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EFFECTS OF STRESS TASK-RELATEDNESS ON 

LEARNING AND PERFORMANCE

A lthough many re se a rc h e rs  have d e a l t  w ith  th e  concept o f s t r e s s ,  

a v a r ie ty  of problem s p e r s i s t .  One problem  p e r ta in s  to  th e  e f f e c t s  

o f  s t r e s s  on perform ance d u rin g  and su bsequen t to  d i f f e r e n t  p e rio d s  

of the  le a rn in g  p ro cess  (Lazarus & E r ik s en , 1952; L azaru s, D eese, & 

O sie r , 1952; D eese, 1962; Ryan, 1961; S in g e r , 1968). Another problem  

in v o lv es  th e  d i f f e r e n t i a l  e f f e c t s  on perform ance o f v a rio u s  types of 

s t r e s s o r s  (M arten iuk , 1969; Thornton & Jac o b s , 1970). W ilk inson 

(1969) p o in te d  up th e  need f o r  f u r th e r  in v e s t ig a t io n  o f  s t r e s s o r s  

and th e  e f f e c t s  o f  p r a c t ic e  in  r e l a t i o n  to  v a rio u s  a sp e c ts  of 

perform ance under s t r e s s .  The e f f e c t s  o f  ex p erien ce  w ith  one type  o f  

s t r e s s o r  upon l a t e r  perform ance under o th e r  ty pes of s t r e s s o r s  have 

re c e iv e d  l i t t l e  o r  no a t t e n t io n .

One approach to  u n d e rs tan d in g  th e  e f f e c t s  o f s t r e s s  on le a rn in g  

and perform ance i s  found i n  d is c u s s io n s  o f energy m o b il iz a t io n , a c t iv a ­

t io n  and a ro u s a l  (D uffy , 1957; D uffy , 1962; Hebb, 1966; Malmo, 1959; 

McGrath, 1965; S te n n e t t ,  1957). T his approach assumes an in v e r te d  

U type o f r e la t io n s h ip  betw een a c t iv a t io n  and perform ance. In c re a s in g  

th e  a c t iv a t io n  le v e l  iq> to  some o p tim a l degree fo r  a  p a r t i c u l a r  fu n c tio n  

in c re a s e s  th e  q u a l i ty  o f  perfo rm ance, how ever, le v e ls  o f a c t iv a t io n
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beyond th e  op tim al degree a re  décrém enta i to  perform ance e f f ic ie n c y .  

E xperim en ta l su p p o rt f o r  such a  p o s i t io n  was found by M atarazzo, U le t t ,  

and Saslow (1955) u sin g  th e  M an ifest A nxiety s c a le  (T ay lo r, 1953) as 

a m easure o f a c t iv a t io n  le v e l .

The a c t iv a t io n  approach would su g g es t th e  fo llo w in g ; A c e r ta in  

l e v e l  o f a ro u sa l may be assumed a t  th e  i n i t i a t i o n  o f a ta s k  due to  

m o tiv a tio n  to  ca rry  ou t th e  ta s k  and th e  e f f o r t  in vo lved  in  perfo rm ing  

the  ta s k .  As le a rn in g  ta sk e s  p la c e  perform ance would become more au to ­

m a tic , le s s  e f f o r t  would be expended and a low ered a ro u s a l l e v e l  would 

en su e . I f  s t r e s s  were in tro d u c e d  in  th e  e a r ly  s ta g e s  o f le a r n in g , th e  

combined e f f e c t s  of th e  a ro u s a l due to  s t r e s s ,  m o tiv a tio n  and e f f o r t  

may r i s e  beyond th e  op tim al degree  of a ro u s a l w ith  r e s u l t in g  poo r p e r ­

form ance and poor le a rn in g . However, s t r e s s  in tro d u ce d  d u rin g  l a t e r  

s ta g e s  o f le a rn in g  should  combine w ith  a  low er le v e l  o f a ro u s a l and th e  

q u a l i ty  o f perform ance and th e  le v e l  o f  le a rn in g  cou ld  be ex p ec ted  to  be 

g r e a t e r .

A nother approach has been th a t  o f a  d r iv e  th eo ry  and was summarized

by Spence (1958). Of th e  v a r ia b le s  which c o n tr ib u te  to  th e  e x c i ta to r y

p o te n t i a l ,  Spence d ir e c te d  s p e c i f i c  a t t e n t io n  to  d r iv e  l e v e l ,  D, and a

le a rn in g  f a c to r ,  H, (h a b it  s tr e n g th )  which combine in  a  m u l t ip l ic a t iv e

manner. The d riv e  le v e l  in  a v e rs iv e  s i tu a t io n s  i s  a fu n c tio n  o f  th e

s t r e n g th  o f a p e r s i s t i n g  em otional response  in  th e  organism , r  , t h a te
i s  a ro u sed  by th e  a v e rs iv e  s t im u la t io n .  Spence d iscu ssed  th re e  p rop­

e r t i e s  o f  t h i s  h y p o th e tic a l  response  mechanism, r ^ .  F i r s t ,  th e  s t r e n g th  

o f o b serv ab le  re f le x e s  to  noxious s t im u la t io n  v a r ie s  d i r e c t ly  w ith  th e  

degree o f noxiousness of th e  s t im u lu s . Second, responses to  a  noxious 

s tim u lu s  e x h ib i t  ad ap tio n  w ith  r e p e t i t io n  o f th e  s t im u lu s . T h ird ,
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in d iv id u a l d if f e r e n c e s  e x i s t  in  responses to  given i n t e n s i t i e s  of 

s t r e s s f u l  s t im u la t io n .  The M a n ife s t A nxiety  s c a le  was used as one 

o p e ra tio n a l means to  measure such in d iv id u a l d i f f e r e n c e .  Spence s ta te d  

th a t  the  th eo ry  was adequate fo r  e y e lid  c o n d itio n in g  s tu d ie s ,  but th a t  

i t  was l im ite d  fo r  in v e s t ig a t io n s  in v o lv in g  complex human le a rn in g .

Spence (1958) a ls o  suggested  th a t  a t t e n t io n  must be d ire c te d  to  

the h ie ra rc h y  o f com peting response ten d en c ie s  when d e a lin g  w ith  com­

p lex  le a rn in g  ta s k s .  S p ie lb e rg e r  and Smith (1966) s tu d ie d  the  e f f e c t  

o f d riv e  on perform ance d u rin g  the  e a r ly  s ta g e s  o f  le a rn in g  when the 

c o r re c t  response s t r e n g th  was weaker than  th e  in c o r re c t  response 

s t r e n g th .  U sing the  M an ifest A nxiety s c a le  as  a measure o f d r iv e , 

they  found s tro n g e r  d r iv e  a s so c ia te d  w ith  po o re r perform ance in  the 

i n i t i a l  s ta g e s  o f le a rn in g . S p en ce 's  fo rm u la tio n  su g g ests  t h a t ,  as 

le a rn in g  p ro g re sse s  and th e  c o r re c t  response  s t r e n g th  in c re a s e s , the 

perform ance d u rin g  l a t e r  s ta g e s  o f le a rn in g  i s  h ig h e r fo r  th e  high 

d r iv e  c o n d itio n  th an  fo r  the  low d riv e  s t a t e .  U sing e l e c t r i c  shock 

to  induce th e  h ig h e r d r iv e  s t a t e  r a th e r  th an  u s in g  h ig h  a n x ie ty  sub­

j e c t s ,  C h ile s  (1958) a ls o  found support fo r  S p en ce 's  s ta tem en ts  re g a rd ­

ing  the  r e la t io n s h ip  between le a rn in g  (h a b it  s t r e n g th ) ,  d riv e  le v e l  

and perform ance. While Spence (1958) did  acknowledge th a t  h igh  d riv e  

s t a t e s  a re  no t always a s s o c ia te d  w ith  h ig h  perform ance le v e l s ,  no 

f u r th e r  e x p la n a tio n  was o f fe re d .

A complementary approach to  the  u n d e rs tan d in g  o f the  e f f e c t s  o f 

s t r e s s  on le a rn in g  and perform ance i s  found in  the  su g g es tio n s  o f 

E aste rb ro o k  (1959). He proposed th a t  em otional a ro u s a l ,  o r  an in c re a se  

in  d r iv e  s t r e n g th ,  r e s u l t s  in  a re d u c tio n  in  the  range o f cues th a t  an
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organism  u ses . Thus, under in c re a se d  d riv e  o r  a ro u s a l  a re d u c tio n  in  

th e  u t i l i z a t i o n  o f cues can be f a c i l i t a t i v e  i f  cues u n re la te d  to  the  

ta sk  a t  hand a re  ig n o red . However, i f  th e  ta s k  i s  conq>lex, th e  red u c tio n  

may r e s u l t  in  n o n - u t i l iz a t io n  of n ecessa ry  re le v a n t  cues and perform ance 

becomes le s s  adeq u a te . Using th e  M anifest A nxiety S ca le  as a measure 

o f g e n e ra liz e d  d r iv e , Zaffy and Bruning (1966) in f e r r e d  from th e i r  

r e s u l t s  th a t  h e ig h ten ed  d riv e  i s  a s so c ia te d  w ith  reduced  cue u t i l i z a ­

t io n  in  su p p o rt of E a s te rb ro o k 's  p ro p o sa l. They a lso  sugg ested  th a t  

s in c e  th e  h ig h -an x io u s  s u b je c ts  ig n o red  i r r e l e v a n t  cues (due to  the  

re d u c tio n  i n  th e  range o f cue u t i l i z a t i o n ) , th e  r e l a t i v e ly  conçlex  ta sk  

was e a s ie r  fo r  them than  f o r  th e  low -anxious s u b je c ts .

One a d d i t io n a l  c o n s id e ra tio n  has been proposed  by Eason and 

Branks (1963) in  t h e i r  a t t e n t io n  h y p o th e s is . They su g g ested  th a t  p e r­

formance inp roves as a  s u b je c t  co n ce n tra te s  on cues re le v a n t to  a ta sk  

and th a t  i r r e l e v a n t  cues which in c re a s e  th e  a c t i v a t io n  le v e l  w ith o u t 

s e rv in g  as a so u rce  o f d i s t r a c t io n  may le ad  to  f u r th e r  perform ance 

improvement. However, perform ance on th e  c r i t e r i o n  ta s k  can be ex­

p ec ted  to  d e te r io r a te  i f  th e  i r r e le v a n t  s t im u l i  become s u f f i c i e n t ly  

in te n s e  to  a t t r a c e  th e  s u b je c t 's  a t t e n t io n  to  a  s ig n i f i c a n t  deg ree .

Eason and Branks found su p p o rt fo r  th e  a t t e n t io n  h y p o th esis  when s tu d y in g  

te n s io n  le v e l  and perform ance on v e rb a l and motor ta sk s  c a r r ie d  ou t 

s im u lta n eo u s ly . Levin (1967) s tu d ie d  induced  muscle te n s io n  le v e ls  in  

r e l a t io n  to  t r a in in g  v e rsu s  t e s t  s i t u a t io n s .  The in v e r te d  U r e la t io n ­

sh ip  was found under te n s io n -d u r in g - te s t  c o n d itio n s , h ig h e r  le v e ls  o f 

te n s io n  le d  to  p o o re r perform ance. He su g g es ted  th a t  th e  in c re a se d  

te n s io n  reduced th e  s u b je c t 's  a t te n t iv e n e s s  to  th e  re in fo rcem en t
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p re s e n ta tio n s  o f the  c r i t e r io n  ta sk  and in c reased  a t t e n t io n  to  the 

i r r e le v a n t  d r iv e  s t a t e .

C o l le c t iv e ly ,  th ese  approaches seem to  p o in t to  the  value of 

p r io r  le a rn in g  b efo re  a ta sk  i s  c a r r ie d  ou t under s t r e s s f u l  c o n d itio n s .

A nother a sp e c t o f concern in  s t r e s s  re s e a rc h  is  the concept of 

" ta s k - r e la te d n e s s "  o f s t r e s s  p o s tu la te d  by Jacobs and K irk (1969).

They s tu d ie d  the  e f f e c t s  o f  n o -s tr e s s  (NS), ta s k - r e la te d  s t r e s s  (RS) 

and ta s k -u n re la te d  s t r e s s  (US) on the  perform ance o f continuous and 

d is c r e te  avoidance ta s k s .  They used m ild  e l e c t r i c  shock as the  s t r e s s o r  

and found f a s t e r  re a c tio n  tim e and few er cum ulative response e r r o r s  fo r  

the  RS c o n d itio n  th an  fo r  e i t h e r  the  US o r  NS c o n d itio n s . There were 

no d if fe re n c e s  in  re a c tio n  tim es o r cum ulative response e r ro r s  between 

the  l a t t e r  two s t r e s s  c o n d itio n s . The r e s u l t s  were exp lained  in  term s 

o f a " p ro te c t iv e -a d a p tiv e "  mechanism. S u b je c ts  a re  p ro te c ted  by a d ­

ju s t in g  t h e i r  b eh av io r so as to  avoid th e  s t r e s s o r  and th i s  is  p o ss ib le  

in  RS c o n d itio n s  bu t no t in  US c o n d itio n s .

P e te rs  (1968) s tu d ie d  the  e f f e c t s  o f s t r e s s  on perform ance w ith  

the  Howard-Dolman dep th  p e rc e p tio n  a p p a ra tu s  and found no d if fe re n c e s  

in  e r ro r s  o r  r e a c t io n  tim es between NS, RS o r US c o n d itio n s . P e te rs  

a t t r ib u te d  the d iscrep an cy  between h is  f in d in g s  and those o f Jacobs 

and K irk to  the  d if fe re n c e s  in  com plexity  o f  the  ta sk s  used by the two 

in v e s t ig a to r s .

Thornton and Jacobs (1970) found, fo r  a sim ple re a c t io n  time 

ta s k ,  an in c reased  re a c t io n  tim e under US but no d if fe re n c e s  fo r  RS 

and NS c o n d it io n s . They suggested  th a t  the  s t r e s s  under the  US co n d i­

t io n  func tioned  as a d i s t r a c t in g  s tim u lu s . They a ls o  used th re e  types
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of s t r e s s o r s  (m ild  e l e c t r i c  shock, th r e a t  o f shock , and n o ise ) b u t 

d id  no t f in d  d if f e r e n c e s  due to  th e  type o f s t r e s s o r .  No d if fe re n c e s  

were found f o r  re la te d n e s s  o f s t r e s s  o r type o f s t r e s s  when d a ta  from 

a more d i f f i c u l t  ta s k  (ch o ice  r e a c t io n  tim e) were an a ly zed .

The p reced in g  s tu d ie s  d e a lin g  w ith  th e  ta s k - re la te d n e s s  o f s t r e s s  

have l e f t  a m b ig u itie s  about th e  e f f e c t s  on perform ance o f RS versus

US. For exam ple, th e  Jacobs and K irk  US c o n d itio n  may be thought o f  as

" th re a t"  o f shock (w ith  one re in fo rcem en t) le a v in g  th e  q u a n tity  of 

shock d i f f e r e n t  f o r  th e  RS and US c o n d itio n s . A more d e f in i t iv e  in ­

d ic a t io n  o f th e  d i f f e r e n t i a l  e f f e c t s  o f RS and US would be o b ta in ed  i f  

the  q u a n tity  o f  shock were th e  same f o r  b o th  c o n d itio n s .

Lazarus (1969) em phasized th e  im portance o f  " th r e a t "  o f a  noxious

stim u lu s  o r o f danger as a  s t r e s s o r .  T h e re fo re , i n  th e  p re s e n t i n v e s t i ­

g a tio n , th r e a t  was in c lu d e d  as a  s t r e s s  c o n d itio n , b u t was no t con­

founded w ith  ta s k - u n re la te d  s t r e s s  in v o lv in g  th e  a c tu a l  p re sen ce  of 

shock as in  th e  Jacobs and K irk  (1969) s tu d y . For th e  purpose o f th e  

p re se n t s tu d y , th e  term  s t r e s s  r e f e r s  to  any c o n d itio n  which in v o lv es  

a c tu a l ,  th re a te n e d  a n d /o r  p e rce iv ed  d isco m fo rt o r  danger. The term  

s t r e s s o r  r e f e r s  to  any noxious agen t which has th e  p o te n t i a l  to  cause 

d isco m fo rt.

The p re s e n t  s tu d y  in v e s t ig a te d  th e  e f f e c t s  on perform ance of 

ta s k - r e la te d ,  ta s k -u n re la te d  and th r e a t  s t r e s s  when th e  s t r e s s o r  was 

in tro d u ced  d u rin g  d i f f e r e n t  s ta g e s  o f  p r a c t ic e  on a  tra c k in g  ta sk  

( p u r s u i t - r o to r ) . Three hypotheses were t e s t e d :  (1) There would be

d if fe re n c e s  among n o - s t r e s s ,  e a r ly  s t r e s s  and l a t e  s t r e s s  groups in
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mean time on ta r g e t  and mean number o f e r r o r s  d u rin g  the p o st le a rn in g  

n o -s tr e s s  c o n d itio n . (2) There would be d if f e r e n c e s  among n o - s t r e s s ,  

ta s k - r e la te d  and ta sk -u n re la te d  s t r e s s  groups in  the  mean time on 

ta rg e t  and mean number o f e r ro r s  d u rin g  the  p o st le a rn in g  n o -s tr e s s  

c o n d itio n . (3) There would be perform ance d if f e r e n c e s  among le a rn in g  

groups in  the  mean tim e on ta r g e t  and mean number o f  e r r o r s  under the 

v a rio u s  s t r e s s  c o n d itio n s .

METHOD AND PROCEDURE

S u b je c ts .--T h e  Ss were 30 male and 30 female v o lu n te e r  s tu d e n ts  

from in tro d u c to ry  psychology c la s s e s .  Equal numbers o f each sex were 

randomly a ss ig n ed  to  the  f iv e  le a rn in g  groups and th en  randomly ass ig n ed  

to  the  s ix  sequences o f the  s t r e s s  perform ance c o n d itio n s .

A p p a ra tu s . —A p h o to e le c tr ic  p u rs u i t  r o to r  (Model 2203F, L a fa y e tte  

In strum en t Co.) was used fo r  the  t ra c k in g  ta s k .  A .75 in .  by .75 in . 

il lu m in a te d  t a r g e t  ro ta te d  clockw ise a t  30 RPM on a c i r c u la r  p a th .

The S 's  tim e on ta r g e t  was a u to m a tic a lly  measured by a .01 s e c . tim er 

(Model 20225AD, L a fa y e tte  In strum en t Co.) and the  number o f  e r r o r s  

were measured by means o f an impulse c o u n te r  (Model 5707A, L a fa y e tte  

In strum en t Co.) capab le  o f co u n ting  600 p u lse s  p e r m inu te . Each t r i a l  

and i n t e r t r i a l  in te r v a l  were a u to m a tic a lly  c o n tro lle d  by a Repeat 

Cycle Timer (Model 1, L a fa y e tte  In s trum en t C o .) .

Shock was ad m in is te red  by means o f an indueto rium  (Model 3901, 

P h y s io lo g ic a l E le c tro n ic s )  which em its  a  h ig h  frequency sp iked  shock 

w ith  a  5 m illiam p ere  maximum c u r r e n t .  S i l v e r  coated  e le c tro d e s ,  %in.
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by % in ., s ep a ra te d  by 1 in .  were used .

A VM ste reo p h o n ic  tape  re c o rd e r  (Model 722) was used to  record  

a s ig n a l  determ ined by the frequency and d u ra tio n  of OFF ta rg e t  on 

the p u rs u i t  r o to r  d u rin g  RS o f the  le a rn in g  p e rio d . The recorded 

s ig n a l  was then  used to  o p e ra te  an e le c t r o n ic a l ly  c o n tro lle d  re la y  

which determ ined th e  frequency and d u ra tio n  o f e l e c t r i c  shock d u ring  

the US c o n d itio n .

A R ecording GSR A pparatus (Model 12-13R, M a r ie tta  A pparatus Co.) 

was used to  measure sk in  r e s is ta n c e  le v e l s .  S i lv e r  coated  f in g e r  

e le c tro d e s  were used w ith  B & K e le c tro d e  j e l l y .

P ro ced u re . - -Each S underwent the  a p p ro p ria te  exp erim en ta l co n d i­

t io n s  in d iv id u a lly  and the  t o t a l  s e s s io n  fo r  each S la s te d  approxim ately  

one hour.

Upon re p o r t in g  fo r the  experim en t, each S_ was given a b r i e f  

e x p la n a tio n  as  to  the  g en era l purpose o f the s tu d y . GSR e le c tro d e s  

were a tta c h e d  to  the  fo re f in g e r  and r in g  f in g e r  o f h is  non p re fe rred  

hand and e l e c t r i c  shock e le c tro d e s  were p laced  on the ank le  o f the  

same s id e .  Three ascend ing  d e te rm in a tio n s  o f a shock th re sh o ld  were 

made to  in tro d u ce  th e  S to  the  shock measurement p ro ced u re . Shock 

le v e l  was th en  g rad u a lly  in c reased  u n t i l  the  S rep o rted  th a t  i t  was 

u n p leasan t and uncom fortable bu t no t p a in fu l .  The h ig h e s t value of 

th re e  d e te rm in a tio n s  was used as  th e  shock le v e l  fo r  th a t  S . Ss were 

alw ays inform ed as to  when they  would re c e iv e  shock and shock e le c tro d e s  

were d isco n n ec ted  d u rin g  non-shock t r i a l s .

A ll  Ss tra c k e d , w ith  a s ty lu s ,  an illu m in a te d  ta r g e t  r o ta t in g  

on a c i r c u l a r  p a th  a t  30 RPM. A t r i a l  c o n s is te d  o f a  30 second period
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o f tra c k in g . Each t r i a l  was fo llow ed  by a  15 second t e s t  in t e r v a l  

w ith  1 m inute in te r v a ls  when f u r th e r  in s t r u c t io n s  were to  be g iven .

Two types of measures were reco rd ed  fo r  each t r i a l :  tim e on ta r g e t

( to  the  n e a re s t  .01 s e c .)  and number of e r r o r s .

During th e  le a rn in g  p e r io d , ( t r i a l s  1-24) £ s  underwent c o n d itio n s  

acco rd ing  to  th e  schedu le  f o r  th e  group to  which they had been randomly 

ass ig n ed  (see  Table 1 ) . A 1 m inute r e s t  p e r io d  fo llow ed t r i a l s  3, 12 and 

21 to  allow  f o r  p re s e n ta t io n  of a p p ro p ria te  in s t r u c t io n s .  D uring RS,

^  could avo id  th e  shock by tra c k in g  a c c u ra te ly  b u t re ce iv ed  shock con­

tin u o u s ly  when he was no t on th e  t a r g e t .  During US, 2  re c e iv e d  shocks 

w hether o r n o t he was tra c k in g  a c c u ra te ly . The frequency and d u ra tio n  

o f shock p re s e n ta t io n  was determ ined in  th e  fo llo w in g  manner. A con­

tinuous tap e  re c o rd in g  was made of th e  frequency and d u ra tio n  of th e  

shock ad m in is te red  to  each ^  in  th e  RS c o n d itio n . The same sequence 

and d u ra tio n  of shock was ad m in is te red  during  th e  US co n d itio n  to  ^ s  

who had been randomly p a ire d  acco rd ing  to  the  same sex  and subgroup 

(e a r ly ,  l a t e ) .  Thus th e  frequency and d u ra tio n  o f shock ad m in is te red  

fo r  th e  RS and US co n d itio n s  was eq u ated .

During th e  s t r e s s  perform ance p e r io d  ( t r i a l s  25-33), one male 

and one fem ale from each o f th e  f iv e  le a rn in g  groups was randomly 

ass ig n ed  to  each o f th e  s ix  p o s s ib le  sequences o f  th e  th re e  s t r e s s  

c o n d itio n s . Three t r i a l s  were g iven f o r  each s t r e s s  c o n d itio n  w ith  

1 m inute in s t r u c t io n  and r e s t  p e rio d s  between c o n d itio n s . Each ^  p e r­

formed th e  tra c k in g  ta sk  under a l l  th re e  s t r e s s  c o n d itio n s : RS, US,

and th r e a t - s t r e s s  (T S). The TS c o n d itio n  c o n s is te d  o f t e l l i n g  £s 

th a t  a f i n a l  p a in  th re sh o ld  fo r  shock would be determ ined upon com pletion
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TABLE 1 

Learning Period Schedule

Group T r ia ls

1-3 4-12 13-21 22-24

NS NS NS NS NS

ERS NS RS NS NS

LRS NS NS RS NS

EUS NS US NS NS

LUS NS NS US NS

NS - No s t r e s s  
RS - T a sk -re la te d s t r e s s

E - E arly  
L - Late

US - T ask-unrelaped  s t r e s s
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of the  n ex t th re e  non-shock t r i a l s .  No shock was ad m in is te red  

during  th e  t r i a l s .  Follow ing th e  t r i a l s  ^ s  was to ld  a m istake had 

been made and th e  p a in  d e te rm in a tio n  was n o t re q u ire d  fo r  h is  group.

One male and one fem ale p re lim in a ry  ^  tra c k ed  under NS through t r i a l s  

1-24 and then  perform ed th re e  t r i a l s  under th e  RS c o n d itio n . The 

frequency and d u ra tio n  o f shocks f o r  th e  male and f o r  th e  fem ale were 

then  used fo r  a l l  l ik e -s e x e d  £s under th e  US c o n d itio n .

Follow ing th e  l a s t  t r i a l ,  each ^  was handed a card  l i s t i n g  th e  

words and p h ra ses  of th e  P e rce iv ed  S tre s s  Index  (PSI) (Jacobs and 

Munz, 1968) and asked  to  s e l e c t  th e  word o r  p h rase  which b e s t  des­

c r ib e s  how he f e l t  d u rin g  each p e rio d  o f th e  experim ent and th en  how 

he f e l t  no rm ally . The p e rio d s  each 2  ra te d  w ere t r i a l s  1 -3 , 4 -1 2 , 13-21, 

22-24, and each of th e  f i n a l  s t r e s s  c o n d itio n s  o r t r i a l s  25-27, 28-30 , 

31-33.

RESULTS

Values determ ined by H a r t le y 's  F t e s t  in d ic a te d  th a t  th e—max

a ssu n ç tio n  o f homogeneity o f  v a ria n c e  was te n a b le  f o r  s e x  and s t r e s s

group v a r ia b le s  on a l l  m easures. However, th e  F r a t io s  were s ig n i -—max

f le a n t  ( 2  < .05) f o r  a l l  re p e a te d  m easures. T h e re fo re , a l l  t e s t s  

in v o lv in g  re p e a te d  measures were e v a lu a te d  in  accordance w ith  the  

G eisser-G reenhouse c o n se rv a tiv e  (F^) t e s t  (K irk , 1968). Unless in ­

d ic a te d  o th e rw ise , a l l  t e s t s  a re  tw o - ta i le d  t e s t s  and a re  co n sid ered  

s ig n i f i c a n t  when 2  < .05 .
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Learn in}' p e r io d .- -A n a ly s is  o f v a rian ce  fo r  a s p l l t - p l o t  f a c to r i a l  

desig n  y ie ld e d  s ig n i f ic a n t  F r a t io s  fo r  sex on both the time on ta rg e t  

d a ta  F (1 ,5 0 )= 7 .2 7 , £  < .01 and the  e r r o r  d a ta  F (1 ,5 0 )= 9 .6 3 , £  < .01 . 

Males were on ta r g e t  longer (X = 22.23 s e c .)  than fem ales (X = 19.65 s e c .)  

and committed fewer e r ro r s  (X = 31 .5) than  d id  fem ales (X = 3 9 .2 ) .

T r ia l s  were s ig n i f ic a n t  fo r  tim e on ta r g e t  d a ta , F^ (1 ,50) = 24 .20 , 

£  <  .01 and e r r o r  d a ta ,  ^  (1 ,5 0 ) = 9 .2 0 , £  < .01 . Dunn's m u ltip le  

com parison procedure fo r  means rev ea led  a number c f  d if f e re n c e s  between 

t r i a l  means as s ig n i f i c a n t .  In  g e n e ra l , time on ta rg e t  in c reased  from 

the  f i r s t  to  the  e ig h th  t r i a l s  and th e  number o f e r ro r s  tended to  d e ­

c rease  from the  f i r s t  to  the  e ig h th  t r i a l .  S tre s s  groups e f f e c t  was 

no t s ig n i f ic a n t  fo r  time on ta r g e t  F (4 ,5 0 ) = 2 .0 6 , £  > .05 and e r r o r s ,

F (4 ,50) = 2 .2 9 , £ >  .0 5 . The fo llo w in g  in te ra c t io n s  were no t s i g n i ­

f ic a n t ;  fo r  time on ta r g e t .  S tr e s s  group X Sex F (4 ,50 ) = 2 .2 6 ,

£ >  .0 5 , S tr e s s  group X T r ia l s  F^ (4 ,5 0 ) = 1 .5 6 , £ >  .0 5 , Sex X T r ia l s  

Fg (1 ,50) = .4 6 , £  >  .05 , S tr e s s  group X Sex X T r ia ls  F^ (1 ,50) = 1 .08 ,

£  >  .05 ; fo r  e r r o r s .  S tre s s  group X Sex F (4 ,5 0 ) = .8 9 , £ >  .0 5 , S tre s s  

group X T r ia l s  F^ (4 ,50 ) = 1 .1 4 , £  > .0 5 , Sex X T r ia ls  F^ (1 ,50 ) = 2 .2 6 ,

£  > .0 5 , S tr e s s  group X Sex X T r ia l s  F^ (1 ,5 0 ) = .7 6 , £  > .05 .

S tr e s s  perform ance p e r io d .- -A n a ly s is  o f  v a rian ce  fo r  a s p L it- p lo t  

f a c t o r i a l  d esig n  y ie ld e d  s ig n i f ic a n t  F r a t io s  fo r sex w ith  time on ta r g e t  

d a ta , F (1 ,5 0 ) = 5 .7 8 , £ <  .0 1 , and w ith  e r r o r  d a ta , F (1 ,5 0 ) = 13.33 ,

£  <  .0 1 . Males were on ta r g e t  longer (X = 24.31 s e c .)  th an  fem ales 

(X = 22.12 s e c .)  and committed fewer e r r o r s  (X = 25.9) than  did fem ales 

(X = 3 4 .6 ) .  F r a t io s  fo r  s t r e s s  groups were not s ig n i f ic a n t  fo r  e i t h e r  

time on ta r g e t  d a ta  F (4 ,50) = 1 .42 , £  > .0 5  o r e r r o r  d a ta , F (4 ,5 0 ) =
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2 .4 2 , £  >  .05 . The in te r a c t io n  o f S tr e s s  group X Sex was not s i g n i ­

f ic a n t  fo r  time on ta r g e t  F (4 ,5 0 ) = 1 .9 7 , £  > .0 5 , o r fo r  e r ro r s  

F (4 ,5 0 ) = 1 .52 , £  > .05 .

The F ra tio -  fo r  s t r e s s  c o n d itio n  was s ig n i f ic a n t  fo r  the  e r r o r

d a ta , F^ (1 ,50 ) = 6 .2 3 , £  ^  .0 5 , The mean e r ro r s  fo r  the  RS, US and

TS c o n d itio n s  were 3 1 .6 , 30.3 and 2 9 .0 , r e s p e c t iv e ly .  Comparisons 

between the s t r e s s  co n d itio n s  in d ic a te d  th a t  only th e  d if fe re n c e  

between mean e r ro r s  fo r  RS and TS was s ig n i f ic a n t  £  (59) = 3 .5 5 ,

£  <  .0 1 . A ll  in te r a c t io n s  fo r  the  e r r o r  d a ta  were not s ig n i f ic a n t :

S tr e s s  group X Sex F (4 ,5 0 ) = 1 .5 2 , £  >  .0 5 , S tr e s s  group X S tre s s  

c o n d itio n  F^ (4 ,5 0 ) = 1 .8 8 , £ >  .0 5 , Sex X S tre s s  c o n d itio n  F^ (1 ,5 0 ) =

1 .6 2 , £  > .05 , S tr e s s  group X Sex X S tr e s s  c o n d itio n  F^ (4 ,5 0 ) = 1 .12 ,

£ >  .0 5 .

Time on ta r g e t  d a ta  was s ig n i f ic a n t  fo r  s t r e s s  c o n d itio n  F^ (1 ,50) = 

16 .72 , £  <  .0 1 , S tre s s  group X S tr e s s  c o n d itio n  F^ (4 ,5 0 ) = 24 .32 , £ <  .01 , 

but no t s ig n i f ic a n t  fo r  Sex X S tr e s s  c o n d itio n  F^ (1 ,5 0 ) = .4 8 , £  > .05 . 

T e s ts  o f sim ple main e f f e c t s ,  w ith  S tr e s s  group X S tr e s s  c o n d itio n  s ig n i ­

f i c a n t ,  in d ic a te d  th a t  none o f the  d if fe re n c e s  between s t r e s s  groups 

a t  each  s t r e s s  c o n d itio n  were s ig n i f i c a n t .  However, d if f e r e n c e s  be­

tween th e  s t r e s s  c o n d itio n s  fo r  each  s t r e s s  group were found to  be 

s ig n i f ic a n t :  fo r  NS group F^ (1 ,5 0 ) = 8 .0 4 , £  ^  .0 1 , fo r  ERS group

^  (1 ,5 0 ) = 4 .8 0 , £  < .0 5 , fo r  LRS group F^ (1 ,5 0 ) = 21 .76 , £  <  .0 1 , 

fo r  EUS group F^ (1 ,5 0 ) = 4 4 .2 0 , £  <  .0 1 , fo r  LUS group F^ (1 ,5 0 ) = 35.28, 

£  <  .0 1 . D iffe ren ces  between s t r e s s  co n d itio n s  fo r  each s t r e s s  group 

a re  p resen ted  in  F igure  1, The NS group were on ta r g e t  lo n g er under 

TS (X = 23.54) than  under e i t h e r  RS (X = 22.74) o r US (X = 2 3 .0 1 ). The
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d if fe re n c e  between the  l a t t e r  two co n d itio n s  was n o t s ig n i f i c a n t .  Only 

th e  d if fe re n c e  between US and TS was s ig n i f i c a n t  fo r  ERS group w ith  

g re a te r  tim e on ta r g e t  f o r  the  US (X = 25.46) c o n d itio n  than  th e  TS 

(X = 24.84) c o n d itio n . For the  LRS group, s ig n i f ic a n t ly  le s s  tim e on 

ta r g e t  occu rred  du rin g  RS (X = 22.90) th an  e i th e r  US (X = 23.12) or 

TS (X = 2 4 .1 6 ). The d if fe re n c e  between US and TS was n o t s ig n i f i c a n t  f o r  

th e  EUS group. However, th e  tim e on t a r g e t  d u ring  US (X = 21.58) was 

s ig n i f i c a n t ly  le s s  than  during  TS (X = 22.71) fo r  th e  LUS group.

T ests  fo r  sim ple e f f e c t s ,  w ith  S tre s s  group X Sex X t r i a l s  s ig n i f i c a n t ,  

were conducted. The g en era l p a t te rn s  o f in te r a c t io n  a re  p re se n te d  in  

F ig u re  2 and F igure  3. S ig n i f ic a n t  d if f e re n c e s  were found between s t r e s s  

groups fo r  fem ales under the  US and TS c o n d itio n s . D iffe ren ce  between 

RS, US, and TS were s ig n i f ic a n t  fo r  males (excep t ERS) and f o r  fem ales. 

Males in  EUS and LUS groups sp e n t s ig n i f ic a n t ly  more tim e on t a r g e t  th an  

d id  th e  fe m a le s . The perform ance d if fe re n c e s  f o r  o th e r  com binations of 

s t r e s s  group and s t r e s s  co n d itio n  d id  n o t approach s ig n if ic a n c e .

P e rce iv ed  s t r e s s  index  (P S I) . — An a n a ly s is  o f v a ria n ce  o f PSI s c a le  

v a lu es  f o r  RS, US, TS and N (norm al) co n d itio n s  re v e a le d  s ig n i f i c a n t  d i f ­

fe ren ces  only between s t r e s s  groups 2  (4 ,5 0 ) = 2 .9 0 , 2. < .0 5 , and betw een 

s t r e s s  c o n d itio n s , 2 ^  (1 ,50) = 6 2 .5 8 , 2  < .01 . Dunn's m u ltip le  com parison 

procedure  in d ic a te d  one s ig n i f ic a n t  d if f e re n c e  between s t r e s s  groiq>s, NS 

and ERS (£  < .0 5 ) . S ca le  va lu es  on th e  PSI were used r a th e r  th an  th e  sco re  

recommended by Jacobs and Munz (1968) so  th a t  each s t r e s s  co n d itio n  could  

be compared w ith  th e  2 's  "normal" p e rc e iv e d  s t a t e .  Comparisons betw een 

s t r e s s  c o n d itio n s  in d ic a te d  s ig n i f i c a n t  d if f e re n c e s  (£  < .01) betw een RS 

and TS, RS and N, US and TS, US and N. F igure  4 shows th e  PSI tre n d s  f o r  

each s t r e s s  group throughout a l l  c o n d it io n s .
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Skin conductance. — An a n a ly s is  of v a r ian ce  o f  sk in  conductance 

measures f o r  RS, US, and TS y ie ld e d  s i g n i f i c a n t  va lues  f o r  s ex ,  ^  (1 ,50) = 

8 .24 , £  < .01 , f o r  s t r e s s  c o n d it io n ,  ^  (1 ,50) = 21 .08 , £  < .01 , fo r  

S t r e s s  group X S t r e s s  c o n d i t io n ,  (4 ,50) = 6 .4 2 ,  £  < .01 , and S tre s s  

group X Sex X S t r e s s  c o n d i t io n ,  (4 ,50) = 2 .91 , £  < .05. Non­

s i g n i f i c a n t  were s t r e s s  group, 2  (4 ,50) = 2 .20 , £  > .05 , S t r e s s  group 

X Sex, F (4 ,50) = 1 .1 1 , £  > .0 5 ,  and Sex X S t r e s s  c o n d i t io n ,  2 ^  (1,50) = 

.83 , p > .05 . Dunn’s m u lt ip le  comparison procedure in d ic a te d  s i g n i f i c a n t  

RS -  US £  < .0 5 ,  RS -  TS £  < .01, US -  TS £  < .01. F igure  5 shows the  

sk in  conductance tren d s  f o r  each s t r e s s  group throughout a l l  c o n d i t io n s .

DISCUSSION

Learning p e r io d . — The a n a ly s is  o f  th e  time on t a r g e t  d a ta  and of 

e r r o r  d a ta  d id  no t y i e l d  d i f f e r e n c e s  between s t r e s s  groups o r  S tre s s  

group X t r i a l  i n t e r a c t i o n .  N e i th e r  o f  th e  f i r s t  two hypotheses were 

su p ported . The tim ing  of s t r e s s  c o n d it io n s  during  the  l e a r n in g  p e r io d  

did  n o t  a f f e c t  the  ^ ’ performance on th e  p o s t  le a r n in g  n o - s t r e s s  t r i a l s .  

The type  o f  s t r e s s  r e l a t e d n e s s , RS o r  US, d id  no t a f f e c t  th e  2®* p e r ­

formance on th e  p o s t  le a rn in g  n o - s t r e s s  t r i a l s .

The p r e d ic t io n  t h a t  le a rn in g  would be b e t t e r  i f  s t r e s s  were no t 

in tro d u ce d  during  the e a r ly  s ta g e s  o f  p r a c t i c e  was no t su p p o rted .  An 

exam ination o f  mean change f o r  p o s s ib le  t ren d s  from th e  i n i t i a l  to  th e  

f i n a l  le a r n in g  t r i a l s  d id  n o t  r e v e a l  c o n s i s te n t  o r  s i g n i f i c a n t  te n d en c ie s .  

For th e  time on t a r g e t  d a ta ,  s t r e s s  in tro d u ced  l a t e  r e s u l t e d  i n  a g r e a te r  

in c re a s e  i n  time on t a r g e t  (X = 4.47 s e c . )  than when s t r e s s  was in tro d u ced
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e a r ly  (X = 2.40 s e c . ) .  J u s t  the  oppos ite  was found w ith  the  e r r o r  d a ta .  

S t r e s s  in troduced  du rin g  e a r ly  t r i a l s  r e s u l te d  in  a  g r e a te r  red u c tio n  

o f  e r r o r s  (X = 7.10) than when s t r e s s  was in troduced  l a t e r  (X = 6 .4 0 ) .

The p r e d ic t io n  th a t  the s t r e s s  r e l a t e d  groups would d i f f e r  on NS 

post le a rn in g  t r i a l s  was no t sup p o rted .  Again, an exam ination  of mean 

change fo r  p o s s ib le  t ren d s  from the f i r s t  to  the l a s t  le a rn in g  t r i a l s  

did no t re v e a l  c o n s i s te n t  o r  s i g n i f i c a n t  te n d e n c ie s .  The NS group was 

on t a r g e t  more (X =» 6.52 s e c . )  than were the s t r e s s  groups (X = 3.44 s e c . ) ,  

w ith  RS improving more (X =» 3.56 s e c . )  than  US (X = 3 .33 s e c . ) .  However, 

the s t r e s s  groups had a g re a te r  red u c t io n  o f  e r r o r s  (X = 6.75) than  did 

the NS group, and the US groups showed a g r e a te r  red u c t io n  (X = 6.90) 

than did  the  RS groups (X = 6 .6 0 ) .  I f  th e re  a re  s u b t le  e f f e c t s  o f  e a r ly  

v s .  l a t e ,  o r  t a s k - r e l a t e d  v s .  ta s k - u n re la te d  s t r e s s  on le a rn in g ,  these  

may have been masked by co n s id e rab le  S v a r i a b i l i t y  and r e l a t i v e l y  small 

s ize d  s t r e s s  groups (N = 12). F u r th e r  s t r e s s  r e s e a rc h  must co n s id e r  

the a sp e c t  o f  performance being measured (time o r  a c c u ra c y ) .  However, 

M arteniuk (1969) compared the  performance o f r e l a t e d  a ro u s a l  (RA), un­

r e la t e d  a ro u s a l  (URA) and c o n t ro l  (C) groups on a  b a l l  sn a tch  ta s k .  The 

l a s t  f iv e  t r i a l s  were c a r r ie d  out under a  no-shock c o n d i t io n .  There 

were no s i g n i f i c a n t  o v e r a l l  d i f f e r e n c e s  between h i s  RA, URA and C groups 

on the f i n a l  no-shock c o n d i t io n .  Ryan (1961) used e l e c t r i c  - shock to  

produce te n s io n  w hile  Ss balanced on a  s t a b i lo m e te r .  He found th a t  the 

r a t e  o f  le a rn in g  was independent o f  the  te n s io n  induced but t h a t  the 

shock did  a f f e c t  perform ance. Thus, the in t r o d u c t io n  o f  s t r e s s  in  the 

form o f  mild shock du rin g  le a rn in g  does no t appear to  a f f e c t  le a rn in g  

but does a f f e c t  perform ance. Evidence thus  f a r  accumulated does not
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s u b s t a n t i a t e  a r e l a t io n s h ip  between t a s k - r e la t e d n e s s  o f  s t r e s s  and 

le a rn in g .

S t r e s s  p e r io d .--The th i r d  h y p o th es is  was not supported . S i g n i f i ­

can t d i f f e r e n c e s  between s t r e s s  groups were not found fo r  each s t r e s s  

c o n d i t io n .  However, d i f f e r e n c e s  were s i g n i f i c a n t  between s t r e s s  c o n d i­

t i o n s .  The mean e r r o r s  fo r  the  RS c o n d i t io n  d i f f e r e d  s i g n i f i c a n t l y  

from the mean e r r o r s  fo r  the TS c o n d i t io n .  This in d ic a te d  t h a t  the Ŝ s 

committed more e r r o r s  under the  RS c o n d i t io n  than  the  TS. An opposite  

r e s u l t  was found fo r  time on t a r g e t  d a t a .  The performance o f  Ŝ s under 

the RS c o n d i t io n  was b e t t e r  than  fo r  the  US c o n d i t io n  but did  no t d i f f e r  

from the TS c o n d i t io n .  The time on t a r g e t  performance du rin g  the TS 

c o n d i t io n  was found to  be b e t t e r  than  t h a t  fo r  the  US c o n d i t io n .  Data 

fo r  PSl In d ic a te  t h a t  both  RS and US were pe rce ived  as  s i g n i f i c a n t l y  

more s t r e s s f u l  than TS or the S s '  normal s t a t e .  The PSI d i f f e r e n c e s  

between RS and US were not s i g n i f i c a n t .  S ig n i f i c a n t  sk in  conductance 

d i f f e r e n c e s  in d ic a te  the  RS c o n d i t io n  to  have been the most s t r e s s f u l  

(X = 3 0 ,4 ) ,  followed by the US c o n d i t io n  (X = 29.5) and the  TS c o n d it io n  

(X = 2 8 .3 ) .

Jacobs and K irk  (1969) found f a s t e r  r e a c t io n  times f o r  RS co n d i t io n  

than  US o r  NS and no d i f f e r e n c e  between US and NS. M arteniuk (1969) 

found RS s u p e r io r  to  US and NS and no d i f f e r e n c e  between US and NS.

Both of  these  s tu d ie s  used i n s t r u c t i o n s  in v o lv in g  e x p e c ta t io n  of 

shock as the  primary element in  the  US c o n d i t io n  w hile  the  p re sen t  

s tudy  used a c t u a l  p re s e n ta t io n  o f  shock. T h e ir  US c o n d i t io n s  a re  more 

l ik e  the TS o f  the  p re sen t  s tudy  than  the  US. When the US invo lves  

rep ea ted  a c tu a l  shock, US and TS d i f f e r e n c e s  occu r ,  w ith  Ss performance
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poorer under the US. This supports  the importance o f t a s k - r e la te d n e s s  

as  a v a r i a b l e .  One f a c to r  in  common to  a l l  th re e  s tu d ie s  was the  use 

o f  some measure of performance tim e. RS performance time was shown in  

a l l  th re e  s tu d ie s  to  be s u p e r io r  to  US performance tim e. When a d i f f e r e n t  

performance measure, as e r r o r s ,  was employed in  the  p re se n t  s tu d y , p e r ­

formance fo r  RS was poorer than fo r  TS. C are fu l  a t t e n t i o n  should be 

given to  the  measures o f  performance u t i l i z e d  in  fu tu re  s tu d ie s  of s t r e s s .

S t r e s s  group X S t r e s s  c o n d i t io n  in t e r a c t i o n  was s i g n i f i c a n t  and 

an i n t e r e s t i n g  f in d in g  occurs (See F igure  4 ) .  The d i f f e r e n c e ,

RS - US, was not s i g n i f i c a n t  fo r  NS o r ERS and LRS, but the RS - US 

d i f f e r e n c e  was s i g n i f i c a n t  fo r  EUS and LUS. Both US s t r e s s  groups 

were on t a r g e t  more under the RS c o n d i t io n  than  the US. Although non­

s i g n i f i c a n t ,  the  d i r e c t i o n  of  d i f f e r e n c e  f o r  RS s t r e s s  groups in d ic a te d  

s l i g h t l y  more time on t a r g e t  under the  US c o n d i t io n .  That RS and US 

s t r e s s  groups d id  poorer  under the s t r e s s  co n d i t io n  they had experienced  

d u r in g  le a r n in g ,  would sugges t t h a t  p rev ious  experience  w ith  RS o r US 

may a d v e rse ly  a f f e c t  l a t e r  performance under the same type o f  s t r e s s  

c o n d i t io n .
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APPENDIX I  

DISSERTATION PROSPECTUS

EFFECTS OF STRESS TASK-RELATEDNESS ON 

LEARNING AND PERFORMANCE

As people l i s t e n  to  news media they a re  c o n s ta n t ly  reminded of the 

c r i t i c a l  tim es fac in g  them today . Armed c o n f l i c t s  between n a t io n s  a re  

re p o r ted  d a i l y .  P r o te s t  movements, r i o t s  and v io lence  e ru p t  reminding 

the populace of p re s s in g  unsolved problems. Young people seem to  f e e l  

p re s su re s  to  a t te n d  co lleg e  and young men l iv e  w ith  the p o s s i b i l i t y  of 

be ing  d r a f te d  fo r  m i l i t a r y  s e rv ic e  and e v en tu a l ly  fa c in g  danger. These 

r e f l e c t  but a sm all p o r t io n  o f  the  p re s su re s  men f e e l  d a i l y .  Dangers 

e x i s t  d u r in g  n a tu ra l  d i s a s t e r s  and the th r e a t  o f  danger is  a s s o c ia te d  

w ith  a sp e c ts  of va r ious  occu p a tio n s .  The presence o f  such p re s s u re s ,  

demands, t h r e a t s  and dangers in d ic a te s  th a t  man i s  su b jec ted  to  much 

s t r e s s  d u r in g  h is  l i f e t im e  and an unders tand ing  o f s t r e s s  and i t s  

e f f e c t s  i s  o f  co n s id e rab le  v a lu e .

THE CONCEPT OF STRESS

Although an immense volume of re se a rc h  d e a l in g  w ith  s t r e s s  has 

accum ulated, no one d e f i n i t i o n  i s  as y e t  s u f f i c i e n t  to  encompass the

29
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v a r ie ty  o f  meanings in d ic a ted  by the term. An o v e r a l l  pe rsp ec tiv e  of 

the  concept can be gained by a review o f  d e f i n i t i o n s  o f  s t r e s s  and a 

c o n s id e ra t io n  o f  s t r e s s o r s .

A number of emphases a re  found w ith  d e f i n i t i o n s  o f  s t r e s s .  Selye 

(1956) s tu d ie d  p h y s io lo g ic a l  p rocesses  and defined  s t r e s s  as " . . .  the 

s t a t e  m anifested  by a s p e c i f i c  syndrome which c o n s i s t s  o f  a l l  the  non- 

s p e c i f i c a l l y  induced changes w ith in  a  b io lo g ic  system" Cp.54l, Thiesen, 

Forgus and Spaner (1964) emphasized a response o f  su s ta in e d  p h y s io lo g ic a l  

te n s io n  and suggested  th a t  the adap tive  mechanisms a re  taxed o r s t r a in e d .  

An e x te r n a l  dimension was suggested by Ind ik  (1964) in  his  d e f in i t i o n  

o f  s t r e s s  as " . . .  a fo rce  or s e t  o f  fo rces  t h a t  impinge on the in d iv id u a l  

such th a t  the  adap tiv e  demands on the in d iv id u a l  exceed h is  normal 

hom eostatic  c a p a c i t i e s  and th e re fo re  produce a fo rce  toward co n tinu ing  

o r permanent change in  the  in d iv id u a l"  üp.22l.

A t te n t io n  to  the  e x te r n a l  s i t u a t i o n  (o r  to  s t im u la t io n )  was em­

phasized by Langer and Michael (1963) who s a id  th a t  s t r e s s  s i g n i f i e s  

" . . .  the  environm enta l fo rce  p re s s in g  on the  in d iv id u a l"  [ p .6 ] .  They 

a l s o  f e l t  t h a t  " . . .  the  r e a c t io n  to  s t r e s s  and the  s t r e s s  i t s e l f  must 

be kep t co n cep tu a lly  d i s t i n c t  . . . "  [ p .6 ] .  O th e rs ,  as Howard and S co tt 

(1965) and S h a ffe r  (1954), have d iscussed  s t r e s s  in  terms o f  the  r e ­

l a t io n s h ip  between an organism and i t s  environm ent. J a n is  (195b), 

however, used s t r e s s  " . . .  to  c h a r a c te r iz e  e i t h e r  the  d is ru p t iv e  s t im u l i  

( e .g .  ' s t r e s s  s i t u a t i o n ' )  o r  the changes in  o v e r t  behav ior, e f f e c t  or 

a t t i t u d e  th a t  a re  evoked by the  d i s ru p t iv e  s t im u l i  ( e .g .  ' s t r e s s  r e ­

a c t i o n s ' ) "  Ip. 13] .

Another a sp e c t  expressed  in  s e v e ra l  d e f i n i t i o n s  has been the  psy-
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c h o lo g ic a l  s t a t e  and c h a r a c t e r i s t i c s  o f  p e rso n s .  B e ier  (1931) d iscussed  

the p e rc ep t io n  o f  th r e a t  and consequent an x ie ty  in  r e l a t i o n  to  the term 

s t r e s s .  Lazarus (1966) suggested th a t  t h r e a t  i s  a key in te rv e n in g  v a r i­

ab le  o f  p sy ch o lo g ica l  s t r e s s .  Gofer and Appley (1967) reviewed a number 

of d e f in i t i o n s  and then  defined  s t r e s s  as  " . . .  the  s t a t e  o f  an organism 

where he p e rce iv e s  th a t  h is  w e ll -b e in g  (o r  i n t e g r i t y )  i s  endangered and 

th a t  he must devote a l l  o f  h is  e n e rg ie s  to  i t s  p ro te c t io n "  [p .453].

A f te r  rev iew ing d e f i n i t i o n s ,  Deese (1962) remarked " I t  w i l l  be u se fu l  

to  c h a r a c te r iz e  as s t r e s s f u l  those c o n d i t io n s  which e l i c i t  r e p o r ts  o f  

d iscom fort .  Such a n o tio n  should make i t  e a s i e r  to  understand the 

v a r i e t i e s  of s o c i a l  and psycho log ica l  s i t u a t i o n s  in  which the term 

s t r e s s  has been used . . . "  [ p . 205]. Lazarus (1969) re c e n t ly  summarized 

the p re sen t  s i t u a t i o n  in  regard  to  the meaning o f  the  term s t r e s s .

I t  should now be c l e a r  t h a t  the term " s t r e s s "  con ta in s  
a g re a t  d i v e r s i t y  o f  meanings. I t  i s  both  a s t im u lus  and 
a r e a c t io n ;  i t  comprises p h y s io lo g ic a l  as  w e ll  as psycho­
lo g ic a l  co n d i t io n s  and p ro c e sse s .  When the  term " s t r e s s "  
i s  used c o l lo q u ia l l y ,  th e re  i s  o f te n  no in d ic a t io n  o f  
which o f  th e se  meanings i s  in tended . The term is  thus 
d i f f u s e ,  u n s p e c i f ic ,  and sometimes con fus ing . Yet in  a l l  
the  usages o f  the  word " s t r e s s "  th e re  i s  a common core o f 
meaning which gives the term i t s  v i t a l i t y  and value in  
communication. S t r e s s  always has the  im p lic a t io n  o f  an 
event t h a t  in  some way harms o r  th re a te n s  to  harm the 
person because i t  i s  perceived  to  exceed h i s  resou rces  
to  cope w ith  i t .  This i s  implied whether the  harm is  
r e a l  o r  imagined, whether i t  invo lves  d i r e c t  a s s a u l t  on 
the t i s s u e s  o r  merely a n t ic ip a te d  a s s a u l t ,  whether the 
harm i s  mild o r  sev e re .

In consequence o f  the d i v e r s i t y  o f  meaning, and y e t  
the presence  o f  common co n n o ta t io n s ,  the  concept o f  s t r e s s  
must be regarded  as a  very  g e n e ra l  one s ta n d in g  fo r  a 
la rg e  f i e l d  o f  in q u iry .  S t r e s s  i s  no t one s p e c i f i c  th in g ,  
but many. The d i s t i n c t i o n s  in  meaning must be made by p ro ­
v id in g  s e p a ra te  terms f o r  each o f  the many p rocesses  th a t  
a re  subsumed w ith in  the genera l r u b r i c .  Thus, th e re  a re  
p h y s io lo g ic a l  s t r e s s  p rocesses  and p sy ch o lo g ica l  s t r e s s  
p ro c e sse s .  There i s  a s t r e s s  s t im u lus  and a s t r e s s  r e ­
a c t io n .  [ p . 172-173:
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An exam ination  o f  s tu d ie s  o f  s t r e s s  r e v e a ls  something o f the v a r i ­

e ty  o f  s i t u a t i o n s  and co n d i t io n s  which have been d e sc r ib e d  as  s t r e s s ­

f u l .  These s i t u a t i o n s  and c o n d it io n s  have u s u a l ly  been r e f e r r e d  to  as 

s t r e s s o r s .  In g e n e ra l ,  two types o f  s tu d ie s  have been c a r r ie d  o u t,  

f i e l d  s tu d ie s  and exper im en ta l  o r  " la b o ra to ry "  s t u d i e s .

In f i e l d  s t u d i e s ,  p e o p les '  r e a c t io n s  have been s tu d ie d  during  

n a tu r a l  d i s a s t e r s  such as f lo o d s ,  mine c a v e - in s ,  e t c .  M i l i t a r y  men 

have been s tu d ie d  d u r in g  t r a i n i n g  w ith  s im u la ted  b a t t l e  co n d it io n s  using  

l iv e  ammunition and during  a c tu a l  b a t t l e  c o n d i t io n s .  S tu d ies  o f  men 

le a rn in g  to  parachu te  have been re p o r te d .  A v a r i e ty  o f  s tu d ie s  d e a l in g  

w ith  c o n d it io n s  a f f e c t i n g  men during  e x p lo ra t io n  have been done. Both 

a s t r o n a u ts  and aquanauts  perform under the  t h r e a t  o f  danger o f  l i f e .  

P a ren ts  o f  c h i ld re n  dying o f  leukemia have been s tu d ie d  as  have medical 

p a t i e n t s  d u r in g  p re -  and p o s t - su rg e ry  p e r io d s .

A v a r i e t y  o f  s t im u l i  have been employed as s t r e s s o r s  in  experim en ta l 

i n v e s t ig a t i o n s .  To q u a l i fy  as s t r e s s o r s ,  th ese  liave been e i t h e r  of high 

i n t e n s i t y ,  o f  long d u ra t io n  a n d /o r  nox ious , p a in f u l ,  o r  unp leasan t o r  

some com bination o f  th e s e .  Some s t im u l i  would be b e s t  d esc r ib ed  as 

d i s t r a c t i n g .  Even i s o l a t i o n  and sensory  d e p r iv a t io n  c o n d i t io n s  have 

been considered  as s t r e s s o r s .

Another group o f  s t r e s s o r s  used in  ex per im en ta l s tu d ie s  p e r t a in  

to  the  ta sk  to  be perform ed. Thus, d i f f i c u l t  o r  complex ta sk s  have 

been considered  s t r e s s f u l .  Tasks in vo lv ing  d i f f i c u l t  d is c r im in a t io n s ,  

am bigu ity , o r  d i f f i c u l t  d e c is io n s  have been used a s  s t r e s s o r s .  Over­

loads in v o lv in g  time p re s su re s  o r  pacing ( in c lu d in g  h igh  in fo rm ation  

inpu t r a t e s ,  h igh in fo rm ation  p ro cess in g  r a t e s  a n d /o r  h igh  response
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r a t e s )  have been used. At the o th e r  end of the continuum, c o n d i t io n s  

o f  underload and d e p r iv a t io n  a l s o  have been considered  as  s t r e s s f u l .

Experim enters have re f e r r e d  to  c e r t a i n  su b je c t iv e  s t a t e s  of sub­

j e c t s  as be ing  s t r e s s f u l .  Thus any c o n d i t io n  inv o lv in g  t h r e a t ,  a n x ie ty  

or d iscom fort has been labe led  as  a s t r e s s o r .  A nxie ty  as measured by 

the Rorschach o r by T a y lo r 's  M anifes t A nxie ty  s c a le  has been considered  

as s t r e s s .  Films o f  s u r g ic a l  o p e ra t io n s  and o f  a c c id e n ts  as w e ll  as 

photographs o f  persons who died t r a u m a t ic a l ly  have been used to  induce 

su b je c t iv e  s t a t e s  o f  s t r e s s .  F a i lu r e  induced by in s t r u c t i o n s ,  by 

p re s e n ta t io n  of  f a l s e  norms, by unso lvab le  problems, and by low proba­

b i l i t i e s  of success  have been employed.

Many s t r e s s o r s  may be c l a s s i f i e d  in  terms o f t h e i r  t a s k - r e la t e d n e s s .  

In  t a s k - r e l a t e d  s t r e s s  a noxious c o n d i t io n  must be a s s o c ia te d  w ith  the  

performance o f  a ta sk  and an in d iv id u a l  may respond in  some manner so 

as to  avoid o r  escape the  noxious c o n d i t io n  while  perform ing the  t a s k .

A s u b je c t  may avoid a noxious s t im u lu s  by perform ing a ta sk  w ithout 

e r r o r  o r  by perform ing w ith in  c e r t a i n  p re sc r ib e d  time l i m i t s .  At the 

o th e r  end of the  r e la te d n e s s  continuum a re  s t r e s s o r s  desc ribed  as 

t a s k - u n r e la te d .  A s t r e s s o r  ( e .g .  noxious s t im u lu s )  impinges on an 

in d iv id u a l  and i t  happens th a t  he must c a r ry  out some ta sk  a t  the same 

tim e. The im p lic a t io n  i s  th a t  a person  i s  su b jec te d  to  the s t r e s s o r  

whether he does o r  does not engage in  the  t a s k ,  however, i t  happens 

th a t  he performs the  ta sk  while the  s t r e s s o r  i s  p re s e n t .

For the purpose o f  the p re se n t  s tu d y ,  the  term s t r e s s  w i l l  be used 

to  r e f e r  to  any s i t u a t i o n  which invo lves  a c t u a l ,  th re a ten e d  a n d /o r  

perceived  d iscom fort o r  danger. The term s t r e s s o r  w i l l  r e f e r  to  any
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noxious agent which has the  p o t e n t i a l  to  cause d iscom fort or danger.

PROBLEM

Although many s tu d ie s  have d e a l t  w ith  the  concept o f  s t r e s s ,  a 

v a r i e ty  of problems remain unso lved . One problem i s  concerned w ith  

the e f f e c t s  o f  s t r e s s  on performance d u r in g  and subsequent to  d i f f e r e n t  

pe r io d s  o f  the  le a rn in g  p ro cess .  More in form ation  i s  needed about the 

d i f f e r e n t i a l  e f f e c t s  on performance o f d i f f e r e n t  types o f  s t r e s s o r s .

The e f f e c t s  o f  experience  w ith  one type o f  s t r e s s o r  upon l a t e r  p e r f o r ­

mance under o th e r  types o f  s t r e s s o r s  has received  l i t t l e  o r  no a t t e n ­

t i o n .  Since people f req u e n t ly  must c a r ry  on everyday fu n c tio n s  under 

s t r e s s f u l  c o n d i t io n s ,  q uestions  a r i s e  as to  when and what type o f  

s t r e s s o r  should be in troduced to  accom plish  the  g r e a te s t  e f f i c i e n c y  

in  the  e v e n tu a l  performance o f a ta sk  under a  v a r i e ty  o f s t r e s s f u l  

c o n d i t io n s .  I t  i s  to  these  g e n e ra l  q u es t io n s  th a t  the  p re sen t  s tudy  

i s  d i r e c t e d .

R ecen tly  S in g e r  (1968) emphasized th e  p r a c t i c a l  need fo r  under­

s ta n d in g  the  e f f e c t s  o f  s t r e s s  on le a rn in g  and performance o f motor 

s k i l l s .  Lazarus and E r ik sen  (1952) in d ic a te d  th a t  more knowledge was 

needed concern ing  when s t r e s s  i s  imposed in  the le a rn in g  and performance 

o f  a ta s k .  L azarus , Deese, and O sie r  (1952) hypothesized th a t  s t r e s s  

would be more d e t r im e n ta l  du rin g  e a r ly  p r a c t ic e  than  l a t e r  p r a c t i c e .

Ten y ea rs  l a t e r ,  Deese (1962) suggested  t h a t  while a d a p ta t io n  may 

account f o r  some of the r e s u l t s  in  r e l a t e d  s tu d ie s ,  no evidence has
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supported the h y p o th es is .  He then p resen ted  the idea  th a t  the e f f e c t s  

of s t r e s s  would depend upon the components involved in  a s k i l l  and 

th a t  components change as a fu n c tio n  o f  p r a c t i c e .

One approach to  unders tand ing  the e f f e c t s  o f  s t r e s s  on le a rn in g  

and performance i s  found in  the  d is c u s s io n s  o f  energy m o b il iz a t io n ,  

a c t i v a t io n  and a r o u s a l .  This genera l approach (Duffy, 1957; Duffy,

1962; Hebb, 1966; Malmo, 1959; McGrath, 1965; S te n n e t t ,  1957) may be 

rep resen ted  by Malmo's (1959) s ta tem ent t h a t  " . . .  the r e l a t i o n  

between a c t i v a t i o n  and b ehav io ra l  e f f i c i e n c y  (cue func tion  o r  le v e l  

o f  performance) i s  described  by an in v e r te d  U curve" [ p .3 6 ^ .  Thus 

in c re a s in g  the  a c t i v a t i o n  le v e l  beyond the  optim al degree i s  a s so c ia te d  

w ith  a d e c l in e  in  performance e f f i c i e n c y .  Experim ental support fo r  

such a p o s i t io n  has been found u s ing  the M anifes t Anxiety sca le  (T ay lo r ,  

1953) a s  a measure o f  a c t i v a t io n  le v e l  (M atarazzo, U le t t ,  and Saslow, 

1955).

The a c t i v a t i o n  approach would sugges t  the  fo llow ing: A c e r t a in

le v e l  of a ro u sa l  may be assumed a t  the i n i t i a t i o n  o f  a ta sk  due to  

m o tiva tion  to  c a r ry  out the ta sk  and the  e f f o r t  involved in  perform ing 

the  ta s k .  As le a r n in g  takes  p lace  performance would become more a u to ­

m a tic ,  l e s s  e f f o r t  would be expended and a  lowered a ro u sa l  le v e l  would 

ensue. I f  s t r e s s  were in troduced in  the  e a r ly  s tag e s  of le a rn in g  the 

combined e f f e c t s  o f  the a ro u sa l  due to  s t r e s s ,  m o tiv a tio n  and e f f o r t  

may r i s e  beyond the optim al degree o f  a ro u s a l  w ith  r e s u l t i n g  poor 

performance and le a rn in g .  However, s t r e s s  in troduced  during  l a t e r  

s ta g e s  o f  le a r n in g  should combine w ith  a lower l e v e l  of a ro u sa l  and 

the  q u a l i ty  o f  performance and the l e v e l  o f  le a rn in g  could be expected
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to  bcî g r e a te r .

Amother approach has been th a t  o f  a  d r iv e  theory  and was sum­

marized by Spence (1958). Of the v a r i a b le s  which c o n tr ib u te  to  the 

e x c i t a to r y  p o t e n t i a l ,  Spence d i r e c te d  s p e c i f i c  a t t e n t io n  to  d r iv e  

le v e l ,  D, and a le a rn in g  f a c to r ,  H, (h a b i t  s t r e n g th )  which combine in  

a m u l t ip l i c a t iv e  manner. The d r iv e  le v e l  in  av ers iv e  s i t u a t i o n s  i s  

a fu n c tio n  of the  s t r e n g th  of a p e r s i s t i n g  emotional response in  the 

organism, r^ ,  th a t  i s  aroused by a v e rs iv e  s t im u la t io n .  Spence d iscu ssed  

th ree  p ro p e r t i e s  o f  t h i s  h y p o th e t ic a l  response mechanism, r ^ .  F i r s t ,  

the  s t r e n g th  o f  observab le  r e f le x e s  to  noxious s t im u la t io n  v a r ie s  

d i r e c t l y  w ith  the  degree of noxiousness o f  the  s t im u lu s .  Second, 

responses  to  a noxious s t im u lus  e x h ib i t  a d a p ta t io n  w ith  r e p e t i t i o n  of 

the  s t im u lu s .  T h ird ,  in d iv id u a l  d i f f e r e n c e s  e x i s t  in  responses  to  

given i n t e n s i t i e s  o f  s t r e s s f u l  s t im u la t io n .  The M anifest A nxiety  

s c a le  (o r  A -sca le )  was used as one o p e ra t io n a l  means to  measure such 

in d iv id u a l  d i f f e r e n c e .  Spence s t a t e d  th a t  the theory  was adequate  fo r  

e y e l id  c o n d i t io n in g  s tu d ie s ,  but th a t  i t  was l im ited  fo r  in v e s t ig a t i o n s  

in v o lv in g  complex human le a rn in g .

Spence (1958) a l s o  suggested  t h a t  a t t e n t i o n  must be d i r e c te d  to  

the  h ie ra rc h y  o f  competing response ten d en c ie s  when d e a l in g  w ith  com­

p lex  le a rn in g  t a s k s .  S p ie lb e rg e r  and Smith (1 9 6 6 ) .s tu d ied  the  e f f e c t  

o f  d r iv e  on performance du ring  the  e a r ly  s tag e s  o f  le a rn in g  when the 

c o r r e c t  response s t r e n g th  was weaker than  the  in c o r re c t  response s t r e n g th .  

Using the M anifes t A nxiety  s c a le  a s  a  measure o f d r iv e ,  they found 

s t ro n g e r  d r iv e  a s s o c ia te d  w ith  poorer  performance in  the  i n i t i a l  s ta g e s  

o f  le a rn in g .  S pence 's  fo rm u la tion  su g g es ts  th a t  as  le a rn in g  p ro g resse s
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and the c o r re c t  response s t r e n g th  in c re a s e s ,  the performance du rin g  

l a t e r  s ta g e s  o f  le a rn in g  i s  h ig h e r  fo r  the  high d r iv e  co n d i t io n  than 

fo r  the  low d rive  s t a t e .  Using e l e c t r i c  shock to  induce the h ig h e r  

d r iv e  s t a t e  r a th e r  than u s ing  high a n x ie ty  s u b je c t s ,  C h iles  (1958) 

a l s o  found support fo r  Spence 's  s ta tem en ts  reg a rd in g  the r e l a t io n s h ip  

between le a rn in g  (h a b i t  s t r e n g th ) ,  d r iv e  le v e l  and perform ance. While 

Spence (1958) d id  acknowledge th a t  h igh  d r iv e  s t a t e s  a re  not always 

a s s o c ia te d  w ith  h igh  performance l e v e l s ,  no f u r th e r  ex p lan a t io n  was 

o f f e r e d .

A complementary approach to  the  unders tand ing  of the  e f f e c t s  of 

s t r e s s  on le a rn in g  and performance i s  found in  the su gges tions  of 

E as terb rook  (1959). He proposed th a t  em otional a ro u s a l ,  o r  an in c rease  

in  d r iv e  s t r e n g th ,  r e s u l t s  in  a re d u c t io n  in  the range o f  cues th a t  

an organism u se s .  Thus under in c reased  d r iv e  o r a ro u s a l  a red u c tio n  

in  the u t i l i z a t i o n  of  cues can be f a c i l i t a t i v e  i f  cues u n re la te d  to  

the ta sk  a t  hand a re  ignored . However, i f  the ta sk  i s  complex, the 

re d u c t io n  may r e s u l t  in  n o n - u t i l i z a t i o n  o f  necessa ry  re le v a n t  cues and 

performance becomes le s s  adequa te . Using the M anifest Anxiety sca le  

a s  a measure of g en era l iz ed  d r iv e ,  Z affy  and Bruning (1966) in fe r r e d  

from t h e i r  r e s u l t s  th a t  he ightened  d r iv e  i s  a s s o c ia te d  w ith  reduced 

cue u t i l i z a t i o n  in  support o f  E a s te rb ro o k 's  p ro p o sa l .  They a l s o  sug ­

gested  th a t  the h igh-anxious  s u b je c ts  ignored i r r e l e v a n t  cues (due to  

the re d u c t io n  in  the range o f cue u t i l i z a t i o n ) ,  th e re fo re  the ta sk  was 

e a s i e r  fo r  them than  fo r  the low-anxious s u b je c t s .

One a d d i t io n a l  c o n s id e ra t io n  has been proposed by Eason and 

Branks (1963) in  t h e i r  a t t e n t i o n  h y p o th e s is .  They suggested  th a t
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performance improves as a su b jec t  c o n c e n tra te s  on cues re le v a n t  to  a 

ta sk  and th a t  I r r e l e v a n t  cues which in c re ase  the  a c t i v a t io n  le v e l  

w ithout s e rv in g  as a source o f  d i s t r a c t i o n  may lead to  fu r th e r  p e r f o r ­

mance improvement. However, performance on the  c r i t e r i o n  ta sk  can be 

expected to  d e t e r io r a t e  i f  the  i r r e l e v a n t  s t im u l i  become s u f f i c i e n t l y  

in te n se  to  a t t r a c t  the  s u b j e c t ' s  a t t e n t i o n  to  a s ig n i f i c a n t  deg ree .

They found support fo r  the  a t t e n t i o n  hyp o th es is  when s tu dy ing  te n s io n  

le v e l  and performance on v e rb a l  and motor ta sk s  c a r r ie d  out s im u l­

ta n e o u s ly .  Levin (1967) s tu d ied  induced muscle te n s io n  le v e l s  in  r e l a ­

t i o n  to  t r a i n i n g  versus  t e s t  s i t u a t i o n s .  The in v e r ted  U r e l a t i o n s h ip  

was found under t e n s io n - d u r in g - t e s t  c o n d i t io n s ,  h ig h e r  le v e l s  o f  te n s io n  

led  to  poorer  performance. He suggested  th a t  the  increased  te n s io n  

reduced the  s u b j e c t ' s  a t t e n t iv e n e s s  to  the  re in forcem ent p re s e n ta t io n s  

of the c r i t e r i o n  ta sk  and inc reased  a t t e n t i o n  the  the  i r r e l e v a n t  d r iv e  

s t a t e .

C o l l e c t i v e ly ,  these  approaches seem to  p o in t to  the  value of 

p r io r  le a r n in g  before  a ta sk  i s  c a r r i e d  out under s t r e s s f u l  c o n d i t io n s .

Another a sp e c t  o f  concern in  s t r e s s  re sea rc h  is  the  concept o f  

" t a s k - r e la t e d n e s s "  o f  s t r e s s  p o s tu la te d  by Jacobs and K irk  (1969).

They s tu d ie d  the  e f f e c t s  of n o - s t r e s s  (NS), t a s k - r e l a t e d  s t r e s s  (RS) 

and ta s k - u n re la te d  s t r e s s  (US) on th e  performance o f continuous and 

d i s c r e t e  avoidance ta s k s .  They used mild e l e c t r i c  shock as the  s t r e s s o r  

and found f a s t e r  r e a c t io n  time and fewer cumulative response e r r o r s  fo r  

the  RS c o n d i t io n  than fo r  e i t h e r  the  US o r  NS c o n d i t io n s .  There were 

no d i f f e r e n c e s  in  r e a c t io n  times o f  cum ulative response e r r o r s  between 

the  l a t t e r  two s t r e s s o r  c o n d i t io n s .  The r e s u l t s  were exp la ined  in
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Lems of a " p ro c e c t i  ve-adapt ive" mechanism. Ŝ s a re  p ro tec ted  by 

a d ju s t in g  t h e i r  behavior so as to  avoid the s t r e s s o r  and t h i s  is

p o ss ib le  in  RS co n d i t io n s  but not in  US c o n d i t io n s .

P e te rs  (1968) s tu d ied  the e f f e c t s  o f  s t r e s s  on performance w ith  

the Howard-Dolman depth  p e rcep tio n  ap p ara tu s  and found no d i f f e r e n c e s  

in  e r r o r s  or r e a c t io n  times between NS, RS or US c o n d i t io n s .  P e te rs  

a t t r i b u t e d  the  d iscrepancy  between h is  f in d in g s  and those of Jacobs 

and Kirk to  the d i f f e r e n c e s  in  complexity  of the ta sk s  used by the 

two i n v e s t ig a to r s .

Thornton and Jacobs (1970) found, fo r  a simple re a c t io n  time ta sk ,

an inc reased  r e a c t io n  time under US but no d i f f e r e n c e s  fo r  RS and NS

c o n d i t io n s .  They suggested th a t  the  s t r e s s  under the US c o n d it io n  

functioned  as  a d i s t r a c t i n g  s t im u lu s .  They a l s o  used th ree  types of 

s t r e s s o r s  (mild e l e c t r i c  shock, t h r e a t  o f  shock, and n o ise )  but d id  not 

find  s i g n i f i c a n t  d i f f e r e n c e s  due to  the  type of s t r e s s o r .  No s i g n i ­

f i c a n t  d i f f e r e n c e s  were found fo r  r e la te d n e s s  of s t r e s s  o r  type of 

s t r e s s o r  when d a ta  from a more d i f f i c u l t  task  (choice re a c t io n  time) 

were ana lyzed .

The p reced ing  s tu d ie s  d e a l in g  w ith  the ta s k - r e la te d n e s s  o f  s t r e s s  

have l e f t  a m b ig u it ie s  about the  e f f e c t s  on performance of RS versus  US. 

For example, the Jacobs and K irk  US c o n d i t io n  may be thought o f  as 

" t h r e a t ” of shock (w ith  one re in fo rcem en t)  le av ing  the q u a n t i ty  of 

shock d i f f e r e n t  fo r  the  RS and US c o n d i t io n s .  A more d e f in i t i v e  i n ­

d ic a t io n  o f  the d i f f e r e n t i a l  e f f e c t s  o f  RS and US would be obtained  i f  

the q u a n t i ty  o f  shock were the same fo r  both c o n d i t io n s .

However, as  mentioned e a r l i e r ,  Lazarus (1969) has suggested th a t
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an important s t r e s s o r  (o r  s t r e s s  c o n d i t io n )  is  " th r e a t "  of a noxious 

s tim ulus  or danger. T here fo re , in the p re sen t  In v e s t ig a t io n  " th r e a t "  

o f  s t r e s s  (TS) w i l l  be included as a s t r e s s  co n d i t io n ,  but w i l l  not be 

confounded w ith  US in vo lv ing  a c tu a l  p resence of shock as in  the Jacobs 

and Kirk (1969) s tudy .

Wilkinson (1969) r e c e n t ly  reviewed s tu d ie s  d e a l in g  w ith  th e  e f f e c t  

o f  environm ental s t r e s s o r s  on perform ance. The s t r e s s o r s  he d iscussed  

a re  n o is e ,  h e a t ,  s lee p  d e p r iv a t io n ,  a lc o h o l ,  hypoxia, a c c e le r a t i o n  and 

v ib r a t io n .  A f te r  d is c u s s in g  f a m i l i a r i t y  w ith  the s t r e s s o r  and p ra c t ic e  

on the ta sk  as  im portant v a r i a b le s ,  he concluded th a t  " C le a r ly ,  more 

r e s e a rc h  is  needed to  de fin e  those s t r e s s e s  and those a sp e c ts  o f  p e r ­

formance under s t r e s s  in  which p r io r  p r a c t i c e  w i l l  lead to  p o s i t iv e  or 

nega tive  t r a n s f e r "  [ p . 263]. A lthough he did not d iscu ss  t a s k - r e la te d n e s s  

of s t r e s s o r s ,  ta s k - r e la te d n e s s  would seem to  be an im portant v a r ia b le  

when one i s  c o n s id e r in g  p ra c t ic e  under s t r e s s o r s  and subsequent p e r f o r ­

mance under s t r e s s o r s .

Purpose . --The purpose o f  the p re sen t  in v e s t ig a t io n  is  to  study 

the e f f e c t s  on performance of RS and US when the s t r e s s o r  in troduced  

d u rin g  d i f f e r e n t  s tag es  o f p r a c t ic e  on a t r a c k in g  ta sk  ( p u r s u i t - r o t o r ) .

The e f f e c t s  on performance du ring  the  i n i t i a l  in t ro d u c t io n  o f the  s t r e s s o r  

and upon l a t e r  performance under the  same o r d i f f e r e n t  s t r e s s  c o n d it io n s  

w i l l  be o f  i n t e r e s t .

H ypotheses. —The fo llow ing  hypotheses w i l l  be t e s t e d :

There w i l l  be d i f f e r e n c e s  among n o - s t r e s s ,  e a r ly  
s t r e s s ,  and l a t e  s t r e s s  groups in  the  mean time 
on t a r g e t  and mean number o f  e r r o r s  du ring  the 
post le a rn in g  n o - s t r e s s  c o n d i t io n .
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There w i l l  be d i f f e r e n c e s  among n o - s t r e s s ,  ta sk -  
r e la te d  s t r e s s  and ta sk -u n re la te d  s t r e s s  groups 
in the mean time on ta r g e t  and mean number of 
e r r o r s  during  the post le a rn in g  n o - s t r e s s  con­
d i t i o n .

There w i l l  be performance d i f f e r e n c e s  among 
le a rn in g  groups in  the mean time on ta r g e t  and 
mean number of e r r o r s  under va r io u s  s t r e s s  
c o n d i t io n s .

The 5% le v e l  o f  s ig n i f ic a n c e  w i l l  be used as a b a s is  fo r  r e ­

j e c t i n g  the n u l l  h y p o th es is .  A l l  t e s t s  w i l l  be tw o - ta i le d  t e s t s  of 

s i g n i f i c a n c e .

METHOD AND PROCEDURE

S u b je c t s . - “S ix ty  s tu d en ts  (30 male, 30 female) from psychology 

c la s s e s  w i l l  serve  as S^s. They w i l l  be randomly assigned to  the f iv e  

le a rn in g  groups and members of each group w i l l  then be randomly ass igned  

to  the s ix  sequences of the s t r e s s  performance c o n d i t io n s .  However, 

the random assignment w i l l  be s u b je c t  to  the q u a l i f i c a t i o n  th a t  one- 

h a l f  of the Ŝ s in  each group (o r  o rde r)  a re  males and o n e -h a lf  a rc  

fem ales .

A p p ara tu s . --A p h o to e le c t r ic  p u r s u i t  r o to r  (Model 2203F, L a fay e tte  

Instrum ent Co.) w i l l  be used fo r  the t ra c k in g  ta s k .  A .75 inch by .75 

inch i l lu m in a te d  ta rg e t  w i l l  r o ta t e  clockwise a t  30 RFM on a c i r c u l a r  

pa th  w ith  a 10 7/8 inch d iam eter  ( c e n te r  o f  p a th ) .  The t a r g e t  w i l l  be 

tracked u s in g  a r ig id  s ty lu s  (c o n ta in in g  a p h o to e le c t r ic  c e l l )  whose 

ap e r tu re  in  the t i p  is  1/8 inch . The p h o to e le c t r ic  c e l l  s e n s i t i v i t y  

w i l l  be s e t  so th a t  an "on t a r g e t "  w i l l  be r e g is te r e d  when the c e n te r
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of the s ty lu s  a p e r tu re  passes over the ed%e o f the t a r g e t .  The t a r g e t  

su rface  of the r o to r  w i l l  be 36 Inches above the f lo o r .  The S^'s time 

on t a r g e t  w i l l  be recorded by a .01 second t im er  (L afay e tte  I n s t r u ­

ment Co., Model 20225AD.) and the number o f  e r r o r s  w i l l  be recorded by 

means of an impulse coun te r  (L a fay e t te  Ins trum ent Co., Model 5707A) 

capable of coun ting  600 p u lses  p e r  m inute .

Each t r i a l  p e r iod  and i n t e r t r i a l  i n t e r v a l  w i l l  be a u to m a t ic a l ly  

c o n t ro l le d  by a re p e a t  cycle  tim er (L a fay e t te  Ins trum ent Co., Model 1). 

The i n t e r v a l  d u rin g  r e s t  and i n s t r u c t i o n  p e r io d s  w i l l  be timed by a 

s top  w atch.

E l e c t r i c  shock w i l l  be ad m in is te red  by means o f an inductorium  

(P h y s io lo g ic a l  E l e c t r o n ic s ,  I n c . ,  Model 3901). A high  frequency spiked 

shock i s  em it ted  which maximizes d iscom fort  but m a in ta in s  a  la rg e  s a f e ty  

f a c to r .  The u n i t  o p e ra te s  w ith  two D s iz e  b a t t e r i e s  and can be opera ted  

by remote c o n t r o l .

A Voice o f  Music tape  re c o rd e r  (Model 722) w i l l  be used to  record  

a s ig n a l  which w i l l  co inc ide  w ith  the  frequency and d u ra t io n  of " o f f -  

t a r g e t ” on the  p u r s u i t  r o to r  under t a s k - r e l a t e d  s t r e s s  d u ring  the 

le a rn in g  p e r io d .  This recorded s ig n a l  w i l l  then  be used to  opera te  an 

e l e c t r o n i c a l l y  c o n t ro l le d  re la y  which w i l l  r e g u la te  the  frequency and 

d u ra t io n  o f  e l e c t r i c  shock d u r in g  the  t a s k - u n r e la te d  s t r e s s  c o n d i t io n .

A Recording GSR Apparatus (M a r ie t ta  A pparatus Co., Model 12-13R) 

w i l l  be used to  in d ic a te  a f X s  sk in  r e s i s t a n c e  le v e l  and changes 

which take  p lace  in  the r e s i s t a n c e  l e v e l .  The S^'s r e s i s t a n c e  i s  one 

leg  of a b ridge  c i r c u i t  (D.C.) and a balance  c o n t ro l  i s  the  o th e r  

le g .  A l l  r e s i s t a n c e s  from 0 to  200,000 ohms may be ba lanced . In  the
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A.Cu mode of o p e ra t io n ,  the pe rcen t o f  change of t o t a l  r e s i s ta n c e  from 

0 through 500,000 ohms can be read and the  u n i t  w i l l  a u to m a tica l ly  

c e n te r  in  the mode. Changes of r e s i s t a n c e  from 10% to  100% may be r e ­

corded by s e t t i n g  the s e n s i t i v i t y  c o n t ro l  a t  the d e s ired  l e v e l .  The 

u n i t  a l s o  co n ta in s  an event marker. Chart speed is  4 inches p e r  m i n u t e .  

S i l v e r  impregnated loop and p i l e  nylon f in g e r  e le c t ro d e s  w i l l  be used. 

The e le c t ro d e  c o r r e c t  remains co n s ta n t  a t  10 microamperes.

P rocedure . —Each S_w ill  undergo the a p p ro p r ia te  experim en ta l 

c o n d i t io n s  in d iv id u a l ly  and the t o t a l  s e s s io n  fo r  each S w i l l  l a s t  

approxim ately  45 m inu tes .  S 's  appointm ents w i l l  be made a t  the  con­

venience o f  the  S and the experim enter  w ith  the  excep tion  th a t  Ŝ s 

s e rv in g  in  the l e a rn in g  t a s k - r e la t e d  c o n d i t io n  w i l l  be scheduled 

p r i o r  to  t h e i r  pa ired  S in  the l e a rn in g  ta s k - u n r e la te d  c o n d i t io n s .

(See d e s c r ip t io n  of ta s k - u n re la te d  s t r e s s  below .)

Upon r e p o r t in g  fo r  the experim ent, each S_ w i l l  be p resen ted  the 

fo llow ing  g e n e ra l  e x p lan a t io n  of  the  s tu d y .

I am s tu d y in g  some o f the  c o n d i t io n s  which a f f e c t  
the human a b i l i t i e s  involved in  gu id in g  and t ra c k in g  
s i t u a t i o n s .  The a b i l i t y  t o  t r a c k  o r to  guide is  i n ­
volved in  such a c t i v i t i e s  as  keep ing  an automobile on 
the road , f ly in g  an a i r p la n e ,  le ad in g  a duck o r q u a i l  
when h u n t in g ,  sewing a seam on a sewing machine, and 
many o th e r  everyday a c t i v i t i e s .  S ince  most everyday 
a c t i v i t i e s  a re  too  com plicated to  s tu d y ,  we have to  
use l e s s  com plicated ta s k s .  The ta sk  you w i l l  be p e r ­
forming invo lves  fo llow ing  a moving i l lu m in a ted  t a r g e t  
w ith  a s t y lu s  o r  p o in te r .

In  everyday l i f e  we f re q u e n t ly  must c a r ry  out a c ­
t i v i t i e s  when muscular te n s io n  i s  p r e s e n t .  Therefore  
some o f  the  time w hile  you a re  fo l lo w in g  the  ta rg e t  
you w i l l  re c e iv e  mild e l e c t r i c  shock as a means o f  i n ­
ducing m uscular te n s io n .  Through t h i s  I  hope to  le a rn  
something about how people r e a c t  to  in c reased  muscular 
te n s io n  w hile  gu id ing  o r t r a c k in g .
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Immediately fo llow ing  the  genera l  i n s t r u c t i o n ,  the GSR e le c t ro d e s  

w i l l  be a t ta ch e d  to  the S_'s f o r e f in g e r  and r in g  f in g e r  of h is  non­

p re fe r re d  hand. Although one may o p e ra t io n a l ly  use e l e c t r i c  shock as 

a s t r e s s o r ,  some in d ic a t io n  th a t  i t  s e rv es  as a s t r e s s o r  fo r  a S can 

be v a lu a b le .  A su b je c t iv e  s e l f - r e p o r t  a n d /o r  a p h y s io lo g ic a l  measure 

(as  GSR) would a llow  a t  l e a s t  some d a ta  from which an e v a lu a t io n  of the 

e f f e c t iv e n e s s  o f  the shock as a  s t r e s s o r  and may c o n tr ib u te  to  the 

un d e rs tan d in g  o f any in d iv id u a l  S^'s r e a c t io n s  which seem to  d ev ia te  

a p p re c ia b ly  from the genera l  r e a c t io n  p a t t e r n  of o th e r  S_s. The 

fo llow ing  in s t r u c t io n s  w i l l  be used w ith  each S.

Are you righ t-handed  o r le f t-h an d ed ?
I  am going to  a t t a c h  th e se  two e le c t ro d e s  to  your 

f in g e rs  to  ge t an idea  o f  the amount o f  te n s io n  in  your
m uscles . When te n s io n  in c re a se s  in  your muscles your
c e l l s  give o f f  a g re a te r  e l e c t r i c a l  p o t e n t i a l  and t h i s
can be picked up and measured.

You w i l l  not re c e iv e  any shock through these  e l e c t r o d e s .  
(E lec tro d es  a re  a t t a c h e d . )  Now i s  t h a t  comfortable? J u s t  
l e t  your arm hang a t  your s id e  n a tu r a l ly  w ith  your f in g e rs  
extended l ik e  t h i s  (D em onstra te) .

Next, the shock e le c t ro d e s  w i l l  be a t ta ch e d  to  the S 's  an k le .  

Following placement o f  the  e l e c t r o d e s ,  the  le v e l  o f  unpleasan t shock to  

be used l a t e r  in  the  experiment w i l l  be determ ined. The h ig h e s t  of the

th re e  d e te rm in a tio n s  w i l l  be used . The purpose o f de term in ing  a crude

th re sh o ld  i s  merely to  in troduce  the  S to  the  measurement p rocedure .

The fo llow ing  in s t r u c t io n s  w i l l  be used.

Now we a re  ready to  p lace  the  shock e le c t ro d e s  on 
your a n k le .  I  w i l l  always t e l l  you ahead o f the time 
befo re  any shock w i l l  occu r .  You w i l l  always know when 
you can expect the shock. (A ttach  e le c t ro d e s )

Now we a re  ready to  a d ju s t  the  l e v e l  of shock so 
th a t  i t  w i l l  be s u i t a b le  fo r  you. I  w i l l  tu rn  on the 
shock appara tu s  but you w i l l  no t f e e l  an y th ing . Then 
I  w i l l  g rad u a lly  in c rease  i t s  s t r e n g th  u n t i l  you t e l l
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iftc y o u  can jusL bare ly  f e e l  i t .  A lr ig h t?  I  am tu rn in g  
i t  o n .  ONÎ Do you f e e l  any th in g  now? I ' l l  in c rease  
i t  a l i t t l e  more. T e l l  me when you f i r s t  f e e l  a s l i g h t  
shock o r  t i n g l in g  s e n s a t io n .  (Record response l e v e l . )

Now l e t ' s  s t a r t  a g a in .  The shock i s  turned down 
a g a in .  T e l l  me when you f i r s t  f e e l  a s l i g h t  shock or 
t i n g l i n g  s e n s a t io n .  (Record response l e v e l . )

Now I w i l l  in c rease  the l e v e l  o f  shock g ra d u a l ly .
I want you to  t e l l  me when the shock is  unp leasan t and
uncomfortable but not p a in f u l .  We want to  find  the
le v e l  where the  shock i s  unp leasan t and uncom fortable .
We do not want i t  to  reach  a p a in fu l  l e v e l .  OK? Now, 
t e l l  me when the shock becomes unp leasan t and uncom­
f o r t a b l e .  ( In c rea se  shock g ra d u a l ly ,  s top  a t  s ig n  from 
s u b je c t ,  decrease  le v e l  to  about th re sh o ld  l e v e l . )
(Record.) Now t e l l  me ag a in  when the shock becomes
unp leasan t and uncom fortab le . (Decrease le v e l  as
b e fo re ,  r e c o rd .)  One more tim e . T e l l  me again  when 
the shock becomes unp leasan t and uncom fortab le . F in e .
(Decrease and tu rn  o f f .  R ecord .) That i s  a l l  fo r  now.
(Detach w ires  to  one e l e c t r o d e . )  We w i l l  leave the 
e le c t ro d e s  on but w i l l  d isconnec t a wire so you w on 't 
re c e iv e  a shock a c c id e n ta l ly .

The ta sk  to  be performed by a l l  Ŝ s w i l l  be to  t ra c k  w ith  a 

s ty lu s  an i l lu m in a ted  t a r g e t  r o t a t i n g  on a  c i r c u l a r  path a t  30 RPM.

A t r i a l  w i l l  c o n s i s t  o f  a 30 second period  of t r a c k in g .  Each t r i a l

w i l l  be followed by a 15 second r e s t  i n t e r v a l  w ith  1 minute pe r iods

when f u r th e r  in s t r u c t io n s  a re  to  be g iven . Two types o f  measures w i l l  

be recorded fo r  each t r i a l :  time on t a r g e t  ( to  the n e a re s t  . 01  second)

and number o f  e r r o r s  (o n e -h a lf  o r  more of the s ty lu s  a p e r tu re  being o f f

the i l lu m in a ted  t a r g e t ) .  The fo llow ing  in s t r u c t io n s  w i l l  be used.

Let me show you the t r a c k in g  ta sk  and how to  do i t .
This gadget i s  c a l le d  a p h o to e le c t r ic  p u r s u i t  r o t o r .  The 
idea  i s  to  take t h i s  s ty lu s  in  your hand (Demonstrate) 
and fo llow  the  i l lu m in a ted  moving t a r g e t  l ik e  t h i s  (Demon­
s t r a t e ) .  Let the s ty lu s  g l id e  l i g h t l y  on the g la ss  s u r f a c e .
Do you understand  what to  do? J u s t  fo llow  the moving t a r g e t  
w ith  the  s t y l u s .  Try to  keep the  s ty lu s  in the  middle of 
the t a r g e t  as i t  moves.

Each t r i a l  w i l l  l a s t  fo r  30 seconds and w i l l  be f o l ­
lowed by a 15 second r e s t  p e r io d .  You w i l l  t ra c k  the t a r g e t  
fo r  30 seconds while i t  i s  moving. At the  end of the  30
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seconds the tarj^et w i l l  stop» Let your arm re lax  and r e s t  
du ring  the 15 second r e s t  p e r io d .  I  w i l l  say "Ready” j u s t  
before  each t r i a l .  Now l e t ' s  do th re e  t r i a l s  fo r  p ra c t ic e  
to  be su re  you understand what to  do. Rememberl Stay on 
the t a r g e t  as  much as p o s s ib le .  Ready, t ra ck  as soon as 
the t a r g e t  moves.

The rem ainder o f  the experiment i s  d iv ided  in to  two p a r t s ;  the 

le a rn in g  period  and the  s t r e s s  performance p e r io d .

During the  le a rn in g  period  Ss w i l l  undergo co n d it io n s  accord ing  

to  the schedule  (See Table 1) fo r  the group to  which they were randomly 

a ss ig n ed .

A one minute r e s t  period w i l l  fo llow  t r i a l s  3, 12, and 21 in  

o rd e r  th a t  a p p ro p r ia te  s t r e s s  in s t r u c t i o n s  may be given.

The s p e c i f i c  s t r e s s o r  to  be used in  the p re sen t  experiment is  

e l e c t r i c  shock. E l e c t r i c  shock w i l l  be used so th a t  the r e s u l t s  may 

be r e l a t e d  to  o th e r  s tu d ie s  making use o f  t h i s  type of  s t r e s s o r .  In  

a d d i t io n ,  e l e c t r i c  shock can be con v en ien tly  c o n t ro l le d  and adm in is te red  

in  r e l a t i o n  to  the  type of  ta sk  and s t r e s s  c o n d it io n s  of the s tudy .

T a s k - re la te d  s t r e s s  (RS) w i l l  r e f e r  to  the  co n d i t io n  arranged so 

t h a t  a S may avoid the e l e c t r i c  shock by t r a c k in g  a c c u ra te ly  but w i l l  

re c e iv e  the  e l e c t r i c  shock when he i s  o f f  the  t a r g e t .

T ask -u n re la ted  s t r e s s  (US) w i l l  involve a co n d i t io n  in  which a 

S_ w i l l  re ce iv e  e l e c t r i c  shock w hether or n o t  he i s  t ra c k in g  a c c u ra te ly .

A continuous record  w i l l  be made of the frequency and d u ra t io n  o f the 

shock adm in is te red  to  each S in  the RS c o n d i t io n s .  The same sequence 

of shock w i l l  be adm in is tered  in  the  US co n d i t io n s  to  Ss randomly 

pa ired  acco rd ing  to  the same sex and subgroup ( e a r ly ,  l a t e ) .  In  t h i s  

manner, the frequency and d u ra t io n  of  shock adm in is tered  w ith  the RS
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and Che US co n d it io n s  w i l l  be equated «

The in s t r u c t io n s  fo r  the th ree  s t r e s s  c o n d i t io n s  a re  as fo llow s:

No s t r e s s ; For the next few t r i a l s  you w i l l  t r a c k  the 
t a r g e t  (a) as  you have been doing , (b) w ithou t re c e iv in g  
any shock. (D isconnect shock w i re . )  Remember'. Stay 
on the t a r g e t  as  much as p o s s ib le .

T a s k - re la te d  s t r e s s ; On the  fo llow ing  few t r i a l s  you w i l l  
re ce iv e  a shock whenever you a re  not t r a c k in g  the  t a rg e t  
a c c u r a te ly .  (Connect shock w ire . )  As long as  you keep 
the  s ty lu s  over the moving t a r g e t  you w i l l  n o t  rece ive  
any shock. But whenever the s ty lu s  i s  o f f  th e  moving 
t a r g e t  you w i l l  re ce iv e  an e l e c t r i c  shock. The shock 
w i l l  be a t  the  le v e l  you in d ic a te d  e a r l i e r  a s  unp leasan t 
and uncom fortab le . Remember'. S tay  on the t a r g e t  as 
much as p o s s ib le .

T a sk -u n re la ted  s t r e s s ; During the  nex t few t r i a l s  you w i l l  
re c e iv e  a s e r i e s  o f  shocks. (Connect the w i r e . )  The f r e ­
quency and d u ra t io n  of  the  shocks i s  p redeterm ined so th e re  
i s  no th ing  you can do to  cause o r  to  avoid them. They w i l l  
occur whether you a re  t r a c k in g  the  moving t a r g e t  a cc u ra te ly  
o r  in a c c u ra te ly .  The shock w i l l  be a t  the  l e v e l  you i n d i ­
ca ted  e a r l i e r  as unp leasan t and uncom fortab le . Remember'.
S tay  on the  t a r g e t  as much as p o s s ib le .

Following t h i s  f i r s t  p a r t  o f  the  i n v e s t i g a t i o n ,  the le a rn in g  

p e r io d ,  an i n t e r v a l  o f  one minute r e s t  w i l l  occur d u r in g  which app ro ­

p r i a t e  in s t r u c t i o n s  w i l l  be given.

In  the second p a r t ,  the s t r e s s  performance p e r io d ,  each S w i l l  

perform the t r a c k in g  ta sk  under each o f th re e  s t r e s s  c o n d i t io n s ,  RS,

US, and TS. One male and one female from each of the f ive  le a rn in g  

groups w i l l  randomly be ass igned  to  each o f  the  s ix  p o s s ib le  sequences 

o f  the  th re e  s t r e s s  c o n d i t io n s .  (See Table 2)

A one minute i n s t r u c t i o n  and r e s t  pe riod  w i l l  occur between each 

s t r e s s  c o n d i t io n .  Three t r i a l s  w i l l  be g iven  fo r  each  s t r e s s  co n d it io n .  

I n s t r u c t io n s  fo r  the  RS and fo r  the US co n d i t io n s  w i l l  be the same as 

those used p re v io u s ly ,  du rin g  the le a rn in g  p e r io d .  In s t r u c t io n s  fo r
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TABLE 2

Sequence o f S t r e s s  C onditions

Sequence Order

No. 1s t 2nd 3rd

1 RS US TS

2 RS TS US

3 US RS TS

4 us TS RS

5 TS RS US

6 TS US RS

RS - 
US -

T a s k - re la te d  s t r e s s  
T ask -u n re la ted  s t r e s s

TS - T hrea t s t r e s s
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the TS a re  as fo llow s .

T t i r e a t - s t r e s s : Next you w i l l  have a n o th e r  block of 3 t r i a l s
w ithout any shock. A f te r  the 3 t r i a l s  on the  p u rs u i t  r o to r  
we w i l l  f i n i s h  our c a l i b r a t io n  o f  the  shock by in c re as in g  
i t  as  high as you can p o ss ib ly  s ta n d .  We w i l l  run i t  up to  
where i t  i s  p a in fu l  and you c a n ' t  take i t  any h ig h e r .  Right 
now though, these  next th re e  t r i a l s  a re  w ithou t any shock. 
Rememberl Stay on the t a r g e t  as  much as  p o s s ib le .

(A fte r  the th ree  t r i a l s )

I 'm  s o r ry ,  I  made a m is tak e .  We d o n ' t  need to  c a l i ­
b ra te  the  shock ag a in .
A. (For those  whose th r e a t  i s  l a s t  in  the  sequence.)

That f in i s h e s  a l l  the t r i a l s  and shock s e s s io n s .
B. (For those  who s t i l l  have RS o r  US y e t . )

We j u s t  use the  unp leasan t l e v e l  we determined e a r l i e r .
(Then RS o r US in s t r u c t i o n s  as a p p r o p r ia t e . )

TS w i l l  involve the S 's  performance when no e l e c t r i c  shock w i l l  

be d e l iv e re d .  However, the Ss w i l l  expec t a  d e te rm in a tio n  o f  the 

maximum amount o f  shock they can s tand  immediately fo llow ing the 

ta sk  perform ance.

The US (frequency and d u ra t io n  o f shocks) fo r  the th ree  t r i a l s  

w i l l  be the same fo r  a l l  ^ s .  One male and one female p re lim inary  Ŝ 

w i l l  proceed through t r i a l s  1 through 24 and th en  perform th ree  t r i a l s  

under RS c o n d i t io n s .  The frequency and d u ra t io n  o f  shocks fo r  the male 

and fo r  the female w i l l  then be used fo r  a l l  o th e r  l ik e -sex ed  Ss under 

the  US c o n d i t io n .  (Data from th ese  two p re l im in a ry  Ss w i l l  not be 

used except to  determ ine the  US to  be u sed .)

Upon com pletion o f  the  f i n a l  t r i a l ,  the GSR and shock e le c t ro d e s  

w i l l  be removed and the sk in  cleaned o f e le c t ro d e  p a s te .  The S w i l l  

be thanked fo r  p a r t i c i p a t i n g  and w i l l  be asked no t to  d iscu ss  the  s tudy  

w ith  anyone. I f  he wishes to  le a rn  the  f i n a l  r e s u l t s  o f  the s tudy , 

arrangem ents  w i l l  be made to  provide him w ith  t h i s  in fo rm ation .
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Experim ental desi%n.--A mixed type of design  w i l l  be used which 

involves repeated  measurements on s e v e ra l  independent groups. A 

schematic r e p re s e n ta t io n  of the genera l  design  i s  p resen ted  in 

Figure 6 .

The s ix ty  Ss w i l l  be randomly ass igned  to  each of f ive  groups 

w ith  the r e s t r i c t i o n  t h a t  s ix  males and s ix  females be placed in  each 

group.

A l l  f iv e  groups w i l l  t ra c k  under n o - s t r e s s  du rin g  the f i r s t  

block of t r i a l s .  This w i l l  provide a base performance from which 

le a rn in g  o f the  ta sk  can be in fe r r e d  and any d i f f e r e n t i a l  e f f e c t s  due 

to  the s t r e s s  co n d it io n s  can be a sse ssed .

The f iv e  groups w i l l  undergo d i f f e r e n t  c o n d it io n s  during  the 

le a rn in g  period  o f  the experim ent. The NS group w i l l  experience  NS 

du rin g  the le a rn in g  phase (b locks 2-7) and w i l l  serve  e s s e n t i a l l y  as a 

c o n tro l  group. Two RS groups w i l l  be used: one group w i l l  rece iv e  RS

during  the e a r ly  blocks (2-4) o f  t r i a l s  and the  o th e r  group w i l l  r e ­

ceive RS du rin g  the  l a t e  block (5-7) o f  t r i a l s .  Two US groups w i l l  be 

used: one group w i l l  experience  US du rin g  the  e a r ly  blocks (2-4) of

t r i a l s  and the  o th e r  group w i l l  re c e iv e  US du rin g  the  l a t e  blocks 

(5-7) o f  t r i a l s .

A l l  f iv e  groups w i l l  then perform the t r a c k in g  task  under a NS 

c o n d it io n  (block 8) .  D iffe ren ces  in  le a rn in g  a s so c ia te d  w ith  the type 

of s t r e s s  o r  w ith  the time s t r e s s  i s  in troduced can then  be e v a lu a ted .  

An in d ic a t io n  o f  whether the s t r e s s  c o n d i t io n s  a f f e c t  performance or 

le a rn in g  can be a t t a i n e d .

One male and one female from each group w i l l  be randomly assigned
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B2

Cl C2 Ck

B2

B2

F acto r A: Independent Random Groups

A2 No s t r e s s
A2 E arly  t a s k - r e la t e d  s t r e s s  
A3 Late t a s k - r e l a t e d  s t r e s s  
A/̂  E arly  ta sk -u n re la te d  s t r e s s  
A3 Late ta sk -u n re la te d  s t r e s s

Fac to r B: Sex

Bĵ  Male

F ac to r  C: Repeated Measures
(Learning Period)

Cl-Cg

B2 Female

Successive blocks of 
3 t r i a l s  

or
(Type of s t r e s s )

T ask -re la ted  s t r e s s  
T ask -un re la ted  s t r e s s  
T h r e a t - s t r e s s

Figure  6 . a schematic r e p re s e n ta t io n  of the re sea rch  
design .
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to  each sequence o f  the s t r e s s  c o n d i t io n s .  Each su b je c t  w i l l  t ra c k  

under a l l  th re e  types o f  s t r e s s  (RS, US, and TS) c o n d i t io n s  but in  

h i s  ass igned  sequence. Thus a l l  p o s s ib le  sequences w i l l  occur w ith in  

each group.

S t a t i s t i c a l  a n a l y s i s . - -S e v e ra l  a n a ly se s  w i l l  be made. Two ana lyses  

w i l l  be based on d a ta  from the le a rn in g  pe riod  and two on d a ta  from the 

s tre ss -p e rfo rm an ce  p e r io d .  O ther an a ly se s  w i l l  be based on d a ta  from 

su b je c t iv e  r e p o r t s  and GSR d a ta .

A n a ly s is  of d a ta  fo r  the le a rn in g  period  and the s t re ss -p e rfo rm an ce  

period  w i l l  be conducted fo r  the  s p l i t - p l o t  f a c t o r i a l  des igns  w ith  two 

between-block tre a tm e n ts  and one w ith in -b lo ck  trea tm en t (K irk , 1968).

A summary o f  the  a n a ly s i s  may be seen by re fe re n c e  to  Table 3.
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TABLE 3
Summary of A nalysis  of Variance

Source SS d f^ MS F

Between su b je c ts

1 A * • • 4 4 . . .  1/4

2 B • ■ • 1 1 . . .  2/4

3 A X B • • • 4 4 . . .  3/4

4 Sub jec ts  w ith in  groups • • • 50 50 . . .

W ithin su b je c ts

5 C . . . 7 2 . . .  5/9

6 A X C • • • 28 8 . . .  6/9

7 B X C • • • 7 2 . . .  7/9

8 A X B X C 28 8 . . .  8/9

9 C X S u b jec ts  w i th in  groups • • • 350 100 • • •

(a) Degrees o f  freedom fo r  le a rn in g  period  d a ta .

(b) Degrees of freedom fo r s t r e s s  performance period  da ta .
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TABLE 4

Summary of Analysis of Variance for
Time on Target During Learning Period

Source MS F

Between s u b ie c ts

S t r e s s  group (A) 4 226.08 2.06

Sex (B) 1 795.57 7.27**

A X B 4 247.05 2.26

S u b je c ts  w ith in  groups 50 109.48

W ithin S u b ie c ts

T r i a l s  (C) 7 (1)* 92.93 24.20**

A X C 28 (4)3 5.98 1.56

B X C 7 (D * 1.76 .46

A X B X C 28 ( 1)* 4.13 1.08

C X S u b je c ts  w ith in  groups 350 (50)* 3.84

* * £  .01

(a) M odified degrees of freedom used fo r  the  c o n se rv a tiv e  t e s t s  
o f  s i g n i f i c a n c e .
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TABLE 5

Summary of Analysis of Variance
for Errors During Learning Period

Source MS F

Between su b ie c ts

S t r e s s  group (A) 4 1677.15 2.29

Sex (B) i 7059.47 9.63**

A X E 4 653.99 .89

S u b jec ts  w ith in  groups 50 732.99

W ithin s u b ie c ts

T r i a l s  (C) 7 (1)* 235.54 9 . 20**

A X C 28 (4)* 29.14 1.14

B X C 7 (D * 57.76 2.26

A X B X C 28 (4)* 19.53 .76

C X S u b je c ts  w ith in  groups 350 (50)® 25.59

* * £  <  .01

(a )  Modified degrees of freedom used fo r  the c o n se rv a tiv e  t e s t s  
of s ig n i f i c a n c e .



TABLE 6
Summary of Time on T arget T r i a l  Means, Standard D eviations  

and D iffe ren ces  Between Means During Learn ing  Period

D iffe ren ce  between t r i a l  means®
X SD

T r ia l 2 3 4 5 6 7 8

1 2.08** 1.77** 1.62** 3.51** 2.75** 2.34** 4.04** 18.68 5.05

2 - .31 .46 1.43** .67 . 21 1.96** 20. 76 4.78

3 - .15 1.74** .98 .57 2,27** 20.45 4.72

4 1 . 89** 1.13* .72 2.42** 20.30
C T v

4.64  ^

5 - .76 -1.17 .53 22.19 4.26

6 - .41 1.29 21.43 4.14

7 -1.70 21.82 4.35

8 22.72 4.44

* £  < .05 ** £  -c .01

(a) D iffe ren ces  re p re se n t  T r i a l  2 - T r ia l  1, 
Dunn's m u lt ip le  comparison procedure .

e t c .  The s ig n i f ic a n c e of d i f f e r e n c e s  was determined by



TABLE 7
Summary o f E r ro r  T r i a l  Means, S tandard D eviations  

and D iffe ren ces  Between Means During Learn ing  Period

D iffe ren ce  between t r i a l raeans^
X SD

T r i a l  2 3 4 5 6 7 8

1 .9 1 . 8  1 . 8 4.0** 3.6** 3.0* 6.3** 38.0 9.90

2 .9 .9 3.1* 2.7 2 . 1 5.4** 37.1 12.09

3 . . 0 2 . 2 1 . 8 1 . 2 4.5** 36.2 11.69

4 2 . 2 1 . 8 1 . 2 4.5** 36.2
O '

11.60

5 - .4 - . 10 2.3 34.0 12.72

6 - . 6 2.7 34.4 11.44

7 3.3** 35.0 11.62

8 31.7 11.72

* £  < .05 ** £  < . 01

(a) D iffe re n c es  re p re se n t  T r i a l  1 -T r ia l  2, e t c .  The s ig n i f ic a n c e  o f  d i f f e r e n c e s  was determined by 
Dunn's m u l t ip le  comparison procedure .
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TABLE 8
Summary of Analysis of Variance for Time

on Target During Stress Conditions

Source MS F

Between s u b je c ts

S t r e s s  group (A) 4 59.02 1,42

Sex (B) 1 239.27 5.78*

A X B 4 81.54 1.97

S u b jec ts  w ith in  groups 50 41.43

W ithin s u b je c ts

S t r e s s  C onditions  (C) 2 ( 1)* 4.18 16.72**

A X C 8 (4)* 6.08 24.32**

B X C 2 ( 1)* . 12 .48

A X B X C 8 (4)8 2 0 . 68 82.72**

C X S u b jec ts  w ith in  groups 100 (50)* .25

* £  < .05 ** £  4  .01

(a) Modified degrees of freedom used fo r  the  co n se rv a tiv e  t e s t s  
o f  s i g n i f i c a n c e .
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TABLE 9
Summary of Analysis of Variance

for Errors During Stress Conditions

Source dr MS F

Between s u b ie c ts

S t r e s s  group (A) 4 621.42 2.42

Sex (B) I 3419.99 13.33**

A X B 4 389.56 1.52

S u b jec ts  w i th in  groups 50 256.47

Within s u b ie c t s

S t r e s s  c o n d it io n s  (C) 2 (D * 100.62 6.23*

A X C 8 (4)* 30.42 1 . 88

B X C 2 ( i ) * 26.12 1.62

A X B X C 8 (4)* 18.10 1 . 12

C X S u b jec ts  w ith in  groups 100 (50)® 16.14

* £  .05 ** £ 6  .01

(a) M odified degrees of freedom used fo r  the  co n se rv a tiv e  t e s t s
o f  s ig n i f i c a n c e .
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TABLE 10

Summary of Time on Target D ifference  
Between Means of S tre s s  Conditions fo r  each S tre s s  Group

S tre s s  group D ifference

RS-ÜS

between s t r e s s  

RS -TS

cond it ions^ 

US -TS

NS - .27 - .80** - .53*

ERS - .42 . 20 .62**

LRS - .22 1.26** -1.04**

EUS 1 . 66** 1.65** - .01

LUS 1 . 68** .55* -1.33**

* £  ^  .05 ** £  < .01

(a)  The s ig n if ic a n c e  of d i f f e r e n c e s  was determined by 
Dunn's m u lt ip le  comparison procedure.


