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COGNITIVE AND CENTRAL NERVOUS SYSTEM FACTORS 

IN PSYCHOPHYSICAL JUDGMENT

CHAPTER I

INTRODUCTION AND STATEMENT 

O F THE PROBLEM

C u rre n t thinking concern ing  p e rcep tio n  re co g n iz e s  the  c ru c ia l 

r o le  it p lays in m a n 's  in te ra c tio n  w ith the  env ironm ent and  em p h asizes  

th e  com plexity  of p e rcep tu a l p ro c e s s e s .  The la t te r  em p h asis  has 

re s u l te d  from  a t le a s t two so u rc e s . The f i r s t  is  the  grow ing r e a l iz a 

tion  th a t any adequate d esc rip tio n  of hum an behavior m u st include con

cep ts  involving both in te rn a l (o rg an ism ic ) and ex te rn a l (s tim u lu s  field) 

v a r ia b le s . The second, and re la te d  tendency, is  to  view the  p e rc e iv e r  

a s  an  active  co n trib u to r to  the p e rce p tu a l p ro c e ss  r a th e r  than  a  p a ss iv e  

rec ip ie n t of s tim u li. P e rcep tio n , then, is  conceived of a s  an adaptive 

p ro c e s s  w hich is  highly dependent upon p rev io u s  ex p erien ce  of the  p e r 

ce iv e r  as  w ell a s  fo ca l and background s tim u lu s  conditions (He Is on, 1964) 

and, of co u rse , th e  in te g rity  of c e n tra l nervous sy stem  functioning. The 

p re se n t ex p erim en t has been f ra m e d  in th is  context and w ill in v estig a te  

the  p e rcep tu a l p ro c e ss  as  in fe r re d  fro m  h e te ro m o d al psychophysica l
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judgm ents under d ifferen t s tim u lu s  and o rg an ism ic  conditions. The 

m a jo r independent v a r ia b le s  involve: (1) th re e  p e r ip h e ra l  re c e p to r  

sy s te m s  (v isual, aud ito ry , v ib ra to ry ), (2) v a r ia t io n s 6 i s tim u lu s  con

ditions (anchor effec ts), (3) v a ria tio n s  in  p sycho log ica l s e ts  ( in s tru c 

tions), and (4) v a ria tio n s  in  c e n tra l n ervous sy stem  functioning (intact 

v s . im p a ired ). To approach  the p rob lem  a re a , it is  n e c e s s a ry  to  m ake 

a g rad u a l a scen t th rough  b a s ic  psycho log ica l is s u e s  re la te d  to  p e rc e p 

tio n  and to  anchor it in a  p sy ch o p h y sica l fram ew ork .

D efinition of B as ic  T e rm s  

L e t u s  s ta r t  by  d iscu ss in g  th e  b a s ic  te rm s  u sed  in  th is  study,

i. e . , p e rcep tio n , d isc rim in a tio n  and ca teg o riza tio n . A ccord ing  to 

G ibson (1959, p .457), p e rcep tio n  is  a  "p ro c e ss  by w hich an indiv idual 

m a in ta in s  con tac ts  w ith h is  env ironm ent. " T h is  p e rm its  recognition , 

and re sp o n se  to  the  w o rld  of o b jec ts , p la c e s , and ev en ts . It s e rv e s  a s  

a  fo rm  of ad justm en t to  the env ironm ent in  w hich the  o rg an ism  ev a lu 

a te s  and  c la s s if ie s  the  s tim u li p re se n t;  and  r e a c ts  to  them  in a  d iffe r

en tia l m an n e r. A ccord ing  to  H elson (1964), th e re  a r e  two b ro ad  c la s se s  

of s tim u li: s tim u li to  be app roached  and s tim u li to  be avoided. T h e re  

a re  a lso  v ary in g  d eg rees  of accep tance  o r re je c tio n  a s  w ell a s  a  p o s i

tion  w hich is  am bivalen t o r n eu tra l. T hese  th re e  d ifferen t k inds of 

re sp o n s e s , i. e . , approach , avoidance o r n e u tra l, a r e  ind ica tive  of the 

p ro c e s s  of d isc rim in a tio n  w hich is  the ab ility  of the  o rg an ism  to  r e 

spond in  d ifferen t w ays to  d ifferen t s tim u li. To T h u rs to n e  (1927), th is
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re sp o n se  w hich . . iden tifies , d istin g u ish es, d isc r im in a te s  o r r e a c ts  

to  s tim u li"  o c c u rr in g  at any m om ent, is  a  d isc r im in a i p ro c e s s . The 

d isc r im in a to ry  behav io r, he m a in ta in s , m ay  be e ith e r  p sycho log ica l, 

o r phy sio lo g ica l o r  both. R a z ra n  (1949) po in ts  out th a t th is  d is c r im i

nation  continuum  has m o re  s tep s  in m an  than  in  an im al. O rd e r  is 

e s ta b lish e d  on the b a s is  of d isc r im in a to ry  re sp o n se  along a  s tim u lu s  

d im ension . D isc rim in a tio n  b eco m es m o re  effic ien t and f in e r  w ith the 

grow th of the  o rg an ism . G ro ss  ap p ro ach -av o id an ce  b eh av io r no 

longer a c ts  in  an  a ll-o r -n o n e  m an n e r , but becom es a  com plex, m any- 

s tep p ed  re sp o n s e  b ased  on v a rio u s  p ro p e r t ie s  of o b jec ts  o r  even ts. 

T h ese  v a rio u s  p e rce p tio n s  can be thought of a s  ca te g o riza tio n s  w hich 

g rad u a lly  beg in  to  e lic it  d iffe ren tia l re sp o n s e s . At a  m o re  p r im itiv e  

lev e l the ca te g o riz a tio n  sc a le  m igh t be a  dichotom y o r a  few d is c re e t  

p o in ts; but a s  the  o rg an ism  grow s and  le a rn s ,  the sc a le  is  developed 

th rough  m o re  and m o re  c a te g o rie s  w hich  help the o rg a n is m 's  a d ju s t

m en t to  the  env ironm ent.

T h is  g rad u a l so p h is tica tio n  of the c a teg o riza tio n  s c a le  b rin g s  

new er e le m e n ts  into co n s id e ra tio n , e sp e c ia lly  in re la tio n  to  the  h igher 

m en ta l p ro c e s s e s  o r  concep tual functioning. B ru n e r , Goodnow and 

A ustin  (1956) have exp lained  the  two d iffe ren t lev e ls  of ca teg o riza tio n  

p re v a le n t in  psychology.

One of the p rin c ip a l d iffe ren ces  betw een the  two fo rm s  
of c a teg o riza tio n . . . the  p e rc e p tu a l on the one hand and con
cep tu a l on the  o th e r. . . is  the  im m ed iacy  of the a ttr ib u te s  
by w hich th e ir  f itn e s s  to  a  ca te g o ry  is  de te rm in ed . In the



p e rc e p tu a l sen se  the re le v a n t a ttr ib u te s  a r e  m o re  
im m ed ia te ly  given by w hich we judge the c a te g o r i
ca l id en tity  of an ob ject a t le a s t in s im p le  p e rc e p 
tu a l s itu a tio n s . At the o th er end the  a tta in m en t of 
knowledge about the a ttr ib u te s  th a t a r e  re le v a n t 
m ay  re q u ire  a  difficult s tra te g y  of s e a r c h . . . .

C la s s ic  and M odern P sy ch o p h y sics  

The v e ry  idea  of ca teg o riz in g  and d isc rim in a tin g  im p lies  com 

p a r iso n s . One ob ject o r event is  com p ared  w ith an o th er in  v a rio u s  

fo rm s . Is it s im ila r  or d ifferen t, o r  is  it m o re  o r le s s , o r equal?

T hese  e x p e rien ce s  a r e  sc a led  along a  continuum  on the b a s is  of in ten 

s ity  o r m agn itude. P sy ch o p h y sics  in v e s tig a te s  th e se  d ifferen t continua 

and t r i e s  to  ex p lo re  the re la tio n sh ip  betw een the p h y s ica l w orld  and the 

co rresp o n d in g  ex p erien ced  d im ensionality . The s tim u lu s  d im ension 

w as the  p r im a ry  sub jec t m a tte r  of tra d it io n a l  psychophysics and the 

s e n so ry  ex p e rien ce s  s tud ied  w ere  highly s tim u lu s  bound (T itch en er,

1927; C a tte ll, 1892). A co n tro lled  s e r ie s  of s tim u lu s  p re se n ta tio n s  and 

the  c o rre sp o n d in g  re sp o n se s  in  the fo rm  of q uan tita tive  judgm ents w ere  

c o n s id e re d  to  be s ta n d a rd  and v e ry  m uch  the  sam e fo r a l l  m e m b ers  of 

the  population. V ario u s  w o rk e rs  (W erner, 1937; Hebb, 1949; P o stm an  

and B ru n e r , 1949; G ibson, 1950; G a lan te r , 1962), how ever, have ind i

ca ted  th a t th is  is  an  o v e r-s im p lif ic a tio n . G alan te r s ta te s , fo r exam ple, 

th a t p sy ch o p h y sica l judgm ent is  a  com plex  outcom e of behav io r re su ltin g  

fro m  th e  s tim u lu s  c h a ra c te r is t ic s ,  i ts  p ro b a b ilitie s  of o c c u rre n c e s , p ay 

offs, v a lu es , m o tiv e s , ex p ecta tio n s of the ind iv iduals and the  p h y sica l



and physio log ical lim its  of the re c e p to r  m ech an ism . In th is  way m od

e rn  psychophysics is  concerned  w ith  the iden tifica tion  and elucidation  

of v a r ia b le s  w hich affect the behav io r of a p e rso n  in  h is judgm ents, 

ac tions and re sp o n se s . It looks fo r the underly ing  law s of behavior 

showing the  in v arian t re sp o n se  s tru c tu re  th a t tra n sc e n d s  the v a ria tio n s  

in  the  im pinging s tim u la tion .

The ro le  of the  o rg an ism ic  v a r ia b le s  in affecting the p e rce p tu a l 

p ro c e s s e s  has been  convincingly d em o n stra ted  by v a rio u s  s tu d ies  (P o s t

m an  and B ru n e r, 1949; Howes and Solomon, 1951; K ris to ffe rso n , 1957; 

G oldiam ond and H aw kins, 1958; P o stm an , B ru n er and Goodman, 1947). 

Investigating  the  influence of se t on p sychophysica l judgm ent. P o stm an  

and B ru n er (1949) found th a t the  reco g n itio n  th re sh o ld s  under the  s ing le  

se t condition w ere  low er than  th o se  under the  d u a l-se t condition. In a 

s im ila r  ex p erim en t u sin g  to n es  of p a r t ic u la r  frequency , K aro ly  and 

Isaacso n  (1956) o b se rv ed  th a t an in ap p ro p ria te  se t has a low er p ro b a 

b ility  of detecting  the se t-in co n g ru en t tone than  the co n tro l condition.

O ther v a r ia b le s  being stud ied , G oldiam ond and Hawkins (1958) 

have i l lu s tra te d  the im p o rtan ce  of re sp o n s e -b ia s  in a psychophysical 

judgm ent s ituation . T hey show ed th a t frequency , fa m ilia r ity , e t c . , 

even when not d ire c tly  influencing  the  p ercep tio n , m ight im pose b ia se s  

on re sp o n se  p ro b ab ility . M otivation a s  a  p o ten tia l cognitive v a riab le  

has been d em o n stra ted  by M cC lelland  and L ib e rm an  (1949). In th is  

s tudy it w as found tha t su b jec ts  w ere  m o re  se n s itiv e  to  w ords connoting



high ach iev em en t-m o tiv e  than  to  w ords p re su m ab ly  le s s  ach ievem en t-

m o tiva ted , A nother experiauent p e rfo rm e d  by B ru n e r and Goodman

(1947) d em o n stra ted  the influence of value of coins on the  p e rce iv ed

s iz e . In  th e ir  concep tualiza tion  of th is  a re a  B ru n e r and Goodman have

reco g n ized  two g en e ra l c la s s e s  of d e te rm in an ts  r e f e r  to  physio log ical

p ro p e r tie s  of the sen se  o rgan  w hile the b eh av io ra l d e te rm in a n ts  r e f e r

to  p e rc e p tu a l a c tiv itie s  like  va lu es , fee lin g s, w ish es, e tc .

In ano ther a ttem pt to  conceptualize a ll  the p o ten tia l v a r ia b le s

th a t m igh t influence p e rc e p tu a l ac tiv ity , G raham  (1950) g ives us the

follow ing sch em atic  re p re se n ta tio n :

R = f(a, b, c, d , . . . n, . . t ,  . . x, y, z)

w here  R = re sp o n se , o r  som e m e a su re d  a sp ec t of it 
a, b, c, d = a sp ec t of the  s tim u lu s  
n = num ber of t im e s  th e  s tim u lu s  has been applied  

to  the  o rg an ism  
t  = tim e
X, y, z = in te rn a l condition of s e t, m o tivation , e tc . 

P henom enolog ically  the d im en sio n a lities  of p e rcep tio n  a r e  not so le ly  

bound by the  im m ed ia te  s tim u lu s . The in d iv id u a l's  a ttitu d es , va lu es , 

ways of s tru c tu r in g  h is  ex p e rien ces , judgm ents along w ith the en v iro n 

m en ta l fo rc e s  r e p re s e n t  the m ode of ad justm en t and the  in te ra c tin g  

b eh av io r.

Im p lic it in c la s s ic  psychophysics is  co n s id e ra tio n  of the  re sp o n se  

a s  a  p a ss iv e  re ce p tio n  and re f le c tio n  of s tim u li; a p u re  se n so ry  a w a re 

n e ss  of som eth ing  o r a m a t te r  of ex te ro cep tiv e  s e n so ry  o rg an iza tion .

But th e re  is  evidence th a t a ll  s o r ts  of com plex ad ju stm en ts  a re  going on



in  the  p e rce p tu a l ac t, ad ju stin g  both to  the  ob ject fo ca lly  p e rc e iv e d  and 

to  i ts  su rro u n d in g s (W erner and W apner, 1952). A ccording  to th ese  

au th o rs  the stim u la tin g  object not only involves the re c e p to r  and the se n 

s o ry  a r e a  of the co rtex , but a ro u se s  a s e r ie s  of s e n so r i- to n ic  events 

involving the o rg an ism  as a w hole. In the p ro c e s s  of a ttending  th e re  is  

m u sc u la r  con trac tion  including the accom m odation  of the sen se  organ . 

The body position  and the m o to r a ttitu d es  fa c ilita te  the reco g n itio n  and 

a id  in  the  r e c a l l  of p rev io u s  se n so ry  ex p erien ce . The ten s io n s  and o v e r 

flow e ffec ts  p roduced  by th e  s tim u lu s-fie ld  r e s u l t  in  r e s p i r a to ry  and 

c irc u la to ry  changes accom panying c e r ta in  p o sitio n  b alance, and action . 

F ro m  a s im ila r  standpoin t. F re e m a n  (1948) c o n s id e rs  th a t hum an 

behav io r can be e x p re sse d  as  a  h o m eo sta tic  ad justing  m echanism , m a in 

ta in in g  a  b a s ic  energy  lev e l.

D em psey (1951) a lso  holds tha t vo lu n tary  ac tiv ity , in tr in s ic  r e 

sp o n ses  and p e rcep tu a l-co g n itiv e  b eh av io rs  a re  a  fo rm  of hom eosta tic  

ac^ustm ent to  a changing env ironm en t. H o m eo stasis  in D em psey 's  s y s 

te m  r e p re s e n ts  v a rio u s  lev e ls  of com plex physio log ical in te ra c tio n .

F o r  in s tan ce , the b lo o d -su g ar lev e l is  re g u la te d  by ap p aren tly  d isc re e t 

o rg an s  o r  functions and is  the  outcom e of re la t iv e ly  s im p le  low o rd e r  

in te g ra tio n s . But in an em erg en cy  situ a tio n  the m o b iliza tio n  of the 

o rg an ism  involves a com plex in te ra c tio n  of chem ical, en d o crin a l, and 

n e u ra l  sy s te m s . Thus a p h ysio log ica l pooling of m any sy s te m s  is  a 

p r im e  condition fo r m ain ta in ing  a  s tead y  in te rn a l s ta te  n e c e s s a ry  fo r
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th e  su rv iv a l of the o rg an ism . A s im ila r  pooling at th e  psycholog ical 

le v e l is  hypo thesized  by H elson  (1947), to  be concerned  w ith com plex 

p e rc ep tu a l-co g n itiv e  functions, th a t a re  involved in the ad justm en t or 

ad ap ta tio n  of the individual. H is m ain  th e s is  is  tha t a  re sp o n se , p e r 

cep tu a l o r o th erw ise , is  an ad justing  m echan ism  for the optim um  func

tio n in g  of the  o rg an ism .

H e lso n 's  A daptation L ev e l T heory  

The concept of adap tation  o rig in a te s  fro m  physiology (Ruch, 1946) 

w h ere  the  decline in the r a te  of d isch arg e  of re c e p to rs  due to  p ro longed 

s tim u la tio n  is  o b se rv ed . The decay of the se n s itiv ity  of the end o rgans 

a f te r  continued s tim u la tio n  is  te rm e d  a s  the  adaptive s ta te . But th e re  

i s  ev idence th a t co incident w ith  the  d ecrem en t in re sp o n se  of som e 

r e c e p to r s  follow ing re p e a te d  s tim u la tion , th e re  is  a  heigh tened  re sp o n se  

on the  p a r t  of the  o th er r e c e p to rs .  Thus adaptation  is  a s  m uch a sen s i- , 

tiz in g  p ro c e s s  a s  a  d esen sitiz in g  one (H elson, 1964). A daptation to  r e d  

co lo r m ak es  one m o re  re sp o n s iv e  to  g reen ; adapting to  dark  m ak es  one 

m o re  sen s itiv e  to  ligh t. It is  th e re fo re  a tw o-w ay p ro c e ss  involving 

he igh tened  a s  w ell as  lo w ered  p e rfo rm an ce  of the se n so r i-m o to r  sy stem . 

On th e  one hand we see  a phenom enon like h o m eo sta s is , s tr iv in g  tow ard  

eq u ilib riu m  o r a  m o re  o r  le s s  s tead y  s ta te , and at the sam e tim e  we 

se e  th a t the  o rg an ism  s tr iv e s  fo r v a rie ty , change (‘and novelty .

H elson  (1964) su g g ests  tha t im pulse  fo r action  com es not from  

conditions lead ing  to  s tead y  s ta te  of the  o rgan ism  but r a th e r  from  the



d isp a rity  betw een the s tim u la tio n  and the p rev a ilin g  adap tation  lev e l. 

E q u ilib riu m  s ta te s  r e p re s e n t  the re fe re n c e  point fro m  w hich behavior 

is  m e a su re d , p re d ic te d  and u nderstood . T h is  does not im ply  th a t the 

goal of behav io r is  a  s ta te  of eq u ilib rium . The adap tation  lev e l is  a 

n e u tra l point o r  o rig in  to  w hich g rad ien ts  of s tim u la tio n  a re  re fe ra b le . 

Even in  an  ap p aren tly  co n sis ten t env ironm ent the o rg an ism  is  in a con

tin u a l m ovem ent c h a ra c te r iz e d  by a flux  of s tim u la tio n  changing fro m  

m om ent to  m om ent. I ts  s ta b ility  is  a  dynam ic, k in e tic  eq u ilib riu m . 

T h e re  is  no p e rfe c t b alance betw een the build ing and b reak in g  p ro c e sse s ; 

r a th e r  it  i s  a  ra n g e  over w hich the  o rg an ism  functions. The availab le  

ra n g e  of s tead y  s ta te s  is  r e la tiv e ly  g re a te r  a t the  b eh av io ra l lev e l than  

a t the  p h ysio log ica l lev e l. H ow ever, th is  concept of adap ta tion  lev e l 

d e sc rib e d  a s  ad justm en t of in te rn a l to  e x te rn a l re la tio n s  needs to  be 

s ta te d  in  a  m o re  sp ec ific  m an n er and in  o p era tio n a l te rm s  to  be of ex 

p e r im e n ta l u se .

The adap tation  lev e l th e o ry  of H elson  is  a g e n e ra l p rin c ip le  to  

account fo r d ifferen t lev e ls  of p e rc e p tu a l even ts from  sim p le  se n so ry  

re s p o n s e s  to  com plex so c ia l behav io r. It o ffe rs  a  m a th em a tica l m odel 

allow ing p re d ic tio n  and e m p ir ic a l v e rif ic a tio n  of p e rc ep tu a l behavior 

(H elson, 1947). A daptation lev e l is  th e  w eighted  m ean  of a ll  the  s tim u li 

a ffecting  behav io r te m p o ra lly  o r s ta tia lly , a s  f ig u re  o r ground. It is  a 

quan tita tive  o p era tio n a l concept fo r handling v a ried  re sp o n se  o r ad ju s t

m en t of the  o rg an ism  to  the conditions confronting him . The p rin c ip le  

re c o g n ize s  th a t, b e s id e s  the  s tim u lu s  m anifo ld , the in te rn a l o rg an ism ic
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fa c to rs  affect the  p e rc ep tu a l d im ension  in  keeping  w ith  the  s ta te s  of 

needs, v a lu es , and fee lings of the ind iv iduals. The to ta l  s itu a tio n  is  a 

functional p ro c e ss ; a  re su ltin g  p ro c e s s  of the in te ra c tiv e  fo rc e s  of both 

in te rn a l and e x te rn a l fa c to rs .

H elson  f i r s t  a r r iv e d  a t the adap ta tion  lev e l id ea  in  s tu d ie s  of 

co lo r constancy  conversion , and adap ta tion  (H elson, 1938). An object 

w ith  a  re f le c ta n c e  le v e l above th a t of i ts  background took on the  hue of 

th e  illu m in an t. An ob ject of about th e  sam e re f le c ta n c e  le v e l a s  i ts  

background  tended  to  be seen  in d ts  n a tu ra l co lo r. T h is  g e n e ra l con

c lusion  concern ing  co lo r phenom enon w ould o ccu r when the ob ject 

v iew ed w as a t the adap ta tion  le v e l a t th a t m om ent and th a t the  adap ta tion  

lev e l w as a  function of m any  s tim u lu s  conditions. E xtending  h is  p r in 

cip le to  o th e r p e rc e p tu a l s itu a tio n s , H elson  (1948) g e n e ra liz ed  the 

ap p licab ility  of the  adap ta tion  le v e l (AL) concept to  judgm ent of lif ted  

w eigh ts. On th e  b a s is  of F e ch n e rian  function, AL, in  re la t io n  to  the 

p sychophysica l re sp o n s e s , is  p re d ic te d  to  be a  g eo m e tr ic  m ean  of the 

s tim u li u sed . In a  m o re  g e n e ra l s itu a tio n  b e s id e s  the  s e r ie s  o r fo ca l 

s tim u li being  judged, th e re  a r e  o th e r s tim u li th a t influence the  ad ap ta 

tion  lev e l. T h ese  a r e  background  s tim u li and o th e r con tex tual s tim u li.

It is  known th a t so m e tim es  ex p erien ces  p rev io u s  to  the  ex p erim en t have 

a p p rec iab le  effect on the p e rfo rm a n c e . To have a co m p reh en siv e  r e f e r 

ence fo r  the  AL and  to  allow  fo r fa i lu re s  of p re d ic tio n , the p re -e x p e r i-  

m en ta l r e s id u a l e ffec ts  w ere  in co rp o ra te d  in  the  th e o ry  (M ichels and
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H elaon, 1949J. Thus the  chief d e te rm in a n ts  of the  AL in an ex p e rim en ta l 

setup  a re  (a) the  re s id u a l  effect of a ll  re le v a n t p rev io u s  ex p e rien c e s ,

(b) th e  contextual s tim u li and (c) the  e x p e rim en ta l o r foca l s tim u li. On 

th is  the  equation is;

-A-e = Ag g  ®

w here  Ap = the AL a t the  tim e  the  ex p erim en t beg ins (previous 
ex p erien ce).

Ag = the AL co n trib u ted  by the con tex tual s tim u li only.
S j = a  g eo m etric  m ean  of the  s tim u li being  judged  in  the  

ex p erim en t.
A q  = the  re su lt in g  AL fro m  a ll  th re e  above so u rc e s .

T he p o w ers m , n, and  e a re  th e  w eights app lied  to  the  re sp e c tiv e  

s o u rc e s  and m+n+e = 1. The above sch em atic  m o d e l defines th e  to ta l 

context fro m  w hich psy ch o p h y sica l judgm ents a re  m ad e . T he ta sk  now 

is  to  iden tify  the  v a r ia b le s  involved.

V a ria b le s  A ffecting P sy ch o p h y sica l Judgm ent

P sy ch o p h y sica l judgm ents such  a s  p e rce p tio n  of s iz e , w eight, 

b r ig h tn e ss , e t c . , a r e  a ffec ted  by v a rio u s  fa c to rs  like  freq u en cy  of the 

s tim u lu s , la tency , o rd e r  of p re se n ta tio n , n a tu re  of in s tru c tio n , and 

p ro to c o l of the  sca lin g  c a te g o rie s . F o r exam ple, two fundam ental 

c la s s e s  of judgm en ta l continua has  been  su g g ested  by S tevens (1957) on 

the  b a s is  of the d istin c tio n  betw een p e rcep tio n  of in ten s ity  and p e rcep tio n  

of quality . The f i r s t  c la s s , w hich is  ca lled  p ro th e tic , inc ludes m ag n i

tu d es  like  h eav in ess , loudness, b r ig h tn e ss . T h ese  a re  b ased  on the 

assu m p tio n  th a t the  underly ing  m ech an ism  is  add itive , the  assu m p tio n
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being th a t the  sam e re c e p to rs  a re  involved and a s  the  p e rce iv ed  m agni- 

tu d e iin c re a se s  excita tion  is  added to excita tion  involving h igher frequency 

of f ir in g  in g re a te r  num ber of nerve  f ib re s . In the second c la s s , which 

is  ca lled  m eta th e tic , a re  included such qu a lities  as  p itch , v isua l p o s i

tion , inc lina tion  based  on the assum ption  th a t a su b stitu tiv e  m echan ism  

is  a t w ork  a t the physio log ical level. T his d istin c tio n  r e s t s  on assu m ed  

d iffe ren ces  in  the fo rm  of stim u lu s-ju d g m en t functions. Continua in the 

f i r s t  c la s s  a re  u sually  n o n -lin ea r m agnitude sc a le s  w hile continua in the 

second c la s s  a re  g en era lly  lin e a r . "On a ll  p ro th e tic  continua the  m ag 

nitude sca le  is  a  pow er function, the d isc rim in ab ility  sca le  (jnd) ap p ro x i

m a te s  a  lo g a rith m ic  function, and the  ca tego ry  sca le  a ssu m es  a form  

in te rm e d ia te  betw een the two. " (Stevens, 1961, p.9).

H ow ever, th e re  is  som e evidence showing th a t cu rv es  a re  

a ffec ted  m o re  by conditions of judgm ent than by the  d ifference betw een 

so -c a lle d  m eta th e tic  and p ro th e tic  d im ensions (Helson, 1964). Judgm ent 

of loudness w hich involves m agnitudes, is  affected  by the com position 

of the v a r ia b le s  judged and by s tan d a rd s  o r an ch o rs, and judgm ents of 

p itch , w hich involve quality , a lso  a re  affected  in the sam e way by th ese  

fa c to rs  (G arn er, 1954), C h ris tm an  (1954) re p o r te d  a  sh ift in  p itch  

follow ing pro longed  s tim u la tio n  with p u re  tones. He o b se rv ed  tha t the 

p itch  of the s tan d a rd  tone is  low ered  by the sk tia ting  tone of h igher 

freq u en cy  than  the s tan d a rd  and is  r a is e d  by sa tia tin g  to n es of low er 

frequency . The m agnitude of the effect v a rie d  d ire c tly  w ith the duration
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of the sa tia tin g  tones and in v e rse ly  w ith the tim e  betw een sa tia tin g  and 

te s tin g . In a s im ila r  s itu a tio n  w here  ra t io  judgm ents had to  be m ade, 

it  w as found tha t the effect of changing the  way in  w hich th e  r a t io  judg 

m en ts  a re  e x p re sse d  m ade the cu rve re la tin g  the psycho log ica l sca le  

values to  p hysica l m easu rem en t m o re  positiv e ly  a c c e le ra te d  and changed 

fro m  a predom inan tly  u n d e res tim a tio n  of p hysica l va lues to  a  p re d o m i

nan tly  o v erestim a tio n  (B aker and Dudek, 1955). The influence of con

tex t on frac tio n a tio n  has been o b se rv ed  by the fact th a t the s tim u lu s  

judged  a s  half of a  s tan d a rd  depends not only on the s ta n d a rd  w eight but 

a lso  on. the  s e r ie s  s tim u li fro m  w hich the  sub jec t m u st p ick  the  half 

w eight (Engen and Tulunay, 1957).

A nchors o r backgrounds u su a lly  e x e rt even g re a te r  e ffec ts  of 

ind iv idual s tim u li than  do contextual s tim u li s ince  the  la t te r  d iffer le s s  

fro m  the s tim u li being judged  (Helson, 1964). In b isec tin g  the  lig h tn ess  

in te rv a l betw een a  w hite and a b lack  s tim u lu s  it w as found th a t the r e 

f le c tan ce  of the background ag a in st w hich the end s tim u li w ere  view ed 

a s  ex e rtin g  a  decis ive  effect on th e  s tim u lu s  judged to  be halfw ay b e 

tw een  them . Bevan, B a rk e r , and P r ic h a rd  (1963) have shown th a t the 

fo rm  of r a t io  s c a le s  depend upon te m p o ra l and sp a tia l o rd e r  of p re s e n 

ta tio n  s tim u lu s . They concluded th a t th e re  is  an  upw ard  bowing curve 

w ith  ascend ing  o rd e r  of w eights and a  downward bojhring curve with 

descending  o rd e r  of w eigh ts. G uilford  (1954), u sing  the m ethod of 

p a ire d  co m p ariso n s  to  judge seven  s tim u lu s  w eights ag a in st each  s tim u 

lu s  se rv in g  a s  a  s tan d a rd , found th a t bowing depends on the p osition  of
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the  s tan d a rd .

H ow ever, com paring  the  two m a jo r  m ethods of judgm ent and 

th e  co rresp o n d in g  s c a le s , T o rg e rso n  (1960) fe e ls  th a t both  m agnitude 

and ca teg o ry  s c a le s  a r e  u sefu l and they  r e f le c t  m o re  o r le s s  d ire c tly  

the  two s ta n d a rd  w ays of re g a rd in g  and using  the num ber o r quantity  

e x p re sse d  in  r a t io s  o r d iffe ren ces . Any sca lin g  p ro c ed u re  e x p ress in g  

the  re la tio n  betw een R and S can be a r b i t r a r i ly  sp ec ified  and, acco rd ing  

to  the  choice m ade, S = f(I) w ill be found to  be e ith e r  a pow er function 

o f a  lo g a rith m ic  function. A lso , th e se  two p sychophysica l law s do not 

r e f le c t  e m p ir ic a l d iffe ren ces  betw een the sca lin g  p ro c e d u re s  but, con

ven tional d iffe ren ces  in the assu m p tio n s  m ade when in te rp re tin g  th ese  

p ro c e d u re s .

F ro m  a lo g ica l and p h y s ica l point of view, id en tica l s tim u li a re  

equal; ye t they  do not alw ays ap p ear to  be so  in p e rcep tio n , fo r if su b 

je c ts  a r e  ask ed  to  judge id en tica l sounds, w eights, b r ig h tn e ss , tem p o ra l 

in te rv a ls ,  and so  on, they  a r e  u su a lly  p e rc e iv e d  to  be d ifferen t when 

p re se n te d  su cc e ss iv e ly . M ere  d iffe ren ces  in p osition  a lso  a re  suffic ien t 

to  m ake id e n tic a l o b jec ts  ap p ear d ifferen t. E ffec ts  due to  o rd e r  of 

s tim u li a r e  known as  t im e -o rd e r  e r r o r s  (G uilford, 1954). The second 

s tim u lu s  is  lik e ly  to  be judged g re a te r  than the f i r s t .  When the point 

of su b jec tiv e  equality  (PSE) is  le s s  than  the s ta n d a rd  (S) th e re  is  sa id  

to  be a n egative  t im e -o rd e r  e r r o r  (TOE), and when g re a te r ,  a  positive  

TOE. A negative TOE ind ica tes  over e s tim a tio n  and a p o sitiv e  TOE
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in d ica tes  u n d e res tim a tio n  of the s ta n d a rd  s tim u lu s . Since PSE r e p r e 

sen ts  the value of s tim u lu s  evoking an equality  o r in d iffe ren t re sp o n se ,

PSE and AL a r e  id en tica l (H elson, 1964).

TOE is  not ju s t a  unique phenom enon in  a  su c c e ss iv e  p re s e n ta 

tio n  of the s tim u lu s  o r the tim e  betw een the  two s tim u li, but it is  a lso  

o b se rv ed  w ith  the  m ethod  of s ing le  s tim u li w h ere  s tim u li a re  judged 

w ithout re fe re n c e  to  an ex te rn a l s tan d a rd . In such  c a se s  the  c e n tra l 

s tim u lu s  of the s e r ie s  is  not judged to  be the m ean  o r m ed ian  of the 

s tim u lu s  d is trib u tio n . H ow ever, both  p o s itiv e  and negative  TOE have 

been  found in  a psychophysica l judgm ent s itu a tio n  in d iffe ren t sen se  

m o d a litie s . B ased  on the w eighted log m ean  definition of AL it is  obvi

ous tha t the  psychophysica l re la tio n sh ip  betw een the  s tim u lu s  s e r ie s  and 

th e  re sp o n se  w ould p roduce a negative b ia s  in  TOE w hich is  u su a lly  

ob ta ined  in  lif te d  w eight judgm ents (H elson, 1964).

If the value of AL o r PSE is  le s s  than  the  s tan d a rd , the judgm ent 

of the s e r ie s  s tim u li shows a  g re a te r  p ro b ab ility  o flheav ier re sp o n se s  

(in judgm ent of w eight lifting) and if PSE is  g re a te r  than  the s tan d a rd , 

th e re  w ill be a  g re a te r  p ro b ab ility  of lig h te r  re sp o n s e s . P a r  due ci 

(1959) ob tained  m o re  judgm ents of a  la r g e r  ca teg o ry  when the  s tim u li 

had a p o s itiv e ly  skew ed d is trib u tio n .

The shape then  of the  p sy ch o m e tric  cu rve depends on m any  fa c 

to r s ,  e . ^ . , on the s tim u li being judged, the  ta s k  given, the psychophysica l 

m ethod , th e  m ethod  of tre a tin g  the ex p e rim e n ta l data, the  p o s itio n  of the
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adaptation  lev e l, and so on. The following a re  som e of the ch ief types 

of s tim u lu s  - re sp o n se  re la tio n sh ip s  (Helson, 1964, p .189);

1. When equally  spaced  s tim u li give r i s e  to  equally  
sp aced  judgm ents throughout the s tim u lu s  ran g e  a  s tra ig h t 
line  f its  the data. T his is  som ething  th a t seldom  happens 
and u su a lly  over r e s t r ic te d  ra n g e s  of the  s tim u lu s  con
tinuum .

2. If changes in m agnitude of ' s s ^ l l '  s tim u li give r i s e  
to  g re a te r  changes in judgm ent than  do equal changes in 
la rg e r  s tim u li, negatively  a c c e le ra te d  cu rv es  fit the  data.
Such cu rve m ay  be m ade lin ea r  by tak ing  the log of the 
s tim u li. T h ese  cu rv es  show sp read in g  of judgm ents at 
the  low end of the s tim u lu s  ran g e  and a ss im ila tio n  at the 
high end.

3. If d iffe ren ces  in  s tim u li a t the low end of the con
tinuum  a re  le s s  w ell d isc r im in a ted  than  a re  s im ila r  d if
fe re n c e s  a t the high end, p o s itiv e ly  a c c e le ra te d  functions 
f it th is  case . Judgm ent a t the low end of the  s tim u lu s  
ra n g e  a re  bunched w hile those  in  the m edium  and high 
ra n g e s  a r e  sp re a d  out. P ow er functions of th e ir  r e la te d  
lo g -lo g  in v e rse , being le s s  than  un ity  fo r negatively  a c 
c e le ra te d  cu rv es , g re a te r  than un ity  fo r  p o s itiv e ly  a c c e le 
r a te d  cu rv e s , and unity  fo r a ll  lin e a r  functions.

4. W hen judgm ents a re  bunched at both low and high 
ends of the s tim u lu s  continuum  but s p re a d  out in  the in 
te rm e d ia te  ran g e , S -shaped  o r ogive cu rv es  m ay  fu rn ish  
good f its  to  such  data. T h is  type of cu rve  a lso  is  found 
w hen freq u en c ies  of re sp o n se s  a r e  p lo tted  a s  p e rcen tag es  
b ecau se  of the lim itin g  values 0 and 100 p e rc en t. The 
m ethod  of constan t s tim u li w ith the  data p lo tted  a s  p e r 
cen tag es  y ie ld s  ogive cu rv es.

In a  ty p ica l psychophysical s itu a tio n  it is  a ssu m ed  th a t a ll  

e ffec ts  of s tim u la tio n , p a s t as  w ell a s  p re se n t, a re  pooled  to  fo rm  a 

s ing le  lev e l w ith r e s p e c t  to  given c la s se s  of s tim u li. E vidence for 

pooling com es fro m  m any d ifferent so u rc e s . W ith v isu a l s tim u lu s  and 

lifte d  w eights the adap tation  lev e l has been shown to  be a function of the



s e r ie s  and background s tim u li, changes in  one o r the  o th er b ring ing  

about the changes in  the lev e l (Helson, 1847, 1948; M ichels and H elson, 

1949). S im ila rly  judgm ents of the  sound in te n s itie s  have been shown to 

be the  functions of s e r ie s  and p reced in g  s tim u li (R ogers, 1941). Under 

som e conditions, Johnson  (1949) has shown th a t p rev io u sly  ex p erien ced  

s tim u li have co n sid e rab le  e ffec ts  on the  adap ta tion  lev e l. Even s tim u li 

w hich a re  not consciously  p e rce iv ed  have been  shown to e x e r t e ffec ts  on 

judgm en ts  as  d e tec ted  by galvan ic  sk in  re sp o n se  (M cC leary  and L a z a ru s , 

1949). B lack  and Bevan (1960) a lso  suggest th a t the  o rg an ism  m ay  in 

c o rp o ra te  su b lim in a l s tim u li and the  abso lu te  th re sh o ld  of the  tra d itio n a l 

psychophysics  is  not the lim itin g  value in  the  fo rm a tio n  of n o rm s  u n d e r

ly ing  judgm ent. H elson and N ash (1960) show ed a d iffe ren tia l effect of 

th e  anchor on judgm ent depending on the  re la tio n sh ip  betw een the m ag n i

tude of the  anchor and the s e r ie s  s tim u li. T hey  o b se rv ed  th a t a  900 g ram  

anchor affec ted  the  AL in  re la tio n  to  a 100-300 g ram  s e r ie s  m o re  

ap p a ren tly  than  in  re la t io n  to  400-600 g ram  s e r ie s .  They concluded 

th a t th e  anchor f a r th e r  fro m  the  s e r ie s  affect the  AL and hence the 

judgm ent m o re  than  does the  anchor n e a re r  the  s e r ie s .  P o stm an  and 

M ille r  (1945) found th a t an In te rv a l w as p e rc e iv e d  to  be longer p reced ed  

by an anchor w ell below the s e r ie s  s tim u li th an  when p re se n te d  without 

an  anchor.

Conceptual B ehavior and P sy ch o p h y sica l Judgm ent 

The above s tu d ies  m o stly  deal w ith a  s ing le  s e n so ry  m o d ality
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w hich is  the tra d itio n a l p sychophysica l ap p ro ach  of iso la tin g  a s ing le  

dependent v a r ia b le . W ithout tak ing  is su e  w ith the p ra c tic e , it is  fe lt 

th a t a t som e point in tim e  an a ttem p t m u st be m ade to  in te g ra te  the 

function  of the  se n so ry  m o d a litie s  a s  they  r e la te  to  conceptual beh av io r, 

in  th is  ca se , judgm ent. T h is  is  thought to  be p o ss ib le  w ithin a n e u ro 

p sych o lo g ica l fram ew o rk  (Hebb, 1949) w hich p la c e s  em p h asis  on the 

com m on physio log ica l concom itan ts of conceptual ac tiv ity . In th is  ligh t 

i t  m ay  be a ssu m e d  th a t psycho log ica l judgm ents m ade th rough  d ifferen t 

s e n so ry  m o d a litie s  a re  c e r ta in ly  not independent of one ano ther but m ay  

a c t (use com m on c e ll a s se m b lie s  o r phase  c irc u its )  in s im ila r  w ays.

M ost of our ev ery d ay  judgm ents a s  w ell a s  th o se  m ade in  an 

e^qperim ental s itu a tio n  g e n e ra lly  ac t in  a  re su lta n t o r in te ra c tiv e  m an n er 

a s  fa r  a s  th e  se n so ry  m o d a litie s  a re  concerned . S e v e ra l ex p e rim en ta l 

w ork  in  th is  a r e a  have d em o n stra ted  th e se  in te ra c tiv e  e ffec ts  of one 

s e n se  m o d ality  on ano ther (K lient, 1937, 1938; W ern e r, W apner, and 

C hatfd ler, 1951; B ehar and Bevan, 1961; Bevan, 1965).

The p ro b le m s re su lt in g  fro m  the  in te ra c tio n  can be seen  in a 

s tudy  by Brow n (1953), In a  w e ig h t-lif tin g  ta s k  he u sed  a re le v a n t 

anchor (anchor id en tica l in  look w ith  the s e r ie s )  and an ir re le v a n t anchor 

(a t r a y  of equal w eight). The r e s u l ts  in d ica ted  th a t the  ir re le v a n t anchor 

p ro d u ced  le s s  effect on the s e r ie s  ju d g m en ts. In the  ligh t of the p rev io u s  

d iscu ss io n  it m ay  be expected  tha t the  judgm ent s itu a tio n  involved in  an  

in te ra c tiv e  p ro c e s s  due to  the  p a r tic ip a tio n  of the v isu a l m odality  along
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w ith  th e  ta c tu a l-k in e s th e tic  m o d a litie s . W hich m odality  is  con tribu ting  

to  th is  effect of ignoring  the  p h y s ica l s tim u lu s  h e re ?  Brow n does not 

seem  to  reco g n ize  the  p o ss ib ility  of th is  in te ra c tiv e  m ech an ism .

An a n a ly s is  of th e  e n tire  a r e a  of w eight judgm ent is  a lso  seen  as  

an in s tan c e  of a  com plex in te ra c tiv e  involvem ent of m o re  than  one se n so ry  

m odality . In th e  m o st s im p le  judgm ent ta sk  of w eight - lifting , one could 

c la im  in te ra c tio n  betw een the  k in esth e tic  and ta c tu a l sen se s  (Buchanan, 

1953). It is  ap p aren t then , in  the a re a  of judgm ent, th a t th e re  is  a need 

to  s e p a ra te  the ta sk  of judging and a t the  sam e tim e  p rov ide  a m eans of 

r e la t in g  the  s e p a ra te  "p u re "  functions to  the m o la r  behav io r of the func

t io n in g ./  One study in  th is  d irec tio n  is  th a t of B ehar and Bevan (1961) 

who gave a  m o st com plete  co n s id e ra tio n  of th e  v isu a l and aud ito ry  m odes 

in  judgm ent of du ra tion . They u se d  judgm ents of tim e  a s  th e ir  dependent 

m e a s u re . The f i r s t  s itu a tio n  co n cern ed  the  leng th  of the tim e  w as p r e 

sen te d  by a  v isu a l s tim u lu s  (light). An anchor s tim u lu s  of tim e  w as then 

in tro d u ced  v ia  the  au d ito ry  m ode. L e . , a  no ise  w as p re se n te d  fo r the 

anchor p e r io d  of tim e . In the  second s itu a tio n  the s e r ie s  s tim u li m ode 

w as r e v e rs e d ,  L e , , the judgm ents w ere  m ade on au d ito ry  s tim u li when 

the  anchor p re se n te d  w as v isu a l in  n a tu re .

T he r e s u l ts  show ed th a t the  u se  of h e te ro m o d a l anchor did affect 

in  a  s ig n ifican t m an n e r th e  s e r ie s  judgm ents. The u se  of a  v isu a l m ode  ̂

anchor a ffec ted  th e  judgm en ts  involving th e  au d ito ry  s e r ie s  and a lso  the 

a u d ito ry  anchor had  a  s ig n ifican t effect on the  v isu a l s e r ie s .  T h is  w ork



d em o n stra ted  th a t th e re  a r e  com m on p ro p e r tie s  of judgm ents of aud ito ry  

and \ i s u a l  d im ensions, pointing up th e  conceptual n a tu re  of a ll  d im ensions. 

F u rth e rm o re :

"The d em o n stra tio n  of h e te rm o d a l an ch o r-e ffe c ts  
in d ica tes  th a t the m odality  is  not a lim itin g  fac to r in  the 
id en tifica tio n  of re le v a n t input fo r pooling. It a lso  su p 
p o r ts  th e  view  th a t s e n so ry  data, so long a ttr ib u te d  to 
the  o p era tio n  of p e r ip h e ra l  m ech an ism , r e f le c t  a  com - /
p lex  judgm ental p ro c e s s , la rg e ly  c e n tra l in  c h a ra c te r .
C onsisten t w ith  th is  in te rp re ta tio n  is  the fac t tha t the 
a n ch o r-e ffe c ts  in  the two m o d a litie s  stud ied , v isio n  and 
h ea rin g , w e re  highly s im i la r ,"  (B ehar and Bevan, 1961, 
p . 26).

S ince c o rre la tio n s  betw een anch o r-e ffec ts  am ong ind iv iduals a re  not 

p re se n te d , th e ir  study does not p rov ide  d ire c t ev idence fo r the ex istence  

of the c e n tra l m ed ia ting  m ech an ism , but is  view ed a s  p rov id ing  in d irec t 

support fo r such  a conception. The question  m ay  be asked , then , is  

th e re  a  c e n tra l m ech an ism  (a ttr ib u te d  to  a p a r t  of th e  b ra in  beyond the  

p ro je c tio n  a re a s )  w hich decodes the s ignal, in te rp re ts  and a b s tra c ts  it 

in  a  m an n er unique to  the  ind iv id u al?  Is  it p o ssib le  th a t th e re  is  a  gen

e ra liz e d  and co n sis ten t sca lin g  behavior e x p re sse d  in  psychophysical 

judgm ents th a t tra n sc e n d s  v a rio u s  se n so ry  m o d es?

One a sp e c t of the p re se n t in v estig a tio n  is  to  a ttem p t to  answ er 

th e se  questions by exp lo ring  a n ch o r-e ffe c ts  in th re e  d ifferen t sen se  

m o d a litie s  of the sam e Individual. The in te re s t  is  in  the co m p ariso n  of 

th e  dynam ic c h a ra c te r is t ic s  of th e se  th re e  se n se s , th e ir  in te r re la tio n 

sh ip . Could th e re  be a co n sis ten cy  of the an ch o r-e ffec t a c ro s s  the 

m o d a litie s  lead ing  to  a g e n e ra l adap ta tion  lev e l concept on a  c e n tra l-



in te g ra l b a s is ?  Can one p re d ic t th is  psychophysical beh av io r from  one 

sen se  to  an o th er ?

The C e n tra l N ervous System  and A daptation L evel

A second  asp ec t of the  study is  concerned  w ith  v a r ia tio n  in cen 

t r a l  n e rv o u s  sy stem  (CNS) functioning in  re la tio n  to  p sy ch o p h y sica l 

judgm ent. In the  re c e n t l i te ra tu r e  th e re  is  a  tre n d  to  u se  the AL con

cept in  psychopatho log ica l s tu d ies  (Lham on and G oldstone, 1956; B o ard - 

m an  and  G oldstone, 1962; B oardm an  et a l . ,  1962, 1964; S a lin ze r, 1957; 

S anders  and P ach t, 1957; W eb ste r et a l . , 1962; W ein ste in  et a l . , 1958; 

W right e t a l . , 1962). M ost of the  s tu d ies  done in  th is  d irec tio n  a re  

lim ite d  to  p sy ch o sis  and p sy ch o n eu ro s is  and do not include d ise a se s  of 

4he c e n tra l  n erv o u s sy s te m . S tudies of b ra in -d am a g e d  su b jec ts , u sing  

the adap ta tion  le v e l p a rad ig m , m ight th row  som e new ligh t in  the  u n d e r

stand ing  of the  ro le  of CNS in  p sychophysica l judgm ent.

T h e re  is  a  defin ite  d ifference  in  behav io r o r re sp o n se  p a tte rn  

betw een the  b ra in -d am ag ed  and n o n -b ra in -d am ag ed  in d iv id u als. But it 

is  not e a sy  to  iden tify  the  ind iv idual v a r ia b le s  affec ting  such  behavior 

d iffe ren ces  (R eitan , 1962). One of the  ap p ro ach es  is  to  a ssu m e  a lo 

c a lized  c e n te r  in  the  b ra in  fo r each  d ifferen t function . Any le s io n  o r 

d isea se  of any of th e se  re g io n s  w ould thus lead  to  a sp ec ific  deficit in 

functioning. E vidence of th is  ap p ro ach  com es fro m  such  s tu d ie s  as  

J a s p e r  and  R asm u ssen  (1958), N eilsen  (1951, 1958), O lds (1958), P en - 

f ie ld  (1958), P en fie ld  and M ilner (1957), and R eitan  (1955), T hese
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s tu d ies  have shown th a t c h a ra c te r is t ic  b eh av io rs  a re  a s so c ia te d  w ith 

sp ec ific  p a r ts  of the b ra in . On the  o th er hand, th e re  a re  findings 

w hich speak  ag a in st the s tr ic t  lo ca liza tio n  of sp ec ific  function. Senam es, 

W einste in , Ghent and T euber (1960), R o b erts  (1958), L illy  (1958) ob- v 

s e rv e d  th a t ty p ica l m o to r and se n so ry  a re a s  a re  not a s  c le a r ly  d iffe r

en tia ted  a s  p rev io u sly  thought. Wolf, Chapm an, T h e tfo rd , B e rlin  and 

G uth rie  (1958) have s ta te d  tha t the  d is tu rb an ce  of the  high o rd e r  func

tio n s  is  m o re  re la te d  to  the am ount of t is s u e  d es tro y ed  than  to  its  

sp ec ific  location .

A h o lis tic  o r o rg an ism ic  conception  of b ra in -b e h a v io r  r e la t io n 

ship  is  r e p re s e n te d  by G oldstein  (1942), M agoun (1958). T h ese  w o rk e rs  

co n sid e r the  b ra in  to o p e ra te  a s  a  to ta lity  in  te rm s  of affecting  the  b e 

h av io r. The behav io r o b se rv ed  in  c a se s  of b ra in  dam age is  not due to 

sp ec ific  cen te r  being involved o r d es tro y ed  but r a th e r  due to  the  to ta l 

effect upon the  o rg an ism . Im p a irm en t of p sycho log ica l functioning  is  

due to  a breakdow n of, o r d is tu rb an ce  in , in tra c ra n ia l  o rg an iza tio n  and 

p a tte rn in g . G oldstein^( 1943) co n s id e rs  th a t pa tho log ica l behav io r is  

m a n ife s te d  in  the  fo rm  of d iso rg an iza tio n  in  the  re sp o n s e . The d e s tru c 

tion  of one o r ano ther subsystem  of the o rg an ism  g ives r i s e  to  v a rio u s  

changes in  behav io r ind icating  how th e se  su b sy s tem s o r  m ech an ism s of 

behav io r a r e  in te rre la te d .

The changes o b se rv ed  in  p a tien ts  w ith  b ra in  le s io n s  a re  m anifo ld  

învôlving both p h y sica l and m e n ta l a sp e c ts  of life . The way we deal w ith
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the  w orld  around  us is  p red ic ted  upon the p ro p e r in te rp re ta tio n  of the 

in fo rm ation  affo rded  us by our v a rio u s  sen so ry  re c e p to r  sy s te m s . We 

a re  in the  continual p ro c e ss  of m aking  judgm ents involving tim e , space  

and m a ss  in te rm s  of s ta n d a rd  p h y s ica l un its  a sc r ib e d  to them . G ro ss  

d isru p tio n s  in  the ab ility  to m ake v e r id ic a l judgm ents r e la te d  to  the 

p h y sica l d im ensions im ply the c lin ica l evidence of im p a ire d  functioning. 

The b ra in -d am ag ed  p e rso n  is  g en era lly  co n sid e red  to  involve the  im 

p a irm en t of n o rm a l conceptual and judgm ental p ro c e s s e s  (M organ, 1965). 

P re v io u s  s tu d ie s  have suggested  th a t the p sycho log ica l d efic its  o b se rv ed  

in  su b jec ts  w ith  b ra in  le s io n s  m ay  be re la te d  to  th e  d efic ien cies  in ad 

ju s tin g  m ech an ism  and d is tu rb an ces  in p e rcep tu a l p ro c e s s e s  (Hunt and 

G ofer, 1944; G oldstein , 1942; N eilsen , 1951; M eyer, 1957). G oldstein , 

in  h is  c la s s ic  w ork w ith the b ra in  in ju red  so ld ie rs , w as one of the  f i r s t  

to  d em o n stra te  the  d efic ien c ies  of sh ifting  se t at the p e rc ep tu a l-co n c e p 

tu a l lev e l. T h is  " lack  of sh ifting" is  one of the p r im a ry  in d ican ts  of 

th e  "c o n c re te  a ttitu d e" . At th is  lev e l of functioning the p e rso n  is  unable 

to  tra n sc e n d  the  im m ediate  s tim u li p re se n t; he is  unable to  sh ift to  a 

h igher le v e l w here  th e  s tim u li fa ll into c la s se s  o r ca te g o rie s  of which 

the  im m ed ia te  s tim u li a re  only exam ples. Studies involving tem p o ra l 

d isc r im in a tio n  in  s e v e ra l  sen se  m o d a litie s  have d em o n stra ted  defic its  

in  the behav io r of the individual w ith c e re b ra l  lesio n  (Ax and Colley,

1955; P a rs o n s  and Huse, 1958; P a rso n s  and G ottlieb, 1960). It has 

been  noted th a t the ro u tin e  c lin ica l approach  has p laced  an  em phasis
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upon the u se  of g lobal o r  om nibus exam ination  techn iques looking fo r a 

g ro ss  psycho log ica l c h a ra c te r is t ic s  ind icating  the o rg an ic  b ra in  dam age 

(Klebanoff, et a l . , 1954). It seem s th a t a  m o re  p ro fitab le  line of 

r e s e a r c h  in  th is  d irec tio n  would be to  know about the le s s  com plex 

psychophysical behavior like p e rcep tio n  of co lo r, b r ig h tn e ss , tim e  and 

the like  (S perry , 1952).

In the  above context the p re se n t study w ill be concerned  w ith the 

conceptual deficit as  it p e r ta in s  to  the psychophysical judgm ent s ituation . 

If n o rm a l p e rcep tu a l-co g n itiv e  behav io r is  thought to  re f le c t  a  c en tra l, 

in te r  - dependent m echan ism  then  one m ight assu m e som e deg ree  of 

n e u ra l o rg an iza tio n  in  the p ro c e s s . If on the o ther hand we conceive of 

b ra in  in ju ry  a s  re su ltin g  in  som e deg ree  of d iso rg an iza tio n  of cognitive 

p ro c e s s e s ,  then  we m ight expect d iffe ren tia l p e rfo rm a n c es .

S tatem ent of the P ro b lem

A s s ta te d  e a r l ie r ,  the m ain  pu rp o se  of th is  study is  to  in v e s ti

gate  the co n sis ten cy  of re sp o n se  to  se n so ry  input under d ifferen t s tim u 

lus and o rg an ism ic  conditions. In the f i r s t  p a r t  of the ex p erim en t the 

c o rre la tio n s  am ong the anchor e ffec ts  and the effects  of psychophysical 

se t a s  r e g a rd s  the  re lev an cy  of the  anchor a re  the m a jo r a re a s  to  be 

stud ied .

The e ffec ts  of anch o rs  on sca lin g  behavior is  an es ta b lish ed  

e m p iric a l fac t (R ogers, 1941; H elson, 1947). An in te rm o d a lity  c o r re la 

tio n  is  p re d ic te d  b ased  on the assum ption  th a t a  c e n tra l re g u la tiv e  or
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co n tro l m e c h a n ism d s  involved in the s e p a ra te  sen se  m odality  functions. 

T he p o ss ib le  ex isten ce  of such  a  m ech an ism  h as been  d isc u ssed  ex ten 

s iv e ly  in  re c e n t psychophysio log ical r e s e a r c h  (Shakow, 1964; P r ib ra m , 

1963; Hebb, 1955), T he w ork of B ehar and B evan (1961) h as a lso  

s tro n g ly  su g g ested  such  a c e n tra l m ech an ism  in the m odulation  of v ision  

and h earin g . H ow ever, they  m ade no d ire c t te s t  of th is  hypo thesis .

The p re se n t ex p erim en t is  designed, then , to  p rov ide  a m o re  d ire c t 

te s t  of th e  p o s tu la ted  c e n tra l  m ed ia tin g  m ech an ism  th rough  exam ining 

the  co n s is ten cy  of the p sychophysica l b eh av io rs  w ith in  and betw een ind i

v id u a ls , It is  hypo thesized  that:

H ypothesis I. T h e re  w ill be s ign ifican t c o rre la tio n s
am ong the  anchor effect p roduced  in  the 
v a rio u s  s e n so ry  m o d a litie s .

L ack  of c o r re la t io n  am ong in te rm o d a l anchor e ffec ts  a re  expected  a s  a

re f le c tio n  of d iso rg an iza tio n  and lack  of co -o rd in a tio n  a t the  c o r tic a l

lev e l. F ro m  th is  standpoin t it is  p ro p o sed  that:

H ypothesis II, T h e re  is  a  low er c o r re la tio n  am ong 
th e  anchor e ffec ts  of v a rio u s  se n so ry  
m odes in  b ra in -d am a g e d  group com 
p a re d  to  n o n -b ra in -d am ag ed  group.

V ario u s  a sp e c ts  of the  s tim u lu s  s itu a tio n  d e te rm in e  the  extent 

of th e  anchor effect on the  psychophysica l judgm ent. F o r  exam ple, the 

p o sitio n  of th e  anchor in  re la t io n  to  the  fo ca l s tim u li, the  m agnitude of 

the  anchor s tim u lu s , th e  se n so ry  m odes involved (P ostm an  and M ille r , 

1945; G oldstone, B oardm an , and Lham on, 1959). One of the  m o st in 

te re s t in g  a sp e c ts  of th e  s tim u lu s  s itu a tio n  is  the d eg ree  to  w hich the



psycho log ica l se t of the su b jec t, a s  r e g a rd s  re le v a n c y  o r ir re le v a n c y  of 

the anchor s tim u lu s , m ay  affect h is  psychophysica l judgm ents. B ro w n 's  

(1953) ex p erim en t p ro v id ed  r e s u l ts  w hich su g g est th a t such  a se t m ay  

have co n sid e rab le  effec t. In h is  ex p erim en t the  sub jec t w as ask ed  to  

lift a  t r a y  of w eights during  a  s e r ie s  of judgm en ts. T h is tr jty  w as the  

sam e w eight a s  the  anchor s tim u lu s , but w as not in  any obvious way, 

r e la te d  to  the  ex p e rim en ta l ta sk . ®ven though the  t r a y  w as the  sam e 

ob jec tive  w eight a s  the  anchor s tim u lu s , the  effect on th e  s e r ie s  judgm ent 

w as s ig n ifican tly  le s s .  One in te rp re ta tio n  of th e se  findings is  in  te rm s  

of p sy ch o lo g ica l se t to  p e rc e iv e  and i ts  effec t on s e r ie s  ju d g m en ts, L e . , 

anchor s tim u li p e rc e iv e d  a s  re le v a n t have a  g re a te r  effec t than  anchor 

s tim u li p e rc e iv e d  a s  ir re le v a n t.  H ow ever, b e fo re  such  a g en e ra liza tio n  

can be accep ted , c e r ta in  d ifficu lties  in  B ro w n 's  ex p e rim en ta l design  

m u st be noted. In h is  ex p erim en t " se t"  a s  to  re le v a n c y  of the t r a y  s tim u 

lus w as a ffec ted  by two v a r ia b le s : (1) the  in s tru c tio n a l se t (the su b jec t 

w as ask ed  to  m ove th e  ap p a ren tly  ir re le v a n t  t r a y  fo r the  ex p e rim e n te r) , 

and (2) the  u se  of the  v isu a l m ode in  the id en tifica tio n  of the  ir re le v a n t 

anchor (the tra y )  W hereas th e  s e r ie s  w eigh ts being  judged  w ere  not v is ib le . 

The in tro d u c tio n  of the  v isu a l cues h e re  is  v iew ed a s  a confounding fac to r 

in  the  ta c tu a l-k in e s th e tic  id en tifica tio n  of th e  re le v a n t o r  i r re le v a n t 

an ch o rs .

A m o re  convincing d em o n stra tio n  of the  ro le  of psycho log ica l se t 

would be to  te s t  ap p a ren tly  ir re le v a n t anchor e ffec ts  w ithin the  sam e  m o 

dality , L e . , w here  both  anchor and s e r ie s  judgm ents a r e  w ith in  the
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sam e m odality , and the re lev an cy  of the  anchor stim u lu s is  m an ipu la ted  

by the in s tru c tio n a l se t only. If in s tru c tio n s  a re  given to  ig n o re  the 

anchor o r to be ind ifferen t to  it the  anchor effect should be d im in ished . 

Thus, the  sp ec ific  hypothesis to be te s te d  is:

H ypothesis III. An in s tru c tio n  induced se t to ignore 
the anchor s tim u lu s  re d u c e s  the effect 
of th e  apparen t p h y sica l m agnitude of 
the anchor.

The concept of a  c e n tra l co n tro l m echan ism  can a lso  be r e la te d  

to  a notion g e n e ra l in teg rity  of b ra in  function. T h e re  is  am ple re a so n  

to  believe , a s  noted  p rev io u sly  in th is  ch ap te r, that ju s t as  p e rfo rm an ce  

on o th e r cognitive ta sk s  a re  im p a ired  in  the c a se s  of b ra in  in ju ry , judg 

m en ts  of a  psychophysical n a tu re  would a lso  be affected . T h is  im p a ir 

m en t would be re f le c te d  in te rm s  of d iffe ren tia l e ffec ts  of the  anchor as  

w ell a s  to  changes in  the  in te rm o d a lity  c o rre la tio n .

T h is  d iffe ren tia l anchor effect is  p re d ic te d  on the assum ption  

th a t the b ra in -d am ag ed  indiv idual has d ifficulty  in assu m in g  a new se t 

and sh ifting  s e ts ,  a s  w ell a s  d is tu rb an ces  in  fig u re -g ro u n d  re la tio n sh ip s  

(G oldstein, 1942). The fo ca l and background asp ec t of the s tim u lu s - 

fie ld  is  co n sid e red  analogous to  a fig u re -g ro u n d  re la tio n sh ip ; the b ack 

ground s tim u li (anchor) being le s s  d iffe ren tia ted  by the b ra in -d am ag ed  

individual, should ex e rt re la tiv e ly  g re a te r  influence on the judgm ent in 

the  b ra in -d am ag ed  su b jec ts  com pared  to  co n tro ls .

H ypothesis IV. The b ra in -d am ag ed  individual is  not 
ab le to  ignore  th e  anchor s tim u lu s  (as 
re q u ire d  by in stru c tio n ) a s  effectively



a s  the  co n tro ls .

The g re a te r  re a c tiv ity  to  background s tim u li a s  w ell a s  defects 

in  the s tru c tu ra l  o rg an iz in g  p ro c e s s e s  a s so c ia te d  w ith  fo ca l s tim u li 

a re  seen  a s  explanations of the  lack  of c o -o rd in a tio n  and re f le c tio n  of 

d iso rg an iza tio n  at the c o r t ic a l  lev e l. F ro m  th is  ra tio n a le  one can a lso  

hypothesize the d iffe ren tia l effect of b ra in  in ju ry  betw een the h em isp h e res  

of th e  b ra in , th e  h em isp h ere  w ith  th e  g re a te s t  s tru c tu r a l  deficiency w ill 

r e s u l t  in  having le s s  s tab le  re fe re n c e  po in ts fo r the  foca l s tim u li. O ther 

lo c a liz ed  deficitaxjpay a lso  le a d  to  d iffe ren tia l e ffec ts  in th a t spec ific  

s tru c tu re s  a re  a ffec ted  w hich a re  r e la te d  to  sp ec ific  se n se  m o d a litie s .

In th is  context the  follow ing sp ec ific  hypo theses w ere  fo rm ula ted :

H ypothesis V. The anchor effect is  s ig n ifican tly  g re a te r  
in  th e  b ra in -d a m ag e d  group than  in  the 
n o n -b ra in -d am ag ed  g roups.

H ypothesis VI. T h e re  a re  d iffe ren tia l anchor e ffec ts  
betw een th e  r ig h t and le ft hem isphpee 
s tim u la tio n s  in  b ra in -d am a g ed  su b jec ts  
w hen the le s io n  is  la te ra liz e d .



CHAPTER II

METHOD

The p u rp o se  of the ex p erim en t w as to  study the  effect of the 

anchor s tim u li aim sca lin g  behav io r a c ro s s  d ifferen t sen se  m o d a litie s ,

A m agnitude judgm ent on th re e  p ro th e tic  continua (S tevens, 1955) to  get 

a  p sy ch o m e tric  p ro file  (function) w as u tiliz e d  a s  a  re sp o n se  v a riab le .

The follow ing independent v a r ia b le s  w ere  involved in the situation :

1. Sense m o d a litie s : aud ito ry , v isu a l and v ib ra to ry  
touch

2. A nchor s tim u li: one in  each  m odality
3. P sy ch o lo g ica l s e t: in s tru c tio n s
4. P opulation  v a ria b le : b ra in -d am ag e d  and n o n -b ra in -  

dam aged

Subjects

T h e re  w ere  th re e  g roups of su b jec ts : (1) s ix teen  h o sp ita lized  

b ra in -d a m ag ed  p a tien ts , (2) eight n o n -b ra in -d am ag ed  h o sp ita lized  

p a tie n ts , and (3) eight n o n -b ra in -d am ag ed , non -patien t ind iv iduals.

G roup 3 w as included in o rd e r  to  e s ta b lish  th a t any ex p e rim en ta l effec ts  

found in  the  p a tien t group could not be a ttr ib u te d  to  h o sp ita liza tio n  p e r  se .

The p a tien ts  w ere  s e le c te d  fro m  the U n iv ersity  and V eteran s  

A d m in istra tio n  H o sp ita ls  of O klahom a City. N on-patien t n o n -b ra in -  

dam aged su b jec ts  w ere  se le c te d  fro m  the ho sp ita l p e rso n n e l and m ed ica l

29
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stjadents. S election  of the  p a tien ts  w ith b ra in  dam age w as e s ta b lish ed  

by m ean s of n eu ro lo g ica l exam ination  o r by h is to ry  of s u rg ic a l in te r 

vention. The c r i te r ia  fo r inc lusion  of p a tien ts  in the b ra in -d a m a g e d  

group co n s is te d  of the  p re se n c e  of a  b ra in  tu m o r o r a p rev io u s  o p era tio n  

fo r th is  condition; c e re b ra l  an eu ry sm ; c e re b ra l  v a sc u la r  acciden t with 

subsequen t p o s itiv e  n eu ro lo g ica l findings; c e re b ra l  a b sc e ss ; K o rsak o ff 's  

syndrom e; o r c o r t ic a l  a tro p h y  such  as  A lzh e im er and P ic k 's  d isea se . 

S e izu res  a lone, even if accom pan ied  by an ab n o rm al EEG, w ere  not 

co n s id e re d  a s  su ffic ien t ev idence of c o r tic a l dam age. The c r i te r ia  for 

in c lu sio n  of su b jec ts  in the  n o n -b ra in -d am ag ed  group c o n s is ted  of a 

m e d ica l h is to ry  f re e  of the follow ing: s e v e re  head  in ju ry , p ro longed  

u n co n sc io u sn ess , s e iz u re s , c e re b ra l  v a sc u la r  acc iden t, blood d y sc ra s i-  

a s ,  p e rn ic io u s  an em ia , lo n g -s tan d in g  and u n co n tro lled  hypertension , 

ch ro n ic  and  s e v e re  endocrine  d is tu rb a n c es . P a tie n ts  w ith  m u ltip le  

s c le ro s is ,  CNS sy p h illis  and P a rk in so n ism  w ere  not u tilized . A ll 

p a tien ts  w e re  ev a lu a ted  by th e  n e u ro lo g is t of the  h o sp ita l. M ean age 

and education  w e re  m atch ed  fo r the  b ra in -d am a g e d  and n o n -b ra in -  

dam aged g roups. M ean age fo r b ra in -d a m a g e d  group w as 48. 8 y e a rs  

and fo r n o n -b ra in -d a m a g e d  group w as 46. 9 y e a rs .  The 't '  te s t  betw een 

the  two w as not s ign ifican t (p>-. 05). M ean education fo r b ra in -d am ag ed  

group w as 10. 3 y e a rs  and fo r n o n -b ra in -d am ag ed  group w as 11. 3 y e a rs . 

E ducation  d ifferen ce  w as not s ig n ifican t (p^ . 05) betw een the two groups. 

D esc rip tiv e  data  of th e  two groups of su b jec ts  a re  p re se n te d  in  T able  1 

and 2.
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Table 1

D escrip tive  data fo r n o n -b ra in -dam aged su b jec ts

D iagnosis Age Education

1. N on-patien t C ontro l 26 17

2. N on-patien t C on tro l 46 16

3. N on-patien t C ontro l 57 12

4. N on-patien t C ontro l 42 13

5. N on-patien t C on tro l 51 10

6. N on-patien t C ontro l 32 14

7. N on-patien t C ontro l 48 9

8. N on-patien t C ontro l 39 10

9. PN 42 10

10. R F 46 12

11. GI 52 9

12. D 58 13

13. GI 71 8

14. GI 63 12

15. H 33 8

16. A 44 8

PN P e r ip h e ra l  N europathy 

R F  R heum atic  fev er 

GI G a s tro - in te s tin a l d iso rd e r

D D erm atitis  

H H ypertension  

A A r th r it is
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T able 2

D escrip tiv e  data fo r b ra in -d am a g ed  su b jec ts

S no. Diagnosis^ Location^ Age Education

17, DD B iF T P 44 7

18, Tu LPO 47 10

19, CVA L F P 72 12

20. T r B iF P 42 12

21, Tu R F 42 10

22, DD L T P 40 12

23, T r D 51 10

24, T r R T P 35 14

25. CVA R F P 34 7

26, T L E L F P 36 10

27. CVA R F P 57 11

28, Tu LT 70 8

29, CVA L F P 56 8

30. DD R T P 46 10

31. T v R T P 43 12

32. CVA L F P 65 12

1, CVA = C e re b ra l  v a sc u la r  d isease ; DD = D egenerative and dem yeli- 
nating  d iso rd e r; T L E  = T e m p o ra l lobe ep ilepsy ; T r  = tra u m a ; Tu 
tum or

2, L = left; R = r ig h t; F  = F ro n ta l; T = T em p o ra l; P  = P a r ie ta l;  Bi = 
B ila te ra l; O = O ccip ita l; D = Diffuse
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G en era l C o n sid e ra tio n s  of S tim ulus C h a ra c te r is t ic s

As m entioned  e a r l ie r ,  in s tu d ies  involving m o re  than  one sen se  

m o d ality  the  s tim u li and the  co rresp o n d in g  re sp o n se  cu rve should have a 

co m p arab le  guideline to  r e a c h  a m eaningful conclusion  about the in te r 

re la tio n sh ip s  am ong the  d ifferen t se n so ry  d im ensions. A co n s id e rab le  

am ount of knowledge about the s tim u lu s  sp ec ifica tio n  in  te rm s  of p re c is e  

p h y s ica l energy , is  av a ilab le  in  the  c u rre n t l i te r a tu r e .  E x p re ss in g  the  

s tim u lu s  input in te rm s  of lo g a rith m ic  sca le  is  found to  be u se fu l and 

convenient in  p sycho log ica l ex p e rim en ts . One such  sc a le , the  decibel 

s c a le  sug g ested  by S tevens (1955, p .l2 ) , is  u sefu l fo r s e v e ra l  re a so n s :

1. The in ten sity  ra n g e s  of the  p h y sica l s tim u li a r e  
e n o rm o u s-en e rg y  ra n g e s  of tr i l l io n s  to  one a re  
involved in  v is io n  and h earin g .

2. To a  rough  app rox im ation , d isc r im in a tio n  follow s 
a  law of re la tiv ity : the  ju s t d e tec tab le  in c rem en t 
in  a s tim u lu s  is  p ro p o rtio n a l to  the  m agnitude of 
;the s tim u lu s  (W eber's  law).

H ence, to  th e  ex ten t th a t W e b e r 's  law  ho lds, the 
lo g a rith m ic  d iffe ren ce  th a t is  ju s t  d e tec tab le  is  
constan t,

3. A ccording  to  F e c h n e r 's  law , th e  su b jec tiv e  m ag n i
tude of a  sen sa tio n  is  supposed  to  be  p ro p o rtio n a l 
to  the lo g arith m  of th e  m agnitude of the  s tim u lu s .

In p sychophysics th e re  a r e  m any  p ro b le m s in  w hich the  r a t io  

betw een the m agnitude of the  two s tim u li is  of m o re  in te re s t  than  the  

ab so lu te  va lues th e m se lv e s . H ere  the  lo g a rith m ic  sc a le  is  found to  be 

a  g re a t  convenience, and  fo rtu n a te ly  a  s ta n d a rd  lo g a rith m ic  sca le  m e a s 

u re  e x p re sse d  in a  d ecibel (dB) unit is  ava ilab le  today. T h is  dB un it can
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be u sed  fo r v a rio u s  se n so ry  s tim u li w ith an ap p ro p ria te  known physica l

re fe re n c e  value and thus the  s tim u li a c ro s s  m odality  a tta in  co m p arab ility

and p re c is e  m ea su re m e n t. In te rm s  of the en erg y  of the so u rce  of the

■ E l

s tim u lu s  the dB unit can be ex p re sse d  a s  N = 10 log w here N is  the 

n um ber of dB, is  the  en erg y  u sed  in the s tim u lu s  so u rce  and E q is  

th e  re fe re n c e  energy .

Scaling of S tim uli 

In th is  w ay a  u n iv e rsa l  decibel sca le  has p rov ided  an excellen t 

to o l of m e a su re m e n t, enab ling  a g re a te r  co m p arab ility  am ong c ro ss  

m o d a lity  data. A ll th re e  se n so ry  d im ensions in  the p re se n t study ex 

p re s s e d  th e  s tim u lu s  m agnitude in dB un its  w ith  ap p ro p ria te  re fe re n c e  

v a lu es  com m only em ployed by o th er in v e s tig a to rs  (Stevens, 1955, 1961; 

B ek esy  and R osenb lith , 1951). Thus sound s tim u lu s  had a re fe re n c e  of 

. 0002 dyne/cm ^ and the  ligh t s tim u lu s  had a re fe re n c e  of 10"^® la m b e rt, 

w hile  the  v ib ra to ry  s tim u lu s  had a re fe re n c e  of 1 dyne. Since b r ig h tn e ss , 

lo u d n ess , and v ib ra to ry  in te n s itie s  a re  governed  by pow er law (Stevens, 

1955), th e ir  exponents w ere  gu idelines in se ttin g  up the ex p erim en ta l 

a r ra n g e m e n ts . T h ese  exponents a re  fo r loudness . 30, and for b r ig h t

n e s s  . 33, i. e . , the  r a te  of change in the s lope of th ese  cu rv es  a re  

ap p ro x im a te ly  th e  sam e . The exponent of the v ib ra to ry  in ten sity  grow th 

function  is  . 96 (S tevens, 1959), As it w as im p o rtan t in the p re sen t 

a tu c^  to  obtain  a s  s im ila r  a  base  line (p sychom etric  curve) a s  p o ssib le  

fo r  a l l  th re e  m o d a litie s , a  p re lim in a ry  inv estig a tio n  was m ade to  th is
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end. F o r ty  to 80 dB (re : 10"^® lam b ert) , 40 to  80 dB (re: SL) sound 

in ten s ity  and 20 to  28 dB (re : SL) w ere  found to  be com parab le  sp ec tru m  

of the th re e  d ifferen t in ten sity  continua. T h ese  findings w ere  s im ila r  

to  the  r e s u l ts  ob tained  by Stevens (1959). It w as decided to  u se  the 

sen sa tio n  lev e l (SL) as  a  re fe re n c e  in  au d ito ry  and v ib ra to ry  m ode to 

d e te rm in e  the  s tim u lu s  m agnitude in s tead  of the conventional p hysica l 

r e fe re n c e  value . The re fe re n c e  of SL seem ed  to  be psycho log ica lly  

m o re  p o ten tia l and m eaningful and som e e m p ir ic a l findings (H eilm an 

and Z w islock i, 1961) ju s tify  i ts  u se s . T h ese  au th o rs  found tha t ". . . 

loudness e s tim a te s  a s  a  function of SL do not d iffer fro m  loudness 

e s tim a te s  a s  a  function of SPL [sound p re s s u re  leve^ . . .  It e lim in a tes  

th e  effect of the  th re sh o ld  on th e  SL of the  re fe re n c e  s tan d a rd  . . . .  

and it  re d u c e s  the in te r - s u b je c t  v a r ia b ility . . . " In the ca se  of v isu a l 

m ode SL w as not co n s id e red  b ecau se  the th re sh o ld  fo r d ark -ad ap ted  eye 

is  le s s  than  a cen tib e l and in  the context of p re se n t ex p erim en ta l ta sk  

SL d e te rm in a tio n  w as not o3‘ m uch consequence (m inim um  unit of m e a s 

u rem en t L e . ,  dB is  m any  tim e s  la rg e r  than  the th re sh o ld  value. )

A pparatus

The au d ito ry  s ig n a l w as p roduced  by a H ew le tt-P ack a rd  Audio 

O sc illa to r  (Model 200 ABR). The s ig n a l w as then  d e liv e red  to one 

channel of a  G arso n -S tad le r  E le c tro n ic  Switch (Model 829E) which tu rn s  

the s ig n a l on and off w ith  a sp ec ified  r is e -d e c a y  tim e . The e lec tro n ic  

sw itch  w as ac tiv a ted  by an In d u s tr ia l T im e r Inc. m u lti-c a m  tim e r  which
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tiirn ed  the  s ig n a l on fo r 2 seconds. The au d ito ry  s ignal w as then  fed  

into a G raso n -S tad le r  Speech A udiom eter (M odel 162) w hich am plified  

and p rov ided  c a lib ra te d  a ttenuation  and m atch ed  the im pedence of the 

signal to the  tra n sd u c e r . The au d ito ry  tra n sd u c e r  w as a TDH39, 10 

ohm earphone m ounted in  a  David C la rk  NSC P /N  2014 dom e-type 

cushion w ith an inac tive  cushion on the n o n -te s t e a r .

The au d ito ry  s tim u lu s  w as c a lib ra te d  fo r in ten sity  w ith an 

A llison  m odel 300 aud iom eter c a lib ra tio n  un it. Six d ifferen t in te n s itie s  

of a  1000 cps tone ran g in g  fro m  40 dB to  80 dB sen sa tio n  lev e l (SL) w ere  

used . They w ere  40, 50, 55, 60 dB fo r the  s e r ie s  and 80 dB fo r the 

anchor.

The v ib ra to ry  s ignal (200 cps) w as p roduced  and c o n tro lled  in  

exactly  the sam e  m an n er a s  the  au d ito ry  s ignal. The only d ifferen ce  

w as th a t the s ig n a l w as d ire c te d  th rough  the lo u d -sp eak e r c irc u it of the 

Speech A udiom eter (to p ro v id e  g re a te r  am p lifica tio n ) and w as t r a n s 

duced th rough  a  M aico bone conduction v ib ra to r . The v ib ra to r  w as 

kept on a spongy cushion on a  tab le . The m idd le  finger tip  w as he ld  

p e rp en d icu la rly  upon the  d iaphragm  of the v ib ra to r  and in  a co m fo r

tab le  p osition . W hile p re sen tin g  the s ig n a l an  earphone (sam e one 

u se d  fo r p re se n tin g  the au d ito ry  signal) w as u sed  to  p rev en t any a u d i

to ry  cues fro m  th e  v ib ra to r . The v ib ra to ry  s tim u lu s  in ten sity  w as 

c a lib ra te d  w ith  a B eltone 5A (SN 1007) a r t if ic ia l  m asto id . Six d iffe ren t 

in te n s itie s  a t a  frequency  of 200 cps ran g in g  fro m  20 dB to  36 dB SL
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w ere  used . They w ere  20, 22, 24, 26, 28 dB fo r the s e r ie s ,  and 36 dB 

fo r the anchor.

The v isu a l s ignal w as p roduced  by a  custom  b u ilt h igh in ten sity  

f la sh  so u rce  d e sc rib e d  by G erb ran d s  and Stevens (1965). The du ra tion  

of the f la sh  w as co n tro lled  by an In d u s tr ia l T im er Inc. m u lti-c a m  tim e r  

w hich w as p a r t  of the com plex con tro lling  the au d ito ry  and v ib ra to ry  

s ig n a ls . C on tro l of the in ten sity  of the ligh t w as p ro v id ed  by Kodak 

N eu tra l D ensity  f i l te r s .  The ca lib ra tio n  in s tru m en t fo r the  v isu a l s tim u 

lu s  in ten sity  w as a S p ec tra  B rig h tn ess  Spot M ete r, P h o to -R e se a rc h  Inc. 

C alif. Six d ifferen t b r ig h tn e sse s  of a w hite ligh t ran g in g  fro m  40 dB to 

80 dB (re : 10'^® lam b ert)  w ere  u sed . They w ere  40, 45, 50, 55, 60 dB 

fo r th e  s e r ie s  and 80 dB fo r the  anchor.

The su b jec ts  w ere  ru n  in  an lAC (In d u s tria l A coustic  C o rp o ra 

tion) sound t re a te d  booth. The tra n s d u c e rs  w ere  con tained  in sid e  the 

ro o m , and the  re m a in d e r  of the ap p ara tu s  w as lo ca ted  ou tside  of the 

booth. E xcept in  the  case  of v isu a l judgm ents, the e x p e rim en te r  w as 

ou tside  of the  booth and m ain ta in ed  contact w ith the su b jec t th rough  the 

earphone and a tw o-w ay tra n sp a re n t g la ss  window. In the  ca se  of v isu a l 

judgm ent the  ex p e rim en te r  w as in  the sam e  ro o m  w ith  the  su b jec t to  

change the  f i l te r s  in the  ligh t so u rce  m anually . The ro o m  w as dark  

and judgm ents w ere  m ade w ith  a d ark -adap ted  eye. The ta rg e t  w as 1. 5 

cm in  d iam e te r, and w as positioned  at the eye lev e l about 30 cm away 

fro m  the s u b je c t's  eye.
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P ro c ed u re

E ach  subject w as asked  to  r a te  each  s tim u lus p re sen ted . A fter 

the read in g  of the in s tru c tio n s , a  p ra c tic e  se ss io n  of two judgm ents on 

each  s tim u lu s  w as re c o rd e d  befo re  the ac tu a l ex perim en t began. T h re sh 

olds w ere  re c o rd e d  for each  sub jec t fo r each  m ode (except in  v isu a l m ode 

which w ere  alw ays le s s  than 1 dB). The m ethod of s ing le  s tim u li was 

u sed  fo r the p re sen ta tio n  of the s tim u lu s . E ach  s tim u lu s  w as p re sen te d  

fo r two seconds. A w arn ing  s ignal (a r e d  pilo t lam p) p reced ed  the ac tua l 

s ignal by a second. I n te r - t r ia l  in te rv a l w as 10 seconds.

Since the two h em isp h e res , r ig h t and le ft w ere  included a s  an 

independent v a riab le  (to exam ine the ro le  of la te r  a liz e d  le s io n  on th is  

kind of psychophysical task) the su b jec ts  under each  sen se  m odality  

w ere  s tim u la ted  se p a ra te ly  in both h em isp h e re s  (Cannon, 1955) in  a ll 

th re e  conditions of the ex p erim en t.

The su b jec ts  w ere  ru n  in th re e  se ss io n s  (one fo r each  mcydality) 

and each  se ss io n  continued for 60 to  90 m in u tes . The design of the 

experim en t is  p re se n te d  in  T able 3.

T able 3

Sum m ary of E x p e rim en ta l Design

Mode H em isphere  A nchor In stru c tio n

Condition NA

1, A uditory  L eft (right ea r)  No R egu lar
2, A uditory  Right (left ea r) No R egu lar
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T able 3 - -  Continued

Mode H em isp h ere  A nchor In stru c tio n

Condition NA (continued)

3. V isual L eft (left n a sa l eye) No R egular
4. V isual R ight (righ t n a sa l eye) No R egu lar

5. V ib ra to ry L eft (righ t m id  finger) No R egular
6. V ib ra to ry Right (left m id  finger) No R egu lar

Condition A

1. A uditory L eft (righ t ear) Yes R egu lar
2. A uditory R ight (left ear) Yes R egu lar

3. V isual L eft (left n a sa l eye) Yes R egu lar
4. V isual R ight (righ t n a sa l eye) Yes R egu lar

5. V ib ra to ry L eft (righ t m id  finger) Yes R egu lar
6. V ib ra to ry R ight (left m id  finger) Y es R egu lar

Condition lA

1. A uditory L eft (righ t ear) Yes Ignore anchor
2. A uditory R ight (left ear) Yes Ignore anchor

3. V isual L eft (left n a sa l eye) Yes Ignore anchor
4. V isual R ight (righ t n asa l eye) Yes Ignore anchor

5. V ib ra to ry L eft (right m id  finger) Yes Ignore anchor
6. V ib ra to ry R ight (left m id  finger) Y es Ignore anchor

The o rd e r  of te s tin g  of the  th re e  d ifferen t m odes w as assig n ed  on a  r a n 

dom b a s is ; each  of the five s tim u li w ere  p re se n te d  in  a random  o rd e r  

fo r five tim e s  in  each  se ss io n  and the  sub jec t judged them  on a n ine- 

ca teg o ry  sca le  from  v e ry  v e ry  high to  v e ry  v e ry  low. In Condition A the
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anchor s tim u lu s  w as in tro d u ced  along with the s e r ie s  s tim u li fo r ju d g 

m ent, w ithout being m en tioned  by the e x p e rim en te r. In th is  se ss io n  

a lso  the s e r ie s  s tim u li w ere  p re se n te d  five tim e s  each  in a random  

sequence but th e  anchor s tim u lu s  w as p re se n te d  in ev e ry  s ix th  t r i a l  

s ta r t in g  fro m  the beginning. In Condition lA every th ing  w as the sam e 

a s  in Condition A except th a t in  th is  condition each  tim e  the anchor 

s tim u lu s  w as p re se n te d  the sub jec t w as in s tru c te d  to  ignore  it.

E xam ple of in s tru c tio n  ^n aud ito ry  m ode):

I w ill p re se n t a  tone th rough  the earphone and I 
w ant you to  t e l l  m e how high o r low it is .  In fro n t of 
you is  a  l is t  of the m e a s u re s  tha t I want you to  r e p o r t  
to  m e a f te r  you have judged the tone. The tone m ay  be 
v e ry  v e ry  high, o r  v e ry  high, o r  high, o r  m edium  high, 
o r  m edium , o r  m edium  low, o r low, o r v e ry  low, or 
v e ry  v e ry  low. Have you any questions ?

The above in s tru c tio n  w as u se d  for C ondition NA and Condition 

A of the  ex p erim en t. Then in  Condition lA w henever the anchor s tim u 

lus w as p re se n te d , th is  added p a r t  of the in s tru c tio n  w as r e a d  to him:

I want you to  ig n o re  th is  tone; ju s t don 't pay 
any a tten tion  to  it.

T he ca teg o ry  sc a le  sub jec t u se d  to  e x p re ss  h is  judgm ent about the

s tim u lu s  in ten sity  co n s is ted  of the  follow ing nine poin ts:

v e ry  v e ry  high m edium  high low
v e ry  high m edium  v e ry  low
high m edium  low v e ry  v e ry  low

To ach ieve quan tifica tion , in te g e rs  one th rough  nine w ere  ass ig n ed

fro m  low to high ca te g o rie s  and th e se  w ere  u sed  a s  c r i te r io n  m e a su re

(G uilford, 1954),
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In sum m ary , then , th e re  w e re  th re e  d ifferen t conditions of the 

ex p erim en t in  each  sen se  m o d ality  and  in  each  group:

1. Condition NA - in  th is  condition the sub jec t w as to 
judge only the  s e r ie s  s tim u li (five in  num ber) in the 
p re s c r ib e d  m an n e r.

2. Condition A - in  th is  condition an anchor s tim u lu s  
w as in tro d u ced  along w ith  the s e r ie s  s tim u li w ith 
out being m en tioned  by the ex p e rim en te r  and the 
sub jec t w as ask ed  to  judge them  as  u su a l.

3. Condition lA - in  th is  condition an in s tru c tio n a l 
v a ria b le  w as in tro d u ced , w ith the anchor s tim u 
lus s t i l l  in  the  s e r ie s  and each  tim e  it w as p r e 
sen ted  the  sub jec t w as a sk ed  to  ig n o re  the  anchor 
s tim u lu s  in m aking  h is  judgm ent.



CHAPTER III

RESULTS

The m ean  re sp o n se  sca le  values fo r th re e  d ifferen t g roups, con

t r o l  n o n -p a tien ts  (CNF), co n tro l p a tien ts  (CP), com bined both p a tien t and 

n on-patien t a s  con tro l group (C), and b ra in -d am ag ed  p a tien ts  (BD) using  

th re e  d ifferen t m o d a litie s  eye, e a r ,  and finger under th re e  ex p erim en ta l 

conditions, no anchor (NA), anchor (A), and ignore  anchor (lA) a r e  p r e 

sen te d  in  T ab le  4.

T able  4

M ean re sp o n se  ca teg o ry  sc a le  va lues under v a rio u s  
ex p erim en ta l conditions

Condition NA 
Eye

40 45 50 55 60

CNF 2.05 3.29 4. 64 5 .93 7 .05
CP 1. 90 3.09 4.42 5. 67 6 .86

C 1. 97 3.19 4. 53 5 .80 6 .96
BD 1.42 2 .28 3. 38 4. 16 5. 56

E a r

40 45 50 55 60

CNF 2. 34 3.62 4 .82 6 .0 4 7 .28
CP 2.34 3. 30 4. 46 5 .72 7 .05

C 2. 34 3.46 4 .6 4 5.88 7 .16
BD 2.33 3 .14 4. 24 5. 35 6 .72

4 9
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Table 4 - -  Continued

F in g er

20 22 24 26 28

GNP 2.03 3. 12 4.51 5.88 7. 14
CP 2.01 3. 12 4. 16 5. 49 6 .80

C 2.02 3. 12 4. 33 5. 68 6. 97
BD 2.20 3 .26 4. 46 5. 64 6. 90

C ondition A

40 45 50 55 60

CNP 1.54 2 .52 3 .70 4 .75 6 .08
CP 1.49 2 .4 2 3. 48 4 .76 6 .2 4

C 1.52 2 .47 3 .59 4 .7 6 6 .16
BD 1.16 1.58 2 .49 3.56 4. 64

E a r

40 45 50 55 60

CNP 1.79 3 .02 4 .0 6 5. 28 6 .18
CP 1.82 2 .70 3. 62 4 .7 8 5 .96

C 1.80 2 .8 6 3 .84 5 .03 6.07
BD 1.64 2. 38 3 .2 4 4 ,16 5 .26

F in g er

20 22 24 26 28

CNP 1.58 2 .50 3. 54 4 .7 6 5 .78
C P 1.76 2 .7 8 3. 68 4 .7 5 6. 00

C 1. 67 2 .6 4 3.61 4 .76 5 .89
BD 1.55 2.23 3. 36 4 .45 5. 34

Condition lA
Eye

40 45 50 55 60

CNP 1. 70 2, 68 4. 10 5. 20 6. 32
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Table 4 - -  Continued

Condition lA 
Eye --(C ontinued)

40 45 50 55 60

C P 1. 58 2. 65 4. 00 5. 05 6 .10
c 1 .64 2. 66 4 .0 5 5. 12 6 .21

BD 1.16 1 .45 2. 40 3 .47 4. 48

E a r

40 45 50 55 60

CNF 2 ,08 3.18 4. 34 5. 62 6. 58
C P 1 .95 2 .85 3 .85 5 .03 6 .23

C 2 .02 3 .02 4 .1 0 5.32 6 .40
BD 1.68 2 .2 4 3.15 4 .3 2 5. 36

F in g er

20 22 24 26 28

CNP 1.82 2 .8 4 3.90 5 .01 6.80
C P 1 .8 4 2.86 3 .84 5. 04 6 .23

c 1 ,83 2 .85 3.87 5.02 6 .52
BD 1,52 2.22 3 .28 4.33 5. 48

T he m ean  re sp o n se  va lues in Condition NA fo r th re e  d ifferen t 

m odes w e re  co m p ared  betw een the  co n tro l n on -pa tien t group (N = 8) and 

co n tro l p a tien t group (N = 8). Since the d iffe ren ces  betw een th e se  two 

g roups w e re  not sign ifican t (t = . 89 fo r eye, 1. 40 fo r e a r ,  and . 10 fo r 

f in g e r; df = 14 in  each  case ; p >  . 05 in each  case ), th e se  data w ere  

t re a te d  a s  one s ing le  co n tro l group (C) co n sis tin g  of 16 su b jec ts . F ig u re  

1 r e p re s e n ts  th e  p sy ch o m e tric  cu rv es  (fitted  cu rve by le a s t sq u are
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Each point based  on 160 judgm ents.
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m ethod) b ased  on th e se  two g roups. The equations a re  p re se n te d  in 

Appendix B.

In te r - M odality  C o rre la tio n s  

It w as hypothesized  (H ypothesis I) th a t sign ifican t c o rre la tio n s  

am ong the anchor e ffec ts  p roduced  in  the v a rio u s  se n so ry  m o d a litie s  in 

the  co n tro l group would be found. To te s t  th is  hypothesis  d ifference 

s c o re s  fo r each  indiv idual betw een p a ir s  of conditions, and fo r each  

m odality , w ere  ca lcu la ted , S pearm an  ra n k  o rd e r  c o rre la tio n s  w ere  

done am ong the  m o d a litie s  b ased  on th e se  d ifferen t s c o re s . Exam ining  

the  c o rre la tio n  coeffic ien ts  (Table 5) fo r th a t group would ap p ear th a t 

p a r t ia l  support of the hypothesis is  evidenced.

T able 5

S pearm an  ra n k -o rd e r  c o rre la tio n s  am ong anchor e ffec ts  
p roduced  in  th re e  se n so ry  m odes

C ontro l B ra in -  dam aged

E y e /
E a r

E y e /
F in g er

E a r /
F in g er

E y e /
E a r

E y e /
F in g er

E a r /
F in g er

Condition NA-A R .62 - ,  05 - .3 4 - .0 5 - .5 5 - .0 1
P .01 NS NS NS .0 5 NS

Condition NA-IA R . 63 - .2 6 .2 0 .2 0 : - .1 4 .01
P ,01 NS NS NS NS NS

Condition lA -A R .4 4 .0 2 .0 5 : i 4 - .2 7 .2 5
P .0 5 NS NS NS NS NS

Significant c o r re la tio n  of in te rm o d a lity  judgm ents o c c u rre d  betw een the 

v isu a l and au d ito ry  m odes am ong a il th re e  conditions. The non-
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sign ifican t e y e / finger and e a r /f in g e r  c o rre la tio n s  in th is  sam e group 

would ap p ear to  be due in  p a r t ,  to  th e  v a r ia b ili ty  of the v ib ra to ry  ju d g 

m en ts .

H ypothesis II p re d ic te d  a  low er c o rre la tio n  am ong the  anchor 

effects  of v a rio u s  s e n so ry  m odes in  b ra in -d am ag ed  co m p ared  to  non

b ra in -  dam aged g ro u p s. T h is hypo thesis  w as su p p o rted  in  th a t a ll  in te r - 

m odal c o r re la tio n s  in the  b ra in  dam aged group w ere  found to  be non

sig n ifican t w ith  one exception; A negative  c o rre la tio n  betw een eye and 

fin g e r.

In s tru c tio n a l Set to  Igno re  A nchor 

H ypothesis  III p re d ic te d  th a t in the co n tro l group th a t an in s tru c 

tio n a l se t to  ig n o re  the  anchor s tim u lu s  re d u c e s  th e  effect of th e  ap p aren t 

p h y sica l m agn itude of the  an ch o r. F ig u re  I in d ica te s  co n firm atio n  of 

th is  h y p o thesis . The t - t e s t s  com paring  C onditions NA and A re v e a le d  

v e ry  s ig n ifican t d iffe ren ces  (Table 6).

T ab le  6

t - t e s t s  co m p arin g  th re e  ex p e rim e n ta l conditions in  v a rio u s

Eye 
t p

E a r  
t p

F in g er 
t p

Condition NA-A C 12. 96 <. 001 8 .9 9  < .001 7 .8 6  < .0 0 1
BD 11, 90 <  001 6 .6 4  <  .001 24. 33 < . 001

Condition NA-IA C 10. 00 < .001 9 .75  < .001 7 .2 5 <  .001
BD 3 0 .4  < .001 6 .76  < .001 6. 39 < . 001

Condition lA -A C 3. 76 <.01 5. 15 < .001 4. 22 < .0 0 1
BD 3. 0 2 ^ . 01 1. 61^<  . 2 0 > .10

L-----  ...------  ' —
. 7 9 ^< .40

^ In th is  ca se  Condition lA had low er re sp o n se  cu rve 
than  C ondition A
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T h e re  w ere  a lso  s ign ifican t sh ifts  back  to w ard  the  co n tro l con

dition in a l l  m odes a f te r  the in s tru c tio n a l s e t (Condition lA vs Condition 

A). A fina l co m p ariso n  re v e a le d  th a t s ign ifican t d iffe ren ces  re m a in e d  

betw een Condition NA and Condition lA. T hus, it has been shown th a t 

(1) the in jec tion  of an anchor s tim u lu s  into the  s e r ie s  does have a d em 

o n s trab le  effect, and (2) the in troduction  of an in s tru c tio n a l se t to  ignore 

th e  anchor s tim u lu s  does re d u ce  the sh ift in judgm ent re su lt in g  fro m  a 

p h y s ica l anchor s tim u lu s .

H ypothesis  IV: The b ra in -d a m ag ed  ind iv idual is  not ab le  to  ig 

n o re  the anchor s tim u lu s  a s  e ffec tive ly  a s  c o n tro ls .

T h is  hypo thesis  w as con firm ed . The b ra in -d a m ag ed  group, w hile 

m an ife s tin g  a  sh ift in  judgm ent s im ila r  to  co n tro ls  fro m  C ondition NA 

(no anchor) to  Condition A (anchor), w ere  not ab le  to  re sp o n d  to  th e  in 

s tru c tio n a l s e t. Condition lA (ignore anchor), in  the  sam e  way a s  the  con

tro ls .  A s F ig u re  1 show s, th e  judgm ents of the b ra in -d am a g e d  group in 

Condition lA w ere  even low er than  in Condition A, a finding w hich is  in 

m a rk e d  c o n tra s t  to  the  behav io r of the co n tro l group. Indeed, in  one m o 

dality , the v isu a l. Condition lA w as found to  be s ig n ifican tly  low er than  

Condition A (T able 6).

M agnitude of A nchor E ffect

H ypothesis V s ta te d  th a t the  anchor effect is  s ig n ifican tly  g re a te r  

in  the  b ra in -d a m a g e d  group than  in the  n o n -b ra in -d am ag ed  group. T h e re  

a r e  two w ays in w hich th is  hypothesis  w as te s te d . In the f i r s t  a  s im p le
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su b trac tio n  p ro ced u re  w as em ployed (Condition NA-A). In the second  a 

p ro c e d u re  developed by H elson (1964) w as u sed  to  ind ica te  the re la tiv e  

effect of background and foca l s tim u li on the  judgm ents.

In the f i r s t  p ro c ed u re  (Condition NA-A) u sed  to  te s t  the hypoth

e s is ,  con firm ation  w as found only in the  v ib ra to ry  touch  m ode. The m ean  

d ifference  m e a su re s  re f le c tin g  the  am ount of sh ift in  the p sychophysical 

sc a le  and the te s ts  fo r s ign ificance of th e se  sh ifts  a re  p re se n te d  in  T able 

7.

Table  7

M ean anchor effec ts  (Condition NA-A) in  th re e  m o d a litie s  
fo r con tro l and  b ra in -d am ag ed  group and  t 's  

betw een the groups

Eye E a r F in g er

c .82 .77 . 64
BD . 69 .9 1 1.18
t 1. 98 1.21 8. 3
P . 10 .20 .001

In the  second a n a ly s is  H e lso n 's  ap p roach  (Appendix C) w as u tilized . 

In th is  approach  the re la t iv e  con tribu tions of fo ca l ( s e r ie s  s tim u li) and 

background  (anchor s tim u lu s) fa c to rs  to  the p sychophysica l judgm ents 

w e re  o b ta in ed . The m ean  d iffe ren tia l w eights fo r fo ca l and background 

s tim u li and th e ir  r a t io  fo r the  two groups a re  p re se n te d  in  T able 8. Using 

a d iffe ren ce  s c o re  betw een the  focal and background  a group x se n se  m ods 

X condition (2x3x2) a n a ly s is  of v a rian ce  re v e a le d  s ig n ifican tly  g re a te r



60

effec ts  in  the  b ra in -d am ag ed  group in  a ll th re e  se n so ry  m odes (F=299. 40; 

df 1, 2; p 001) i. e . , the  anchor condition a ffec ted  the  b ra in -d am ag ed  

group to  a g re a te r  d eg ree . In K elso n 's  sy stem  th is  finding in d ica tes  th a t 

the b ra in -d am ag ed  group is  m o re  influenced by background stim u lu s  (anchor!

Table 8

M ean d iffe ren tia l w eights of background (B) and fo ca l (F) 
s tim u li involved in  the judgm ent p ro c e s s e s  in 

Condition A and Condition lA

C ontro l

Condition A Condition lA

B F B /F B F B /F

Eye .199 .801 1 /4 .168 .832 1 /5

E a r .205 .7 9 5 1 /4 . 135 .865 1/6

F in g er . 195 .8 0 5 1 /4 .133 .867 1/6

B ra in -d am ag ed

Condition A Condition IA

B F B /F B F B /F

Eye .417 . 583 1/1 . 506 .494 1/1

E a r ,308 .692 1/2 .279 .721 1/3

F in g er .274 .726 1/3 .278 . 722 1/3

A nchor E ffec ts  and H em isphere  Dysfunction 

H ypothesis VI, "T h e re  a re  d iffe ren tia l anchor e ffec ts  betw een 

the r ig h t and le ft h em isp h ere  s tim u la tio n s  in  the b ra in -d a m a g e d  sub ject
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when the  le s io n  is  la te ra liz e d , " w as not con firm ed . A nalysis  by Sign 

te s t  (Siegel, 1856) fo r non-independent m e a s u re s  w as p e rfo rm e d  f i r s t  by 

grouping  the  p a tien ts  w ith  le ft h em isp h ere  le s io n s  (N = 7) and com paring  

th e ir  le ft h em isp h ere  p e rfo rm a n ce  w ith  th e ir  r ig h t h em isp h ere  p e r fo r 

m an ce . T he sam e w as done w ith the  p a tien ts  w ith r ig h t s ide  le s io n s  

(N = 6). The fina l a n a ly s is  w as p e rfo rm e d  by grouping a ll the su b jec ts  

in  te r m s  of "good" v s , "bad" s id e . It can be seen  in T able 9 th a t none of 

the co m p ariso n s  w ere  found to  be s ig n ifican tly  d ifferen t.

T ab le  9

M ean anchor e ffec ts  (Condition NA-A) in  th re e  m o d a litie s  in 
te r m s  r ig h t and le ft h em isp h e re  le s io n  and sign  te s t  

betw een th e  two h e m isp h e re s

L R N X P

Eye .7 4 .4 4 7 3 .2 3
L eft H em isp h e re E a r .9 6 1 ,00 7 4 ,5 0

C ases F in g e r 1 .42 1 ,40 7 3 , 50

Eye ,9 1 .7 6 6 3 , 66
R ight H em isp h e re E a r ,7 8 , 66 6 3 .6 6

C ases F in g er .8 2 . 80 6 3 .6 6

Good Bad
side side N X P

Eye .6 7 .7 2 13 5 . 13
A ll C a se s E a r .8 9 .8 1 13 7 . 50

F in g er 1.11 1,11 13 6 . 55



CH APTER IV

DISCUSSION

T he hypotheses advanced  in  th is  ex p erim en t led  to  p re d ic tio n s  of 

(a) a ro le  of c e n tra l m ed ia tin g  p ro c e s s e s  in h e te rn m o d a l p sychophysica l 

judgm ent, a s  ev idenced  th rough  anchor e ffec ts  in s e n so ry  m odes under 

d ifferen t in s tru c tio n a l " s e t” conditions and; (b) d iffe ren tia l anchor and 

" se t"  e ffec ts  in  p a tien ts  w ith  CNS dysfunction. In g en e ra l, the  hypoth

e s e s  w e re  confirm ed . Since th e  m a in  focus of the s tudy  w as upon the 

anchor e ffec t due to  v a rio u s  o rg a n ism ic  (se t and CNS) and s tim u lu s  

v a r ia b le s , th e  H ypotheses (III, IV and V) r e la te d  to  th e  anchor effec ts  

w ill be d isc u sse d  f i r s t .  N ext, r e s u l t s  p e r tin e n t to  the  is su e  of c e n tra l 

p a r tic ip a tio n  (H ypotheses I and  II) in  the  m u lti-m o d a l p sychophysica l 

behavior w ill be exp lo red . And fin a lly  th e  im p lica tio n s  of th e se  findings 

fo r H e lso n 's  AL th e o ry  and the  " s e t"  th e o r ie s  of Hebb and G oldstein .

A nchor E ffec ts

T he ex p e rim en ta l p a rad ig m  u sed  in  the p reced in g  ex p erim en t was 

designed  a f te r  H elson (1947, 1948, 1964). The p arad ig m  involved p r o 

c ed u res  w hereby  the sub jec t m ade in itia l judgm ents on a  s e r ie s  of lig h ts , 

sounds and v ib ra tio n s  (Condition NA). An ex trem e  value (anchor) to  th is

52
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s e r ie s  w as in troduced  without the e x p e rim en te r m entioning  it (Condition 

A), The effect of the anchor s tim u lu s  w as a  v e ry  s ign ifican t one and 

confirm s p rev io u sly  re p o r te d  findings by a  num ber of ex p e r im e n te rs  

(Brown, 1953; M ichels and H elson, 1954; P a rd u c c i and M arsh a ll, 1962). 

Of g re a te r  in te re s t  is  the  fac t th a t the b ra in  dam aged sam p le  a lso  b e 

haved in  a quite s im ila r  m an n er. The co n sis ten cy  of re sp o n se  a c ro s s  

the v a rio u s  sen se  m o d a litie s  in both g roups not only co n firm s the  p r e 

vious r e s u l ts  but a lso  extends th ese  findings a c ro s s  the  d ifferen t popu

la tio n  and a  d ifferen t sen se  m odality  (V ibratory).

Ignore A nchor Set 

P e rh a p s  the  m o st s ign ifican t finding in  the p re se n t ex p erim en t 

w as the la rg e  d iffe ren tia l group p e rfo rm an ce  under th e  se t to  igno re  the 

anchor (H ypotheses III and IV). The effect of th is  condition in  the  con

t r o l  group w as to  red u ce  the anchor e ffec ts , a s  hypothesized . As seen  

in F ig u re  1 the curve sh ifts  back  to w ard  the no anchor condition; the 

lev e ls  of s ign ificance of the  sh ift back  to w ard  the  in itia l re fe re n c e  curve 

a re  a ll  beyond the . 01 lev e l of confidende. B ro w n 's  findings (1953) w ere  

s im ila r  fo r w eight lifting  judgm ent in  'D on’t  judge the  an ch o r ' condition 

of the ex p erim en t. T h is  can be seen  a s  evidence fo r the  effect of a 

cognitive m ed iating  p ro c e ss  in  the  de te rm in a tio n  of a s im p le  se n so ry  

judgm ent. A gain in  the co n tro l group it o c c u rre d  w ith co n sis ten cy  

a c ro s s  a ll  th re e  sen se  m o d a litie s .

H ow ever, the b ra in  dam aged group did not change th e ir  judgm ents
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as  a  r e s u l t  of the in s tru c tio n a l s e t. T h e ir  re sp o n se s  in Condition lA 

w ere  n ear o r below  th e ir  lev e l fo r Condition A. In effect, the b ra in  

in ju re d  group w ere  unable to  re sp o n d  to  the  in s tru c tio n a l se t in the sam e 

w ay as  the  co n tro l group. S ev era l exp lanations fo r th is  behav io r seem  

p o ssib le . It could be a rg u ed  tha t the b ra in  dam aged 8s did not pay 

a tten tion  to  the ta sk  o r in s tru c tio n s . T h is  is  not lik e ly  fo r two re a so n s . 

F i r s t ,  during  the  p ro c e s s  of se lec tin g  the p a tie n ts  it w as m ade s u re  that 

th ey  w ere  capable of understan d in g  the in s tru c tio n s  and could go th rough  

the ex p erim en t. Second, the data do not su p p o rt th is  notion. In the NA 

condition the  b ra in  dam aged group ac ted  v e ry  s im ila r ly  to  the co n tro l 

group (F ig. 1), In fact d is tr ib u tio n s  of ca teg o ry  judgm ents over the 

sc a le  in a ll  m o d a litie s  (Appendix G) w ere  not s ign ifican tly  d ifferen t fo r the 

b ra in -d am ag ed  and co n tro ls  a s  te s te d  by the  K olm ogorv-S m irnoff te s t  

(Seigel, 1956). Im m ediate  m em o ry  lo s s , a s  an explanation fo r th e  LA 

effect does not seem  tenab le  b ecau se  the in s tru c tio n s  w ere  re p e a te d  

each  tim e , im m ed ia te ly  b e fo re  the anchor w as p re se n te d  in  th a t condition.

One w ay of in te rp re tin g  the r e s u l ts  of the  in s tru c tio n s  on s e ts  is  

fro m  the "w ithin su b jec t"  an a ly s is  of the  ex p erim en t. Condition NA 

could be co n sid e red  the  con tro l condition and Conditions A and lA the 

ex p e rim en ta l conditions. F u r th e r , C ondition A m ay  be co n s id e red  the 

"c o n c re te "  ex p erim en ta l condition, i. e ., an  ex trem e  p h y sica l s tim u lu s  

(anchor) e n te re d  th e  phenom enal fie ld , and Condition lA the " a b s tra c t"  

condition, w here  the sub jec t is  to  re sp o n d  in a  conceptual m an n er
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in  a c c o rd  w ith  the  in s tru c tio n s  to  ignore  th is  sam e ex tre m e  p h y sica l 

s tim u lu s . Looking a t the ex p erim en t in th is  way the fa ilu re  of the b ra in 

dam aged group in  the  " a b s tra c t"  condition is  re a d ily  ap p aren t.

The above in te rp re ta tio n  is  co n sis ten t w ith G o ld s te in 's  (1963) 

th eo ry . In h is  ex tensive  w ork  w ith  b ra in  in ju re d  s o ld ie rs  he found an 

im p a irm en t w hich he concep tualized  a s  Lan im p a irm en t of the  ab ility  to  

a ssu m e  the  a b s tra c t  a ttitu d e ; the in ab ility  to  rem o v e  o n ese lf fro m  the  

v e ry  im m ed ia te  phenom enal ex p erien ce . G oldstein  (1942) su m m a riz e s  

th is  notion:

We a re  given over and bound to  the im m ed ia te  
ex p erien ce  of a  given th ing  o r s itu a tio n  in  i ts  uniqu- 
n e s s . O ur th ink ing  and  acting  a r e  d ire c te d  by the 
im m ed ia te  c la im s .th a t one p a r tic u la r  a sp ec t of the 
ob jec t o r  s itu a tio n  in  the  env ironm ent m ak es . The n a 
tu re  of th e se  c la im s  m ay  be ex p erien ced  in  d iffe ren t 
fo rm s: a s  an e x p re ss iv e  quality  of the  physiognom y 
of th in g s, a s  s itu a tio n a l "belongings" o r  fa m ilia r ity .
We re sp o n d  u n re flec tin g ly  to  th e se  c la im s, (p. 89)

T he a b s tra c t  a ttitu d e , on the  o th er hand, a llow s one to  tra n sc e n d  

th is  im m ed ia te  phenom enal w orld  and re sp o n d  to  h igher lev e ls  of con

cep tu a l a c tiv ity . In th e  p re se n t ex p erim en t the  in s tru c tio n a l se t to  ig 

n o re  th e  an ch o r, even  though it w as ex p erien ced  in  th e  p h y s ica l and 

phenom enal s e n se , could  be an  exam ple of th is  h igher conceptual ac tiv ity . 

T he d eg ree  to  w hich th e  su b jec t cou ld  re sp o n d  to  the in s tru c tio n a l se t 

could  be  te rm e d  a  m e a s u re  of h is ab ility  to  tra n sc e n d  the  im m ed ia te  

e:q>erience of th e  s e r ie s  involving an e x tra  anchor s tim u lu s . As the 

r e s u l t s  in d ica te , the  b ra in  in ju re d  su b jec ts  w e re  m ark ed ly  le s s  able to
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re sp o n d  in  th is  m an n er.

T h is  d em o n stra tio n  of co n cre te  th inking is  unique in  the sen se  

th a t it involves no r e fe re n c e  to  the s u b je c t's  language behavior o ther 

th an  a  s im p le  ind ication  of one of the nine c a te g o rie s . M uch of Gold

s te in 's  w ork  and d em o n stra tio n s  of the co n cre te  a ttitude  w ere  concerned  

w ith  c o n c re te n e ss  a s  it a p p ea red  in language com m unications. One of 

th e  c r i t ic is m s  of language in s ta n c e s  of co n cre te  th inking c e n te rs  around 

the  effec t of lea rn in g . The a rg u m en t s ta te s  th a t it is  not known if the 

su b jec t h a s  le a rn e d  the  concept p rev io u sly ; and, th is  being the case , he 

is  unab le  to  u se  th e  concept i l lu s tra tiv e  of th e  a b s tra c t  a ttitu d e . In the 

p re s e n t  study  th e  ta s k  is  s im p le , the in s tru c tio n s  a r e  p la in ly  w ithin the 

le a rn in g  ab ility  of a ll  su b je c ts , and th e re fo re , the e ffec ts  of lea rn in g  

and language so p h is tica tio n  a r e  fe lt to  be m in im a l.

D iffe ren tia l A nchor E ffec ts  

H ypothesis V p re d ic te d  th a t a  d iffe ren tia l effect of Condition A 

w ould a lso  be  o b se rv e d  betw een  the  b ra in -d am ag ed  and co n tro l groups, 

in  te r m s  of p rev io u s  d iscu ss io n  it m ight be sa id  th a t the b ra in - in ju re d  

su b jec t w ould r e a c t  m o re  to  "co n cre te !' conditions. In the in itia l analy 

s is  of the anchor sh ifts  H ypothesis V w as not con firm ed  except in the 

ta c tu a l  m od ality . H ow ever, the e ffec ts  shown in  T able 6 a re  a re s u l t  

of su b tra c tio n  betw een C onditions NA and A and do not u tiliz e  the data 

in  th e  m o st e ffic ien t way. A subsequent an a ly s is  u sing  K e lso n 's  (1964) 

ap p ro ach  c le a r ly  in d ica ted  th a t the in troduction  of the  anchor had a
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g re a te r  effect on the b ra in -d am ag ed  group. T his an a ly s is  is  a m e a su re  

of the re la tiv e  con tribution  of focal (the s tim u lu s  s e r ie s )  and background 

(anchor) fa c to rs  in the adaptation  lev e l p arad ig m . In the b ra in -d am ag ed  

group app rbx im ate ly  equal em p h asis  was p laced  on th ese  two fa c to rs , 

focal and anchor s tim u li.

In the con tro l group, on the o ther hand, em phasis  on the focal 

s tim u li w as four tim es  th a t of the em phasis on the background fa c to rs .

In th is  sam e an a ly sis  it w as shown th a t in Condition lA (ignore anchor 

in s tru c tio n s) the con tro l group p laced  five tim e s  the  em phasis  on the 

focal (se r ie s )  a s  opposed to  th e  background s tim u li. T h is  d ifference in 

em p h asis  on focal and background s tim u li betw een Condition A and Con

dition lA re f le c ts  the ab ility  of the co n tro ls  to  sh ift th e ir  se t a s  a re su lt  

of the in s tru c tio n s . In the b ra in -d am ag ed  group the re la tiv e  con tribution  

of focal and background fa c to rs  re m a in e d  the sam e . In the  v isu a l m o d ali

ty  th e re  w as ac tua lly  a tendency  to  sh ift even fu rth e r  in the  concre te  

d irec tio n , L ^ . ,  an even g re a te r  effect of the anchor w as seen  in sp ite  of 

the in s tru c tio n a l se t to  igno re  it!

Indeed, con sid e rin g  Condition lA-A (in T able 4) in a ll m odes the 

BD group w ere  m o re  influenced  by the background (anchor) when they 

w ere  ask ed  to  ignore it. One explanation for such  an effect would be that 

the b ra in -d arn ag ed  group a re  not only unable to  function at an 'a b s tra c t ' 

lev e l (cognitive m ediation) but a lso  highly stim u lus-bound . In the Con

dition A an  anchor s tim u lu s  w as in troduced  w ithout any m ention  of it to
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the sub jec t w hile in Condition lA, su b je c t 's  a tten tion  w as fo cu ssed  to  the 

anchor s tim u li and then p arad o x ica lly  they  w ere  asked  to  igno re  it. T h is 

kind of incongruency w as fa ir ly  w ell handled by the co n tro l su b jec ts , but 

the  b ra in -d am ag ed  group responded , under th e se  conditions, in an ad d i

tive  m anner: (1) they  re a c te d  to  the anchor s tim u lu s  s im ila r  to  the con

t ro ls  in Condition A but, in addition , (2) re a c te d  to  the 'c o n c re te ' a sp ec t 

of the  in s tru c tio n , i. e ., th e re  is  a  s tim u lu s . T h is  'a tten tio n ' r e s u lte d  in 

heigh tened  sa lien cy  of the anchor s tim u lu s , a s tim u lu s-b o u n d  c o n c re te 

n e ss .

In te r - M odality  C o rre la tio n s  

G iven th ese  v e ry  s ign ifican t anchor, in s tru c tio n  se t, and group 

e ffec ts  the question  of the c o rre la tio n s  (H ypotheses I and II) am ong the 

sen se  m o d a litie s  now m ay be co n sid e red . S ignificant c o rre la tio n s , as  

p re d ic ted , o c c u rre d  betw een anchor e ffec ts  in the  sight and au d ito ry  

m ode fo r the co n tro l group but none of the c o r re la tio n s  involving v ib ra 

to ry  sen se  w ere  s ign ifican t. A lso , as  p red ic ted , the c o rre la tio n s  w ere  

low er (non-sign ifican t) in  the b ra in -d am ag ed . The la t te r  is  u n d e rs tan d 

able; if, a s  p o s tu la ted  e a r l ie r ,  th e re  is  som e c e n tra l m ed ia tin g  o r re g u 

la to ry  m ech an ism  involved in  the re ce p tio n  a s  w ell a s  the in teg ra tio n  and 

output of se n so ry  in form ation , then  it is  not su rp r is in g  tha t it m ay  be 

a ffec ted  by b ra in  in ju ry .

The lack  of c o rre la tio n s  of e y e /f in g e r  and e a r /f in g e r  in the con

t ro l  group, how ever, n e c e s s ita te s  d e ta iled  co n sid e ra tio n , Noting tha t the
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v ib ra to ry  sen se  m ode is  th e  one th a t is  con tribu ting  to  the  fa ilu re  of th ese  

two co m p ariso n s , it is  ap p ro p ria te  that th is  m o d ality  be s c ru tin iz e d  m o re  

c lo se ly . A f i r s t  co n sid e ra tio n  m ight be a g en e ra l evaluation  of the  p h y s i

o log ical n a tu re  of th is  m odality  a s  com pared  to  the v isu a l and au d ito ry  

m o d a litie s . F o r  in stan ce , it would h a rd ly  be co n tes ted  (G ranit, 1955; 

G eldard , 1940) th a t the ta c tu a l m o d ality  w hich is  in tim a te ly  involved in 

the  v ib ra to ry  sen se  is  the l e a s t  so p h is tica ted  in te rm s  of physio log ical 

s tru c tu re .  When one co n s id e rs  the concept of sp ec ia liz a tio n  of s tru c tu re  

it can  re a d ily  be no ticed  th a t the  ce ll r e c e p to rs  in  the  eye and e a r  a re  

m uch  m o re  sp ec ia lized . And b e s id e s  being  m o re  sp ec ia liz ed , it can 

a lso  be no ted  th a t the d istrib u tio n  o r density  of re c e p to r  endings is  m uch 

la rg e r  in  the r e t in a l  and b a s ila r  m em b ran e  su rfac e .

A nother p o ssib le  co n s id e ra tio n  th a t m ay  con tribu te  to  th is  notion 

of a  le s s  sp e c ia liz e d  sen se  is  the  fac t th a t th e re  is  alw ays a confounding 

when the  v ib ra to ry  and ta c tu a l s e n se s  a re  co n sid e red . P r e s s u r e ,  heat, 

cold and pain  re c ep tio n  a lso  a re  s itu a ted  in  the sam e a re a s  and  th e ir  v e ry  

co n s id e ra tio n  a s  s e p a ra te  s e n se s  is  questioned  by som e. As G ran it 

(1955) s ta te s ,

I, fo r one, fe e l th a t th e re  is  no d ifference  betw een 
the m o d a litie s  of 'to u ch ' and 'p r e s s u r e ' o ther than  one of 
quantity  (streng th ). They a re  not so d is tin c tly  d ifferen t 
ex p e rien ces  as  the two q u a litie s  'r e d ' and 'g re e n ',  (p .39)

G ran it a lso  d isc u sse s  the d ifficu lty  of a s se s s in g  th is  m odality  due

to the fact th a t o rgans of re ce p tio n  a r e  so hidden in the sk in . He fu rth e r

s ta te s  th a t sen sa tio n s  as  w ell a s  im p u lses  in  re sp o n se  to  touch  and
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p re s s u re  a r is e  from  skin deform ations w ith unknown d istrib u tio n  of the 

fo rc e s  around  the o rg an s.

And finally , one m ay m ake an argum ent concerning the d ifferen tia l 

em phasis  so c io c u ltu ra l and evolu tionary  p ro c e ss e s  p lace  on the v isu a l 

and au d ito ry  m odes com pared  to  touch. Indeed, given the hum an s itu 

ation  th e re  is  le s s  su rv iv a l value a ttached  to  the touch m odality  than the 

"d is tan ce"  re c e p to rs . R ela tive ly  few er dem ands a re  m ade on the tac tu a l 

sen se  a s  an avenue of in form ation  helping the o rgan ism  to ad just to  the 

env ironm ent. Evidence for th is  in te rp re ta tio n  has been noted in the 

study of ta c tu a l sen sa tio n  in b lind  su b jec ts  (Scott, 1966)*

C en tra l F a c to rs

The p r im a ry  evidence fo r the c e n tra l a sp ec ts  of the he terom odal 

judgm ents u sed  in the p re se n t experim en t then, is  twofold: the lack  of 

c o rre la tio n s  in the b ra in -d am ag ed  and the v e ry  s ign ifican t re la tio n sh ip  

betw een judgm ents in the v isu a l and aud ito ry  m o d alities .

The la t te r  findings, in ag reem en t w ith B ehar and Beyan (1961), 

a re  in te rp re te d  a s  re fle c tin g  c e n tra l a sp ec ts  of the com plex judgm ental 

p ro c e s s e s . In the  p as t, sen so ry  data w ere  often thought to  re f le c t  only 

p e r ip h e ra l m ech an ism s to  be stud ied  in iso la tion . But, w ith the devel

opm ent of the concept of c en tra l con tro l of re c e p to r  ac tiv ity  (G ranit,

1955) a s  w ell a s  concepts of "feedback" and " re v e rb e ra tin g  c irc u its "  the

* P e rso n a l Com m unication fro m  R.W, Scott, U n iversity  of 
Houston, Houston, T exas.
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in teg ra tiv e  a sp e c ts  of se n so ry  functioning have com e into focus The 

inclusion , how ever, of the ta c tu a l m odality  in the an a ly s is  did not add to  

the g en e ra lity  of the in te r-m o d a l s im ila r i t ie s .  The explanation  of th is  

p a r tic u la r  finding w as handled p rev io u s ly  in te rm s  of a d e c re a se d  

sp ec ia liza tio n  of c e lls .

A fina l b it of evidence concern ing  th is  c e n tra l m ed ia tion  of r e c e p 

to r  even ts can be o b se rv ed  in the lack  of d iffe ren ces re su ltin g  from  

la te ra liz a tio n  of le s io n s  (Table 9). In th is  ca se  th e re  w as no v a rian ce  

in the r e s u l ts  that could be a ttr ib u te d  to  the la te ra liz e d  s ite  of the lesion . 

T h is finding w as not co n s is ten t w ith  the o rig in a l hypo thesis , but supports  

the  notion of co n tro l m ed ia ting  p ro c e s s e s .

In sum m ary , th e re  ap p ea rs  to  be co n sid e rab le  support for a  notion 

concern ing  the c e n tra l m ed ia tion  betw een the sen se  m o d a litie s  of v ision  

and audition. The fa ilu re  of th e  v ib ra to ry  m ode to  con tribu te  to  th is  

finding, a t le a s t in the m an n er and deg ree  expected, m ay, in p a rt,b e  

due to  lack  of technique to  te s t  i ts  con tribu tion  r a th e r  than its  having no 

e ffec t. The d iffe ren ces  in re c e p to r  sp ec ia liza tio n  would ap p ear to  d ic 

ta te  the developm ent of new r e s e a r c h  s tra te g ie s  fo r a m o re  adequate 

te s t  of the " c e n tra l fa c to r"  hypothesis.

Im plication  fo r T h eo ry : AL 

The ex p e rim en ta l p ro ce d u re s  u sed  in the p re se n t w ere  fram ed  

a f te r  K elson ’s psychophysical judgm ent ex p erim en ts . It has p rov ided  a 

unique and w e ll-s ta n d a rd iz ed  sy stem  fro m  w hich to  obtain an sw ers  to
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the questions posed. But, as  is  often the case  in ex p e rim en ta l w ork, 

the r e s u l ts  give m o re  in fo rm ation  than  can be p re d ic te d  w ith  the in itia l 

th eo ry . T h is  is  a  function of the p re d ic tiv e  lim ita tio n s  of th e o r ie s  w hich 

a re  p ro je c te d  to groups d iffering  fro m  th o se  on w hich the o rig in a l th eo ry  

w as based . The r e s u l ts  of Ss w ith c e n tra l nervous sy stem  pathology is  

a case  in point. The p red ic tio n s  m ade fo r them  w ere  b ased  on knowledge 

of b ra in  in ju red  p a tien ts  and th e ir  behav io r; not fro m  w ithin the logic of 

A daptation L evel T heory , T h is  s itu a tio n  has two im p o rtan t im p lica tions:

(1) it adds to  the g en e ra lity  of the th eo ry , (2) but in  so doing p la c e s  an 

obligation  on the e jq je rim en te r to  in te rp re t  h is  findings w ithin th e  in itia l 

th eo ry .

The explanation  of d iffe ren tia l p e rfo rm an ce  of the b ra in -d a m ag ed  

in  the lA C ondition w ithin  K e lso n 's  th eo ry  c e n te rs  on h is conception of 

the  -factors tha t influence hum an b ehav io r, i. e ., fo c a l, .background  and 

re s id u a l. W ithin th is  sch em a the m a jo r ity  of ex p erim en ta l m an ipu la tions 

a re  concerned  w ith the  fo ca l and background fa c to rs ; the r e s id u a l fa c to rs  

being  by definition la rg e ly  unavailab le . T h is being the case  th e se  re s id u a l 

v a r ia b le s  a re  freq u en tly  a ssu m ed  to  be constant th rough  random  sam pling  

and co n tro ls  fo r age and education. T h is  leav es  co n sid e ra tio n  of the p r e s 

ent findings in the light of focal and background fa c to rs . As w as m entioned  

e a r l ie r  it w as shown th a t the b ra in -d am ag ed  w ere  not as re sp o n s iv e  as 

co n tro ls  in the focal s tim u lu s  condition. Now sin ce  the sum  of th ese  two 

fa c to rs  a re  equal to  un ity  one it follow s th a t th is  le s s e r  em p h asis  on fo ca l



fa c to rs  r e f le c t  a  g re a te r  em p h asis  on background  fa c to rs . T h is , of 

co u rse , w as seen  in  the Condition A (Table 8). The b ra in -d a m a g e d  

su b jec ts  p laced  a sig n ifican tly  g re a te r  em p h asis  on th e se  background 

fa c to rs ; so  m uch  so  that they  could not su b sequen tly  su c c e ss fu lly  ignore  

th e se  sam e  s tim u li. It is  n e c e s s a ry  to  d ep art fro m  K e lso n 's  fram ew o rk  

in the a ttem p t to  exp lain  why the b ra in -d a m ag ed  group w e re  unable to  

sh ift th e ir  se t and re sp o n d  in the d irec tio n  of a tten u a tin g  the  effect of the 

anchor in the  judgm ents. H ere  one m u st begin  to  ta lk  of su b jec t v a r ia b le s  

e ith e r  in te r m s  of psycho log ica l s e ts , d isp o s itio n s  o r s im p ly  r ig id ity  of 

p sy ch o lo g ica l functioning. T hese  th e o re tic a l  q u estio n s co n cern  the  s ta te s  

of the  o rg an ism  th a t a re  r e la te d  to  b ra in  in ju ry .

Set

As G ibson (1941) po in ts out th e  u se  of th e  concept of se t m u st be 

accom pan ied  by som e definition. W ithout th is  one can becom e quickly 

lo s t in the  m aze  of m ean ings and connotations th a t r e a c h  fa r  back  in 

p sy ch o lo g ica l l i te r a tu r e .  So in  o rd e r  to  avo id  confusion, th e  ap p ro ach  of 

G ottlieb  (1859) w ill be follow ed w here  " s e t"  w ill be u se d  "in  a re la t iv e ly  

a th e o re tic a l se n se , to  r e f e r  to  a g e n e ra l c la s s  of in fe r re d  su b jec t v a r i 

ab les  w hich have been  found to  o p e ra te  betw een a ffe ren t s tim u la tio n  and 

v a rio u s  re sp o n se  in d ica to rs . . . " G ottlieb  (1959) m ade in fe ren ces  

concern ing  th e  change of s e t  from  changes in p e rfo rm a n c e  re su ltin g  fro m  

v a r ia tio n  in in s tru c tio n s . T h is  w ork  e s ta b lish e d  th a t changes in  in s tru c 

tio n a l se t do r e s u l t  in d iffe ren tia l p e rfo rm a n c e  of b ra in  dam age and
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con tro l p a tien ts .

In the p re sen t experim en t th is  d iffe ren tia l effect of in s tru c tio n a l 

se t w as again  d em onstra ted . The " ignore an ch o r"  condition re s u l te d  in 

v e ry  sign ifican t d ifferences; the  b ra in -d am ag ed  individual being unable 

to  re sp o n d  to the v e rb a l in s tru c tio n s  re q u ir in g  a cognitive m ediation  

betw een the s tim ulus s itua tion  and adequate p e rfo rm an ce . Of co u rse , 

the th e o re tic a l crux  of the s itua tion  is  in the in te rp re ta tio n  of th ese  

" se t"  d ifferences.

A s Hebb (1949) su g g ests , d iscussion  of a concept of se t im p lie s , 

am ong o ther th ings, re fe re n c e  "to the hypothetical agency o r p ro c e ss  

w hich p roduces the se lec tiv ity "  of re sp o n se s . In the p re se n t study th e se  

hypothetical p ro c e ss e s  a re  fe lt to  be concerned  w ith c e n tra l  n e u ra l f a c i l i 

ta tio n  of p e rcep tu a l ac tiv ity . (Hebb, 1949). The m anipu lation  of th ese  

p ro c e s s e s  a re  re f le c te d  in group (BD and contro l) d iffe ren ces and a t the 

d esc rip tiv e  leve l a re  r e f e r r e d  to  as  cognitive defic it. So, in te rp re tiv e ly , 

th ese  findings add evidence to th is  p a r tic u la r  view of psycho log ica l se t 

and its  re la tio n sh ip  to  o rg an ism ic  or subject v a r ia b le s . W hether se t is  

ca lled  "a tten tion", "d isposition", is  not a s  im portan t a s  seeing  it in te rm s  

of the o rgan ism  adapting to its  environm ent to  a g re a te r  or le s s e r  d eg ree  

of efficiency . And th is  notion of the o rgan ism  adapting  to the en v iro n 

m ent is  a lso  s im ila r  to  G o ld ste in 's  (1963) d iscu ssio n  of the b ra in  in ju red  

pa tien t com ing to g rip s  w ith  the dem ands of the ta sk .
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G o ld ste in 's  (1963) approach  to the cognitive*behavior of b ra in  

in ju red  sub jec ts , as  suggested  e a r l ie r ,  is  concerned  with two b ro ad  

lev e ls  of such  behavior; the co n cre te  and the a b s tra c t. T h is  schem a 

fo r cognitive behavior s ta te s  tha t a  p redom inan t c h a ra c te r is t ic  of n o r 

m a l functioning is  d em o n stra ted  by the ab ility  to sh ift fro m  the co n cre te  

to  the a b s tra c t leve l a s  the s itua tion  and context would d ic ta te . In K el

so n 's  (1964) system  the background stim u lu s  context would d ic ta te  th is  

sh ift of cognitive level. G oldstein  (1941) g ives an exam ple of th is  lack  

of sh ifting  ab ility .

"A patien t who has ju s t succeeded  in re c itin g  the 
days of the w eek is  now ask ed  to  re c i te  the alphabet.
He cannot sh ift to  th is  ta sk , and only a f te r  re p e a te d  
p rom ptings, o r  b e tte r  s ta ted , a f te r  the exam iner has 
com m enced to  c a ll out the alphabet, can the pa tien t 
follow in h is  re c ita tio n . " (p. 5)

In the p re se n t ex p erim en t the fa ilu re  of the b ra in  in ju red  

p a tien ts  to  "sh ift"  in acco rd an ce  w ith the in s tru c tio n a l se t i l lu s tra te s  

the  deficit about which G oldstein  speaks. It would have been in te re s tin g  

in  th is  study to  p rov ide  the " re p ea te d  p ro m p tin g s"  and see  how re s is ta n t  

th is  r ig id  behavior is  to  m odification . M ore m o d ern  in te rp re ta tio n s  of 

G o ld s te in 's  sy stem  does not s t r e s s  the  com plete u n av a ilab ility  of ab 

s tr a c t  functioning on the p a r t of b ra in  in ju red  su b jec ts . In fact the v e ry  

dichotom y of a b s tra c t-c o n c re te  is  now view ed in m o re  re la tiv e  te rm s ; 

m o re  as  a  continuum of psycholog ical functioning. It is  w ithin th is  con

tex t th a t a ttem p ts  to  define the  conditions w hich fa c ilita te  adequate 

a b s tra c t functioning in b ra in  in ju red  p a tien ts  a re  fram ed . In th is  study
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the  a ttem pt to  define the s tim u lu s  and re sp h n se  a sp e c ts  (a la  H elson, 

1964) of the ta s k  in  a sy s te m a tic  and quantita tive way is  a s tep  to w ard  

the  defin ition  of th e se  conditions.



CH APTER V 

SUMMARY AND CONCLUSIONS

M odern  s tu d en ts  of p e rcep tio n  have com e to r e a l iz e  the inadequacy 

of the  tra d it io n a l s ta t ic  re la tio n sh ip  betw een s tim u lu s  and re sp o n se . P e r 

cep tion  is  c u r re n tly  v iew ed a s  a  com plex  outcom e of behav io r involving 

both  in te rn a l  (o rg an ism ic ) and e x te rn a l (stim u lus fie ld ) v a r ia b le s . The 

p e rc e iv e r  is  seen  a s  an ac tiv e  co n trib u to r to  the p e rc e p tu a l p ro c e ss . Even 

in  the  f ie ld  of p sy ch o p h y sica l judgm ent the  ro le  of o rg a n ism ic  v a ria b le s  

h as r e c e iv e d  new em p h as is .

H ow ever, th e  ro le  of concep tual p ro c e s s e s  in p sychophysical 

judgm ent has not been  ex ten s iv e ly  in v estig a ted . T h is  is  e sp ec ia lly  tru e  

when m o re  th a n  one s e n so ry  m o d ality  is  co n sid e red .

T he A daptation  le v e l (AL) th e o ry  of H elson (1964) reco g n izes  the 

com plex ity  noted  above and c o n s id e rs  th a t p e rcep tio n  is  an adaptive p ro 

c e s s  w hich is  h ighly dependent upon the p rev io u s  ex p erien ce  of the o rg a n 

ism  a s  w e ll as  the focal and  background  s tim u lu s  conditions. It o ffe rs  a 

m a th e m a tic a l m o d el allow ing p red ic tio n  and e m p ir ic a l v e rifica tio n  of 

p e rc e p tu a l b eh av io r. A daptation  lev e l is the w eighted m ean  of a ll the 

s tim u li a ffec tin g  behav io r te m p o ra lly  o r sp a tia lly . T h is  p rin c ip le  r e c 

ogn izes th a t b es id e s  the  s tim u lu s  m anifold , the in te rn a l o rg an ism ic

67
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fa c to rs  affect the p e rcep tu a l d im ension  in keeping w ith  the  s ta te s  of needs, 

v a lues, and feelings of the ind iv iduals. P e rcep tu a l-ju d g m en ta l behavior 

is  a  r e s u l t  of in te ra c tiv e  fo rc e s  of both  in te rn a l and e x te rn a l fa c to rs .

M uch of K e lso n 's  r e s e a r c h  h as been concerned  w ith  anchor e ffec ts , i. e . , 

the in troduction  of a s tim u lu s  ou tside  of the s e r ie s  s tim u li which affects  

the psychophysical judgm ents.

T h e re  a re  m any in te re s tin g  questions w hich a r is e  in  connection 

w ith K e lso n 's  AL approach  to  psychophysica l judgm ent: Is th e re  a c e n tra l 

m echan ism  w hich a f te r  the  re c e p tio n  of the se n so ry  input, decodes the 

s ignal and in te rp re ts  i t  in  a co n sis ten t m a n n e r?  Is  it p o ssib le  th a t th e re  

is  a  g e n e ra liz e d  and co n sis ten t sca lin g  behav io r e x p re sse d  in  p sychophysi

c a l judgm ents w hich tra n sc e n d s  v a rio u s  sen so ry  m odes ? Could th e re  be a 

co n sis ten cy  of an ch o r-e ffec t a c ro s s  th e  m o d a litie s  lead ing  to  a g e n e ra l 

adap tation  le v e l concept on a  c e n tra l- in te g ra tiv e  b a s is ?  Can anchor e ffec ts  

be v a r ie d  by in s tru c tio n s  to  " ig n o re  th e  anchor^’?

H elson has not adopted a p osition  on h e te ro m o d al co n sisten cy  but 

a  rev iew  of the  l i te ra tu re  (B ehar and  Bevan, 1961; Brow n, 1953) suggests  

th a t th e re  is  in d ire c t evidence fo r such  c e n tra l com ponents affecting  p sy 

chophysical judgm ents o r , m o re  sp ec ifica lly , the re sp o n se  to  the  anchor 

s tim u lu s  in s e v e ra l m o d a litie s . K ow ever, c o rre la tio n s  am ong anchor 

e ffec ts  in  d ifferen t se n so ry  m odes have not been d ire c tly  d em o n stra ted . 

T h is  la t te r  a im , to g e th er w ith exam ination  of the influence of an in s tru c 

tio n -in d u ced  se t to  " ig n o re  the an ch o r"  upon the anchor e ffec ts , w ere  the
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co n cern  of the f i r s t  p a r t  of th is  study.

A second  asp ec t of the inv estig a tio n  w as the v a r ia tio n  in  p h y sio 

lo g ica l s ta te  of the o rg an ism  (CNS in tac t v s . im p aired ) and its  im pact 

on psychophysica l judgm ents. If c e n tra l p ro c e s s e s  p lay  an im p o rtan t 

ro le  in  psychophysica l judgm ent then  b ra in  in ju ry  m ay  w ell lead  to  dif

fe re n t an sw ers  to  the above questions than  would be found in  the co n tro l 

group. T h e re  is  m uch evidence to  suggest th a t CNS dysfunction would 

lead  to  low er c o rre la tio n s  am ong the an ch o r-e ffec ts  in  d ifferen t sen se  

m o d a litie s  in  the  b ra in -d am ag ed  group. F u r th e r ,  s in ce  b ra in -d a m ag e d  

ind iv iduals have, as  d esc rib ed  by G oldstein , d ifficu lty  in d istingu ish ing  

f ig u re  and grouiid and sh ifting  s e ts ,  it w as expected  th a t the anchor 

(background) s tim u lu s  effect would be g re a te r  in th is  group and th a t they  

would be le s s  ab le  to  " ig n o re"  the  anchor than  the c o n tro ls .

On the  b a s is  of the above the follow ing hypo theses w ere  m ade.

H ypothesis  I: T h e re  w ill be s ign ifican t c o r re la tio n s  am ong the 

anchor e ffec ts  p roduced  in the v a rio u s  se n so ry  m o d a litie s .

H ypothesis  II: T h e re  is  a  low er c o rre la tio n  am ong the  anchor 

e ffec ts  of v a rio u s  sen so ry  m odes in  b ra in -d am ag e d  group com p ared  to  

n o n -b ra in -d am ag ed  group.

H ypothesis III: An in s tru c tio n  induced se t to  ig n o re  the anchor 

s tim u lu s  re d u c e s  the  effect of the ap p aren t p h y sica l m agnitude of the 

anchor.

H ypothesis IV: The b ra in -d a m a g e d  indiv idual is  not ab le  to  ignore
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the  anchor s tim u lu s  (as re q u ire d  by in stru c tio n ) a s  e ffec tive ly  a s  the 

co n tro ls .

H ypothesis V: The anchor effect is  s ig n ifican tly  g re a te r  in  the 

b ra in -d a m ag e d  group than  in the n o n -b ra in -d am ag ed  g roups.

H ypothesis VI: T h e re  a re  d iffe ren tia l anchor e ffec ts  betw een the 

r ig h t and le ft h em isp h ere  s tim u la tio n s  in the b ra in -d am a g ed  su b jec ts  

when the  le s io n  is  la te ra liz e d .

To te s t  th e se  hypotheses an  ex p erim en t w as designed  w hich in 

cluded (1) two g roups d iffering  in  physio log ica l s ta te ; 16 b ra in  in ju red ,

8 p à tien t co n tro l and 8 n on-patien t co n tro l m atch ed  on age and education;

(2) th re e  s e n so ry  m odes of p re sen ta tio n : v isu a l, au d ito ry  and v ib ra to ry  

touch, and (3) th re e  ex p erim en ta l conditions: no anchor (NA), anchor 

(A) and ig n o re  anchor (lA). The in itia l  condition w as the  s ta n d a rd  ju d g 

m ent condition of a  s tim u lu s  s e r ie s  (9 judgm ent c a te g o rie s  of 5 s tim u lu s  

in te n s itie s ) . The anchor condition involved the  inc lusion  of a  6th s tim u 

lu s  value  which is  above the la rg e s t  s e r ie s  s tim u lu s . The su b jec t w as 

not to ld  about the  inclusion . The la s t  condition, Involved in s tru c tin g  

the  su b jec t to  igno re  the anchor s tim u lu s  and judge the  r e s t  of the s tim u 

lus s e r ie s .  The design re q u ire d  each  su b jec t to  m ake 150 s e p a ra te  

judgm ents in  each  of the th re e  se n so ry  m o d a litie s .

In o rd e r  to  m ake a  v a lid  conclusion  about the  n a tu re  of in te r r e la 

tionsh ip  am ong v a rio u s  se n so ry  m o d a litie s  the in itia l p a r t  of the  e x p e r i

m ent w as designed  to  obtain a  b a se  line  of p sy ch o m e tric  cu rv e . A
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com m on lo g arith m ic  sc a le  in dB unit w as u tiliz e d  to  d esc rib e  a ll th re e  

s tim u lu s  q u a litie s  w ith ap p ro p ria te  re fe re n c e  values. F o r ty  to  80 dB 

in  b rig h tn e ss  and loudness in te n s itie s  and 20 to  36 dB in  v ib ra to ry  in 

te n s ity  p ro d u ced  a com parab le  p sy ch o m e tric  curve in th is  ex p erim en t.

T he r e s u l ts  g en era lly  su p p o rted  a ll  hypotheses, except H ypothesis 

VI. Specifically :

1. In troduction  of the anchor s tim u lu s  p roduced  a  sign ifican t 

e ffect on the p sychophysical judgm ent in  both co n tro l and b ra in -d am ag ed  

su b jec ts .

2. U sing K elson’s approach  fo r analyzing the data, the  re la t iv e  

con tribu tion  of the anchor (background) s tim u li to  the judgm ents w as s ig 

n ifican tly  h igher (as p red ic ted ) in  the  b ra in -d am ag ed  group than  the 

co n tro ls  in a ll  th re e  m o d a litie s .

3. In s tru c tio n a l s e t to igno re  the  anchor w as found to  have a 

defin ite  ro le  in  the  outcom e of th e  psychophysica l behav io r. In th e  case  

of the  co n tro l group the  influence of the anchor s tim u li w as red u ced  to  a 

sign ifican t ex ten t in a ll  m odes.

4. T he b ra in -d am ag ed  group on the o th er hand, in a c c o rd  w ith 

the  p red ic tio n , did not sh ift in re sp o n se  to  the in s tru c tio n a l s e t. In fact, 

in  th e  v isu a l m ode th e ir  re sp o n se s  in  Condition lA w ere  sign ifican tly  

low er than  in  Condition A; s im ila r  tre n d s  w ere  found in the o th er s e n 

so ry  m odes.

5. T e stin g  the hypothesis  of a  c e n tra l m ed iating  m ech an ism  at 

th e  c o r tic a l lev e l behind the  recep tio n , in teg ra tio n , and output of sen so ry
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in fo rm ation , c o rre la tio n s  am ong the anchor e ffec ts  in a ll  th re e  m odes 

w ere  exam ined. A ll the c o rre la tio n s  involving eye and e a r  w ere  s ig 

n ifican t in  the  co n tro l group but the c o rre la tio n s  involving finger w ere  

not sign ifican t.

6. C o rre la tio n s  am ong the anchor e ffects  in  the  eye and e a r  

m o d a litie s  w ere  sign ifican tly  low er in th e  b ra in -d am ag ed  group than  the 

co n tro ls .

7'.^.cThe p red ic tio n  of d iffe ren tia l anchor effect as  a  r e s u l t  of 

h em isp h ere  involvem ent w as not s ign ifican t.

The f i r s t  m a jo r  finding in  th is  study, the p red ic tio n  of a  s ig n ifi

can t sh ift of AL a s  a  r e s u l t  of the in troduction  of an anchor s tim u lu s  w as 

con firm ed  a t a high lev e l of confidence. T his finding is  notew orthy  in  

th a t s im ila r  r e s u l ts  w ere  obtained  w ith b ra in -d am ag ed  p a tien ts; a  group 

th a t has not been p rev io u sly  s tud ied  usin g  AL th eo ry .

Support fo r  the  o p era tio n  of c e n tra l p ro c e s s e s  in psychophysical 

judgm ent w as found in  the s ign ifican t c o rre la tio n  betw een the  v isu a l and 

au d ito ry  m odes of the  co n tro l group, but none of the c o rre la tio n s  involv

ing the v ib ra to ry  sen se  w ere  s ign ifican t. The fa ilu re  to  find c o r r e la 

tio n s  involving the  v ib ra to ry  m odality  w as d iscu ssed  in  te rm s  of a  lack  

of sp ec ia liz a tio n  of re c e p to r  ac tiv ity . A ll in te r  c o rre la tio n s  in the b ra in 

dam aged group w e re  low er than  co n tro ls , a s  hypothesized .

P e rh ap s  th e  m o st in te re s tin g  finding in  the p re se n t investiga tion  is  

r e la te d  to  the  y § ry  s ign ifican t d iffe ren tia l e ffec ts  betw een groups in
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re sp o n se  to  the " ig n o re  an ch o r"  e x p e rim en ta l condition. The co n tro l 

group as hypothesized , m an ife s ted  a  red u c tio n  in anchor e ffec ts . The 

b ra in - in ju re d  group, how ever, had no red u c tio n  of anchor effect in 

re sp o n se  to  the in s tru c tio n a l se t; in  fac t, the  anchor effect w as en 

hanced. T h is  fa ilu re  is  in te rp re te d  a s  a  re f le c tio n  of a deficit in 

h igher cognitive functions; a finding not uncom m on w ith b ra in  in ju red  

g roups. T h e o re tic a l co n s id e ra tio n s  of th is  finding  w ere  d isc u sse d  in 

te rm s  of AL th eo ry , se t and w ithin th e  G o ld s te in 's  fram ew o rk . P ro b 

ably  the  m o st m ean ingfu l in te rp re ta tio n  w as found in  G o ld s te in 's  

ap p roach  w ith  c o n s tru c ts  of "c o n c re te "  and " a b s tra c t"  th inking a s  w ell 

a s  " lack  of sh ifting , " In G o ld s te in 's  te rm s  th e  fa ilu re  of th e  b ra in -  

in ju re d  group to  re sp o n d  to  th e  cognitive in s tru c tio n a l se t w as a r e 

flec tio n  of both  co n cre te  th inking  and  a  lack  of sh ifting . They w ere  

unable to  tra n sc e n d  th e  effect of the p h y s ica l anchor and sh ift th e ir  s e t 

in  re sp o n se  to  the  ig n o re  anchor in s tru c tio n . T h is  finding w as a lso  

p o in ted  out a s  s ig n ifican t in  th a t p e rfo rm a n c e  w as independent of the 

influence of le a rn e d  s k il ls ,  e sp ec ia lly  v e rb a l s k ills .

The p re d ic tio n  of a d iffe ren tia l e ffect fo r  g roups in the  sh ifts  to  

th e  anchor s tim u lu s  w as co n firm ed  when the  data  w ere  analyzed  w ithin 

K e lso n 's  (1964) AL th e o ry . The a n a ly s is  p ro v id ed  a m e a su re  of the 

re la t iv e  con tribu tion  of foca l (the s tim u lu s  s e r ie s )  and background 

(anchor) fa c to rs  in  th e  AL p a rad ig m . In the b ra in  dam aged group 

ap p ro x im ate ly  equal em p h asis  w as p laced  on th e se  two fa c to rs  in both
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A and lA C onditions, In the  co n tro l group, how ever, em p h asis  on the 

fo ca l s tim u li w as four t im e s  and five t im e s  th e  em p h asis  on b a c k ^ o u n d  

fa c to rs  in th e  A and lA C onditions. T h ese  d iffe ren ces  w ere  highly 

s ig n ifican t.

The m ain  im p lica tio n  of th is  study is  th a t th e re  is  fetrong e v i

dence fo r a  com m on su b -s tra tu m  su b se rv in g  v a rio u s  p sy ch o p h y sica l 

b eh av io r, a  c e n tra l m ed ia tin g  m ech an ism  in teg ra tin g  the  inputs from  

v a rio u s  re c e p to r  sy s te m s . In ju ry  to  the c o r tic a l n e u ra l  t is s u e  a p p a r

en tly  im p a irs  and in te rru p ts  the  in teg ra tin g  m ech an ism  as  ev idenced  

by the  lack  of c o rre la tio n  am ong p sychophysica l ju dgm en ts  in  the  v a r i 

ous se n se s  fo r the b ra in - in ju re d . H ow ever, w ith in  the  b ra in - in ju re d  

group when "good" v s . "bad" (im paired) h e m isp h e re s  w ere  com pared , 

no d iffe ren tia l e ffec ts  w ere  found. T hese  findings em p h asize  th a t the 

defic it does not lie  a t the sp ec ific  c o r tic a l p ro je c tio n  a r e a  lev e l, but 

r a th e r  a t the  m o re  c e n tra l m o la r  b ra in  p ro c e s s  lev e l. T h is  fo rm u la tio n  

is  in  lin e  w ith H ebb 's  c o n s tru c ts  of ce ll a s se m b lie s  o r p h ase  c irc u its , 

r e f e r r in g  to  functional n e u ra l sy s te m s  w hich p ro v id e  a com m on b a s is  

fo r p e rcep tu a l-co g n itiv e  b eh av io r.
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APPENDIX A

MEAN RESPONSES (5 TRIALS) FOR 5 DIFFERENT 

INTENSITIES IN 3 DIFFERENT MODES UNDER 

3 D IFFEREN T EXPERIM ENTAL CONDITIONS

A9.



C ondition NA : C ontrol

s# H em is. dB: 40 45 50 55 60
Eyec
------- S# H em is. dB: 40 45 50 55 60

1 L 22 30 36 52 58 9 L 26 42 52 62 74
R 24 30 42 50 60 R 28 36 54 60 72

2 L 22 36 50 64 80 10 L 22 30 44 60 74
R 22 36 48 66 76 R 20 28 42 58 72

3 L 22 36 54 62 72 11 L 14 28 50 56 68
R 22 32 44 64 74 R 14 32 44 56 62

4 L 24 40 54 62 76 12 L 18 28 40 54 70
R 18 26 40 50 68 R 16 26 40 50 64

5 L 20 32 48 62 72 13 L 18 34 40 48 60
R 20 48 56 64 74 R 16 32 42 58 64

6 L 20 30 52 62 72 14 L 18 28 44 56 70
R 24 36 46 60 72 R 14 28 40 60 74

7 L 18 32 52 62 70 15 L 22 32 44 56 70
R 16 26 40 52 66 R 18 30 42 58 66

8 L 18 28 44 60 72 16 L 20 30 46 60 72
R 16 28 40 56 66 R 20 30 44 54 68

oo
CO



C ondition NA: C ontrol

S# H em is . dB: 40 45 50 55 60
E a r

S# R e m is . dB: 40 45 50 55 60

1 L 24 28 40 50 64 9 L 32 40 52 62 74
R 16 26 44 56 64 R 30 40 50 62 76

2 L 20 36 50 62 78 10 L 24 30 40 54 68
R 18 32 52 60 74 R 24 38 48 60 72

3 L 20 38 52 62 74 11 L 20 34 54 56 70
R 24 36 48 62 76 R 20 34 44 54 72

4 L 26 42 52 60 72 12 L 20 32 46 58 70
R 22 36 46 58 76 R 24 36 48 60 74

5 L 22 34 46 58 74 13 L 28 34 46 60 70
R 18 32 48 64 78 R 24 32 40 58 74

6 L 26 40 54 68 80 14 L 20 24 30 48 64
R 36 48 50 64 78 R 22 30 40 56 68

7 L 26 40 48 60 68 15 L 22 30 38 50 64
R 28 36 46 64 70 R 20 30 44 60 68

8 L 26 38 46 56 72 16 L 22 32 48 62 74
R 26 36 46 62 68 R 22 32 46 56 70

00A



C ondition NA: C ontrol

S# H em is . dB: 40 45 50 55 60
F in g e r

S# H em is. dB: 40 45 50 55 60

1 L 22 30 52 60 76 9 L 22 32 42 54 68
R 20 26 46 64 76 R 20 34 50 62 74

2 L 16 30 44 54 70 10 L 20 30 44 62 80
R 14 24 42 54 70 R 18 32 44 62 78

3 L 22 30 46 58 76 11 L 14 22 32 40 54
R 24 32 52 64 74 R 18 26 30 42 56

4 L 26 38 50 64 74 12 L 26 36 48 62 74
R 22 44 56 64 76 R 30 38 50 62 78

5 L 18 30 44 64 76 13 L 18 24 32 58 76
R 18 34 48 66 78 R 20 32 48 60 74

6 L 22 28 38 52 66 14 L 18 34 48 52 60
R 24 34 44 54 70 R 22 34 42 50 62

7 L 14 32 40 58 68 15 L 16 34 42 56 68
R 20 30 44 64 72 R 28 38 44 64 72

8 L 18 32 38 50 60 16 L 18 26 38 48 56
R 24 34 40 52 62 R 14 26 32 44 58

CO
RB



C ondition A: C ontrol

S# H em is. dB: 40 45 50 55 60
E ye

S# H em is. dB: 40 45 50 55 60

1 L 18 24 30 44 50 9 L 16 28 40 52 62
R 13 30 32 44 50 R 16 34 48 58 62

2 L 16 28 46 54 66 10 L, 18 22 36 50 62
R 16 26 42 52 64 R 18 20 34 50 60

3 L 16 32 50 54 64 11 L 10 18 20 30 38
R 20 30 38 54 66 R 10 20 28 36 52

4 L 18 28 48 58 64 12 L 18 28 40 50 62
R 14 24 30 40 58 R 14 24 36 48 60

5 L, 16 26 44 54 62 13 L 14 26 32 48 56
R 16 28 40 48 62 R 14 20 28 50 60

6 L 18 22 39 52 64 14 L 16 22 36 50 64
R 14 24 34 44 56 R 14 24 36 54 60

7 L 12 22 30 46 58 15 L 16 22 34 40 62
R 10 20 28 40 56 R 16 32 40 54 60

8 L 14 20 30 36 56 16 L 14 22 36 44 58
R 12 20 32 46 56 R 14 26 34 48 60

00
05



C ondition A: C ontrol

S# H em is . dB: 40 45 50 55 60
E a r

S# H em is. dB: 40 45 50 55 60

1 L 18 24 30 44 54 9 L 20 36 44 50 60
R 14 20 30 42 52 R 22 34 40 52 64

2 h 16 32 44 54 70 10 L 22 30 38 46 58
R 14 28 40 54 62 R 16 24 36 46 60

3 L 18 36 44 58 64 11 L 14 22 30 46 50
R 20 34 44 62 68 R 14 20 28 34 48

4 L 20 40 46 58 64 12 L 20 28 40 50 64
R 16 32 42 56 68 R 20 28 38 52 64

5 L 20 32 44 60 68 13 L 18 28 34 48 64
R 16 32 42 56 68 R 20 26 38 52 64

6 L 20 30 44 54 68 14 L 18 22 30 46 56
R 22 30 42 56 64 R 20 *28 38 50 62

7 L 16 34 44 50 56 15 L 18 28 36 48 58
R 22 32 44 50 62 R 16 28 34 48 60

8 L 14 24 32 40 52 16 L 16 24 38 46 60
R 18 26 38 46 50 R 18 26 38 50 62

00
63



Condition A: C ontrol

S # H em is, dB: 40 45 50 55 60
F in g e r

S# H em is. dB: 40 45 50 55 60

1 L 16 26 42 50 60 9 L 20 32 36 48 58
R 14 28 40 48 56 R 18 28 44 56 66

2 L 18 22 34 50 54 10 L 16 28 38 50 64
R 12 20 34 52 64 R 16 26 40 52 64

3 li 18 22 30 44 60 11 L 12 22 26 34 48
R 18 22 28 42 56 R 18 24 26 36 48

4 L 24 34 40 56 64 12 L 24 36 44 58 68
R 16 40 46 48 60 R 24 36 48 58 70

5 L 20 32 44 50 62 13 L 16 26 36 48 60
R 16 28 32 58 66 R 18 28 38 52 64

6 L 16 20 32 42 58 14 L 16 28 38 46 56
R 14 36 42 48 52 R 18 24 34 46 58

7 L, 12 18 30 44 56 15 L 16 36 44 50 62
R 14 20 28 44 54 R 20 30 36 48 64

8 L 18 24 30 42 52 16 L 16 16 24 38 50
R 16 24 34 44 52 R 14 24 36 40 56

%



C ondition lA; C ontrol

S# H em is. dB; 40 45 50 55 60
E n

s# H em is, dB: 40 45 50 55 60

1 L 20 26 32 46 50 9 - L 18 36 44 58 68
R 18 26 34 50 52 R 16 30 48 60 64

2 L 16 30 48 58 68 10 L 16 24 38 52 66
R 16 30 46 50 66 R 18 20 40 54 66

3, L 18 32 52 56 68 11 L 10 20 30 32 42
R 20 30 40 56 70 R 14 30 40 48 56

4 L 20 26 50 62 70 12 EJ- 20 28 42 52 62
R 14 24 34 46 62 R 14 24 38 48 64

5 L 16 28 44 60 66 13 L 14 32 38 48 58
R 20 36 48 60 68 R 14 24 40 54 62

6 L 18 24 42 56 64 14 L 18 20 40 48 66
R 16 26 38 46 62 R 14 20 40 54 64

7 L 16 24 40 46 60 15 L 16 24 40 48 64
R 14 24 38 52 62 R 16 30 42 56 60

8 L 16 22 36 46 64 16 L 16 26 36 48 58
R 14 22 34 52 60 R 18 26 42 52 64

00
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C ondition lA: C ontrol

S# H em is. dB: 40 45 50 55 60
E a r

S# H em is. dB: 40 45 50 55 60

1 L 18 26 34 50 52 9 L 22 38 50 50 56
R 16 22 34 46 58 R 24 36 44 60 70

2 L 18 26 46 58 70 10 L 22 32 40 48 62
R 18 26 40 56 66 R 18 24 38 48 64

3 L 20 38 48 60 68 11 L 16 24 32 50 56
R 20 34 46 64 72 R 14 16 30 34 56

4 L 20 42 48 64 66 12 L 20 28 42 52 64
R 18 34 44 58 72 R 24 32 42 56 68

5 L 22 30 46 62 70 13 L 20 28 40 52 66
R 20 32 44 62 66 R 20 34 38 52 68

6 L 22 34 48 58 74 14 L 18 22 32 46 58
R 22 30 46 58 70 R 20 26 38 54 62

7 L 18 32 50 54 66 15 L 18 28 36 50 60
R 26 34 44 50 64 R 18 30 36 50 60

8 L 14 22 32 50 62 16 L, 18 28 40 50 64
R 22 30 44 50 58 R 20 30 38 5% 62

CDO



C ondition lA: C ontrol

S# H em is. dB: 20 22 24 26 28
F in g e r

S# H em is. dB: 20 22 24 26 28

1. L 18 28 46 56 68 9 L 20 32 38 50 62
R 18 26 42 58 64 R 20 30 48 62 68'

2 L 18 28 34 52 58 10 L: 16 30 42 56 68
R 16 24 38 54 70 R 18 26 42 54 66

3 L 18 24 32 48 66 11 L 12 20 26 38 50
R 20 26 36 48 64 R 16 24 26 38 48

4 L 26 36 44 62 68 12 L 24 38 44 60 72
R 18 44 48 52 66 R 26 36 48 60 70

5 L 20 36 50 56 70 13 L 16 24 34 52 68
R 18 32 42 58 70 R 20 30 38 52 68

6 L 18 22 34 46 60 14 L 18 30 42 48 56
R 16 28 30 30 42 R 18 30 36 48 60

7 L 16 24 36 58 66 15 L 18 32 48 52 64
R 16 24 38 56 68 R 22 30 42 58 68

8 L 20 28 38 42 56 16 L 14 20 26 34 50
R 16 24 36 44 64 R 16 26 34 44 56

CO



C ondition NA: B ra in -D am aged

s# H em is. UB: 40 45 50 55 60
E ye

S# H em is. dB: 40 45 50 55 60

17 L 10 14 20 32 40 25 L 20 40 42 50 68
R 10 10 20 26 54 R 14 22 22 38 54

18 L 10 14 36 46 62 26 L 26 32 40 50 64
R 10 24 42 56 78 R 10 18 30 40 58

19 L 10 20 32 48 56 27 L 18 28 48 52 70
R 10 30 30 42 60 R 16 24 42 40 58

20 L 10 28 44 48 60 28 L 10 16 28 42 50
R 12 22 40 40 58 R 10 12 22 28 56

2 2 L 10 22 40 40 66 29 L 18 28 44 44 56
R 10 24 28 44 52 R 20 30 34 42 60

22 L 12 16 22 30 30 30 L 10 22 36 42 54
R 10 14 36 42 54 R 10 16 24 32 40

23 L 22 26 38 46 58 31 L 10 12 22 32 48
R 24 32 40 44 60 R 16 22 40 40 56

24 L 26 40 48 52 64 32 L 20 32 36 42 50
R 16 28 40 42 54 R 10 16 28 36 54

COlo



C ondition  NA: B ra in -  D am aged

s# H em is . dB: 40 45 50 55 60
E a r

S# H em is, dB: 40 45 50 55 60

17 L 24 24 36 56 76 25 L 22 28 40 42 56
R 24 42 66 66 78 R 16 20 32 48 64

18 L 40 48 60 70 72 26 L 28 30 32 52 76
R 32 38 38 42 50 R 20 20 38 52 68

19 L 20 36 38 56 70 27 L 22 26 42 50 62
R 18 26 52 64 66 R 22 40 46 50 68

20 L 50 54 66 74 76 28 L 22 22 34 52 74
R 50 64 70 80 84 R 20 38 40 52 70

21 L 18 20 32 32 54 29 L 22 22 34 46 62
R 10 20 30 40 62 R 16 16 26 48 56

22 L 26 30 30 38 50 30 L 18 32 32 58 72
R 30 34 42 56 74 R 20 38 48 60 74

23 L 20 32 48 52 74 31 L 20 28 40 44 64
R 30 38 48 62 70 R 22 28 40 52 60

24 L 18 20 38 52 60 32 L 16 28 50 62 74
R 16 38 40 46 66 R 14 24 46 58 70

CO
CO



C ondition NA: B ra in -D a m a g ed

S# H e m is , dB: 20 22 24 26 28
F in g e r

S# Hem is* dB: 20 22 24 26 28

17 L 16 22 36 58 72 25 L 26 28 54 62 76
R 14 20 34 56 70 R 22 32 50 60 74

18 L 54 58 56 62 64 26 L 18 26 42 62 7«
R 54 68 66 74 74 R 16 32 50 56 70

19 L 22 26 48 62 74 27 L 10 20 38 42 68
R 30 36 50 66 62 R 18 24 40 56 80

20 L 18 32 50 52 68 28 L 20 40 52 60 74
R 20 40 46 54 70 R 18 36 50 54 70

21 L 16 30 42 50 56 29 L 24 42 50 54 68
R 32 32 60 54 70 R 10 18 32 58 60

22 L. 30 38 42 58 62 30 L 12 30 32 58 76
R 26 28 30 56 56 R 22 44 44 60 72

23 L 22 30 46 60 64 31 L 18 32 44 60 70
R 18 32 50 56 72 R 12 24 38 54 68

24 L 30 48 50 62 74 32 L 14 22 32 40 64
R 24 30 42 52 70 R 16 22 30 38 62

CO4»»



C ondition A: B ra in -D am  aged

s# H em is , dB: 40 45 50 55 60
E l l

8# H em is , dB: 40 45 50 55 60

17 L 10 10 10 22 36 25 L 14 18 32 40 54
R 10 10 10 20 30 R 16 16 24 36 42

18 L 10 14 34 50 62 26 L 16 20 32 40 48
R 10 22 36 54 64 R 14 14 26 42 50

19 L 10 20 22 40 46 27 L 16 16 30 42 60
R 10 26 28 40 54 R 12 20 22 36 52

20 L 10 22 32 40 52 28 L 10 10 14 30 36
R 10 20 20 32 52 R 10 12 14 34 40

21 L 10 20 36 40 56 29 L 10 10 34 32 50
R 10 10 18 20 34 R 10 10 28 38 52

22 L 10 12 20 30 30 30 L 10 10 30 30 46
R 10 10 26 44 46 R 10 10 10 26 32

23 L 18 20 34 44 50 31 Lj 10 10 10 26 30
R 16 30 32 40 52 R 10 10 26 28 40

24 L 16 24 32 40 52 32 L 10 10 20 28 42
R 12 30 32 40 50 R 10 10 22 34 48



C ondition A: B ra in -D a m a g ed

s # H em is , dB: 40 45 50 55 60
E a r

S # H em is, dB: 40 45 50 55 60

17 L 10 16 22 24 32 25 L 18 26 80 48 46
R 22 30 36 48 50 R 14 18 30 50 58

18 L 34 56 44 52 66 26 L 18 24 30 52 60
R 26 30 44 44 48 R 14 20 46 54 60

19 L 16 24 36 54 62 27 L 18 22 30 32 54
R 10 20 34 26 42 R 20 20 36 50 64

20 L 16 28 50 64 74 28 L 18 18 24 32 46
R 30 36 38 58 72 R 20 22 32 36 46

21 L 10 18 22 30 36 29 L 16 28 26 38 58
R 16 26 26 40 48 R 10 10 20 36 50

22 L 16 16 24 30 34 30 L 10 14 26 52 60
R 18 24 26 40 54 R 14 28 30 48 68

23 L 16 34 44 52 66 31 L 12 14 32 34 56
R 22 34 50 52 66 R 12 20 20 36 54

24 L 16 16 32 46 52 32 L 10 22 32 26 44
R 12 28 38 52 60 R 10 20 28 28 44



C ondition  A: B ra in -D am ag ed

s # H e m is . dB: 20 22 24 26 28
F in g e r

s# H em is . dB: 20 22 24 26 28

17 L 10 14 38 54 60 25 L 12 20 38 50 54
R 12 16 40 56 62 R 16 28 40 48 66

18 L 26 30 34 40 40 26 L 18 18 22 32 64
R 36 44 46 54 58 R 16 20 34 48 56

19 L 18 24 30 42 56 27 L 10 10 24 30 46
R 10 16 22 32 34 R 20 22 38 40 72

20 L 10 20 20 32 40 28 L 12 20 26 40 52
R 18 38 36 48 60 R 16 24 34 46 62

21 L 22 24 26 38 38 29 L 16 3P 46 54 62
R 26 24 30 34 60 R 10 iQ 26 40 44

22 L 14 14 22 36 46 30 L 10 22 40 54 64
R 12 16 18 18 42 R 10 28 50 50 64

23 L 14 28 44 48 60 31 L 12 30 40 56 60
R 20 22 42 58 62 R 10 14 30 52 60

24 L 22 36 48 60 62 32 L 12 12 30 38 56
R 16 30 34 52 64 R 10 10 26 44 50

CO



C ondition lA: B ra in -  D am aged

s# H em is. dB: 40 45 50 55 60
E ye

S# H em is , dB: 40 45 50 55 60

17 L 10 10 10 20 24 25 L 16 16 32 42 52
R 10 10 12 20 30 R 12 20 26 30 42

18 L 10 10 20 48 50 26 L 18 18 32 38 48
R 10 14 40 50 70 R 14 16 24 42 46

19 L 10 10 26 32 46 27 L 18 20 32 40 60
R 10 20 30 42 V 54 R 10 20 30 34 54

20 L 10 20 38 40 50 28 L 10 12 10 26 32
R 10 10 22 32 50 R 10 10 12 34 38

21 L 10 10 30 44 54 29 L 10 10 20 34 48
R 10 10 12 20 30 R 10 12 30 36 50

22 L 10 10 16 24 30 30 L 10 10 26 34 44
R 10 10 24 36 44 R 10 10 12 22 30

23 L 18 24 36 44 52 31 L 10 12 12 28 28
R 18 28 32 38 52 R 10 10 24 28 36

24 L 18 22 30 46 50 32 L 10 10 18 30 42
R 14 30 28 40 48 R 10 10 24 36 48

ce»
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C ondition lA: Brain-^Dam aged

s# H em is , dB: 40 45 50 55 60
E a r

S# H em is, dB: 40 45 50 55 60

17 L 14 18 26 32 42 25 L 14 22 24 40 48
R 24 22 32 48 50 R 14 16 32 50 62

18 L 40 42 50 60 68 26 L 18 18 30 50 64
R 30 32 46 42 50 R 14 22 42 50 62

19 L 14 24 38 52 64 27 L 16 16 26 40 56
R 12 18 28 30 36 R 20 26 32 52 64

20 L 26 36 40 52 58 28 L 16 18 24 36 48
R 32 36 50 70 74 R 20 20 30 36 44

21 L 10 14 20 20 36 29 L 16 30 30 40 56
R 10 20 30 42 50 R 10 12 10 36 50

22 L 14 16 32 32 34 30 L 12 12 22 50 60
R 14 16 26 26 36 R 14 28 32 50 68

23 L 20 30 44 54 68 31 L 10 10 22 30 58
R 24 42 50 56 64 R 10 14 22 32 58

24 L 16 20 28 42 50 32 L 10 20 26 30 36
R 12 30 40 52 60 R 10 22 22 32 40

CCI
CCI



C ondition lA: B ra in -D a m a g ed

S# H em is. dB: 20 22 24 26 28
F in g e r

S# H em is. dB: 20 22 24 26 28

17 L 10 10 36 56 66 25 L 10 22 40 50 52
R 10 12 38 58 68 R 18 28 36 52 68

18 L 34 34 62 52 54 26 L 12 14 26 34 68
R 40 44 48 48 56 R 18 18 32 48 54

19 L 14 28 28 44 58 27 L 10 10 22 30 42
R 12 24 26 28 34 R 16 18 32 44 68

20 L 10 10 26 30 44 28 L 20 30 38 44 60
R 10 28 38 50 58 R 18 24 30 44 64

21 L 14 20 20 26 34 29 L 20 38 38 52 62
R 10 10 18 22 30 R 10 10 30 30 42

22 L 14 14 14 30 38 30 L 14 14 36 58 60
R 14 18 18 22 24 R 14 38 38 50 68

23 L 20 38 38 50 58 31 L 12 18 50 52 60
R 20 28 40 48 62 R 10 10 30 50 62

24 L 24 24 48 58 66 32 L 10 12 24 40 54
R 16 32 38 50 66 R 10 10 20 36 54

oo



APPENDIX B

EQUATIONS REPRESENTING THE PSYCHOMETRIC CURVES 

(LEAST SQUARE METHOD) UNDER VARIOUS 

EX PERIM ENTAL CONDITIONS

i n i



1 r\o

Control

Condition Eye E a r F in g er

NA y = . 25x - 8. 10 y = . 24x - 7. 36 y = . 62x - 10. 50

A y = . 2 3 x - 7, 87 y = . 2 1 x - 6. 79 y = . 53x - 8. 96

lA y = . 23x - 7. 66 y = . 22x - 6. 89 y = . 58x - 9. 84

BD

Condition Eye E a r F in g er

NA y = . 2 0 x - 6 .80 y = . 22x - 6. 63 y = , 59x - 9. 64

A y = . 18x - 6. 25 y = . 18x - -5. 68,. y = , 4 9 x - 8. 37

lA y = . 17x - 6. 08 y = . 19x - 6. 09 y = . 50x - 8. 67



APPENDIX C

DERIVATION O F AL, TOE AND THE ANALYSIS 

O F BACKGROUND AND FOCAL FACTORS
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D erivation  of AL, TOE and the A nalysis of the Loadings 
n and e fo r B (background) and F  (focal) F a c to rs  
R esp ec tiv e ly  from  the P sy ch o m etric  Curve

AL = R - K

TOE = A L - F

w h ere  AL = adap tation  lev e l
TOE = tim e  o rd e r  e r ro r  
R = neutiial point in psycholog ical sca le  
K = in te rc e p t of the p sy ch o m etric  curve 
C = slope of the p sy ch o m etric  curve 
F  = g eo m etric  m ean  of the s e r ie s  stim u lus

Two equations fo r solving the loadings n and e

nB + eF  = AL

n + e = 1

w h ere  AL = adap tation  lev e l
B = g eo m etric  m ean  of the anchor s tim u li 
n = loading  of B
F  = g eo m etric  m ean  of the s e r ie s  s tim u li 
e = loading of F



APPENDIX D

AL AND TOE IN dB
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C ontrol

Condition NA A lA

Eye AL 52. 40 55. 96 55. 04
TOE 2. 40 5. 96 5 .04

E a r  AL 51. 50 56. 14 54. 04
TOE 1. 50 6. 14 4 .0 4

F in g er AL 25. 00 26. 34 25. 59
TOE 1.00 2. 34 1. 59

BD

Condition NA A lA

Eye AL 59.00 62. 50 65. 18
TOE 9.00 12. 50 15. 18

E a r  AL 52.87 59. 33 58. 37
TOE 2.87 9. 33 8. 37

F in g er AL 24 .82 27 .29 27. 34
TOE . 8 Ï 3. 29 3. 34



APPEN DIX E

AUDITORY THRESHOLD
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A uditory  T h resh o ld  in  dB (re  . 0002 dyne/cm ^) 
to  1000 cps P u re  Tone Signal

s # L eft ea r Right e a r M ean

1* 6 2 4
2 4 10 7
3 0 0 0
4 -4 0 -2
5 2 4 3
6 10 6 8
7 14 6 10
8 -2 -4 -3
9 4 4 4

10 10 2 6
11 4 6 5
12 8 4 6
13 0 4 2
14 4 2 2
15 2 6 4
16 10 8 9
17»* 6 6 6
18 4 2 3
19 14 6 10
20 4 4 4
21 2 2 2
22 2 6 4
23 2 10 6
24 4 8 6
25 6 -2 2
26 -2 2 0
27 4 2 3
28 8 6 7
29 2 6 4
30 8 4 6
31 6 10 8
32 8 2 5

* S# 1 - 1 6  a re  con tro l
** S# 17 - 32 a r e  BD



APPENDIX F  

VIBRATORY THRESHOLD
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V ib ra to ry  T h resh o ld  in dB (re; 1 dyne) to  200 cps 
V ib ra to ry  Signal

s# L eft finger R ight finger M ean

1 38 22 30
2 34 40 37
3 60 40 50
4 52 28 45
5 38 58 48
6 38 52 45
7 56 46 51
8 34 30 32
9 42 28 35

10 50 30 40
11 46 34 40
12 30 40 35
13 60 46 53
14 52 44 48
15 22 34 28
16 40 44 42
17 44 56 50
18 40 42 41
19 46 54 50
20 42 28 35
21 46 64 55
22 20 32 26
23 54 30 42
24 38 46 42
25 58 48 53
26 32 42 37
27 62 50 56
28 32 40 36
29 46 56 51
30 38 26 32
31 40 38 39
32 38 50 44



APPENDIX G

CURVES SHOWING THE DISTRIBUTION O F CATEGORY 

JUDGMENT IN CONDITION NA

111



EYE Control 

B rain-D am aged i

N

§
V

&

200

150

100

50

Category Judgment



EAR Control 

B rain-D am aged 'iHiitiim

g
o'<u

200

150

100

50

Category Judgment



FINGER Control

B rain- Damaged

200

150

I
3  100  
O 'V
6

l l U f

50

m
'2 50 1 S 64 7 8 9

Category Judgment


