rate and th e galv anic s kin r esp on se was r e corded 

to determin e autonomic n e rvou s s y s t em r eac tion to s tr ess . 

At th e be ginning of th e e xp e rim e ntal period a ll of 

the subjects were match ed on th e follo wing variables : 

(1) score on the Standard Aptitud e Tes t a nd / or th e Am e ri ca n 

College Testing Program, (2) sco r e on th e Taylor Anx i e ty 
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Tes t, ( 3 ) r est in g mea n b a se l e ve l as recorded by e l ectro ­

myog r ap hi c t ec hniqu es, ( .!J ) me an n e uromu sc ular t e n s io n l eve l 

on th e init ia l t es t o f dart throwi ng , ( 5 ) mea n ne uro musc ul a r 

ten sion l e ve l on th e in it i a l t es t of r eca l li n g nonsense 

se qu e n ce of nu mbe r s a nd ( 6 ) score on nove l motor s kil l. 

The ma t c h e d s ubj ects we r e r a n dom l y divid ed i n to thr ee Lr ca t -

me nt g roup s : a n exe r ci se control gro up r ece iv ed dai l y 

i n s t r tl c t i o n s i n b o d y m e c h a n i c s , a p l n c c b o c o n t r o 1 g r o u p 

re c e iv e d a dni ly s ugar ta bl et and a r e la xa tio n group 

r e c e i v e d d a i 1 y i n s t r u c t i o n s i n s p e c i f i c L c~ c II n .i 4 u C' s o f r e 1 a x a -

t ion. A t t h c e n d 0 f a s i X \V e ( ! k e X r e r i Ill c n t a 1 p e )" .i 0 cl ' a 

po s t es t was adm ini st e red wh ich was id e nt ica l to t. hc p r e t es t 

ex c e pt for t h e in f lu e n ce o f a verba l th r ea t wh i c h wns 

e mp loy ed to indu ce t e nsio n . 

Fin d in gs of t he St udy 

Th e followin g f in di ng s we r e ba se d upo n t h e data 

obt a in e d from th e p r e se nt s tu dy : 

A. The ve rb a l thr ea t did pr od u ce stress in a ll t hr ee 

groups at th e .01 l e ve l o f co n f i de n ce a s meas u r ed by th e 

galv a nic s kin r e spon se , pn e um ograp h, a nd e l ec t romyograp hi c 

techniqu es . 

B. Th e r e l axa tion gr o up wa s a bl e to co n tro l me n ta l 

t e nsion be tt e r than th e pl acebo co nt ro l g r o up a nd th e 

exercis e control group wh e n th e s ubj ec t s we r e ex pose d to 

a str e ssful situation. Th e d i f f e r e n ce betwee n t h e gr o u ps 

was significant at th e .0 5 l e ve l. 
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C. Th e relaxation group scdr e u hi g h e r o n til e me nt a l 

t e st und e r in d uc e d t en s ion than did e ith e r th e plac e bo 

co nt ro l group or th e e xe rci s e control gro up . 

s ignificant at th e .0 5 l e ve l o f confid e n ce . 

Th e d ata we r e 

D. Th e exe rci se control group h a d a l ow e r r es p i r a ­

tio n rate during th e influ e n c e of th e ve rb a l thr ea t tha n 

did e ither th e place bo co n tro l g r o up or th e r e la x ati o n 

gr oup. Th e data we r e s ignifi ca n t a t th e . 05 l e v e l of c o n -

fid e n ce . 

E . Th e ex pe ri 111 e n t a 1 t r e ll t me n t t h ll t w n s g j v e n to t h e 

relaxat ion group did no t h av e a s igni f i cn nL influ e n ce in 

r e duci ng ne uromu sc ul ar t e nsions during th e pc rformnn ce of 

the motor t est , aft er th e s ubj ec t s we r e ex po se d to th e ve rb a l 

thr e at. 

Di sc u s s jo n 

Th e prim a ry purpo s e of th e s tudy was to d e t e rm in e 

th e relation s hip be tw e e n th e ability to r e l ax a n d c h a nges 

in th e perform a n ce of a se l e c t e d mot or a nd a me nt a l s k ill 

durin~ induc e d te n s ion. Th e hypoth eses of th e s t ud y ar e 

presented with a discussio n of t h e ir me anjng in vi e w of th e 

finding s of th e study . 

A. Th e re is no s ignifi ca nt d if f e r e n c e bet wee n th e 

plac e bo control group, th e e xe rci se co ntrol group, a nd t h e 

relaxation group in . th e ir ability to throw da rt s acc ur a t e l y 

and to control n e uromu sc ul ar t e n s i o n during in d u c ed t e n s i o n. 

Th e data indi cat e d th a t r e l a x a tion i n stru c tion s or g e n e r a l 
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e xercises were not co ntributin g factor s in r ed uc in g ne uro­

muscular tension in th e tric e p s a nd did no L aid the i mprove -

me nt of performance of a nov e l motor skil l. Bas e d up o n thi s 

st udy, the inv estjg at or failed to r e j ect th e hy pot he sis 

tha t th e r e was no s i gnifi cant diff e r e n ce be t wee n t he plac e bo 

gr oup, the exercise c ontro l group, and th e r e l axation group 

in t heir ability to throw dar t s accurat e ly a nd Lo control 

n e uromu sc ul ar t e n s ion d u ring i ndu ced t e n s ion . 

B. There i s no significa n t differ e n ce be tw ee n th e 

plac e bo control group, the exe rcis e co ntr o l gro up, and th e 

re la xatio n group in their abil i ty to co ntrol n e u romu sc ul ar 

te ns ion and their a bility to r eca ll non se nse nu m!J c r s ncc ur -

a tely during i n d uced t e n s i o n. Th ere ul ts of t h e s tati s ti ca l 

a n a ly sis r e vea l ed that ther e was a s ignificant rliff e r e n cc 

betwee n th e groups in their abi l ity to co n trol ne uromu sc ul ar 

t e nsion in th e masseter and in th e ir abi lit y t o recall 

non se n se syllabl es on t h e fi n ij l test . Whe n a nalyzi n g t h e 

data further, t h e s tatistic a l tr ea tm e n t r e vealed th at th e 

r e lax at ion gro up was the group t hat wa s performing differ­

ently from th e oth er two group s o n th e fi n a l me n tal t es t 

und er induc ed t e ns i on . Th e st udy indicated that th e r e l axa -

tion tr eatme nt was th e sig ni fica n t fac tor t h at e n ab l e d t h e 

subj e cts in the r e l axatio n gro u p to co ntrol ne u rom u sc ul a r 

tension as det e rmin ed by a lo wer mu sc l e act ion pote nti al of 

th e mass e t e r than that of th e oth e r t wo gro ups . Th e fin al 

mental test scor es r evea l ed t h at t h e r e l axa tion group 
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performed bette r o n t h e menta l t es t than did e ith e r th e 

placebo co nt ro l group or t h e ~xe rc i se control gr oup . There ­

fo r e , th e h ypot hesis t h at specif i c i n s tructi o n s in t ec h ni ques 

of r e l axati on ca n l ow e r t he mu sc l e ac ti o n potential of 

spec i f i c musc l es a n d i n t u r n e nab l e t h e i ndivi dual t o co n­

tro l mu sc l e t e nsio n wh e n plac ed i n a s tr essf ul sit uat ion 

was s upp or t e d . The i nvestigator r ejects th e hyp ot hes i s 

t h at th e r e was no signif i ca n t d iffere n ce be tween th e 

place bo gro up , th e co n tro l group, and th e relaxatio n g r o up 

in t h e ir a b i l it y to co n tro l n e uromu sc ul a r t e n s ion anrl th e ir 

a b i l i t y t o r e c a ll n o n s e n s e n u m lJ e r s a c c 11 r a t e 1 y d u r i n g i n d u c c d 

t e n s i o n. 

Con c lu s i o n of t h e Stud y 

It wa s co n c lu ded t h at s ubj ec ts tr a i ned to r e l ax a nd 

to co n t rol n e uromuscular t e n s i o n per for m in a s 11 perior 

fa s hi o n o n me n ta l task s un der i n d uce d t e ns io n th<Jn do s ub -

j ec t s not t ra in ed in t e c hni q ue of r e l axation . Th e r e was 

no sta ti st i ca l differe n ce fou n d be twee n t h e gro ups o n t he 

n o ve l mot or ski ll wh ic h wou l d i ndicat e t h a t th e r e l ax<..~tion 

tr e atm e nt was of no s i gni fica n t va lu e i n t h e p e rforma n ce of 

a nov e l mo t or s kill .t e st . 

Limi ta t io n s of t he Study 

Th e prese nt s tu dy was sub j ect t o t h e fo ll ow in g 

limitation s : 

A. Th e no ve l motor ski l l t h a t was use d i n t h e s t udy 

was dar t t h rowi ng for acc ur acy . Th i s sk i l l . wa s se l ec t ed 



b e c au s e m o s t co ll e g e w o 111 e n a r e no t h i g h l y s k i l l e d i n d a r L 

throwi ng ; the ski ll a ll ow e d e ach su bj e ct to be conn ect ed 

to sev e ral pieces of e quipm e n t whil e th e y we re p e rf orm in g 

the ski ll and the result s could be qu a nti f i e d . It i s s u r-
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mised that the ski ll of dart thro win g p e r fo r mr J o nce at t he 

h e ~Jinning of the st udy and on c e ag a in a t th e e nd o f th e 

st u cl y d i d n_o t really D ll o w f or any s k i 11 L o be c x h i b i t c rl 

a nd thu s th e performanc es we r e ran do m In n a tur e a n d co ul d 

not illu strat e s up e rior abiliti es for a ny tr ea tm e nt. I t 

may a lso be that Lh e skill of dart thro win g wa s not of 

suf fici e nt importanc e for th e c oll c g< ~ wo me n s ttiJj cc t s to 

desir e more than a minimum l e ve l o f p e rf o rm a n ce o n th e f inal 

t e st wh e n t e n s ion wa s indu ce d by th e ve rb a l th rea t. 

B. Th e verbal t h re at that wa s e mploy e d i n th e 

st udy was a possible limi tation . Th e t h r ea t did pro d tt c.;c 

measurable stress in all thr e e group s . Ev e n thottgh th e 

thr e at did produc e stress , p e rhap s th e t hr ea t was n ot 

great e nough to interf e r e with th e s kill of d a rt t hr owlng . 

A diff e r e nt stressor may be des irabl e . 

Reco mm e ndatio n s for Future Studi es 

The following r e commendation s ar e sugg e s t e d for 

additional inv est igation : 

A. Det e rmin e if th e r e i s a n y d iff e r e n ce b e tw e e n 

the ability to relax and control mttscl e t e n s i o n aft e r 

specific instruction s in t ec hniqu e s of r e l axatio n in th e 

highly skilled athlete while t e n s i on is be ing in duced . 
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B. Conduct a s tudy s imil ar to tl1 e pr es e n t on e but 

se l ec t severa l nov e l motor ski ll s to d e t e r min e if tl1 e 

s ubject respond s similarly in diffe r e nt mo t or s k il l s un d e r 

i nduc ed tension. 
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DAHT T AJ{G ET FOR NO VEL MO TOR S KIL L 

Scoring: 

5 = 5 point s 
4 = 4 poinL s 
3 = 3 poi n t s 
2 = 2 poi n t s 
1 = l point 
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PRACT I CE CARDS OF RANUO MIZEU NUMBE RS 

l 7 4 2 8 3 

~----7----5---3----8----6----7----1----0----~ 

8 1 0 6 

8 2 5 4 9 7 0 1 

4 7 5 9 3 2 

8 3 7 5 l 0 
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PRETE S T RANDO~l1ZE D 11 u ~mER TEST 

I 4 7 3 1 9 8 

E2 7 5 1 8 3 9 

3 0 9 5 2 6 

5 2 6 l Lll 

1 7 8 2 1 0 5 ~ 
8 1 2 0 6 5 8 2 

9 6 1 0 9 8 2 3 6 

I 1 0 2 9 4 7 6 5 

I I] 9 5 3 8 0 2 6 7 I 

I 4 0 6 3 2 1 0 <I u 6 9 I 

I 7 0 1 2 ~ 
I 7 8 3 9 2 3 0 1 6 2 

11 0 8 2 Lj I 

I 6 2 8 7 3 5 8 0 6 2 5 1 I 

4 7 3 1 9 0 5 
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POS TTEST RA NDOM[ZED NUMBER TEST 

I 3 2 7 9 5 o I 

I 6 3 1 2 o I 

E 2 0 1 8 7 5 3 6 I 

[ 7 8 3 2 1 5 I 

I 6 7 8 3 1 5 2 9 0 4 I 

I 3 6 0 2 9 I 

I 1 8 4 5 3 2 9 I 

I 5 0 2 7 9 6 0 6 0 iJ 
I 9 5 1 3 2 8 6 ji] 

I 7 5 3 0 1 I 

I 8 3 1 0 6 4 I 

I 8 6 4 1 0 2 8 5 3 

I 3 8 5 7 4 0 1 I 
3 2 8 5 0 8 l 7 2 

I 6 8 3 5 0 6 2 4 3 9 l 2 I 



Nam e 

L 

2 . 

3 . 

4 . 

5 . 

6. 

7 . 

8. 

9. 

10. 

11. 

1 2 . 

13 . 

14 . 

15 . 

SCORE CARD FOR TilE PHETEST R ANDO~llZED 

NUJ\1l3EH TEST 

------------------------- Group 

S co r c 

11 9 

-------------------------

473198 

027 58139 

309526 

S26 14 

78210 52 

81206 582 

96 10982 36 

108 29 LJ7 65 

495380267 

40632lO !Jll69 

70126 

7839230162 

1082L! 

6287 358 06 25 1 

4731905 



Na me 

l. 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10 . 

11. 

1 2. 

1_3 . 

14 . 

15. 

120 

SCORE CAHD fOH T ilE POSTTEST RA 01DO~l 1ZED 

NU ~l BER TEST 

-------------------------- G r o up ____________________ _ 

S core -----------------------

32789 5 10 

63120 

920187 536 

78 3215 

67831 5290 <] 

36029 

18 45329 

5027968601 

95132860 

7 530 1 

831064 

864102853 

3857401 

328508172 

6835062 439 12 


