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Abstract  

Haptic perception i s  defined a s  t h e  i n t e g r a t i o n  of t a c t i l e  and 

k i n e s t h e t i c  information. In psychological enquiry it has received l i t t l e  

a t t e n t i o n  a s  an exploratory and perceptual  process.  Rather, much a t t e n t i o n  

has been payed t o  ' touch'  a s  a passive a c t i v i t y  a t  t h e  simple l e v e l  of  

recept ion .  The present  paper d iscusses  pass ive  touch a s  a component of 

percept ion  which may n e i t h e r  l ead  t o  perceptual  response nor de f ine  the  

process. The importance of k i n e s t h e s i s  i n  h a p t i c  perception i s  discussed 

i n  terms of  i t s  e s s e n t i a l  involvement i n  perception both i n  r e l a t i o n  t o  

t a c t i l e  sensa t ion  and t o  t h e  k i n e s t h e t i c  a spec t s  of explora tory  behavior. 

The need f o r  t h e  concept of  hap t i c s  c e n t e r s  on t h e  complexity of  t a c t i l e  

and k i n e s t h e t i c  i n t e g r a t i o n  and t h e  need f o r  s tudy a t  t h e  l e v e l  of  in tegra-  

t i o n  a s  such. The nature  of  some h a p t i c  percepts  a r e  discussed t o  show t h e  

much l a r g e r  r e s u l t  of  t h e  i n t e g r a t i v e  process.  Like o the r  perceptual  sys-  

tems, t h e  i s s u e s  which surround hap t i c  perception have b a s i c a l l y  t o  do with 

what governs t h e  a v a i l a b i l i t y  of s t i m u l i  and st imulus information t o  percep- 

t i o n .  For example, t h e  e f f e c t s  of  v i s u a l  dominance, p a s t  experience,  motiva- 

t i o n ,  and q u a l i t y  of  t h e  environment. 

A study was c a r r i e d  out  both t o  determine t h e  e f f e c t s  o f  a dark,  

t a c t u a l l y  r i c h  environment on behavior and t o  determine something of  t h e  

p l a s t i c i t y  and a b i l i t i e s  of t h e  h a p t i c  modality. Af ter  inves t iga t ing  t h e  

phenomenology of  t h e  experience,  measures of h a p t i c  perception were developed 

inc luding form, t e x t u r e ,  r i g i d i t y ,  s i z e ,  and s p a t i a l  d iscr iminat ion  measures, 

a s  we l l  as a measure of  t h e  perception of t h e  hand a s  t h e  explora tory  'organ1. 

The measures were used t o  a s c e r t a i n  t h e  e f f e c t s  of  experience i n  t h e  t a c t u a l l y  

r i c h  environment on perceptual  response. A group of  30 male s u b j e c t s  were 

t e s t e d  on a l l  t h e  measures, then l a t e r  r e t e s t e d ;  15  of  t h e  sub jec t s  being 

r e t e s t e d  immediately a f t e r  exploring t h e  environment f o r  2 hours. Mult iple 

r eg ress ion  r e s u l t s  ind ica ted  a lack  of  change i n  perceptual  response. However, 

a s i g n i f i c a n t  change was noted on t h e  hand perception measure which showed 

t h a t  experimental s u b j e c t s  performed very d i f f e r e n t l y  on t h e  t a sk  a f t e r  

explora t ion .  For t h e s e  sub jec t s  t h e r e  was a genera l  t rend toward g r e a t e r  

accuracy although an apparent confusion of response was noted. Results  a r e  

d i s c i s s e d  both i n  terms of t h e  hypothesized nature  of  t h e  hap t i c  system and 

t h e  condi t ions  f o r  change a s  wel l  a s  t h e  na tu re  o f  the  explora tory  experience 

f o r  producing change. 

( i i i )  
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In t roduct ion  

Haptic perception is defined a s  t h e  perceptual  i n t e g r a t i o n  of 

t a c t i l e  and k i n e s t h e t i c  information. I t  i s  a l i t t l e  known, l i t t l e  s tudied  

a rea  of percept ion  which i s  o f  i n t e r e s t  because of  i t s  involvement with 

motor behavior (Gibson, 1962) and i t s  t h e o r e t i c a l  pos i t ion  a s  a  primary 

component of human development ( F l a v e l l  , 1963, Piaget  s sensory-motor s t age  

of cogn i t ive  development; Harlow, 1971, "contact  comfort" and t h e  develop- 

ment o f  e a r l y  s o c i a l  r e l a t i o n s ) .  The word "haptic" was coined by Revesz 

(1950) i n  desc r ib ing  t h e  experience of  t h e  b l ind  and popularized by 

Gibson (1962) i n  psychological  l i t e r a t u r e .  The use of t h i s  desc r ip to r  

r e f l e c t s  a  need f o r  a  more encompassing conception o f  a  perceptual  

modality which d id  not  e a s i l y  lend i t s e l f  t o  more concre te  concepts i n  

t h e  r u b r i c  of  t a c t i l e  perception.  That is ,  i n  psychological  research  t h e  

'sense of touch' has genera l ly  been t r e a t e d  a s  a  pass ive  component i n  

human expe-ience; something which e x i s t s  only a t  t h e  r ecep to r  l e v e l .  I n  

comparison t o  r e sea rch  on o t h e r  perceptual  moda l i t i e s  very l i t t l e  has been 

discovered and very l i t t l e  organiza t ion  has emerged. The lack  of  knowledge 

i n  t h i s  a r e a  stems from t h e  not ion  t h a t  t a c t u a l  perception can be s tudied  

a s  i f  it were a more perceptual ly  and phys io log ica l ly  d i s c r e t e  modality 

l i k e  v i s i o n  and aud i t ion .  This  has l e d  t o  a  huge assortment of  u n i v a r i a t e  

s t u d i e s  which although d i r e c t e d  toward t h e  same t o p i c ,  have very l i t t l e  

t h e o r e t i c a l  and p r a c t i c a l  coherence. J. J. Gibson (1962) f o r  example, 

suggests  t h a t  t h e r e  is a need f o r  r e sea rch  i n t o  what he c a l l s  "ac t ive  

touch", "an explora tory  r a t h e r  than a merely r ecep t ive  sense [p. 4771" 

which i n  i t s  funct ions  inc ludes  t h e  i n t e g r a t i o n  o f  touch and k i n e s t h e t i c  

information. 

The Sense of Touch 

Even a s  a  pass ive  component of experience t h e  sense of touch is i n  

many ways t h e  most unique mode of percept ion  which t h e  individual  has f o r  

i n t e r a c t i o n  with t h e  environment immediately ou t s ide  h i s  own body. Touch 

does not  have one s p e c i f i c  organ of r ecep t ion  l i k e  v i s i o n  and hearing do, 

being defined by t h e  a c t i v a t i o n  o f  var ious  r ecep to r  sites t o  some change 

near  o r  on t h e  su r face  o f  t h e  body. Although t h e  change may be one of 

temperature, pressure ,  o r  c e l l  des t ruc t ion ,  t h e r e  a r e  not  necessa r i ly  

thermal, pressure ,  and pain  r e c e p t o r s  which r e a c t  only t o  s p e c i f i c  change. 



There a r e  r ecep to r  s i t e s ,  however, some incapsula ted ,  bundled, mylinated 

and unmylinated, and d i f f e r i n g  i n  f i b r e  s i z e  and threshold .  The na tu re  

of t h i s  cutaneous recep t ion  and t h e  as soc ia ted  processing of information 

is s t i l l  under conjec ture .  A t  t h e  pe r iphera l  l e v e l  t h e  most accepted argu- 

ment is t h a t  presented by U t t a l  and Krissoff  (1965) who s t a t e  t h a t  " there  

i s  bu t  one somatosensory s t imulus ,  a mechanical d i s t o r t i o n  of any of t h e  

nerve endings making up t h e  plexus of the  nerve net  i n  t h e  sk in  and body1' 

and "di f ferent  s t imulus energies  [and p a t t e r n s ]  a r e  coded d i f f e r e n t i a l l y  

[pp. 297-2981." 

I n  genera l ,  cutaneous sensa t ion  i s  coded by two anatomical systems: 

t h e  predominantly l a r g e  f i b r e ,  medial lemniscal  system with po in t  t o  point  

p ro jec t ions  t o  t h e  a n t e r i o r  p a r i e t a l  cor tex; /ard  t h e  predominantly small 

f i b r e  spinothalmic system without d i r e c t  c o r t i c a l  projec t ions .  The b e s t  

t h e o r e t i c a l  and experimental account of t h e  coding funct ions  o f  these  

systems r e q u i r e s  t h a t  t h e  medial lemniscal  system mediates t h e  s p a t i a l ,  

i n t e n s i t i v e ,  and temporal a spec t s  of  touch and k i n e s t h e t i c  s t imula t ion .  

Reception and coding of  r a p i d  s h i f t s  i n  s t imula t ion  important f o r  a c t i v e  

touch a r e  probably a t t r i b u t a b l e  t o  t h i s  system. An important proper ty  of 

t h e  medial lemniscal  system is i ts r e p r e s e n t a t i o n  of body form a t  thalmic 

and c o r t i c a l  l e v e l s .  Mountcastle (19611, f o r  example, desc r ibes  s i n g l e  

neuron response p a t t e r n s  i n  t h e  somatic-sensory a r e a s  of  t h e  co r t ex  which 

a r e  q u i t e  s i m i l a r  t o  those  recorded from f i r s t  order  neurons innervat ing  

small regions  of  t h e  body's surface .  This  r e g i o n a l  s p e c i f i c i t y  is appar- 

e n t l y  q u i t e  wel l  preserved a t  c o r t i c a l  l e v e l s .  But, t h e  second system, t h e  

slow, small  f i b r e  spinothalmic system a c t s  more d i f f u s e l y  i n  mediating 

t a c t i l e  a s  we l l  a s  thermal and pain  s t imul i .  This  system probably has more 

t o  do with t h e  q u a l i t a t i v e  a spec t s  of sensat ion ,  and i ts  a c t i v i t i e s  a r e  

most l i k e l y  e f f e r e n t l y  modulated by t h e  a c t i o n  o f  t h e  medial lemniscal  

system on t h e  cor tex .  That is, t h e  f a s t  system probably se rves  t o  modify 

t h e  information input  t o  t h e  slow system (Head, 1920; Melzack E Wall, 1965; 

Simmel & Shapiro, 1969). Even though t h e r e  a r e  c o r t i c a l  p ro jec t ions  o f  

r ecep t ive  f i e l d s  t h i s  does not  adequately account f o r  t h e  f a n t a s t i c  sensory 

discr ' imirmtions t h a t  m e  poss ib le  ( f o r  example, reading B r a i l l e ) .  A consid- 

e r a b l e  amount of l i t e r a t u r e  p o i n t s  t o  t h e  ex i s t ence  o f  an i n h i b i t o r y  func- 

t i o n  which se rves  t o  increase  t h e  d i sc r imina t ive  capaci ty  o f  t h e  organism 



(eg. Mountcastle, 1961). The research  of von Bekesy (1957) and l a t e r  

Schmid (1961) suggests  t h a t  an i n h i b i t o r y  mechanism serves  t o  improve 

such th ings  a s  l o c a l i z a t i o n  by i n h i b i t i n g  surrounding a c t i v i t y  t o  t h e  

st imulated point .  I n h i b i t i o n  occurs when i n t e n s i t i e s  a r e  d ispropor t ionate  

o r  when t h e r e  a r e  small  temporal sepa ra t ions  between s t imul i .  Equally 

in tense  s t imula t ion  of two separa te  p o i n t s  produces a mutual f a c i l i t a t i o n  

by i n h i b i t i n g  t h e  a r e a  between t h e  two points .  

A s  w i l l  be f u r t h e r  shown, most evidence p o i n t s  t o  a v a l i d a t i o n  

of Gibson's (1966) s tatement t h a t  "a neat  correspondence between t h e  energy 

types  of  physics and t h e  r ecep to r  types  of physiology does not  e x i s t .  There 

is no reason why it should, s i n c e  t h e  evoulut ion of  s e n s i t i v i t y  was governed 

by t h e  need f o r  t h e  information i n  energy, not  f o r  t h e  energy a s  such Cp.1051." 

The need f o r  the concept of h a p t i c  percept ion  a r i s e s  because, f o r  example, 

th ings  a r e  a t  once w a r m ,  hard,  rough, bulky, e t c . ,  and i n  t h e  study of  

perception we should consider  touch a s  a un i f i ed  experience,  very much 

un l ike  v i s i o n  o r  a u d i t i o n  with compari t ively d i s c r e t e  channels of  sensat ion.  

A t  t h e  same time it i s  not  un l ike  o t h e r  moda l i t i e s  when we consider  t h e  

necess i ty  of  movement and change i n  p o s i t i o n  over time. That is, t o  discrim- 

i n a t e  between ve lve t  and paper, it is not  enough j u s t  t o  touch - one must 

a l s o  s t roke .  Here a s  i n  o t h e r  moda l i t i e s ,  change and v a r i e t y  are e s s e n t i a l  

t o  percept ion  i t s e l f .  This f a c t  r e q u i r e s  t h e  involvement o f  k ines thes i s .  

Kines thes is  

The importance of k i n e s t h e s i s  (body movement and p o s i t i o n )  i n  t h e  

conception of h a p t i c  perception l i e s  i n  i ts  r e l a t i o n  t o  cutaneous sensat ion .  

The body is always i n  some pos i t ion  r e l a t i v e  t o  t h e  environment and t h e  

muscles a r e  always e i t h e r  re laxed o r  cont rac ted  i n  var ious  combinations. 

Without movement t h e r e  is l imi ted  re fe rence  of  t h e  individual  t o  t h e  s p a t i a l  

environment, To a g r e a t  e x t e n t ,  without movement t h e r e  can be no hap t i c  

perception of  contour,  shape, t e x t u r e ,  and s i z e .  I t  is movement which most 

accounts f o r  t h e  d i f fe rence  between t h e  percept ion  of  'being touched' and 

t h e  percept ion  of  ' touchingt  even i f  t h e  same st imulus p r o p e r t i e s  are 

involved. I n  genera l  t h e r e  a r e  t h r e e  kinds of  k i n e s t h e t i c  information. 

Ar t i cu la r  k i n e s t h e s i s  f o r  t h e  body framework, v e s t i b u l a r  k ines thes i s  f o r  

t h e  movements of  t h e  s k u l l ,  and cutaneous k i n e s t h e s i s  f o r  movement of  t h e  

sk in  r e l a t i v e  t o  what it touches (Gibson, 1966). 



With regard  t o  a r t i c u l a r  k ines thes i s ,  o r  perception o f  body 

pos i t ion ,  it is apparent  t h a t  such percept ions  a r i s e  not  from muscle 

sensa t ion  bu t  from mechanical r ecep to r s  i n  bone j o i n t s  (Rose E Mountcastle, 

1959). That i s ,  i n  order  t o  perceive what p o s i t i o n  our body is  i n  we d e t e c t  

t h e  angles  o f  our j o i n t s ,  not  t h e  l eng ths  of  our  muscles. In  f a c t ,  mechano- 

r ecep to r s  i n  t h e  j o i n t s  d ischarge  a t  a given r a t e  f o r  a given angle  o f  a 

j o i n t ,  and the  r a t e  changes when t h e  angle  changes. Importantly enough, 

percept ion  of  body p o s i t i o n  v a r i e s  with somatosensory input  (Gross & 

Melzack, 197 3 1. 
Vest ibular  k i n e s t h e s i s  is pr imar i ly  t h e  system which provides 

information f o r  balance by r e g i s t e r i n g  t h e  p o s i t i o n  o f  t h e  s k u l l .  Within 

t h e  same bony c a v i t y  t h a t  conta ins  t h e  inner  e a r  is t h e  v e s t i b u l a r  appar- 

a t u s  composed of h a i r - l i k e  r e c e p t o r s  i n  t h r e e  f l u i d  f i l l e d  semi-circular  

cana l s  which mechanically r e g i s t e r  movement. The recep to r s  themselves a r e  

moved by t h e  i n e ~ t i a  o f  t h e  f l u i d  a s  t h e  head t u r n s ,  a s i m i l a r  mechanical 

funct ion  e x i s t i n g  i n  t h e  v e s t i b u l a r  appara tus  f o r  perceiving motion. The 

important c h a r a c t e r i s t i c  of  t h e  apparatus t h a t  provides an understanding 

of  hap t i c  percept ion  is  t h a t  t h e r e  is no sensa t ion  associa ted  with t h e  

apparatus.  This  lends  a problem t o  t h e  s tudy o f  * c t i l e  perception which 

has h i s t o r i c a l l y  been founded on sensat ion .  For example, a s  Gibson (1966) 

po in t s  o u t ,  a sub jec t  given a q u a r t e r  t u r n  i n  a c h a i r  with h i s  eyes closed 

w i l l  perce ive  a quar te r  t u r n  but  cannot d e f i n e  t h e  sensat ion  which gave 

r i s e  t o  t h e  perception.  

The t h i r d  kind of k i n e s t h e t i c  information important f o r  hap t i c  

percept ion  is  t h a t  which is  associa ted  with t h e  movement of  t h e  sk in  

r e l a t i v e  t o  what it touches. This  information is p r imar i ly  der ived from 

t h e  combination of cutaneous con tac t ,  a r t i c u l a r  k i n e s t h e s i s ,  and what 

Wood (1969) r e f e r s  t o  a s  a c t i v e  k i n e s t h e s i s ,  o r  rate of  s e l f - i n i t i a t e d  

movement. That is, any change i n  t h e  p a t t e r n  of con tac t s  t h e  sk in  has with 

. t h e  environment occurs simultaneously with a change i n  t h e  branching o f  t h e  

bones and r a t e  o f  a c t i v i t y  of t h e  muscles. Judgements of  r a t e s  of  self-made 

movements a r e  of  c r i t i c a l  importance t o  a c t i v e  touch perception and it is 

probably t h e  muscle sp ind les  which provide a c t i v e  movement information 

quickly enough t o  c o r t i c a l  c e n t e r s  t o  al low judgements t o  be made ( P a i n t a l ,  

1962; Buchwald E Eldred, 1962). Whether judgements o f  muscle movements a r e  



conscious judgements o r  not is probably not  c r i t i c a l  i n  h a p t i c  percept ion  

s i n c e  percept ion  o f  touch s t i m u l i  and movement do not  necessa r i ly  f u s e  a t  

t h e  c o r t i c a l  l e v e l  but  r a t h e r ,  according t o  Gibson (19661, "combine i n  one 

system t o  r e g i s t e r  one kind o f  inva r i an t  s t imulus information [p.114]." 

The Concept of Haptics 

The need f o r  t h e  concept of  hap t i c s  c e n t e r s  on t h e  i n t e g r a t i o n  of  

cutaneous and k i n e s t h e t i c  information and t h e  need f o r  s tudy a t  t h e  l e v e l  

of  i n t e g r a t i o n  a s  such. The need a r i s e s  when w e  cons ider ,  f o r  example, t h a t  

when touching a n  ob jec t  sensa t ion  v a r i e s  b u t  percept ion  is comparatively I 

i nva r i an t .  More s p e c i f i c a l l y ,  Gibson (1963) desc r ibes  t h e  invariance o f  

perception i n  t h e  following: 

"Rigidi ty . . . when press ing  on a r i g i d  ob jec t  with a f i n g e r  o r  squeezing 
it with t h e  hand, t h e r e  is an inc rease  of  sensa t ion  and then a decrease ,  
o r  usua l ly  a flow of changing i n t e n s i t i e s .  The percept ion ,  however, is of 
cons tant  r i g i d i t y  . . . Unity . . . when f e e l i n g  one o b j e c t  between two 
f i n g e r s ,  only one ob jec t  is f e l t ,  a l though two separa ted  cutaneous sensa- 
t i o n s  occur . . . S t a b i l i t y  . . . [when moving t h e  hand a c r o s s  t h e  su r face  
of  an  ob jec t ]  the  perception i s  s t a b l e  although t h e  sensat ion  is moving . . . [when one l i f t s  an ob jec t ]  bes ides  t h e  end organs of  t h e  s k i n  and t h e  
deeper t i s s u e ,  t h e  r ecep to r s  of  t h e  f inger  j o i n t s ,  wrist j o i n t s ,  and arm 
j o i n t s  a r e  exc i t ed ,  and t h e  whole neuromuscular feedback system of t h e  arm 
is  a c t i v a t e d  . . . but  what t h e  observer  perce ives  is t h e  mass o f  t h e  
o b j e c t ,  unchanging d e s p i t e  t h e  changing sensat ions  . . . Shape . . . Cwhen 
f e e l i n g  t h e  shape of  a n  ob jec t ]  t h e  phenomenal shape o f  t h e  o b j e c t  is  
invar i an t  although t h e  phenomenal p a t t e r n s  of  sense da ta  f l u c t u a t e  and vary 
from moment t o  moment Lpp.4-81." 

The impl ica t ion  f o r  a h ighly  in teg ra ted  process is  f u r t h e r  indica-  

t e d  by t h e  s t r i k i n g  d i f f e r e n c e  between a c t i v e  and passive touch. I n t e r e s t -  

ing ly ,  a c t i v e  touch o r  t a c t i l e  scanning se rves  t o  en r i ch  t h e  o v e r a l l  

information inpu t  while making more exact  t h e  percept .  The percept ,  however, 

not  only becomes more exact  but  o f t e n  becomes d i s t i n c t l y  d i f f e r e n t .  For 

example, t h e  perception o f  pressure  by i t s e l f  is genera l ly  a t t r i b u t a b l e  t o  

passive touch - say,  t h e  press ing  o f  a b lun t  point  on t h e  skin .  But, 

although one might a c t u a l l y  grasp a hard o b j e c t  i n  a c t i v e  touch and there-  

f o r e  e x e r t  pressure  on t h e  sk in ,  t h e  perceptual  response is  genera l ly  not 

one o f  pressure  but  of  hardness. 

Most o f  h a p t i c  perception no t  only inc ludes  t h e  i n t e g r a t i o n  of I 

t a c t i l e  and k i n e s t h e t i c  information but  a l s o  the  i n t e g r a t i o n  of  s p a t i a l l y  

and q u a l i t a t i v e l y  d i f f e r e n t  t a c t i l e  sensat ions  t o  c r e a t e  both e n t i r e l y  new 

percepts  and vary o r i g i n a l  percepts .  For example, i n  t h e  perception of 



thermal sensa t ion ,  McFarland (1971) has shown t h a t  temperature es t imates  

vary a s  a func t ion  of concomitant pressure ,  even when t h e  pressure  and 

temperature s t i m u l i  were separated s p a t i a l l y  and temporily. S imi la r ly ,  

thermal sensa t ion  has an  e f f e c t  on su r face  percept ion  s i n c e ,  f o r  example, 

both wet and smooth su r faces  w i l l  conduct hea t  away f a s t e r  than dry o r  

rough su r faces  producing d i f f e r e n t i a l  perceptual  responses.  Also, i n  

hap t i c  l eng th  es t imat ions  (Cors in i  & Pick,  1969), a s  t e x t u r e  v a r i e s  from 

f i n e  t o  coarse ,  length  w i l l  be f i r s t  over-estimated and then under-est i-  

mated while t h e  a c t u a l  length  remains cons tant .  I t  is c e r t a i n l y  remarkable 

t h a t  we can touch a n  ob jec t  with f i v e  f i n g e r t i p s  and determine what t h e  

consistency of  t h e  ob jec t  i s  ins tead  of perceive f i v e  separa te  ob jec t s .  

It is  remarkable t h a t  we a r e  a b l e  t o  perceive dimension and s i z e  by touch. _ 
I n  t h i s  case  perception apparent ly  a r i s e s  from k i n e s t h e t i c  l eng th  judge- -- 

ments, cutaneous pressure ,  and t h e  a r t i c u l a t i o n  of  bone j o i n t  combinations 
/ 

and dis tances .  

Research and I s sues  

Like o t h e r  perceptual  systems, t h e  i s s u e s  which surround hap t i c  

perception have b a s i c a l l y  t o  do with what governs t h e  a v a i l a b i l i t y  of 

s t i m u l i  and assoc ia ted  information t o  perception.  For example, it is held 

t h a t  man is pr imar i ly  a v i s u a l  animal basing most of h i s  observations of 

t h e  physica l  environment on v i s u a l  perception.  However t h e  individual  

becomes exposed t o  t a c t i l e  s t i m u l i ,  being aware of  t h e  s t imula t ion  and 

making use  of the  a s soc ia ted  information depends t o  a g r e a t  ex ten t  on t h e  

b ias ing  e f f e c t s  and dominance of t h e  v i s u a l  modality. A number of  r e c e n t  

s t u d i e s  have purported t o  have shown t h a t  v i s u a l  percept ion  is  s t ronger  

and more dominant than  touch and inf luences  performance i n  t h a t  r e spec t .  

Shopland and Gregory (1964 ) , f o r  example, have shown t h a t  even while 

simultaneously touching and looking a t  a self-luminous t h r e e  dimensional 

Neker cube i n  t h e  dark,  v i s u a l  r e v e r s a l s  s t i l l  occured. Rock and Victor  

(1964) had s u b j e c t s  simultaneously touch and look a t  a shape which was 

o p t i c a l l y  d i s t o r t e d  t o  appear v i s u a l l y  d i f f e r e n t  from t h e  t a c t u a l  shape, 

By having s u b j e c t s  match t h e  perceived shape with a comparison they found 

t h a t  comparisons were c l o s e r  t o  t h e  v i s u a l  shape than  t h e  t a c t u a l .  Lobb 

(1965) s tudied  t r a n s f e r  of t r a i n i n g  a c r o s s  touch and v i s u a l  moda l i t i e s  

and found v i s i o n  t o  be more dominant f o r  l ea rn ing  and t r a n s f e r .  Singer & 



Day (1969) fourd i n  s t u d i e s  of h a p t i c a l l y  judged depth t h a t  apparent  v i s u a l  

depth was more dominant. Whether such r e s u l t s  should be necessa r i ly  i n t e r -  

pre ted  a s  v i s u a l  dominance was questioned by Lobb (1965) who suggested t h a t  

"one p o s s i b i l i t y  i s  t a c t u a l  inexperience Cp.1861." The ques t ion  here is  

whether the  v i s u a l  dominance phenomenon i s  a  b i o l o g i c a l  - adapt ive  func t ion  

(eg. non- lab i l i ty  of the  v i s u a l  system, l a b i l i t y  of the  hap t i c  system) o r  

whether it i s  f o r  the  most p a r t  dependant upon learning.  

Developmental l i t e r a t u r e  suggests  t h a t  t h e  i s s u e  of v i s u a l  dominance 

is an  important one i n  terms of how t h e  newborn comes t o  'know1 i ts  environ- 

ment. Although t h e  c h i l d s '  a b i l i t y  t o  explore t h e  environment v i s u a l l y  is 

f a r  more advanced from t h e  beginning, it does not preclude t h e  perceptual  

l ea rn ing  t h a t  might t a k e  p lace  through pass ive  contac t  with t h e  environment. 

This p o s s i b i l i t y  is  not e a s i l y  shown s ince  it is  much l a t e r  with g r e a t e r  . 

development of motor s k i l l s  t h a t  t h e  hap t i c  p a r a l l e l  of v i s u a l  search can 

be observed. I n t e r e s t i n g l y ,  a t  t h i s  l a t e r  time hap t i c  perception appears t o  

be t h e  dominant mode of learning.  Zaporozhets (19601, f o r  example, reported 

t h a t  t h r e e  year  o l d s  tend t o  manually explore novel o b j e c t s  s i g n i f i c a n t l y  

more than  they v i s u a l l y  explore them. But, the  same i n v e s t i g a t o r  shows t h a t  

by t h e  age of s i x  o r  seven v i s u a l  exp lo ra t ion  becomes dominant suggest ing a  

developmental s h i f t .  This  makes sense when we consider  t h e  time and energy 

saving p r o p e r t i e s  of v i s u a l  perception.  Once we l e a r n  t o  v i s u a l l y  recognize 

o b j e c t s  which were o r i g i n a l l y  e s t ab l i shed  i n  t a c t i l e  terms, v i s i o n  becomes 

t h e  dominant mode of perception.  The capaci ty  of v i s i o n  t o  metamorphosize 

hap t i c  information no longer r e q u i r e s  t h e  ind iv idua l  t o  recognize t h e  

t a c t u a l  p r o p e r t i e s  of  t h e  st imulus o b j e c t  which o r i g i n a l l y  e s t ab l i shed  i t s  

q u a l i t a t i v e  exis tence .  One could suggest t h a t  it is i n  t h i s  fashion t h a t  

we l o s e  a n  'awareness1 of t h e  dimension of hap t i c  experience. The c r i t i c a l  

quest ion wi th in  t h e  context  of t h e  v i s u a l  dominance phenomenon is whether 

hap t i c  percept ion  is  s t a b l y  i n f e r i o r  o r  whether it may improve with non- 

v i s u a l  experience. A change i n  hap t i c  a b i l i t y  would suggest l ack  of  

experience s i n c e  one would expect no change i f  hap t i c  perception had 

developed t o  t h e  l i m i t s  of an  i n f e r i o r  p o t e n t i a l .  

Another f a c t o r  a s soc ia ted  with t h e  obta in ing of t a c t u a l  inform- 

a t i o n  and i ts  processing a r e  t h e  mot ivat ional  p r o p e r t i e s  of  t h e  s i t u a t i o n ;  
' 

t h e  adapt ive  consequences o f  seeking st imulus information and so  on. Seek- 



ing  s t imula t ion  necessa r i ly  r e q u i r e s  an inc rease  i n  t h e  information a v a i l -  

ab le .  A s  d iscussed,  Gibson (1962) po in t s  out  t h a t  t h e r e  i s  a considerable 

d i f fe rence  between a c t i v e  and pass ive  exp lo ra t ion ;  a  more a c t i v e  process of - 
perception enr iches  t h e  information and r e s u l t s  i n  more exact  percepts .  

Thus, with regard t o  t h e  continuum of a c t i v i t y - p a s s i v i t y  of perce iv ing,  

degree o f  exposure is c e n t r a l  t o  percept ion;  a c t i v i t y  producing g r e a t e r  

exposure t o  information. -- -7 

Another use of  t h e  term 'exposure'  r e f e r s  t o  t h e  e f f e c t s  o f  pre- 

vious t a c t i l e  perceptual  experience on present  perception.  For example, 

Roeckelein (1968) has shown t h a t  t r a i n i n g  i n  a c t i v e  touch perception - 
i nc reases  perceptual  acu i ty .  Zubek, Flye,  and Aftanas (1964) showed t h a t  

a f t e r  one week of  v i s u a l  depr ivat ion  t h e  pain s e n s i t i v i t y  and t a c t u a l  
/' 

a c u i t y  o f  s u b j e c t s  s i g n i f i c a n t l y  increased,  t h i s  f a c i l i t a t o r y  e f f e c t  
1. 

l a s t i n g  f o r  s e v e r a l  days a f t e r  darkness had terminated.  In  a  s i m i l a r  exper- 

iment by Mils te in  and Zubek (1971), i n  at tempting t o  de f ine  t h e  temporal 

course of inc reases  i n  s e n s i t i v i t y  a s  a  function of  v i s u a l  depr iva t ion ,  it / 

was c l e a r l y  shown t h a t  only one measure of s e n s i t i v i t y  ( t a c t u a l  fus ion 

threshold)  showed a s i g n i f i c a n t  increase .  A s  i n  s i m i l a r  experiments, sub- 

j e c t s  were confined i n  a  smal l  room i n  which t h e r e  could no t  have been a 

cons iderable  amount o f  exposure t o  t a c t u a l  information nor t h e  necess i ty  

t o  r e l y  on t a c t u a l  information. To account f o r  t h e  r e s u l t s  t h a t  were 

obtained,  Zubek has suggested t h a t  a  s e n s o r i s t a t i c  process e x i s t s  which 

se rves  t o  keep t h e  t o t a l  sensory input  a t  an optimal  l e v e l .  Thus, t h e  l o s s  

of v i s u a l  s t imula t ion  w i l l  r e s u l t  i n  an increase  i n  s e n s i t i v i t y  i n  o the r  

modal i t ies .  Al t e rna t ive ly ,  i f  changes do t a k e  p lace  it might be due t o  t h e  

concomitant condi t ions  of  t h e  darkness. For example, a  g r e a t e r  dependence 

on t a c t i l e  cues and the re fo re  a g r e a t e r  exposure t o  and awareness of 

t a c t i l e  s t i m u l i .  These condi t ions  were not  opera t ional ized  i n  t h e  v i s u a l  

depr ivat ion  experiments. From a l ea rn ing  po in t  of  view, with only some 

necess i ty  t o  r e l y  on t a c t u a l  information and with r e l a t i v e l y  r e s t r i c t e d  

t a c t u a l  and k i n e s t h e t i c  v a r i a t i o n ,  one would expect a  considerable 

of  exposure t o  be requi red  which was t h e  case  i n  these  experiments. Again, 

the  c r i t i c a l  quest ion appears t o  be whether h a p t i c  perception can vary a s  

a  function of h a p t i c  experience. That perceptual  a c u i t y  depends on. quan- 

t i t a t i v e  f a c t o r s  a lone  seems highly  ques t ionable .s ince  such q u a l i t a t i v e  



f a c t o r s  as pat terned sensory input  a r e  probably very important f o r  

in teg ra ted  behavior. 

That t h e  h a p t i c  system is  a highly in teg ra ted  process which is 

p o t e n t i a l l y  more use fu l  f o r  t h e  s ighted  ind iv idua l  is  supported by t h e  

l i t e r a t u r e  on t h e  b l ind .  In  p a r t i c u l a r ,  a s  Lowenfeld (1950) has shown, 

without some unifying process e f fec ted  by l ea rn ing ,  awareness, and 

'cogni t ive  motives1,  t h e  b l ind  would no t  have any workable knowledge of  

t h e i r  environment. Unlike t h e  r e l a t i v e l y  simultaneous na tu re  of  v i s u a l  , 
I 

percept ion ,  hap t i c  perception is successive and r e q u i r e s  some form of r, 

const ruct ion  t o  produce t h e  'wholes' t h a t  cha rac te r i ze  v i s u a l  perception.* 

Sendin1s (1960) review of  t h e  perception of space and shape f o r  t h e  b l ind  

shows c l e a r l y  t h a t  t h e  b l ind  must be a b l e  t o  un i fy  separa te  percepts  i n t o  

one t o t a l  concept of  t h e  ob jec t .  The necessary involvement of  k i n e s t h e t i c  

components i n  perception by t h e  b l ind  a s  wel l  a s  t h e  s ighted  and i n t e g r a t i o n  ' 

of t h e s e  with ob jec t  contac t  a l s o  r e q u i r e s  a  uni fy ing process.  

Most important with regard t o  t h e  ques t ion  of t h e  e f f e c t s  of  

experience on h a p t i c  percept ion ,  a s  Lowenfeld (1971) po in t s  o u t ,  is  t h e  

assumption t h a t  " the l o s s  of  one sense is  compensated f o r  by a more o r  less 

automatic imprc.vement i n  t h e  a c u i t y  of  t h e  o the r  senses  Cp.2201." H i s  review 

of t h e  l i t e r a t u r e  on t h e  sensory a c u i t y  of t h e  b l ind  i n  comparison t o  the  

s ighted  suggests  t h a t  t h e r e  is no d i f fe rence  but  t h a t  "any higher e f f i c i e n c y ,  

of t h e  b l ind  on i n t e r p r e t i n g  t h e  sensory da ta  perceived must be t h e  r e s u l t  

of  a t t e n t i o n ,  p r a c t i c e ,  and increased use of  remaining f a c u l t i e s  Cp.2211." 

Although t h e  two statements tend t o  c o n t r a d i c t  one another  t h e  d i f fe rence  

is apparent ly  a  sensory versus perceptual  d i s t i n c t i o n .  That i s ,  t h e  na tu re  

of perception f o r  t h e  s e n s o r i l y  r e s t r i c t e d  ind iv idua l  might be more 

adequately defined by exploring a t t e n t i o n  and t h e  process of perceptual  

l ea rn ing  r a t h e r  than t r y i n g  t o  descr ibe  t h e  sensory system. 

Given t h e  p o t e n t i a l l y  broad scope of enquiry i n  t h e  a r e a  of  hap t i c  

perception and given t h e  previous lack  of  a  more r igorous  t h e o r e t i c a l  

ground from which t o  develop hypotheses, it seemed wise t o  c a r r y  out  a  

genera l  explora tory-descr ip t ive  study on t h e  na tu re  of  hap t i c  perception.  

In t h e  development and study of  an educat ional  environment a t  Simon Fraser  

Universi ty and enquiry was conducted t o  a s c e r t a i n  t h e  genera l  e f f e c t s  o f  

hap t i c  experience on behavior o r ,  i n  p a r t i c u l a r ,  on h a p t i c  perception.  The 



s tudy  was conducted no t  s o  much t o  d e f i n e  a s  t o  d e s c r i b e  a r e a s  of  i n t e r e s t  

t h a t  might fo re seeab ly  e s t a b l i s h  t h e  domain o f  h a p t i c  pe rcep t ion  and t h u s ,  

t h e  frame o f  r e f e r e n c e  f o r  t h e  development o f  hypotheses.  

The T a c t i l e  Environment 

During t h e  s p r i n g  of  1971 an educa t iona l  environment was cons t ruc-  

t e d  a t  Simon F rase r  Univers i ty .  Named "The T a c t i l e  Environment", t h e  purpose 

of t h e  Environment was t o  expose t h e  s i g h t e d  i n d i v i d u a l  t o  t h e  dimension of  

h a p t i c  exper ience .  The Environment w a s  dark  and t a c t u a l l y  r i c h  and developed 

s o l e l y  on t h e  b a s i s  of  i n t u i t i v e  assumption. By t h e  t ime t h e  Environment 

c lo sed  t o  t h e  p u b l i c  i n  1972 over  10,000 i n d i v i d u a l s  had explored it. The 

enthusiasm and r e p o r t s  o f  t h e s e  i n d i v i d u a l s  l e d  t o  a f u r t h e r  enquiry1.  

A s  an e,ducational environment,  t h e  Environment was developed wi th  

concern f o r  t h e  c u l t u r a l  and p o s s i b l y  adap t ive  emphasis on o t h e r  modes o f  

pe rcep t ion  o t h e r  t han  touch.  The s igh ted  i n d i v i d u a l ,  t hen ,  was viewed a s  

t a c t u a l l y  b l i n d  and by imp l i ca t ion ,  having t h e  capac i ty  t o  pe rce ive  through 

t h e  h a p t i c  modal i ty  bu t  making l i m i t e d  use  of  t h a t  capac i ty .  The Environment 

was designed t o  i n c r e a s e  'awareness '  o f  t h e  dimension o f  h a p t i c  exper ience .  

For example, Deutsch, Katz,  and Jensen (1968),  have expressed t h e  no t ion  t h a t  

an enr iched  environment enab le s  t h e  i n d i v i d u a l  t o  b e t t e r  comprehend and d e a l  

wi th  t h e  world about  him. Providing an  enr iched  environment can e i t h e r  be a 

product  o f  adding t o  t h e  environment o r  adding t o  t h e  i n d i v i d u a l ' s  exper ience  

o f  t h e  environment. A s  w e l l ,  White (1959) n o t e s  t h a t  i n d i v i d u a l s  c o n s t a n t l y  

s ea rch  f o r  nove l ty  t o  i nc rease  t h e  impact o f  t h e  environment. I n  t h i s  sense  

ga in ing  an awareness of t h e  dimension o f  h a p t i c  exper ience  c r e a t e s  an aware- 

nes s  of  something u n f a m i l i a r ,  o f  something y e t  t o  be found o u t ,  and i n c r e a s e s  

t h e  e f f e c t  and q u a l i t y  of  t h e  everyday environment. 

Conception and Design 

E s s e n t i a l l y  t h e  Environment was b u i l t  i n  components, space and move- 

ment being d e a l t  wi th  f i r s t .  Working wi th in  a 60 f o o t  long ,  12 f o o t  by 12 f o o t  

conc re t e  t u n n e l ,  a 260 f o o t  m u l t i - l e v e l  maze was cons t ruc t ed  which va r i ed  from 

cramped t o  open space wi th in  a h a p t i c  frame of  r e f e r e n c e  ( i e . ,  i n  da rkness ) .  

' ~ o n s t r u c t i o n  of t h e  Environment followed t h e  i n t e r e s t  generated 
from a colloquium presented  by D r .  August F. Coppola on a s i m i l a r  p r o j e c t  
a t  C a l i f o r n i a  S t a t e  Col lege ,  Long Beach. 



Divers i ty  i n  movement was es t ab l i shed  by providing var ious  angles  o f  

up and down, l e f t  and r i g h t ,  and so  on. This then,  provided t h e  k i n e s t h e t i c  

'ground' of  t a c t i l e  sensa t ion  and t h e  space wi th in  which t a c t i l e  perception 

could be experimented with. 

During t h e  course of experimentat ion it was found t h a t  i n  order  t o  

exaggerate t a c t i l e  sensa t ion  o r  t o  provide a n  awareness of it t o  t h e  

prospect ive  v i s i t o r ,  a  number of methods could be used with equal  success 

depending upon t h e  space and d i r e c t i o n  a t  t h a t  po in t .  F i r s t l y ,  a  s i n g l e  

s t imulus a r r a y  ( i . e . ,  s i n g l e  form, m a t e r i a l ,  e t c . )  could e a s i l y  be 

exaggerated by simply exposing t h e  prospect ive  v i s i t o r  t o  a  g r e a t  quan- 

t i t y  of  it. For example, one need only compare t h e  sensa t ion  of a handful1 

of  m i l l e t  (b i rdseed)  t o  t h e  sensa t ion  of crawling i n  a  b i n  containing 600 

pounds of  m i l l e t  t o  reach t h i s  conclusion. Secondly, a st imulus a r r a y  

could be exaggerated by present ing  before  it i n  t h e  sequence of t r a v e l  a  

phenomenologically opposi te  sensa t ion  o r  a  ma te r i a l  which produced a  

g r e a t l y  d i f f e r e n t  sensa t ion  on s e v e r a l  dimensions. Thus, before  t h e  b i rd-  

seed b i n  one encountered s t raw-l ike  wa l l s ,  a coarseness and form q u i t e  

d i f f e r e n t  from the  s i l k - l i k e  m i l l e t  seeds. S imi la r ly ,  fol lowing t h e  b i rd-  

seed one encountered 100 pounds o f  unbound s i s a l  which, unl ike  t h e  birdseed,  

i s  a  coarse ,  h a i r - l i k e  ma te r i a l  which ' c l i n g s  and ca tches ' .  Thi rd ly ,  thk 

same r a t i o n a l e  could be appl ied  t o  a s i n g l e  po in t  i n  t h e  Environment r a t h e r  

than i n  some sequence. For example, by simultaneously providing opposing 

sensat ions  f o r  t h e  f e e t  and hands one could e a s i l y  exaggerate t h e  response 

t o  each. Thus, one s e c t i o n  of  t h e  Environment cons is ted  of a  10 foo t  walk- 

way with a f l o o r  of wet foam (wet ,  s o f t )  and wa l l s  of a spha l t  sh ingl ing  

(dry ,  coarse) .  

The d i s o r i e n t i n g  e f f e c t s  of  complete darkness were a l s o  experimen- 

t e d  with not  only t o  t e s t  each completed s e c t i o n  of  t h e  Environment but  

a l s o  t o  determine t h e  presence of enough cues which would a c t u a l l y  al low 

t h e  v i s i t o r  t o  f i n d  h i s  way i n  o r  ou t  o r ,  f o r  t h a t  mat ter ,  f i n d  h i s  way out  

t o o  quickly. Thus, it was decided t h a t  al though t h e  Environment would not 

contain any 'dead ends ' ,  an  at tempt would be made t o  d i s o r i e n t  t h e  v i s i t o r  

by breaking down what might be ca l l ed ;  h i s  v i s u a l  p red ic t ion  system. That 

is, i n  t h e  v i s u a l  environment c e r t a i n  events  and o b j e c t s  are r e l a t i v e l y  

p red ic tab le ,  s t e p s  a r e  genera l ly  of  a  uniform height ,  wa l l s  a r e  genera l ly  



v e r t i c a l ,  f l o o r s  a r e  hor izon ta l ,  and s o  on. Within t h e  main s t r u c t u r e  

of  t h e  Environment, then,  were constructed 'unusual '  events .  I n  t h e  wet, 

foam walkway, f o r  example, t h e  f l o o r  dipped down and back up again  while 

t h e  a spha l t  wal ls  s l an ted  away. A narrow tunne l ,  c rea ted  t o  fo rce  t o  a 

s tanding p o s i t i o n  those  who might be crawling a t  t h a t  p o i n t ,  s p i r a l e d  t o  

t h e  r i g h t ,  t h e  f l o o r  and wa l l s  r a i s i n g  and s l a n t i n g .  Near t h e  ent rance  t o  

t h e  Environment a s e t  of 3 foo t  high,  foam and canvas s t e p s  provided g r e a t  

unce r t a in ty  a s  we l l  a s  making one f e e l  extremely small.  These th ings  were 

most e f f e c t i v e  i n  complete darkness. 

The uncer t a in ty  of movement i n  t h e  dark w a s  a l s o  experimented with. 

For example, two tube- l ike  s l i d e s  were cons t ructed ,  the f irst  s l i d e  having 

a ' s l i c k f  surface .  One could not work up any amount of speed over t h e  8 

f o o t  su r face  and landed s o f t l y  aga ins t  an  angled foam pad. I n  darkness 

though, s l i d i n g  down t h e  tube produced q u i t e  a d i f f e r e n t  sensa t ion .  V i s i t o r s  

repor ted  sensat ions  of  exaggerated speed accompanied by anxie ty  only t o  have 

t h e i r  percept ion  cont radic ted  by a s o f t  and pass ive  landing.  The second tube 

was l e s s  smooth, being l i n e d  with a r t i f i c i a l  f u r  and underlined with 4 

inches of  foam which afforded more c o n t r o l  over movement. This  s l i d e  was 12 

f e e t  long, tu rn ing  s l i g h t l y  a t  6 f e e t  and then deposi t ing  t h e  v i s i t o r  i n t o  

a 9 by 1 2  f o o t ,  water-mattress covered room. I n  darkness,  t h e  experience 

was one of  being forwardly off  balance a s  t h e  ind iv idua l  went down t h e  tube  

and then,  upon en te r ing  t h e  water-mattresses, an  uncer t a in ty  o f  t h e  upr ight  

f o r  l ack  of  s o l i d  r e fe rence  a f t e r  t h e  sensa t ion  o f  f a l l i n g ,  

The hap t i c  experience of  t h e  movement of  o b j e c t s  i n  r e l a t i o n  t o  t h e  

movement of  t h e  ind iv idua l  was a l s o  explored. A s e c t i o n  was crea ted  i n  

which l i g h t  p l a s t i c  b a l l s  c i r c u l a t e d  i n  t h e  a i r  a s  t h e  ind iv idua l  passed 

through and were only a c t i v a t e d  by t h e  movement of  t h e  ind iv idua l .  Also, 

a sheet  metal  room was constructed i n  which t h e  wa l l s ,  f l o o r ,  and c e i l i n g  

produced a f i n e  v i b r a t i o n  which changed i n  q u a l i t y  a s  a v i s i t o r  passed 

through, and a 6 foo t  hor i zon ta l  tube r o l l e d  back and f o r t h  i n  accordance 

with ind iv idua l  movements. 

These a r e  a few examples then,  of t h e  conceptual  approach t o  t h e  

consruction of  t h e  T a c t i l e  Environment. A layout  of  t h e  space, d i r e c t i o n  

of explora t ion  ( i n  sequence of  numbering), and sensory components of t h e  

Environment is presented i n  Figure 1. Detai led desc r ip t ion  of each compo- 

nent and opera t ion  of t h e  Environment is contained i n  t h e  Appendix. 



Figure 1 
SIMON FRASER UNIVERSITY - TACTILE ENVIRONMENT 

UPPER LEVEL 

1. Entrance 11. Latex rubber roomelastics 20. Cold box 29. Cramped maze-styrofoarn forms 38. Open walkway 47. Polyester flbrefll l wall 
2. Llght-lock 12. Rolling tube 21. Wind tunnel 30. Cramped maze-rubber forms 39. Elast~c walls 48. Tenn~s ball floor 
3. G !ant foam steps-up 13. Residue foam ramp-up 22. Fan 31. Cramped maze-flber forms 40. Vlbratlng room 49. Sculptured panel 

41. Res~due foam ramp-up 50. Sculptured human form 4. Sl~de tube-down 14. Canvas strip entrance 23. Fur tube-down 32. Blrdseed bin 
33. Sisal fibreroom 42. Foam and water walkway 51. Res~due foam puddle wall 24. Waterbed entrance 5. Slide board-down 15. Air blast trough 

6. Triangular floor 16. Ping pong ball room 25. Waterbeds 34. Spiral walkway-maribou 43. Canted walls-ashphalt 52. Llght lock 
7. Vlnyl tunnel-up 17. Canted wall 26. Waterbed exit 35. Sandpaper rampdown 44. Burlap sawdust sacks 53. Exit 
8. Foam protrusions 18. Residue foam puddles 27. Quiverall room 36. Sculptured wall-f~berglass 45. Canted walls-burlap 54. Fire exlts 
9. Hanglng rope and nylon 19. Hot box 28. Cramped mazeplastic forms 37. Res~due foam 'breadloaf' 46. Pebble floor 55. Ma intalnance passage 

10. Latex rubber room-combinat ions 56. Ventilation 



General Response t o  t h e  Environment 

Since t h e  T a c t i l e  Environment l i k e  o t h e r  environments imposed 

c o n s t r a i n t s  on t h e  range of behaviors  poss ib le  (Wohlwill, 19701, much of  

t h e  response t o  t h e  Environment was i n  r e l a t i o n  t o  those c o n s t r a i n t s .  The 

most obvious c o n s t r a i n t  was t h a t  of  space which determined most movements 

of  t h e  individual .  A t  a  given time it determined whether t h e  ind iv idua l  

crawled, walked, moved quickly o r  slowly, o r  stopped. Also, p a r t i c u l a r  

q u a l i t i e s  of t h e  Environment such a s  t h e  degree of  s t imula t ion  it imposed, 

produced genera l ized  e f f e c t s  on t h e  t o t a l  response of t h e  individual .  After 

explora t ion  o f  t h e  T a c t i l e  Environment most ind iv idua l s  experienced re lax -  

a t i o n  l a s t i n g  up t o  s e v e r a l  hours. Varied a f f e c t i v e  responses were i n s t i -  

gated depending upon t h e  physica l  q u a l i t i e s  o f  p a r t i c u l a r  po in t s  i n  t h e  

Environment. I n  genera l ,  most ind iv idua l s  experienced p leasure ,  excitement, 

and s a t i s f a c t i o n .  O f  1 4 1  ind iv idua l s  responding t o  a  8 2  a d j e c t i v e ,  3-choice 

c h e c k l i s t  (yes ,  no, o r  n e u t r a l )  composed of both p o s i t i v e  and negative 

i tems,  over 100 of them described t h e  Environment a s  "strange", "varied", 

"private",  "unusual", "enclosed", "saf e n ,  "pleasant", "changeable", 

"mysterious", " invit ing",  "warm" ,  " inspir ing",  "sensual", " invigorat ing",  

"refreshing1',  %hallenging", "close", "exciting", and "soft".  O f  course,  

some ind iv idua l s  experienced a  c e r t a i n  degree of d i sp leasure  and d i s s a t i s -  

f a c t i o n .  In  genera l ,  t h e  exis tence  of  some kind o f  a r o u s a l ,  e i t h e r  p o s i t i v e  

o r  negat ive  a s  opposed t o  n e u t r a l ,  on t h e  p a r t  of every ind iv idua l ,  pointed 

out  what happens when f a m i l i a r  environmental cues a r e  p a r t i a l l y  withdrawn 

and replaced by new ones. Whether an ind iv idua l  responded p o s i t i v e l y  o r  

negat ive ly  o v e r a l l  apparent ly  depended on t h e i r  adap ta t ion  t o  t h e  uncertain-  

t y  and novelty of  t h e  s i t u a t i o n .  That i s ,  a l l  i nd iv idua l s  on first en te r ing  

t h e  Environment experienced some anxie ty  and some d i sp leasure  associa ted  

with t h e  s i t u a t i o n  while very few came ou t  with t h e  same a f f e c t i v e  response. 

The depee  t o  which a n  ind iv idua l  could adapt  t o  t h e  i n i t i a l  s t imulus 

s i t u a t i o n s  which produced uncer t a in ty  and d i sp leasure  ( i . e . ,  darkness,  d i s -  

o r i e n t a t i o n ,  e t c . )  was d i r e c t l y  r e l a t e d  t o  t h e  degree t o  which he responded 

p o s i t i v e l y  l a t e r .  Those who d id  not  adapt  e a s i l y  genera l ly  t r i e d  t o  avoid 

t h e  s i t u a t i o n  e n t i r e l y  by coming back ou t  o r  by avoiding prolonged contac t  

with the Environment by q u i t e  l i t e r a l l y  'plunging' through. 

A s  Wohlwill (1970) has p red ic ted ,  q u a l i t i e s  of t h e  Environment a l s o  



i n s t i g a t e d  behavior which was d i r e c t e d  toward t h e  Environment. Thus, more 

explora t ion  could be expected from t h e  ind iv idua l  who experienced exc i t e -  

ment and s a t i s f a c t i o n .  S imi la r i ly ,  f o r  a small  number of  people who r e s -  

ponded negat ive ly  t o  t h e  Environment, d e s t r u c t i v e  behavior was d i r e c t e d  a t  

t h e  Environment. For these  ind iv idua l s  t h e  Environment may have presented 

condi t ions  o f  sensory overload s ince  then h o s t i l i t y  can be expected 

(Zuckerman, Persky, Mi l l e r ,  & Levin, 19691, and low to le rance  of  fyus t ra -  

t i o n  (Glass,  S inger ,  & Friedman, 1969). However, it is a s  l i k e l y  t h a t  t h e  

dark condi t ions  lowered i n h i b i t i o n s  evidenced by t h e  f a c t  t h a t ,  although 

most ind iv idua l s  knew t h e  Environment was monitored, many sang, made 

p leasurable  no i ses ,  and t a lked  t o  themselves. From spontaneous comments 

and from responses obtained a f t e r  explora t ion  of t h e  Environment, it was 

c l e a r  t h a t  one of the  major responses t o  t h e  experience was t h e  attempt t o  

poss ib ly  lower uncer t a in ty  and e s t a b l i s h  a v i s u a l  frame o f  r e fe rence  by 

guessing a t  and desc r ib ing  t h e  m a t e r i a l s  and s p a t i a l  c h a r a c t e r i s t i c s  i n  

t h e  Environment. 

Since it was of i n t e r e s t  t o  know whether t h e  o r i g i n a l  purposes of 

t h e  Environment were f u l f i l l e d ,  many phenomenological r e p o r t s  were co l l ec -  

t e d .  Other than  those  r e p o r t s  discussed above, t h e r e  were many r e p o r t s  

which seemed t o  r e f l e c t  perceptual  change. S p e c i f i c a l l y ,  t h e s e  were r e p o r t s  

of  perceiving disconnection o r  l o s s  o f  perimeter  of body p a r t s ,  o f  increased 

sensory awareness, and r e p o r t s  of  s p a t i a l  confusion. S u r p r i s i n g l y ,  because 

of  t h e  apparent v i s u a l  b i a s  i n  language, not  a s i n g l e  ind iv idua l  questioned 

could desc r ibe  t h e  perceptual  experience with r e fe rence  t o  h i s  own sensa- 

t i o n s  without i n d i c a t i n g  d e s c r i p t i v e  inadequacy. A s  pointed o u t ,  t h e r e  were 

genera l  r e p o r t s  of r e l a x a t i o n  and desc r ip t ions  of p o s i t i v e  and negat ive  

a f f e c t .  But, t h e  l ack  of  p a r a l l e l  d e s c r i p t o r s  t o  such v i s u a l  terms a s  focus,  

i n t e n s i t y ,  and s o  on, l e f t  a void i n  t h e  phenomenological evidence. Under 

these  circumstances it was not  s u r p r i s i n g  t h a t  ,any used manual expression 

and invent ive  vocal  sounds t o  provide r e p o r t s .  ihough it was always appar- 

e n t  i n  reviewing these  r e p o r t s  t h a t  t h e r e  were broad individual  d i f f e rences  

i n  desc r ip t ion ,  it was not  d e s c r i p t i v e l y  c l e a r  whether t h e r e  was a change i n  

response t o  h a p t i c  information. Since many a f f e c t i v e  responses were obtained 

one could be s u r e  t h a t  some increase  i n  'awareness' ,  i n  t h e  sense o f  know- 

ledge,  had been produced. Whether t h e r e  was an  increase  i n  awareness i n  t h e  



perceptual  l ea rn ing  sense was not  c l e a r .  Even unso l i c i t ed  r e p o r t s  o f  

perceptual  change could be suspected s i n c e  it was we l l  known what t h e  

purpose o f  t h e  Environment was a t  t h e  time. Evidence and theory were 

provocative enough, however, t o  hypothesize t h a t  change might have occured 

even over a s h o r t  period of exposure. 

The Conditions f o r  Perceptual  C h a n ~ e  - 
The T a c t i l e  Environment a s  a novel and complex environment provided 

condi t ions  of unce r t a in ty .  According t o  most t h e o r i s t s  t h i s  i s  a s u f f i c i e n t  

and necessary condi t ion  f o r  perceptual  l ea rn ing  s ince  perceptual  l ea rn ing  

i t s e l f  is t h e  "reduction of  uncer ta in ty"  (eg. ,  Garner, 1962; Berlyne, 1966; 

Gibson, 1969). That is, reducing uncer t a in ty  is  viewed a s  consonant with 

obta in ing information; t h e  exis tence  o f  unce r t a in ty  being s u f f i c i e n t  t o  

i n s t i g a t e  perceptual  ' search '  i n  o rde r  t o  d e t e c t  and r e t a i n  t h a t  which w i l l  

reduce uncer ta in ty .  I t  is  hypothesized t h a t  unce r t a in ty  e x i s t s  f o r  t h e  

ind iv idua l  i n  t h e  T a c t i l e  Environment merely because it is  a changed envi- 

ronment, p resen t s  a new ecology, and p resen t s  information t o  be processed. 

The ind iv idua l  exposed t o  t h e  changed environment ''must l e a r n  i n  order  t o  

maintain an adapt ive  r e l a t i o n s h i p  [Gibson, 1969, p.1281." 

Also e s s e n t i a l  f o r  perceptual  l ea rn ing  is t h e  feedback from over t  

a c t i o n ,  from explora tory  movements, t h e  main component of perceptual  search.  

For example, movement is necessary t o  " i s o l a t e  and enhance" t a c t u a l  percep- 

t i o n  (Gibson, 1962, p.478)  and c e r t a i n l y  explora tory  o r  self-produced 

movements a r e  use fu l  f o r  l ea rn ing  (eg . ,  Held, 1963; Holst ,  1954). Even i f  

t h e  ind iv idua l s  who t r ave led  through t h e  Environment d id  not  spend time 

conscient ious ly  exploring,  it was hypothesized t h a t  they would have learned 

from carry ing out  t h e  adapt ive  funct ion  o f  f ind ing  t h e i r  way out  and thus  

encountering much information. 

I n  genera l ,  it was hypothesized t h a t  perceptual  l ea rn ing  would 

occur because t h e  s ighted  ind iv idua l  i n  a dark environment is forced t o  

a t t e n d  ( a t t e n t i o n  being defined a s  t h e  d i r e c t i v e  a spec t  of percept ion)  t o  

h a p t i c  information. Since t h e r e  was a g r e a t  d e a l  of information i n  t h e  

a v a i l a b l e  s t imula t ion  a s  defined by t h e  complexity and novelty of t h e  

~nv i ronment ,  and s i n c e  t h e r e  was a l s o  an  inc rease  i n  information due t o  

hypothesized a t t e n t i o n a l  changes, unce r t a in ty  would inc rease  and coupled 

with explora t ion ,  perceptual  l ea rn ing  would be expected. 



If perceptual  l ea rn ing  did occur a s  a  funct ion  of  explora t ion  i n  

t h e  T a c t i l e  Environment, i n  what way would it be r e f l e c t e d  i n  behaviour? 

According t o  Gibson (1969) perceptual  l ea rn ing  involves t h e  a b s t r a c t i o n  
- ,  

of  i n v a r i a n t  r e l a t i o n s h i p s  and d i s t i n c t i v e  f e a t u r e s  which serve  t o  reduce 

uncer t a in ty  o r ,  i n  t h e  jargon of communication theory ,  reduce information. ./ 

Furthermore, perceptual  l ea rn ing  can be "regarded a s  t h e  development of  a  

t r a n s f e r  of a  previously learned s e t  of  responses t o  a  new s e t  of s t i m u l i  

[Wohlwill, 1958, p.2841" and most impor tant ly ,  "when t h e  information t h a t  

[ the  individual ]  is ab le  t o  pick up i n  a  given s i t u a t i o n  inc reases ,  percep- 

t u a l  l ea rn ing  has occured [Gibson, 1969, p.129].I1 Thus, we would expect 

t h a t  previous perceptual  l ea rn ing  w i l l  improve l a t e r  perceptual  learning.  

For example, Zinchenko (1966) p resen t s  evidence t h a t  perceptual  systems -- 
t r a n s f e r  input  t o  make more adapt ive  f u r t h e r  processing.  I f  perceptual  

l ea rn ing  does occur a s  a  funct ion  o f  experience i n  t h e  T a c t i l e  Environment 

it should be r e f l e c t e d  i n  changes i n  perceptual  response. 

To determine whether hap t i c  experience i n  t h e  Environment had t h e  

proposed e f f e c t s ,  a  way i n  which t o  observe changes i n  perceptual  response 

was requi red .  However, with l i t t l e  knowledge of  t h e  p l a s t i c i t y  and a b i l i t i e s  

of  t h e  hap t i c  modality, p o t e n t i a l  a r e a s  o f  measurement were l i m i t l e s s .  Within 

t h e  bounds of what was defined a s  h a p t i c  perception it seemed u s e f u l  t o  

explore a number of  p o s s i b i l i t i e s  t o  a s c e r t a i n  both what perceptual  responses 

were def inable  and which were measureable. 

Measurement o f  Perceptual  Change 

The problem of t h e  measurement of perceptual  change i n  t h e  hap t i c  

modality is conceptual ly approached from a ' cogni t ive  reorganiza t ion '  and 

perceptual  l ea rn ing  view. That i s ,  it is hypothesized t h a t  changes w i l l  

r e s u l t  from a t t e n t i o n a l  s h i f t s ,  o r  s h i f t s  i n  t h e  d i r e c t i v e  aspect  of 

perception,  from v i s u a l  t o  h a p t i c ,  and changes w i l l  r e s u l t  from lea rn ing  

through ' i n t r i n s i c '  reinforcements t r a n s f e r a b l e  t o  new perceptual  l ea rn ing  

s i t u a t i o n s .  Thus, i n  t h e  development of measures t h e r e  was no i n t e r e s t  i n  

t h e  measurement of sensory a c u i t y ,  per  s e ,  s ince  such measures r e q u i r e  only 

minimum a t t e n t i o n  and do no t  i n  themselves present  t h e  condi t ions  f o r  

perceptual  learning.  

I n  most of t h e  l i t e r a t u r e ,  perceptual  change i s  seen i n  terms o f  



threshold  v a r i a t i o n .  For example, t a c t u a l  fus ion threshold  (Shewchuk & 

Zubek, 19601, pressure  s e n s i t i v i t y  (Semmes, Weinstein, Ghent, & Teuber, 

1960), f i n g e r  a c u i t y  (Chan, 1964), and hea t  and pain s e n s i t i v i t y  (Hardy, 

Wolff, 4 Goodell, 1952). In  genera l ,  previous research  is designed with t h e  

impl ica t ion  t h a t  b e t t e r  s e n s i t i v i t y  produces b e t t e r  perception.  However, 

a s  Gibson (1962, 1966) po in t s  o u t ,  t a c t i l e  s e n s i t i v i t y  measures a r e  o f t en  < 
unre la ted  t o  u s e f u l  perceptual  information. Typica l ly  t h e r e  have been very 

few developments i n  measurement f o r  a c t i v e  touch ar  hap t i c  perceptual  a b i l i -  

t i e s .  O f  those  t h a t  have been developed most concern t h e  d iscr iminat ion  of  

v i s u a l l y  derived forms (eg. ,  Pick & Pick,  1966) confounded with p r i o r  v i s u a l  

experience,  o r  ob jec t  recogni t ion  which involves l i t t l e  new lea rn ing  (eg . ,  

Ahmad, 1971; Rubino, 1970). However, nonsense forms have been developed and 

used success fu l ly  a s  t a s k s  f o r  t h e  study of  ind iv idua l  d i f f e rences  i n  a c t i v e  

touch d iscr iminat ion .  Also, a  number of r e c e n t  s t u d i e s  have used sandpaper 

roughness d iscr iminat ion  t a s k s  and r a i s e d  l i n e s  f o r  p a t t e r n  d iscr iminat ion  

(eg. ,  Nolan, 1960; Schi f f  & Dyte l l ,  1972). There have been no developments 

i n  t h e  measurement of t h e  perception of r i g i d i t y ,  consistency,  s i z e ,  e t c . .  

FOP t h e  present  purposes we a r e  i n t e r e s t e d  i n  measures which requ i re  

t h e  a b s t r a c t i o n  of  i n v a r i a n t s  and d i s t i n c t i v e  f e a t u r e s  through explora t ion  

and r e q u i r e  a t t e n t i o n  t o  r e l evan t  information. Thus, we requ i re  measures 

which t a p  t h e  process of d i f f e r e n t i a t i o n .  However, t h e  problem of measuring 

change i n  t h e  h a p t i c  modality is a problem of c i r c u l a r i t y .  Changes i n  t h e  

system d e f i n e  its func t iona l  na tu re  but  without f i r s t  knowing t h e  nature  of 

t h e  system a s  r e f l e c t e d  i n  change, measures of t h e  change cannot be defined.  

One can only hypothesize about t h e  na tu re  of  t h e  h a p t i c  system on t h e  b a s i s  

of u n i v a r i a t e  knowledge and i f  a p a r t i c u l a r  measure based on t h e  hypothesis  

i s  not  successful  we cannot know whether we have wrongly defined t h e  system 

o r  simply have a poor measure of it. Thus, it was decided t o  i n t u i t i v e l y  

develop and explore a number of p o t e n t i a l  a r e a s  of  measurement t o  provide 

more genera l izable  information about h a p t i c  perceptual  response r a t h e r  than 

r igorous ly  de f ine  a s i n g l e  measure a t  t h e  c o s t  of  more pervasive information 

about t h e  hap t i c  system i n  general .  

The fol lowing a r e a s  o f  measurement were developed i n  at tempting t o  

cover a  number o f  perceptual  a b i l i t i e s  thought t o  be rep resen ta t ive  of t h e  

c a p a b i l i t i e s  of  t h e  h a p t i c  modality. The s e l e c t i o n  was based on the  need f o r  



new measures, hypo the t i ca l ly  independent measures (but  dependent enough t o  be 

measuring t h e  same t h i n g ) ,  measures which had some face v a l i d i t y  with regard 

t o  t h e i r  r e f l e c t i o n  of 'everyday1 perceptual  funct ioning,  and measures which 

requi red  t o l e r a b l e  time and energy i n  app l i ca t ion .  However, though t h e r e  was 

a cons idera t ion  of complex t a s k s  such a s  t a c t i l e  maze explora t ion  which in -  

volved many a b i l i t i e s  and much time i n  a p p l i c a t i o n ,  u l t ima te ly  some t a s k s  

were se lec ted  which were more d e s c r i p t i v e l y  d i s c r e t e  and l e s s  time consuming. 

For explora tory  purposes it was simply more i n t e r p r e t a b l e  t o  measure such 

t h i n g s  a s  form, t e x t u r e ,  and s p a t i a l  d iscr iminat ion  separa te ly  than t o  

measure maze explora t ion  which undefinably might have involved a l l  such 

d iscr iminat ions  a s  well  a s  a  s t rong  reasoning component. 

Form Discrimination 

The a b i l i t y  t o  d iscr iminate  form r e q u i r e s  t h e  i n t e g r a t i o n  of  contin-  

u a l l y  changing and mul t ip ly  located  cutaneous sensat ions  with movement i n  

three-dimensional space (Gibson, 1966). A s  a measure o f  form discr iminat ion  

an at tempt was made t o  cons t ruct  a  t a s k  which was completely novel ,  lacked 

any v i s u a l  frame of r e fe rence ,  was d i f f i c u l t  t o  mediate v e r b a l l y ,  and thus ,  

requi red  l ea rn ing  f o r  successful  d iscr iminat ion .  Loosely modeled a f t e r  t h e  

Gibson (1966) forms, t h e  t a s k  consis ted  of  10 three-dimensional,  nonsense 

forms, each of equal  weight,  with a convex back, concave f r o n t ,  and f i v e  

prot rus ions .  A l l  shapes were made of c a s t  po lyes t re  r e s i n  and t h e r e f o r e ,  were 

of t h e  same thermal and r e s i l i e n t  p roper t i e s .  Forms var ied  only s l i g h t l y  i n  

terms of r e l a t i v e  curvature ,  p o s i t i o n  and s i z e  of p ro t rus ions ,  and r e l a t i v e  

convexity-concavity of  f r o n t  and back. Eight of  t h e  forms were f i n a l l y  kept 

f o r  use  a s  being of approximately equal  d i f f i c u l t y  i n  d iscr iminat ion  

I n i t i a l  work with t h e  measure showed t h a t  when - Ss were f i r s t  allowed 

t o  scan t h e  forms while b l indfolded,  t h e  forms a l l  f e l t  t h e  same. Over r epea t -  

ed presenta t ion  of a  s tandard form and then explora t ion  of  a l l  forms t o  f ind  

t h e  s tandard ,  - Ss repor ted  t h a t  only then d id  they come t o  know t h e  forms a s  

d i f f e r e n t .  However, it remained d i f f i c u l t  f o r  a l l  - Ss t o  note  t h e  d i s t ingu i sh -  

ing f e a t u r e s  and make t h e  c o r r e c t  d iscr iminat ions .  A l l  - Ss v i sua l i zed  t h e  forms 

unsuccessful ly and could only minimally a t t a c h  ve rba l  l a b e l s  t o  discovered 

dimensions. One form might be perceived a s  more "pointyt' o r  more "bent" but  

t h i s  was not  apparently use fu l  on a t a s k  which had mul t ip le  combinations of 

dimensions. I n t e r e s t i n g l y ,  most - Ss r e l i e d  on reproducing explora tory  movements 



t o  match t h e  'consequencesf .  

I n  t h e  f i n a l  ve r s ion  of t h e  t a s k  Ss were b l ind fo lded  and sat i n  f r o n t  - 
of  a s o r t i n g  t r a y  which they  first explored t o  know t h e  boundaries  of  t h e  a r e a  

i n  which they  would be working. The fol lowing i n s t r u c t i o n s  were given:  

"Before you on t h e  t r a y  a r e  e i g h t  o b j e c t s  of  t h e  same weight and t e x t u r e  
b u t  each vary ing  s l i g h t l y  i n  form. On each t r i a l  you w i l l  be  given one of  
t h e  o b j e c t s  t o  exp lo re  wi th  both hands f o r  1 5  seconds,  a t  which t ime it w i l l  
be  taken  from you and mixed with t h e  o t h e r  o b j e c t s .  You w i l l  t hen  have 30 
seconds i n  which t o  explore  a l l  t h e  o b j e c t s  and f i n d  t h e  one you i n i t i a l l y  
explored.  A s  you s o r t  through t h e  o b j e c t s  keep p o s s i b l e  choices  i n  f r o n t  o f  
you and d i s c a r d  o t h e r  o b j e c t s  t o  t h e  s i d e .  I f  you should make a choice  before  
I i n d i c a t e  t h a t  t h e  30 seconds is up,  cont inue  t o  exp lo re  t h e  o t h e r  o b j e c t s  
t o  l e a r n  what d i s t i n g u i s h e s  one from another . "  

Ss were n o t  t o l d  o f  t h e  c o r r e c t n e s s  of  t h e i r  choices  s o  as no t  t o  confound - 
response l e a r n i n g  wi th  pe rcep tua l  l ea rn ing .  S ix t een  t r i a l s  were run us ing  each 

of  t h e  e i g h t  o b j e c t s  twice  a s  a  s t anda rd  and main ta in ing  t h e  same o r d e r  of  

p r e s e n t a t i o n  f o r  each - S. During e x p l o r a t i o n  of  t h e  s tandard  t h e  o t h e r  o b j e c t s  

were kept  s l i g h t l y  w a r m  t o  coun te rac t  t h e  e f f e c t s  o f  t h e  - S ' s  body hea t  on t h e  

s tandard  o b j e c t .  The method o f  p r e s e n t a t i o n  maintained t h e  same l e a r n i n g  con- 

d i t i o n s  a c r o s s  - Ss .  E a r l i e r  work wi th  t h e  measure us ing  a ' t r i a l s  t o  c r i t e r i o n '  

method produced t e s t  exposure t imes  ranging  from approximately 10 t o  30 

minutes making l e a r n i n g  cond i t i ons  uneven. For t h e  p re sen t  method - Ss  were 

scored  on t o t a l  e r r o r s  f o r  t h e  16  t r i a l s .  Though t h e  matching a s p e c t  o f  t h e  

t a s k  was n o t  s imultaneous and,  t h u s ,  a  memory component involved ,  it is 

assumed t h a t  d i s c r i m i n a t i o n  precedes memory i n  t h i s  r ega rd .  

From t h e  d i s t r i b u t i o n  and d e s c r i p t i v e  s t a t i s t i c s  of  Figure 2,  f o r  
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Figure 2.  Frequency d i s t r i b u t i o n  f o r  t o t a l  e r r o r s  o f  performance 
over  16 t r i a l s  on t h e  form d i s c r i m i n a t i o n  t a s k ,  N=35. 



35 male - Ss ranging i n  age from 18 t o  30, t h e  negative skewness shows t h a t  

t h e  t a s k  i s  somewhat t o o  d i f f i c u l t ,  though t h e r e  a r e  s i g n i f i c a n t  individual  

d i f f e rences  r e f l e c t i n g  t h e  d iscr iminant  v a l i d i t y  of  t h e  measure. Even though 

the  measure is sub jec t  t o  p r a c t i c e  e f f e c t s ,  by d e f i n i t i o n ,  t h e  performance 

of  15 of t h e  - S s ,  r e t e s t e d  a s  c o n t r o l  - Ss a f t e r  a  t h r e e  week i n t e r v a l ,  

c o r r e l a t e d  .54 with i n i t i a l  performance, r e f l e c t i n g  minimum r e l i a b i l i t y .  

There was only a s h i f t  i n  t h e  mean (from 11.3 t o  10.1) and not  i n  variance.  

S ize  Discrimination 

The inc lus ion  o f  a  s i z e  d iscr iminat ion  measure developed out  o f  a 

considera t ion  of sensory threshold  measures which might lend themselves t o  

' a c t i v e '  use. The threshold  measure i n  t h i s  case was developed by Vierch 

and Jones (1969) i n  order  t o  show t h a t  t h e  sk in  i s  more s e n s i t i v e  t o  s i z e  

( a rea  s t imula ted)  than t o  d i s t ance  (two-point th resho ld ) .  For p i l o t  inves- 

t i g a t i o n  t h e  measure was developed t o  c o n s i s t  of  a  s e r i e s  of  5 inch p lex i -  

g l a s s  rods  varying i n  diameter by 1/32 o f  an inch.  One end o f  each rod was 

polished f l a t  and used a s  t h e  s t imulus .  Upward and downward d i f fe rence  

thresholds  were obtained by maintaining one d i s c  a s  t h e  standard and pre- 

sen t ing  a l l  o t h e r s  i n  ascending and descending order .  I n t e r e s t i n g l y ,  though 

passive s t imula t ion  with t h e  d i s c s  produced an average d iscr iminat ion  thresh-  

old of  1 /8  of  an inch on t h e  palm of t h e  hand, a c t i v e  d iscr iminat ion  of  t h e  

rod diameters  allowed - Ss t o  d iscr iminate  a l l  1/32 inch d i f fe rences .  Although 

success fu l  d iscr iminat ion  was imminent, the  t a s k  was d i f f i c u l t  s ince  a l l  

p i l o t  - Ss repor ted  t h a t  they d id  not  know on what b a s i s  they made t h e i r  d i s -  

c r iminat ions  and were su rp r i sed  a f t e r  being t o l d  of t h e  co r rec tness  of t h e i r  

responses. Also, t h e r e  were broad individual  d i f f e r e n c e s  i n  explora tory  time. 

The t a s k  was the re fo re  used i n  i t s  a c t i v e  form. 

For t h e  f i n a l  t a s k ,  10 rods  varying i n  diameter by 1/32 o f  an inch 

from 1/2  inch t o  25/32 of an inch were placed on a s o r t i n g  t r a y  i n  f r o n t  of 

t h e  bl indfolded S. The S was i n s t r u c t e d  t o  s o r t  t h e  rods  i n  o rde r  of inc reas -  - - 
ing  diameter a s  quickly a s  poss ib le  by us ing t h e  palm and f i n g e r s  t o  note  

which rods  were l a r g e r  r e l a t i v e  t o  t h e  top  of t h e  t r a y  o r  by grasping the  

rods on more d i f f i c u l t  d iscr iminat ions .  This s t a t e g y  of explora t ion  was 

given s ince  t h e r e  was no d e s i r e  t o  have s i z e  d iscr iminat ion  confounded with 

manner of explora t ion .  On t h e  b a s i s  of p i l o t  work with t h i s  measure it was 

found simply l e s s  cumbersome f o r  t h e  - S t o  leave  a l l  t h e  rc :s  on t h e  



t r a y  during most of  t h e  t a sk .  Also, t h e  rods var ied  

which, though not  perce ivable  i n  t h e  more d i f f i c u l t  

e r  s i z e  d i f f e r e n c e s ) ,  may have produced cues i f  t h e  

s l i g h t l y  i n  weight 

d iscr iminat ions  (small-  

rods  were l i f t e d  

r e g u l a r l y .  The f i n a l  vers ion  of  t h e  t a s k  used time t o  success fu l  completion 

(rank order ing)  a s  t h e  measure of response s t r e n g t h .  

Since d iscr iminat ion  was i n e v i t a b l e  on t h i s  t a s k  it was assumed 

t h a t  any ind iv idua l  d i f f e r e n c e s  i n  time requ i red  would not be due t o  a b i l i -  

t y  t o  d i f f e r e n t i a t e  but  r a t h e r  a b i l i t y  t o  a t t e n d  t o  a l ready d i f f e r e n t i a t e d  

fea tu res .  However, performance of s i x  males on two t r i a l s  with t h e  measure 

showed a drop i n  mean time requi red  from 207 t o  134 seconds. Since t h e r e  

was no evidence t h a t  a t t e n t i o n  would have increased over t r i a l s ,  it w a s  

concluded t h a t  some l ea rn ing  had occured. A s  wi th  o t h e r  t a s k s  no e x t e r n a l  

reinforcement was given. 

Like o t h e r  measures i n  which time is  t h e  dependent 

d i s t r i b u t i o n  of  raw scores  (Figure 3) is abnormally skewed 

v a r i a b l e ,  t h e  

but  r e f l e c t s  

X  
X X X  X X X mean 257.54 k u r t o s i s  .37 

@ 3  X X X  X  X  X s t d .  dev. 159.09 skewness 1.26 " x x x x x x l  4" X  X  

seconds 

Figure 3. Frequency d i s t r i b u t i o n  f o r  s i z e  d iscr iminat ion  t imes ,  30 
second i n t e r v a l s ,  N=35. 

broad ind iv idua l  d i f f e rences .  Three week i n t e r v a l ,  r e t e s t  da ta  f o r  15 of t h e  

35 male - Ss cor re la t ed  .28 with i n i t i a l  performance. A s  expected, t h e  mean 

dropped (250.9 t o  190.2) but  t h e  standard dev ia t ion  f o r  t h e  15 - Ss a l s o  

dropped (150.9 t o  91.41, r e f l e c t i n g  t h e  genera l  i n s t a b i l i t j  of t h e  measure 

Much of t h e  u n r e l i a b i l i t y  was due t o  t h e  few ind iv idua l s  who took an unusual- 

l y  long time t o  reach c r i t e r i o n  and then l a t e r  showed normal response times. 

S imi la r ly ,  o t h e r  - Ss who had previously performed wi th in  the  normal range now 

took an excess ively  long time. Cer ta in ly  d i f f e r e n t i a t i o n  could not have 

worsened and thus ,  a t t e n t i o n  may have var ied .  These - Ss repor ted  being aware 

of t h e  unusual l e n g t h  of time involved but  simply had d i f f i c u l t y  making t h e  

d iscr iminat ions  they had made before.  As one might h i s t o r i c a l l y  p red ic t  f o r  

t h e  use  of  time as a dependent v a r i a b l e ,  comparatively small 'psychological '  



changes produce l a r g e  changes i n  response time. 

Texture Discrimination 

The development of a  t e x t u r e  d iscr iminat ion  measure stemmed *om 

an i n t e r e s t  i n  an a c t i v e  t a s k  which would include a de f inab le  sensory 

a c u i t y  dimension a s  w e l l  a s  t h e  requirement f o r  d i f f e r e n t i a t i o n .  That is ,  

o the r  t a s k s  assumed t h a t  u s e f u l  sensory da ta  was equal ly  a v a i l a b l e  f o r  a l l  

i nd iv idua l s  inso fa r  a s  it need only be d i f f e r e n t i a t e d .  The candidate f o r  

such a measure was t e x t u r e  s ince  d i sc r imina t ing  t e x t u r e s  depends upon 

v ib ra to ry  s e n s i t i v i t y  (Katz, 1925; Krueger, 1970; Schi f f  E Dytel l ,  1972). 

To involve sensory a c u i t y  a  measure was developed such t h a t  a s c a l e  of 

d iscr iminat ions  from 100% discr iminable  t o  50% discr iminable  was included. 

On t h e  smooth surface  o f  a  number of 2 and 1 /2  inch square blocks,  r a i s e d  

metal  d o t s  (1.5 ran. i n  diameter)  were a t tached i n  a modified random fashion.  

That i s ,  f o r  t h e  number of d o t s  being app l i ed ,  t h e  su r face  of t h e  block was 

equal ly  devided i n t o  an  equal  number of a r e a s  and wi th in  each a r e a  a dot  

was randomly placed.  This allowed f o r  an equal  d i s t r i b u t i o n  o f  d o t s  while 

a l l e v i a t i n g  equal  i n t e r v a l s  between d o t s  and avoiding simple gap-detection. 

On t h e  b a s i s  o f  p i l o t  work, 10 blocks were s e l e c t e d  ranging from 30 t o  120 

d o t s  with i n t e r v a l s  of 10 do t s .  The d iscr iminat ion  between a block of 110 

and a block of  120 d o t s  ( a  r a t i o  of  11/12) was a p p r o ~ i m ~ t e l y  50% probable, 

while t h e  d iscr iminat ion  between a block of 30 and a block of 40 (a  r a t i o  

of 3/4) was 100% probable. The only manner i n  which t o  d iscr iminate  

between s i m i l a r  blocks was t o  judge t h e  d i f fe rence  i n  o v e r a l l  t e x t u r e  of  

t h e  surfaces .  Thus, percepts  were along t h e  dimension of roughness - 
smoothness. On t h e  average,  two-point gap d i f fe rences  between adjacent  

blocks would be d i f f e r e n t  but  t h i s  only proved t o  be a d i s t i n c t i v e  f e a t u r e  

( i n  gap-detect ion) between blocks some d i s t ance  a p a r t .  

Most i n t e r e s t i n g  i n  t h e  development of  t h i s  measure was t h e  manner 

of explora t ion  used. Clear ly ,  a l l  - Ss a s  they progressed through t h e  t a s k ,  

would maintain a cons tant  r a t e  and s t y l e  of movement-scanning t h e  surface  

of  t h e  blocks with t h e i r  f i n g e r t i p s .  It can be suspected t h a t  d i f f e r e n t i a -  

t i o n  here is not  dependent s o  much on not ing  t h e  d i s t ingu i sh ing  f e a t u r e s  

of t h e  su r faces ,  per  s e ,  but  of d i f f e r e n t i a t i n g  v i b r a t i o n  produced through 

movement. This might have accounted f o r  t h e  f a c t  t h a t  a paired-comparisons 

presenta t ion  of  t h e  blocks produced b e t t e r  d i sc r imina t ions  than having - Ss 



rank o r d e r  t h e  blocks (simultaneous paired-comparisons). That is, it was 

probably e a s i e r  t o  maintain a d i f f e r e n t i a t i n g  frame of  r e fe rence  between 

two blocks than 10. I n  t h e  f i n a l  vers ion  o f  t h e  t a s k  a rank order  method 

was used merely t o  inc rease  t h e  range of  v a r i a b i l i t y  of the  measure and 

thus ,  t h e  ind iv idua l  d i f f e rences .  However, s i n c e  sensory a c u i t y  was a l s o  

involved, d iscr iminat ion  was not  imminent f o r  some - Ss while o the r s  could 

success fu l ly  rank t h e  blocks. To a l l e v i a t e  t h e  necess i ty  of consol ida t ing  

time and e r r o r ,  a  t e s t  i n t e r v a l  was sought which would fo rce  e r r o r s  f o r  t h e  

probable high a c u i t y  - Ss while s t i l l  allowing a l l  - Ss enough time t o  produce a 

rank order .  A s a t i s f a c t o r y  time of  2 and 1 / 2  minutes was found and t h e  

dependentvariable se lec ted  was e r r o r .  E r ro r  was ca lcu la ted  a s  t h e  sum of 

t h e  number of p laces  each block was removed from i t s  natul-a1 rank.  

Ss were given t h e  following i n s t r u c t i o n s :  - 
"Here a r e  two blocks on t h e  su r face  of  which a r e  r a i s e d  do t s .  One i s  t h e  
block with t h e  l e a s t  number of d o t s ,  t h e  o t h e r  has t h e  most number of do t s .  
There a r e  10 blocks a l t o g e t h e r  and your t a s k  i s  t o  put  them i n  order  from 
t h e  l e a s t  number t o  t h e  most number of do t s .  The d o t s  were appl ied  a t  
random t o  t h e  su r face  so  t h a t  d e t e c t i n g  gaps between two d o t s  w i l l  be 
misleading, e s p e c i a l l y  between blocks which f e e l  very much t h e  same. The 
b e s t  approach is t o  scan t h e  whole su r face  of each block with one o r  both 
hands and compare t h e  r e l a t i v e  amount of roughness - smoothness. You have 
2 and 1 /2  minutes t o  o rde r  them cor rec t ly . "  

Figure 4 p resen t s  t h e  d i s t r i b u t i o n  of  e r r o r s  and d e s c r i p t i v e  s t a t i s -  

t i c s  f o r  35 male - Ss.  S t a t i s t i c a l l y ,  t h e  d i s t r i b u t i o n  is  p o s i t i v e l y  skewed 

and l e p t o k u r t i c ,  suggest ing t h a t  t h e  t a s k  was t o o  easy .Surpr is ingly  however, 

e r r o r s  

6 
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Figure 4. Frequency d i s t r i b u t i o n  o f  e r r o r s  f o r  t h e  t e x t u r e  discrirn- 
i n a t i o n  t a s k ,  N=35, 

X  
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4.83 k u r t o s i s  2.43 

X  
s t d .  dev. 3.34 skewness 1.361 
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a l l  - Ss repor ted  t h a t  t h e  t a s k  was extremely d i f f i c u l t  i n s o f a r  as they could 

not judge t h e i r  success.  Like t h e  form discr iminat ion  t a s k ,  - Ss repor ted  not  

knowing on what b a s i s  they had made t h e i r  d i sc r imina t ions ,  r e l y i n g  on some 

'genera l  f e e l i n g '  t h a t  they were not  a b l e  t o  ve rba l i ze .  However, a s  requi red  



they  made very  s u c c e s s f u l  d e c i s i o n s  i n  comparison t o  what one would expect  

from t h e i r  judgements of  success  and i n  r e l a t i o n  t o  t h e  number o f  p o s s i b l e  

e r r o r s .  

For 15  of t h e  Ss  t h e  t e s t - r e t e s t  c o r r e l a t i o n  a f t e r  a  t h r e e  week - 
i n t e r v a l ,  w a s  .64. A s  expected,  t h e  mean dropped s l i g h t l y  (from 4.93 t o  

3.13) and due t o  t h e  more r e g u l a r  performance o f  two p rev ious ly  h igh  s c o r e r s ,  

t h e  s tandard  d e v i a t i o n  dropped from 2.93 t o  1.86. 

R i g i d i t y  Discr imina t ion  

I n  o r d e r  t o  involve  a  l a r g e r  k i n e s t h e t i c  component i n  a  h a p t i c  

pe rcep tua l  t a s k  and t o  a t t empt  t o  measure a p rev ious ly  unassessed a b i l i t y ,  

a measure of  t h e  d i s c r i m i n a t i o n  o f  r i g i d i t y  was developed. Of course ,  o t h e r  

measures a l s o  involved a k i n e s t h e t i c  component bu t  l a r g e l y  one which was 

r e s t r i c t e d  t o  t h e  movements o f  t h e  hands i n  a manner which d i d  no t  r e q u i r e  

much e x e r t i o n .  The hardness  o r  s o f t n e s s  o f  a  subs tance  i s ,  accord ing  t o  

Gibson (19661, "a p rope r ty  of t h e  subs tance  t h a t  is r e g i s t e r e d  when f o r c e s  

a r e  exe r t ed  on it by t h e  hand Cp.1281." S p e c i f i c a l l y ,  Harper and Stevens 

(1964) sugges t  t h a t  t h e  hardness  o r  s o f t n e s s  o f  a subs tance  i s  measured by 

t h e  h a p t i c  system a s  t h e  r a t i o  o f  t h e  f o r c e  exe r t ed  t o  t h e  amount o f  

i nden ta t ion  made. Much o f  t h e  v a r i a t i o n  between subs tances  d i f f e r i n g  i n  

r i g i d i t y  a r e  due t o  d i f f e r e n c e s  i n  s i z e  and d e n s i t y .  Since i n  t h e  develop- 

ment of  a  measure o f  r i g i d i t y  a n  a t tempt  was made t o  d e r i v e  a  d e f i n a b l e  

s c a l e ,  and s i n c e  it was d i f f i c u l t  t o  f i n d  a  subs tance  which could be v a r i e d  

s o l e l y  i n  d e n s i t y  (w i thou t  vary ing  t e x t u r e ,  e t c . ) ,  a measure was developed 

based on vary ing  s i z e .  That is ,  it was assumed t h a t  us ing  a  m a t e r i a l  o f  t h e  

same d e n s i t y  b u t  vary ing  t h i c k n e s s  one could produce v a r i a t i o n s  i n  r i g i d i t y .  

A f t e r  many a t t empt s  a s e r i e s  of  e i g h t  4 and 1 / 2  inch  square ,  po lye thylene  

foam blocks  o f  t h e  same d e n s i t y  were s e l e c t e d  which v a r i e d  i n  t h i ckness  by 

increments of  1 / 8  inch  from 1 and 1/8 inches  t o  2 inches .  Each block was 

secured i n  a 5 inch  square  wooden box wi th  t h e  base  of  each box vary ing  i n  

he ight  such t h a t  1 inch  of t h e  depth  of each foam block was above t h e  edge 

of i t s  box. Thus each of t h e  foam blocks  were of  equal  he ight  when exposed. 

The t a s k  f o r  t h e  S was t o  o r d e r  t h e  foam from t h i c k e s t  t o  t h i n e s t  based on - 
d i f f e r e n c e s  perce ived  by p r e s s i n g  i n t o  t h e  c e n t e r  o f  t h e  blocks with t h e  

f i n g e r s .  U l t ima te ly ,  t h e  t a s k  involved e x e r t i o n  o f  t h e  whole arm. 

I n  p i l o t  work wi th  t h e  measure, - Ss r epor t ed  t h a t ,  whi le  hold ing  r a t e  



of movement c o n s t a n t ,  t h e  t a s k  was one o f  no t ing  which block was "harder  

sooner",  o r  o therwise  no t ing  t h e  amount o f  i n d e n t a t i o n  made. S u r p r i s i n g l y ,  

with only  d i f f e r e n c e s  o f  1 / 8  inch  and wi th  t h e  u t i l i z a t i o n  of r a t h e r  g ros s  

motor f u n c t i o n s ,  a l l  - Ss  could o rde r  t h e  b locks  s u c c e s s f u l l y .  However, t h e r e  

were broad enough i n d i v i d u a l  d i f f e r e n c e s  i n  t ime r equ i r ed  t o  sugges t  d i f f e r -  

ences i n  a b i l i t y .  I t  was a l s o  noted t h a t  t h e  use  o f  one hand i n  making 

d i s c r i m i n a t i o n s  c o n s i s t e n t l y  l e d  t o  more d i f f i c u l t y  t han  a l t e r n a t e  o r  

s imultaneous use  o f  both hands, sugges t ing  t h e  e f f e c t s  o f  f a t i g u e .  The 

s imultaneous use  of two hands (one on one block and one on ano the r )  was 

l e s s  e f f e c t i v e  t h a n  t h e  a l t e r n a t e  u s e  o f  two hands. Th i s  suggested t h a t  

t h e  a r m s  adapt  d i f f e r e n t l y  t o  t h e  e x e r t i o n  and t h u s ,  provide d i f f e r e n t  

information wi th  regard  t o  amount of  e x e r t i o n .  - Ss were t h e r e f o r e  i n s t r u c t e d  

i n  t he  a l t e r n a t e  u se  o f  hands s i n c e  t h e r e  was no d e s i r e  t o  measure f a t i g u e  

o r  exp lo ra to ry  mode. 

I n  t h e  f i n a l  v e r s i o n  o f  t h e  measure - Ss were simply i n s t r u c t e d  t o  

o r d e r  t h e  b locks  i n  t h e  c o r r e c t  o r d e r ,  accord ing  t o  t h i ckness ,  as quick ly  

as they  could.  I n i t i a l l y ,  t hey  were given t h e  ends of  t h e  dimension as 

examples and i n s t r u c t e d  i n  manner o f  exp lo ra t ion .  F igure  5 p r e s e n t s  t h e  

d i s t r i b u t i o n  of  t imes  t o  completion and d e s c r i p t i v e  s t a t i s t i c s  f o r  35 male 

Ss.  A s  shown, two S s  took a n  excess ive ly  long  t ime sugges t ing  t h a t  f o r  some - - 
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F igure  5. Frequency d i s t r i b u t i o n  f o r  r i g i d i t y  d i s c r i m i n a t i o n  t imes ,  
30 second i n t e r v a l s ,  N=35. 
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it was d i f f i c u l t  t o  a t t e n d  t o  t h e  r e l e v a n t  in format ion .  The d i s t r i b u t i o n  

i t s e l f  is extremely l e p t o k u r t i c ,  and p o s i t i v e l y  skewed l i k e  o t h e r  measures 

r e q u i r i n g  t h e  - S t o  ' speed ' .  For 15 of t h e  - Ss  t h e  t e s t - r e t e s t  c o r r e l a t i o n  

was only  .21. S ince  t h e  mean only  v a r i e d  downward s l i g h t l y  (224.9 t o  207.2) 

and t h e  s tandard  d e v i a t i o n  remained approximately t h e  same (76.2 t o  78.51, 
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S p a t i a l  Discrimination 

A s p a t i a l  d iscr iminat ion  t a s k  was se lec ted  i n  order  t o  t a p  poss ib le  

changes i n  s p a t i a l  percept ion  a s  repor ted  by ind iv idua l s  who explored t h e  

T a c t i l e  Environment. Since no measure of h a p t i c  s p a t i a l  perception had ever  

been developed, a v i s u a l  measure was sought out  which would lend i t s e l f  t o  

hap t i c  perception.  One such measure, t h e  Ayres Space Tes t  (Ayres, 1961, 

19691, was s e l e c t e d  and p a r t s  of  it use2 f o r  t h e  present  purposes. Ayres 

(1969) c h a r a c t e r i z e s  t h e  measure a s  involving a perceptual  a b i l i t y  i n  which 

t h e  - S is t h e  o r i g i n  o r  po in t  of r e fe rence  and which r e q u i r e s  'mental '  

manipulation of  p a r t s  of t h e  st imulus p a t t e r n .  The t e s t  uses  three-dimen- 

s i o n a l  diamond and egg-shaped forms through each of which a hole  has been 

placed. Corresponding form boards have a removeable peg which may be placed 

i n  a number of pos i t ions .  On a given t r i a l ,  t h e  t a s k  i s  f o r  t h e  - S t o  s e l e c t  

a form which not  only f i t s  t h e  shape of  t h e  form board b u t  a l s o  has a hole 

i n  t h e  c o r r e c t  p o s i t i o n  corresponding t o  t h e  p o s i t i o n  of the  peg. Depending 

on what o r i e n t a t i o n  t h e  choice forms a r e  placed and on what o r i e n t a t i o n  t h e  

form board and peg a r e  placed,  t h e  - S, before  s e l e c t i n g ,  must mentally 

manipulate t h e  choice forms on t h e  h o r i z o n t a l  plane t o  determine which would 

f i t  i f  a c t u a l l y  placed i n  t h e  form board. For hap t i c  use ,  only f a m i l i a r  

diamond shaped forms were used from t h e  space t e s t  s ince  successful  manipu- 

l a t i o n  of egg-shaped forms requ i red  s k i l l e d  form perception.  Although t h e  

v i s u a l  t e s t  had a t o t a l  of 60 d i f f e r e n t  t r i a l s ,  only 1 0  were used s ince  a 

hap t i c  t e s t  with t h e  60 items requi red  a t e s t i n g  time of  approximately 50 

t o  60 minutes. 

In  t h e  hap t i c  vers ion  of t h e  Ayres Space Tes t ,  on a given t r i a l ,  

two diamond shapes were placed on an  adhesive su r face  i n  a predetermined 

o r i e n t a t i o n  d i r e c t l y  i n  f r o n t  of the - S. Ahead of  t h e  two shapes, t h e  diamond 

form board was placed with both t h e  pos i t ion  of  t h e  peg and o r i e n t a t i o n  of  

t h e  form predetermined. The - S was f i r s t  requi red  t o  explore t h e  form board 

f o r  10  seconds, not ing  t h e  p o s i t i o n  o f  t h e  peg i n  r e l a t i o n  t o  t h e  o r i en ta -  

t i o n  and shape of t h e  form. Then without r e f e r r i n g  back t o  t h e  board, t h e  

S was requi red  t o  explore t h e  two shapes, not ing  t h e  p o s i t i o n s  o f  t h e  holes  - 
and o r i e n t a t i o n ,  and without moving t h e  shapes, decide which would f i t .  

Unlike t h e  Ayres t e s t  t h e  - S was not  t o l d  of  h i s  success.  Two p r a c t i c e  t r i a l s  

were given t o  f a m i l i a r i z e  t h e  - S with t h e  t a s k ,  not ing  t o  him t h a t  only 



hor izonta l  manipulations were requi red .  A l l  - Ss were given t h e  same t r i a l s  

i n  t h e  same order .  Figure 6 provides v i s u a l  examples o f  t h e  kinds of  manip- 

u l a t i o n s  requi red .  

Figure 6 .  Top view of t h r e e  t r i a l s  of  t h e  kind used i n  t h e  s p a t i a l  
d iscr iminat ion  t a s k .  C i r c l e s  note  pos i t ion  of t h e  ho les  i n  t h e  shapes (lower 
diamonds) and f i l l e d  c i r c l e s  note  t h e  p o s i t i o n  of t h e  peg i n  t h e  form board 
(upper diamonds). On each t r i a l  t h e  S was requi red  t o  i n d i c a t e  which of the  
two lower shapes would f i t  t h e  form Goard. 

I n i t i a l l y ,  both decis ion  time and e r r o r  were determined and a n  

adjus ted  score  assigned on t h e  b a s i s  of time conversion t a b l e s  provided 

by Ayres (1969). That i s ,  decis ion  time was ca lcu la ted  f o r  each t r i a l  a s  

t h e  time taken t o  a r r i v e  a t  a  decis ion  beginning a f t e r  exp lo ra t ion  of  t h e  

form board. The sum of decis ion  times over t h e  10 t r i a l s  produced the  time 

score which was converted on t h e  b a s i s  of ass igning one point  per  25 second 

i n t e r v a l .  The converted time score  was then added t o  the  t o t a l  e r r o r s  t o  

produce t h e  adjus ted  score .  Of a l l  poss ib le  a r b i t r a r y  ways i n  which t o  com- 

bine time and e r r o r ,  t h e  Ayres weightinp scheme provided a  precedent.  

Figure 7 shows t h e  adjus ted  score  d i s t r i b u t i o n  and d e s c r i p t i v e  

s t a t i s t i c s  f o r  35 male - S s ,  higher scores  r e f l e c t i n g  poorer  performance. The 

d i s t r i b u t i o n  r e f l e c t s  s u b s t a n t i a l  ind iv idua l  d i f f e rences .  

Very c l e a r l y ,  from t h e  r e p o r t s  of - Ss,  some found t h e  t a sk  extremely 

f o r  

s t d .  dev. 4.22 

X  k u r t o s i s  
skewness X X X X  

X X X X X X X  X  X  
9 10 11 12  13 14 15 16 17 18 19 20 

adjus ted  score  
' 

Figure 7 .  Frequency d i s t r i b u t i o n  of  adjus ted  scores  ( t ime:er ror)  
s p a t i a l  d iscr iminat ion ,  N=35. 



d i f f i c u l t  whi le  o t h e r s  found it very  easy.  Unlike t h e  o t h e r  t a s k s ,  t h e r e  

was l e s s  f r u s t r a t i o n  o v e r a l l  s i n c e  it was e a s i e r  f o r  a l l  - Ss  t o  judge t h e i r  

success  without  e x t e r n a l  re inforcement .  Ss  who d id  w e l l  were appa ren t ly  - 
a b l e  t o  v e r b a l l y  code t h e  r e l e v a n t  dimensions ( eg . ,  l e f t -be low,  narrow apex) 

b u t  whether t h i s  r e s u l t e d  i n ,  o r  r e s u l t e d  from b e t t e r  d i s c r i m i n a t i o n  i s  no t  

known. 

R e t e s t i n g  15 of  t h e  - S s  a f t e r  a  t h r e e  week i n t e r v a l  produced a  

t e s t - r e t e s t  c o r r e l a t i o n  o f  .81 wi th  t h e  mean improving (from 8 .2  t o  6.7) 

and s tandard  d e v i a t i o n  remaining s u b s t a n t i a l l y  t h e  same (from 3 . 9  t o  3.5).  

Thus, t ak ing  i n t o  account  expected p r a c t i c e  e f f e c t s ,  t h e  measure appears  

very  r e l i a b l e .  With r ega rd  t o  t h e  c o n s o l i d a t i o n  o f  t ime and e r r o r ,  t h e  

c o r r e l a t i o n  between t h e  two was s i g n i f i c a n t  ( . 01  l e v e l )  a t  .55. Both 

c o r r e l a t e d  e q u a l l y  h ighly  wi th  t h e  a d j u s t e d  sco re  ( t ime ,  .85; e r r o r ,  .90) 

sugges t ing  t h a t  t ime and e r r o r  were given approximately equa l  weight .  

Hand Percept ion  

Phenomenological r e p o r t s  o f  i n d i v i d u a l s  exp lo r ing  t h e  T a c t i l e  

Environment suggested t h e  p o s s i b i l i t y  o f  some change wi th  r ega rd  t o  t h e  

sense  of  one ' s  body p o s i t i o n  and p a r t s .  Some r epor t ed  t h e  apparent  l o s s  

of  v i s u a l  connect ion of  body p a r t s .  For example, t h e  hand connected by t h e  

arm. Most r epo r t ed  a  l o s s  o f  a  sense  o f  body pe r ime te r .  That is, t h e  body 

was perceived as d i f f u s e  o r  a s  no longe r  i n t e g r a t e d  i n t o  a  whole. I t  seemed 

i n t e r e s t i n g ,  t h e r e f o r e ,  t o  develop a  measure o f  body-perception. That i nc lu -  

ded i n  a s e t  o f  h a p t i c  p e r c e p t u a l  measures should be a measure of  hand 

pe rcep t ion  is t h e o r e t i c a l l y  s e n s i b l e ,  There i s  some evidence t h a t  body 

pe rcep t ion  and t a c t i l e  pe rcep t ion  a r e  i n t e g r a t e d .  For example, Wapner, 

Werner, and Comalli (1958) showed t h a t  t a c t i l e  s t i m u l a t i o n  of  t h e  f a c e  

changed t h e  pe rcep t ion  o f  i t s  shape i n  terms o f  t h e  perce ived  d i s t a n c e  

between p a r t s .  Many s t u d i e s  on t h e  'phantom limb' suggest  t h a t  a n e u r a l  r e p r e -  

s e n t a t i o n  of  t h e  body and t a c t i l e  input  a r e  l i n k e d  ( e g . ,  Weinstein E Sersen ,  

1961; P a i l l a r d  E Brouchon, 1968).  Furthermore, body pe rcep t ion  seems involved 

wi th  pe rcep t ion  i n  gene ra l ,  f o r  example, i n  pe rcep tua l  a d a p t a t i o n  ( H a r r i s ,  

1963; Wallach, Kravi tz ,  & Lindauer,  1963) .  Whether body pe rcep t ion  has  much 

t o  do wi th  a c t i v e  touch has not  been d i r e c t l y  s t u d i e d  b u t  it seems c l e a r  

t h a t  having a  sense  of p o s i t i o n  and parxs  of t h e  body would add much t o  t h e  

pe rcep t ion  of form, e x t e n t ,  s i z e ,  e t c . ,  i n so fa r  as such pe rcep t ion  must r e l y  



on some represen ta t ion  of t h e  r e l a t i o n s h i p  of p a r t s  of t h e  body i n  order  y 
t o  r e l a t e  mul t ip le  po in t s  of s t imula t ion .  The interdependence o f  t h e  

perception of  s t imulus loca t ion  and perceived body loca t ion  i s  described 

i n  two recen t  s t u d i e s  (Gross G Melzack, 1973; Gross, personal  communication). 

F i r s t l y ,  these  s t u d i e s  found t h a t  independent of  s t imula t ion ,  p a r t s  of a 

v i s u a l l y  occluded limb were perceived a s  c l o s e r  t o  t h e  body than t ,  ~y 

a c t u a l l y  were. Localizing po in t s  of  s t i rnulat ion a l s o  showed t h e  same inward 

e r r o r .  Furthermore, when t h e  limb length  was a r t i f i c i a l l y  shortened (by 

uncomfortable s t imula t ion  a t  some po in t )  t h e r e  were concomitant changes i n  

e r r o r s  of  l o c a l i z a t i o n .  The apparatus used i n  t h e s e  s t u d i e s  i s  s i m i l a r  i n  

i n t e n t i o n  t o  t h e  one used here .  Overa l l ,  it seemed wise t o  develop some 

measure of hand perception s ince  on a l l  t h e  t a s k s  t h e  hand is involved a s  

t h e  "exploratory organ" (Gibson, 1962). However, unl ike  the  o t h e r  a r e a s  o f  

measurement d iscussed,  a measure of  hand perception would not  seem t o  f i t  

t h e  ' a c t i v e '  d e f i n i t i o n  of h a p t i c  perception.  The d i f f e r e n c e ,  though, is  

only i n  t h e  na tu re  of  t h e  t a s k  r a t h e r  than a con t rad ic t ion  i n  t h e  concept- 

u a l i z a t i o n  o f  hap t i c  perception.  That is, it is assumed t h a t  body perception ., 

i s  a r e s u l t  of t h e  i n t e g r a t i o n  of  t a c t i l e  and k i n e s t h e t i c  information. 

Unlike t h e  o the r  measures, a s  w i l l  be shown, i n  t h e  development of t h e  hand 

perception measure t h e r e  was no in te rven t ion  i n  t h e  process of  l ea rn ing  but  

r a t h e r  a q u a n t i f i c a t i o n  of  t h e  percept  i t s e l f .  Thus, a measure o f ,  s ay ,  form 

perception might have been developed by looking f o r  a change i n  t h e  percept 

of  a s i n g l e  form (poss ib ly  through d e s c r i p t i o n )  ins tead  of looking f o r  

d iscr iminatory  advances. Though such a measure might well  involve a 'pass ive '  

a c t i v i t y  a t  t h e  point  of  measurement it would be founded on an a c t i v e  pro- 

cess  -- i . e . ,  previous t a c t i l e  and k i n e s t h e t i c  i n t e g r a t i o n .  For example, such 

a process must be involved i n  delayed matching t a s k s  i n  which a memory 

represen ta t ion  of a percept  is  involved. 

The apparatus used i n  t h e  fol lowing procedure cons is ted  of a p lexi -  

g l a s s  s h e e t ,  1 foo t  by 2 f e e t ,  on which a square cent imeter ,  XY coordinate 

g r id  was imposed. The shee t  was placed over t h e  S ' s  dominant arm and was - 
posit ioned c l o s e  t o ,  but  not  touching, t h e  arm. The - S ' s  arm was pos i t ioned 

comfortably on a foam pad i n  f r o n t  of  him, but  not  f u l l y  extended such t h a t  

t h e  t i p  of  t h e  middle f inger  was on a l i n e  perpendicular  t o  t h e  sternum. The 

g r i d  was pos i t ioned such t h a t  t h e  y-axis  was approximately centered over t h e  



midl ine  o f  t h e  l eng th  o f  t h e  arm, and t h e  x-axis  ove r  t h e  w r i s t .  A s  i n  o t h e r  

measures, t h e  b l ind fo lded  S was no t  a b l e  t o  view t h e  appa ra tus .  - 
Before t h e  onse t  of  t h e  t a s k  t h e  S was i n s t r u c t e d  no t  t o  move any - 

p a r t  o f  h i s  hand o r  arm and t o  l e t  h i s  arm r e l a x .  During t h i s  t ime ,  t h e  t i p  

o f  t h e  elbow, middle of t h e  wrist, t i p  o f  t h e  thumb, t i p  of  t h e  middle f i n -  

g e r ,  t i p  o f  t h e  l i t t l e  f i n g e r ,  and middle of  t h e  palm were s igh ted  through 

t h e  c l e a r  s h e e t  and marked on t h e  g r i d .  During t h e  t a s k  t h e  - S was i n s t r u c t e d  

t o  p o i n t  wi th  h i s  o t h e r  index f i n g e r  t o  p o i n t s  on t h e  panel  d i r e c t l y  above 

where he judged t h e  t i p  o f  t h e  thurnb,etc. ,  t o  be loca t ed .  On each p o i n t i n g  

t r i a l ,  t h e  S was i n s t r u c t e d  t o  r e t u r n  h i s  o t h e r  arm t o  t h e  t a b l e  t o p  and not  - 
t o  exp lo re  t h e  appara tus .  I n  random o r d e r ,  t h e  - S was r equ i r ed  t o  p o i n t  t h r e e  

t imes  t o  t h e  s i x  l o c a t i o n s .  Each perce ived  p o i n t  was marked on t h e  g r i d .  

For each o f  t h e  p o i n t s  each S ' s  average coord ina t e s  were c a l c u l a t e d  - 
and p l o t t e d  wi th  t h e  corresponding p l o t  of  t h e  ' r e a l '  a r m  and hand. I n  f u r t h e r  

work with t h e  d a t a  t h e  elbow coord ina t e s  were n o t  used except  f o r  r e p o s i t i o n -  

i ng  t h e  arm on repea ted  t e s t i n g  and f o r  drawing a schema of t h e  r e a l  and 

perceived arm f o r  - S s '  l a t e r  viewing. 

A s  a  measure o f  gene ra l  accuracy of pe rcep t ion ,  t h e  abso lu t e  d i s -  

t ances  between corresponding r e a l  and perce ived  p o i n t s  were summed. A s  a  

measure o f  t h e  percept ion  o f  l a t e r a l  p o s i t i o n  o f  t h e  hand, t h e  sum of  d i f -  

f e r ences  between corresponding x coord ina t e s  were summed, and t h e  sum of 

d i f f e r e n c e s  between r e a l  and perceived y coo rd ina t e s  were c a l c u l a t e d  a s  a 

measure of  e r r o r  of ex tens ion .  S ince ,  f o r  example, an  unusual ly  l a t e r a l l y  

d i sp l aced ,  perceived l i t t l e  f i n g e r  and,  s a y ,  c o n t r a l a t e r a l l y  d i sp l aced  

thumb would produce an x-dimension s c o r e  r e f l - e c t i n g  l ack  of  x-ax is  d i sp l ace -  

ment, a  f o u r t h  measure was developed t o  no te  t h e  d i s p e r s i o n  o f  hand p a r t s .  

Very s imply,  f o r  both r e a l  and perceived p o i n t s  a f i g u r e  was formed by 
, 

j o in ing  wi th  a l i n e  t h e  wrist, thumb, middle f i n g e r ,  and l i t t l e  f i n g e r  

p o i n t s .  The i n s i d e  a r e a  o f  t h e s e  r e a l  and perce ived ,  four -s ided  f i g u r e s  was 

measured wi th  a  p lan imeter .  The measure of d i s p e r s i o n  was taken  a s  t h e  

d i f f e r e n c e  between r e a l  and perce ived  a r e a s .  

F igures  8 ,  9 ,  1 0 ,  and 11 p r e s e n t  s c o r e  d i s t r i b u t i o n s  and d e s c r i p t i v e  

s t a t i s t i c s  f o r  t h e  performance of  35 male - Ss on accuracy ,  l a t e r a l  d i sp l ace -  

merit (x-scores) ,  ex tens ion  (y - sco res ) ,  and d i s p e r s i o n ,  o f  perceived hand 

r e l a t i v e  t o  t h e  r e a l  hand. A l l  bu t  s i x  Ss perceived t h e i r  hand t o  ' e  much - 
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F igure  8. Frequency d i s t r i b u t i o n  f o r  g e n e r a l  accuracy  s c o r e s  f o r  
pe rcep t ion  o f  t h e  hand, 5 cen t ime te r  i n t e r v a l s ,  N=35. 

F igure  9.  Frequency d i s t r i b u t i o n  f o r  pe rcep t ion  o f  l a t e r a l  p o s i t i o n  
o f  hand p a r t s  (x - sco re s ) ,  5 c en t ime te r  i n t e r v a l s ,  N=35. 
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Figure  10. Frequency d i s t r i b u t i o n  f o r  pe rcep t ion  o f  ex t ens ion  o f  
hand p a r t s  (y - sco re s ) ,  5 cen t ime te r  i n t e r v a l s ,  N=35. 

! 4 
@ 3 

g 2  
"'1 

6 mean 

e n  X X X X X  
9 X  X X X X X X  X  X  
1 X  X  X X X X X X X  X  X  

- 6 - 5 - 4 - 3 - 2 - 1  0 1 2  3 4 5 6 7 8 9 
square  i nches  

X  X  X  X  X  s t d .  dev. 15.86 skewness -.07 
X  X  X  X  X  X  

X  X  X  X  X X X X  
X X X X X X X X X X X X X  

Figure  11. Frequency d i s t r i b u t i o n  f o r  pe rcep t ion  o f  t h e  d i s p e r s i o n  
of hand p a r t s  ( a r e a  s c o r e ) ,  square  i nch  i n t e r v a l s ,  N=35. 
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l e s s  extended than  it r e a l l y  was and a l l  bu t  s i x  - Ss  ( n o t  t h e  same s i x )  

perceived t h e i r  hand t o  be  s m a l l e r  i n  a r e a  t han  t h e i r  r e a l  hand ( a s  r e f l e c t e d  

i n  s c o r e s ) ,  some as much a s  8 t o  9 square  i nches  sma l l e r .  



Table 1 

C o r r e l a t i o n s :  Hand Percept ion  Var i ab le s  

1 2 3 t e s t - r e t e s t  

1. Accuracy .76 
2.  X-score -.63 .71 
3 .  Y-score .72 -.17 .67 
4. Dispers ion  .11 -.17 - . I8  .85 

From t h e  c o r r e l a t i o n s  o f  Table 1 can be noted t h e  r e l a t i o n s h i p s  of 

t h e  f o u r  hand pe rcep t ion  measures. The r e l . a t i onsh ip  of  x- and y-dimension 

e r r o r s  i s  non- s ign i f i can t  sugges t ing  t h a t  l a t e r a l  displacement  occurs  inde- 

pendent of  ex t ens ion  e r r o r s ,  and t h e  r e l a t i o n s h i p  of  d i s p e r s i o n  t o  a l l  t h e  

measures i s  a l s o  non- s ign i f i can t .  Both x- and y-dimension s c o r e s  a r e  s i g n i f -  

i c a n t l y  r e l a t e d  ( .01  l e v e l )  t o  t h e  accuracy s c o r e s  however, a s  one might 

expect .  A s  shown i n  Table 1, t e s t - r e t e s t  c o r r e l a t i o n s  from 15  o f  t h e  - Ss 

(Ss '  - arms were r ep l aced  i n  t h e  o r i g i n a l  p o s i t i o n  du r ing  t h e  r e t e s t )  i n d i c a t e  

t h a t  t h e  measures a r e  g e n e r a l l y  r e l i a b l e  and show t h a t  body pe rcep t ion  is 

a s t a b l e  occurence. 

To determine whether hand pe rcep t ion  was dependent on a c t u a l  hand 

parameters ,  a  number of  dimensions were c a l c u l a t e d  which approximately cor -  

responded t o  t h e  measures taken .  Thus, whether a c t u a l  breadth  of  t h e  hand 

(thumb t o  l i t t l e  f i n g e r )  might i n f luence  x-dimension pe rcep t ions ,  whether 

a c t u a l  l e n g t h  of  t h e  arm (elbow t o  middle f i n g e r )  might i n f luence  y-dimension 

pe rcep t ions ,  whether a c t u a l  a r e a  of  t h e  hand might i n f luence  perceived d i s p e r -  

s i o n ,  and whether a l l  t h r e e  might i n f luence  o v e r a l l  accuracy was o f  i n t e r e s t  

i n  o r d e r  t o  i n s u r e  t h a t  i n d i v i d u a l  d a t a  would be approximately on t h e  same 

s c a l e .  O f  cou r se ,  implied i n  t h e  c a l c u l a t i o n  o f  t h e  dependent v a r i a b l e s  i s  a 

c o r r e c t i o n  ( through s u b t r a c t i o n )  f o r  t h e  r e a l  dimensions. C l e a r l y ,  comparisons 

wi th  corresponding parameters  f o r  x- and y-dimensions and f o r  d i s p e r s i o n  were 

non- s ign i f i can t  ( .05  l e v e l )  wi th  c o r r e l a t i o n s  o f  - .17, .31, and .14 r e s p e c t i v e  

l y .  To determine in f luences  on accuracy s c o r e s ,  a  m u l t i p l e  r e g r e s s i o n  was 

computed wi th  t h e  accuracy s c o r e s  a s  c r i t e r i o n  and a c t u a l  x ,  y ,  and d i s p e r s i o n  

parameters  as p r e d i c t o r s .  None of  t h e  parameters  s i g n i f i c a n t l y  p red ic t ed  t h e  

accuracy s c o r e s  e i t h e r  i n d i v i d u a l l y  o r  i n  combination ( .05 l e v e l ) .  Thus, t h e  

hand pe rcep t ion  measure is appa ren t ly  not  dependent on a c t u a l  body dimensions. 

Re la t ionsh ips  among Measures 

Table 2 p r e s e n t s  t h e  c o r r e l a t i o n  ma t r ix  f o r  t h e  d a t a  co l l . ec ted  from 



Table 2 

Cor re l a t ion  Matrix: Haptic  Measures 

Form Texture Space S ize  R i g i d i t y  

35 male Ss - 
above, t h e  

and i n  t h e  

Texture .23 
Space .25 .27 
S i z e  -24 .27 .47 
R i g i d i t y  .25 .57 .32 .31 
X-score -.05 .06 -.I5 -.35 -.05 
Y-score .10 .09 .23 .01 .ll 
Dispersion .31 .24 -. 07 .12 .08 
Accuracy .10 .16 .16 .16 .08 

who were 18 t o  30 y e a r s  o f  age .  Although d i scussed  independent ly 

measures were given t o g e t h e r  t o  each S under t h e  same cond i t i ons  - 
same o rde r .  The i n t e r c o r r e l a t i o n s  among hand pe rcep t ion  v a r i a b l e s  

were d i scussed  above (Table 1 )  and a r e  omi t ted  from Table 2. From t h e  r e s u l t s  

o f  Table 2 it is apparent  t h a t  t h e  measures are f o r  t h e  most p a r t  independent 

o f  one another .  However, t h e  i n t e r n a l  cons i s t ency  o f  t h e  b u t t e r y  is .71 

seemingly because they  a r e  independent measures o f  t h e  same t h i n g .  Varimax 

r o t a t e d  f a c t o r  l oad ings  were obta ined  which suppor t  t h i s  conclusion (Table 31, 

though t h e  i n t e r p r e t a t i o n  of t h e  r e s u l t s  i s  l i m i t e d  both  by t h e  number o f  - Ss 

and v a r i a b l e s  involved a s  w e l l  a s  t h e  p o s s i b l e  predetermined n a t u r e  of  t h e  

s e p a r a t i o n  o f  d i s c r i m i n a t i o n  v a r i a b l e s  from hand pe rcep t ion  v a r i a b l e s  i n t o  

s e p a r a t e  f a c t o r s  a s  shown i n  Table 3. That i s ,  only  one v a r i a b l e  e x i s t s  f o r  

each o f  t h e  d i sc r imina t ion  measures whi le  f o u r  e x i s t  f o r  t h e  hand percept ion  

measure which poss ib ly  weights  t h e  r e s u l t s  i n  f a v o r  o f  two s e p a r a t e  f a c t o r s .  

Fac to r s  r e t a i n e d  f o r  r o t a t i o n  were those  wi th  un ro ta t ed  e igenvalues  g r e a t e r  

Table 3 

Two Fac tor  Varimax Rota t ion :  
Fac to r  Loadings 

Fac to r  1 2 

Form 
Texture 
Space 
S ize  
R j  ~ i d i t y  
X-score 
Y-score 
~ i s p e r s i o n  
Accuracy 

I n t e r n a l  Consis tency . 6 2  .57 



t han  u n i t y  (u s ing  u n i t y  i n  t h e  d i agona l )  and i n t e r n a l  c o n s i s t e n c i e s  g r e a t e r  

than  .4O. Although four  f a c t o r s  had e igenvalues  g r e a t e r  than  u n i t y ,  t h e  i n t e r -  

n a l  c o n s i s t e n c i e s  were only  . 2 3  and .07 f o r  t h e  l a s t  two f a c t o r s .  From t h e s e  

r e s u l t s  and from t h e  low c o r r e l a t i o n s  between hand percept ion  and d iscr imina-  

t i o n  s c o r e s  t h e r e  is l i t t l e  evidence t o  sugges t  t h a t  t hey  a r e  r e l a t e d .  Although 

only  s i g n i f i c a n t l y  c o r r e l a t e d  a t  t h e  .06 l e v e l ,  t h e  d i s p e r s i o n  v a r i a b l e  appears  

t o  bea r  some r e l a t i o n  t o  form d i s c r i m i n a t i o n .  I t  a l s o  loads  more h igh ly  on t h e  

f a c t o r  which r e p r e s e n t s  d i sc r imina t ion  measures. To some e x t e n t ,  t h e  sma l l e r  

t h e  perceived hand is r e l a t i v e  t o  t h e  r e a l  hand, t h e  worse t h e  d i sc r imina t ion  

of  form. A t  t h e  .05 l e v e l  o f  s i g n i f i c a n c e ,  hand x-dimension e r r o r s  a r e  nega- 

t i v e l y  r e l a t e d  t o  s i z e  d i s c r i m i n a t i o n  s c o r e s .  S ince  x-scores  nega t ive ly  

inc reased ,  t h i s  is a d i r e c t  r e l a t i o n s h i p  sugges t ing  t h a t  t h e  more l a t e r a l l y  

d i sp l aced  t h e  perceived hand, t h e  worse t h e  d i s c r i m i n a t i o n  o f  s i z e .  A p o s s i b l e  

explana t ion  f o r  t h i s  occurence is t h e  inadequacy o f  t h e  s i z e  measure. 

The s i g n i f i c a n t  c o r r e l a t i o n  o f  t e x t u r e  and r i g i d i t y  d i s c r i m i n a t i o n  

s c o r e s  ( . 01  l e v e l )  makes l i t t l e  sense  from what is o v e r t l y  r equ i r ed  o f  t h e  - S ,  

though t h e  a b i l i t i e s  r equ i r ed  may sha re  some h ighe r  l e v e l  of  procensing.  Both 

t a s k s  involve  ranking  b u t  i f  t h i s  accounted f o r  t h e  shared  va r i ance  then  one 

would expect  both t o  be c o r r e l a t e d  wi th  t h e  s i z e  d i s c r i m i n a t i o n  t a s k .  However, 

t h e  s i z e  t a s k  involve: t h e  i n t e g r a t i o n  of  f i n g e r  p o s i t i o n s  and movements while  

r i g i d i t y  and t e x t u r e  d i s c r i m i n a t i o n s  involve ,  among o t h e r  t h i n g s ,  no t ing  d i f -  

f e r ences  i n  cutaneous p re s su re .  The s i g n i f i c a n t  c o r r e l a t i o n  of  s p a t i a l  and 

s i z e  d i s c r i m i n a t i o n  ( . 0 1  l e v e l )  is  more accountable  s i n c e  sepa ra t e  c o r r e l a t i o n s  

with t h e  t ime and e r r o r  s c o r e s  of  t h e  s p a t i a l  t e s t  r evea l ed  t h a t  on ly  t ime 

s i g n i f i c a n t l y  c o r r e l a t e d  with s i z e  d i s c r i m i n a t i o n  s c o r e s  ( r = . 5 0 ,  . O 1  l e v e l ) .  

I t  w a s  hoped t h a t  t ime would r e f l e c t  d i sc r imina to ry  s t r e n g t h  b u t  s i n c e  t h e  

s i z e  and s p a t i a l  d i s c r i m i n a t i o n  t a s k s  probably do n o t  r e q u i r e  t h e  same a b i l i -  

t i e s ,  t hey  seem only  t o  be  r e l a t e d  wi th  i n d i v i d u a l  ' r a t e s  o f  a c t i v i t y ' .  

The E f f e c t  o f  Haptic  Experience on Haptic  Percept ion  

I n  o r d e r  t o  determine t h e  e f f e c t s  of  e x p l o r a t i o n  i n  t h e  T a c t i l e  

Environment on h a p t i c  pe rcep t ion ,  t h e  fo l lowing  procedure was i n i t i a t e d .  

F i r s t l y ,  a l though it was important  t o  apply measures o f  h a p t i c  percept ion  

t o  Ss a f t e r  e x p l o r a t i o n ,  some frame of r e f e r e n c e  f o r  determining change was - 
r equ i r ed .  The wide v a r i a b i l i t y  between S s  suggested t h a t  a  comparison t o  a - 
normative group would no t  be u s e f u l  s i n c e  a  g r e a t  number o f  Ss would be - 



necessary  t o  be s u r e  t h a t  such a  group was r e p r e s e n t a t i v e .  A s  w e l l ,  a  simple 

between groups comparison ( h a p t i c  ve r sus  normal expe r i ence )  might c e r t a i n l y  

mask i n t r a - i n d i v i d u a l  changes.  I t  was impor t an t ,  t h e r e f o r e ,  t o  a r r ange  t h e  

procedure such t h a t  each - S a c t e d  as h i s  own comparison. This  n e c e s s i t a t e d  

t h e  a p p l i c a t i o n  o f  b a s e l i n e ,  o r  p re -exper imenta l ,  measurements and t h e  

a d d i t i o n  o f  a c o n t r o l  group t o  provide in format ion  on v a r i a b i l i t y  due t o  

p r a c t i c e .  Also,  s i n c e  t h e r e  may have been l i m i t s  t o  t h e  r ance  o f  v a r i a b i l i t y  

f o r  t h e  measures,  i n i t i a l  a p p l i c a t i o n  o f  t h e  measures might be  expected t o  

produce some optimum change through p r a c t i c e .  Therefore ,  i n i t i a l  measurement 

was c a r r i e d  o u t  t h r e e  t o  f i v e  weeks p r i o r  t o  experimental  t e s t i n g  t o  a l low 

f o r  some e x t i n c t i o n  of  acqu i r ed  e x p l o r a t o r y  s k i l l ,  e tc . .  However, s i n c e  t h e r e  

is  much evidence t o  sugges t  t h a t  pe rcep tua l  l e a r n i n g  is appa ren t ly  n o t  

ex t ingu i shab le  ( eg . ,  Gibson, 19691, t h e r e  may have been no l o s s  i n  t h i s  r ega rd .  

The ques t i on ,  t h e r e f o r e ,  o f  whether exper ience  i n  t h e  Environment 

would produce pe rcep tua l  c h a n ~ e  was answered by comparing a  group 1:ith normal 

exper ience  t o  a  proup wi th  h a p t i c  exper ience  i n  t h e  Environment p r i o r  t o  a  

second t e s t i n g .  I t  was cons idered  premature t o  exper imenta l ly  i s o l a t e  t h e  many 

environmental v a r i a b l e s  t h a t  could be c a u s a l l y  involved ( f o r  example, t h e  

e f f e c t s  o f  darkness  a l o n e  o r  v a r i e d  t a c t u a l  s t i m u l a t i o n  a l o n e )  without  f i r s t  

knowing whether t h e r e  would be  change a t  a l l .  Also,  t h e  concern was wi th  t h e  

e f f e c t s  o f  h a p t i c  exper ience  which, a s  d e f i n e d ,  is enhanced by t h e  i n c l u s i o n  

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

Sub jec t s .  T h i r t y  male s t u d e n t s  from Simon F r a s e r  Un ive r s i t y  were acqui red  a s  

S s ,  who ranged from 1 8  t o  30 y e a r s  o f  age.  Ss  were randomly ass igned  t o  e i t h e r  - - 
experimental  o r  c o n t r o l  group,  15 i n  each group. 

Procedure.  Throughout t h e  experiment - Ss  were n o t  allowed t o  view t h e  t e s t i n g  

m a t e r i a l s  and were discouraged from having any e x p e c t a t i o n s  wi th  r ega rd  t o  

t h e  r e s u l t s .  They were t o l d  t h a t  t h e  purpose o f  t h e  s tudy  was t o  f i n d  o u t  

"what happens" and t h a t  t h e r e  were no experimental  expec t a t i ons .  

Tes t  d a t a  were c o l l e c t e d  wi th  Ss  b l i nd fo lded  and s i t t i n g  comfortably - 
be fo re  a  t a b l e .  Each - S du r ing  each t e s t i n g  s e s s i o n  r ece ived  a l l  o f  t h e  measures 

i n  t h e  same o r d e r  t o  main ta in  cons t an t  l e a r n i n g  cond i t i ons .  Given no evidence 

a s  t o  t h e  e f f e c t  of o r d e r ,  t h e  o r d e r  o f  p r e s e n t a t i o n  was s e l e c t e d  a r b i t r a r i J y  

and was: hand p e r c e p t i o n ,  s i z e ,  s p a t i a l ,  t e x t u r e ,  form, and r i g i d i t y  d i sc r im-  

i n a t i o n .  T o t a l  t e s t i n g  t ime was 45 t o  50 minutes  f o r  each s e s s i o n .  



Af te r  t h e  i n t e r - t e s t  i n t e r v a l  c o n t r o l  Ss  were simply r e t e s t e d  under - 
t h e  same cond i t i ons .  Experimental Ss  were r e q u i r e d  t o  explore  t h e  T a c t i l e  - 
Environment p r i o r  t o  r e t e s t i n g .  Cont ro l  and experimental  - Ss were matched 

with regard  t o  l eng th  of i n t e  - t e s t  i n t e r v a l .  Experimental - Ss  were g iven  

t h e  fol lowing i n s t r u c t i o n s  and were r equ i r ed  t o  remove a t  l e a s t  t h e i r  f o o t -  

wear and s h i r t :  

" In  t h e  Environment you w i l l  e s s e n t i a l l y  exper ience  b l indness .  I t  w i l l  be 
necessary f o r  you t o  r e l y  on  o t h e r  s enses  f o r  d i r e c t i o n  and p o s i t i o n .  A s  
soon a s  you e n t e r  t h e  Environment you w i l l  have t o  ' f e e l '  your way. I t  is  
completely s a f e .  Although much o f  t h e  Environment w i l l  r e q u i r e  you t o  crouch,  
t h e r e  is a s  much o f  t h e  Environment i n  which you can  walk f r e e l y .  A t  any 
po in t  i n  t h e  Environment t h e r e  is always a n  e x i t  which is d i f f e r e n t  i n  
q u a l i t y  t h a n  t h e  en t rance  t o  t h a t  p o i n t .  Experiment wi th  your p o s i t i o n .  
Search o u t  new sensa t ions .  Your purpose is  t o  explore  t h e  Environment 
thoroughly. " 

Ss  were a l s o  t o l d  t h a t  t h e  Environment was monitored throughout  and t h a t  - 
they  would only  be t a l k e d  t o  once a t  t h e  beginning ( t o  check whether t h e  

i n i t i a l  a n x i e t y  was overcome) and once a t  t h e  end of  t h e  exposure time when 

they  would be asked t o  r e t u r n  t o  t he  en t r ance .  On t h e  b a s i s  o f  e a r l i e r  re- 

p o r t s ,  two hours  o f  e x p l o r a t i o n  was s e l e c t e d  as t h e  maximum time r equ i r ed  

s h o r t  o f  exper ienc ing  f a t i g u e  b u t  l ong  enough t o  a l low each - S t o  thoroughly 

explore  t h e  Environment. During t h i s  t ime - Ss were i n s t r u c t e d  not t o  s l e e p  

and not  t o  remain pas s ive  f o r  more than  a few minutes a t  a t ime,  b u t  c e r t a i n -  

l y  n o t  t o  e x e r t  themselves.  During e x p l o r a t i o n  - Ss were c l o s e l y  monitored t o  

be s u r e  t h a t  t hey  explored every p a r t  o f  t h e  Environment and d i d n ' t  encoun- 

t e r  any problems. A t  t h e  end of  t h e  two hour per iod  t h e  - S was i n s t r u c t e d  t o  

r e t u r n  t o  t h e  en t rance  where, be fo re  l e a v i n g  t h e  Environment, he was b l ind -  

fo lded .  Thus, f o r  t h e  experimental  - Ss t h e r e  was no v i s u a l  experience from 

t h e  time they  en te red  t h e  Environment t o  t he  end o f  t h e  t e s t i n g .  

For both experimental  and c o n t r o l  - S s ,  a t  t h e  t e rmina t ion  o f  t h e  r e -  

t e s t  s e s s i o n  a s e r i e s  o f  ques t ions  were asked wi th  regard  t o  the  mot iva t iona l  

cond i t i ons  surrounding t h e  experiment.  For example, que,tions were asked 

r ega rd ing  outcome expec ta t ions ,  s t a t e s  of a r o u s a l ,  and gene ra l  experience 

with t h e  t e s t s .  This  was done i n  l i g h t  of  evidence presented  by Suedfeld 

(1969) who sugges t s  t h a t  " a n t i c i p a t i o n ,  i n s t r u c t i o n a l  s e t ,  and r o l e  p lay ing  

by experimenter  and by s u b j e c t "  may e f f e c t  r e s u l t s  e s p e c i a l l y  i n  experiments 

where some form of d e p r i v a t i o n  is in t roduced .  



Resu l t s .  Data f o r  each measure w a s  analyzed s e p a r a t e l y  and t h e  a n a l y s i s  

conducted wi th in  t h e  framework of t h e  penera l  l i n e a r  model (Mendenhall, 

1968).  That i s ,  it is assumed t h a t  w i t h i n  each group (experimental  and 

c o n t r o l )  t h a t  a  l i n e a r  model i s  s u f f i c i e n t  t o  account  f o r  t h e  d a t a .  I t  i s  

hypothesized t h a t  s c o r e s  on t h e  c r i t e r i o n  t e s t  ( r e t e s t )  can  be expressed 

as a  l i n e a r  func t ion  o f  t h e  i n i t i a l  t e s t .  Therefore ,  f o r  c o n t r o l  ( c )  and 

experimental  ( e )  groups,  

and 

where Q is  t h e  c r i t e r i o n  s c o r e ,  X is t h e  i n i t i a l  performance s c o r e ,  and a 

and B t h e  s lope  and i n t e r c e p t  r e s p e c t i v e l y .  O f  major i n t e r e s t  is whether 

t h e  parameters  o f  t h e  l i n e a r  r e l a t i o n s  d i f f e r  between groups. That  i s ,  a  

comparison between a and a would a s c e r t a i n  t h e  main e f f e c t  f o r  'group'  
e  c 

and a comparison between Be and B would a s c e r t a i n  t h e  e f f e c t  o f  i n i t i a l  
C 

t e s t i n g .  Th i s  comparison can  be made by a s s ign ing  group membership va lues  

f o r  each person and c r e a t i n r  a group membership v a r i a b l e  G .  The model f o r  

t h e  r e g r e s s i o n  becomes: 

7 = B o  + B I G  t B2X + B3(GX) 

where a = B O  
C 

a = (Bo + B1) = ac + B1 e  

Be = (B2 + 83) = Bc + 83 

where $0 i s  a  cons t an t  

and 81, B2, B3 a r e  weights  

app l i ed  t o  G ,  X ,  and GX v a r i a b l e s  r e s p e c t i v e l y ,  

where G = 0 f o r  c o n t r o l s  
= 1 f o r  exper imenta ls  

GX = i n t e r a c t i o n  (group by i n i t i a l  
performance) . 

A t e s t  o f  $1 ( a  t e s t  of t h e  s i g n i f i c a n c e  from 0)  is t h u s  a t e s t  of t he  

d i f f e r e n c e  between ae and a and 82 is a  r e g r e s s i o n  weight app l i ed  t o  i n i -  c ' 
t i a l  performance f o r  a l l  - S s ,  and a  t e s t  of B 3  is a  t e s t  o f  t h e  d i f f e r e n c e  

between Be and Bc o r  a d i f f e r e n c e  above and beyond t h e  c o n t r o l  group. 

Although t h i s  is t h e  f u l l  model f o r  t h e  r e g r e s s i o n  of  y  on x ,  it may not 



be t h e  b e s t  model s i n c e  some of  t h e  terms i n  t h e  r e g r e s s i o n  may not  be 

s i g n i f i c a n t .  That i s ,  one looks  f o r  a  model i n  which a l l  r e g r e s s i o n  weights  

a r e  s i g n i f i c a n t l y  d i f f e r e n t  from 0 and,  g iven  o t h e r  models i n  which a l l  

terms a r e  s i g n i f i c a n t ,  then  s e l e c t s  t h e  model which has  t h e  minimum est ima- 

ted  sum o f  squared e r r o r s  a s  r e f l e c t e d  i n ,  s ay ,  a  h ighe r  es t imated  mul t ip l e  

c o r r e l a t i o n .  For example, t h e  b e s t  nodel  may only  inc lude  t h e  i n i t i a l  

performance term such t h a t  7 = 60 + B 2 X .  Since t h e r e  i s  no i n t e r a c t i o n  term 

then  B 3  = 0 and where i n  t h e  f u l l  model Be = B 2  + 83, now Be = 62, and t h e  

model is  i n t e r p r e t e d  a s  t h e  r e g r e s s i o n  o f  y  on i n i t i a l  performance f o r  both 

groups. 

The purpose of  t h e  m u l t i p l e  r e g r e s s i o n  i n  t h e  fo l lowing  was t o  

determine f o r  each o f  t h e  measures which model b e s t  accounted f o r  t h e  d a t a  

and t h u s ,  which i n t e r p r e t a t i o n  could be placed upon performance. Tables  4 

through 1 2  con ta in  t - s c o r e s  f o r  t h e  s i g n i f i c a n c e  of  r e g r e s s i o n  weights  f o r  

a l l  p o s s i b l e  models and t h e i r  degrees  o f  freedom. Also shown a r e  ' c o r r e c t e d '  

m u l t i p l e  c o r r e l a t i o n s  ( s i n g l e - s h r u ~ k e n  m u l t i p l e  c o r r e l a t i o n s )  which r ep re -  

s e n t  a  b e t t e r  e s t ima te  o f  popu la t ion  m u l t i p l e  c o r r e l a t i o n s  co r r ec t ed  f o r  

degrees  o f  freedom t o  a l low f o r  more a c c u r a t e  comparison o f  models vary ing  

i n  number o f  terms. Beta weights  f o r  experime;,tal  group r e g r e s s i o n  (B ) a r e  e  
shown only  where r e l e v a n t  s i n c e ,  a s  d i scussed  above, such a  weipht does no t  

d i f f e r  from Bc when t h e  i n t e r a c t i o n  term (83)  is n o t  s i g n i f i c a n t  ( n o t  i nc lu -  

ded i n  t h e  model). Table 1 3  c o n t a i n s  d e s c r i p t i v e  s t a t i s t i c s  f o r  a l l  compari- 

sons .  

For form d i s c r i m i n a t i o n  d a t a  Table 4 shows t h a t  on ly  t h e  i n i t i a l  

performance term i s  s i g n i f i c a n t  i n  t h e  eva lua t ion  o f  t h e  f u l l  model ( a l l  

t h r e e  terms inc luded) .  Dele t ing  t h e  i n t e r a c t i o n  term a s  t h e  lowest  non-sig- 

n i f i c a n t  term and eva lua t ing  t h e  new model shows t h a t  t h e  group membership 

term remains non- s ign i f i can t ,  Dele t ing  t h e  group membership term and then  

eva lua t ing  t h e  model wi th  only  t h e  i n i t i a l  performance term included shows 

t h a t  it remains s i g n i f i c a n t  and is t h e  b e s t  model f o r  t h e  r e g r e s s i o n  o f  y  

on x .  The same is t r u e  f o r  t e x t u r e  and r i g i d i t y  d i s c r i m i n a t i o n  d a t a  (Tables  

5 and 6 )  showing t h a t  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  c r i t e r i o n  

performances between experimental  and c o n t r o l  - Ss t a k i n g  i n t o  account i n i -  

t i a l  performance and d i f f e r e n c e s  between groups i n  i n i t i a l  performance, 

However, t h e  b e s t  model i n  each c a s e  i n d i c a t e s  t h a t  i n i t i a l  performance 



Table 4 

Multiple Remession: Form Discrimination 

Predictors t -values 

Group membership .16 1.93 .69 .15 
Initial performance 2.27:: 3.15%: 3 .13$: 3.119: 
Interaction .12 1.93 .70 .36 

Corrected multiple r .43 .25 .46 .46 .48 .OO .OO 
Degrees of freedom 2 6 27 27 27 28 2 8 2 8 

;':PC -05 

Table 5 

Multiple Regression: Texture Discrimination 

Predictors t -values 

Group membership .80 .62 .72 .73 
Initial performance 2.10:: 2.659: 1.95 2.69;$ 
Interaction .49 1.67 .33 1.74 

Corrected multiple r .37 .21 .40 .39 .42 ,00 .26 
Degrees of freedom 26 27 27 27 28 2 8 28 

Table 6 

Multiple Regression: Rigidity Discrimination 

Predictors t -values 

Group membership .18 1.53 .52 .14 
Initial performance ,87 2.142: 1.77 2.10* 
Interaction .20 1.91 .49 1 .14 

Corrected multiple r .22 .24 .29 .28 .33 .00 .10 
Degrees of freedom 26 27 27 27 2 8 2 8 28 

Table 7 

Multiple Regression: Size Discrimination 

Predictors t -values 
-- 

Group membership .73 .60 .96 .13 
Initial performance .88 1.18 1.06 1.19 
Interaction .14 .79 .16 .52 

Corrected multiple r .OO .00 .00 .00 .12 .00 .OO 
Degrees Of freedom 26 27 27 2 7 2 8 28 . 28 



s i g n i f i c a n t l y  p red ic t ed  c r i t e r i o n  performance. 

For t h e  a n a l y s i s  of s i z e  d i s c r i m i n a t i o n  d a t a  t h e  r e s u l t s  of  Table 7 

i n d i c a t e  t h a t  no model is s u f f i c i e n t  t o  account  f o r  t h e  d a t a .  That i s ,  c r i -  

t e r i o n  performance is  unpred ic t ab le .  

The r e s u l t s  o f  Table 8 f o r  t h e  a n a l y s i s  o f  s p a t i a l  d i s c r i m i n a t i o n  

d a t a  i n d i c a t e s  t h a t  on ly  i n i t i a l  performance i s  s i g n i f i c a n t  i n  t h e  evalua-  

t i o n  of  t h e  f u l l  model. I n  d e l e t i n g  e i t h e r  non- s ign i f i can t  te rm,  i n i t i a l  

performance remains s i g n i f i c a n t ;  t h e  b e s t  model be ing  t h e  one which inc ludes  

only  t h e  i n i t i a l  performance term. That is ,  though t h e  model wi th  group mem- 

be r sh ip  and i n t e r a c t i o n  terms and t h e  model wi th  only  t h e  i n t e r a c t i o n  term 

a r e  s i g n i f i c a n t ,  it is c l e a r  t h a t  t h e s e  p r e d i c t i o n s  were p r i m a r i l y  due t o  

t h e  i n i t i a l  performance component s i n c e  t h e  i n c l u s i o n  of t h i s  term i n  t h e  r e -  

g r e s s i o n s  produced non-s igni f icance  o f  t h e  o t h e r  terms.  This  i s  supported 

by t h e  f a c t  t h a t  t h e  m u l t i p l e  c o r r e l a t i o n  is h ighe r  f o r  t h e  model i nc lud ing  

only  t h e  i n i t i a l  performance term. Thus, f o r  s p a t i a l  d i s c r i m i n a t i o n  d a t a  

i n i t i a l  performance s i g n i f i c a n t l y  p r e d i c t s  c r i t e r i o n  performance. 

For t h e  y-dimension, hand pe rcep t ion  d a t a  t h e  r e s u l t s  of  Table 9 

a l s o  show t h a t ,  althoGgh c r i t e r i o n  performance i s  p r e d i c t a b l e  from i n i t i a l  

Table 8 

Mult ip le  Regression:  S p a t i a l  Discr imina t ion  

P r e d i c t o r s  t -values 
-- -- -- 

Group membership .52 3.549: .17 1.06 
I n i t i a l  performance 5.089; 8.92fi 7.13:: 9.335 
I n t e r a c t i o n  .58 5.222 .27 3.47:': 

Corrected m u l t i p l e  r .86 .70 .86 .86 .86 .07 .53 
Degrees o f  freedom 26 27 27 2 7 28 2 8 28 

;':PC -05 

Table 9 

Mul t ip l e  Repression:  Hand Pe rcep t ion ,  Y-dimension 

P r e d i c t o r s  t -values 

Group membership .51 1.56 .12 .24 
I n i t i a l  performance 3.88* 5.03* 4.42" 5.13" 
I n t e r a c t i o n  .17 2.48" .20 1.89 

Corrected m u l t i p l e  r .65 .36 .67 .67 .68 .00 .29 
Degrees o f  freedom 26 27 27 27 28 28 28 

*pc .O5 



performance, t h e r e  is no s i g n i f i c a n t  d i f f e r e n c e  between c o n t r o l  and exper- 

imenta l  c r i t e r i o n  performance t a k i n g  i n t o  account prev ious  performance. 

Though x-dimension d a t a  appears  s i m i l a r  i n  Table 1 0 ,  from a comparison o f  

m u l t i p l e  c o r r e l a t i o n s  t h e  model which inc ludes  both  i n i t i a l  performame 

and i n t e r a c t i o n  components is t h e  b e s t  r e g r e s s i o n .  That i s ,  t h e  m u l t i p l e  

c o r r e l a t i o n  f o r  t h e  r e g r e s s i o n  wi th  two components is l a r g e r  t h a n  f o r  the 

r e g r e s s i o n  wi th  only  t h e  i n i t i a l  performance component which, according t o  

t h e  s i g n i f i c a n c e  of  t -va lues ,  should be t h e  b e s t  r e g r e s s i o n .  I n  suppor t  of 

t h e  conclus ion ,  t h e  s i g n i f i c a n t  d i f f e r e n c e  between c o r r e l a t i o n s  f o r  w i t h i n  

group i n i t i a l  and c r i t e r i o n  performances (Table 1 3 )  sugges t s  t h a t  t h e r e  is 

a major d i f f e r e n c e  i n  c r i t e r i o n  performance even though t h e  i n t e r a c t i o n  

component f e l l  s h o r t  o f  s i g n i f i c a n c e  i n  t h e  b e t t e r  model. D i s t i n c t l y ,  exper-  

imenta l  c r i t e r i o n  s c o r e s  a r e  unpred ic t ab le  from experimental  group i n i t i a l  

performance s c o r e s ,  i nd i ca t ed  by t h e  non-signif icance o f  experimental  group 

r e g r e s s i o n  (B ). 
e 

Table 10 

Mul t ip le  Regression: Hand Percept ion ,  X-dimension 

P r e d i c t o r s  t -values 

Group membership .49 1.31 1.18 1.31 
I n i t i a l  performance 2.60f: 2.13~: 3.02& 2.24fr 
I n t e r a c t i o n  1.47 .37 2.00 .31 
I n t e r .  + I n i t .  (Be) .19 

Corrected m u l t i p l e  r .41 .OO .37 .45 .35 .16 .OO 
Demees o f  freedom 26 27 27 2 7 28 2 8 2 8 

The r e s u l t s  of  Table 11 on hand d i s p e r s i o n  i n d i c a t e s  t h a t  n o t  on ly  

is  c r i t e r i o n  performance p r e d i c t a b l e  from i n i t i a l  performance b u t  a l s o  

p r e d i c t a b l e  from t h e  group by i n i t i a l  performance i n t e r a c t i o n  when both 

a r e  included i n  t h e  model. S ince  t h e  group membership term is n o t  included 

i n  t h e  model, experimental  and c o n t r o l  groups s i g n i f i c a n t l y  d i f f e r  i n  s lope  

of t h e  r e g r e s s i o n .  Ca lcu la t ion  of t h e  experimental  group b e t a  weight ( B ~ )  was 

s i g n i f i c a n t  i n d i c a t i n g  o v e r a l l  t h a t ,  a l though both experimental  and control .  

c r i t e r i o n  s c o r e s  were p r e d i c t a b l e  from i n i t i a l  performance, performance was 

different between groups on t h e  c r i t e r i o n  t e s t .  I n  f a c t  t h e  wi th in  group 

i n i t i a l  and c r i t e r i o n  c o r r e l a t i o n s  (Table 1 3 )  a r e  s i g n i f i c a n t l y  d i f f e r e n t  



(2=2 .01) ;  t h e  e x p e r i m e n t a l  g roup  c o r r e l a t i o n  b e i n g  lower .  To f u r t h e r  

c h a r a c t e r i z e  t h e  d i f f e r e n c e  i n  performance,  t h e  r a t i o  o f  v a r i a n c e s  f o r  

group c r i t e r i o n  s c o r e s  ( c o n t r o l ,  53.86; e x p e r i m e n t a l ,  19.06)  was c a l c u l a t e d  

and i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  i n  v a r i a n c e  ( ~ = 2 . 8 3 ,  .05 l e v e l ,  

o n e - t a i l e d ) .  I n  l o o k i n g  a t  t h e  d e s c r i p t i v e  s ta t i s t ics  o f  T a b l e  1 3  and 

c o n s i d e r i n g  t h a t  s t a n d a r d  e r r o r  f o r  b o t h  g roups  was a p p r o x i m a t e l y  e q u a l  

( c o n t r o l ,  3.85; e x p e r i m e n t a l ,  3 .95)  it i s  s u g g e s t e d  t h a t  u n s y s t e m a t i c  

o r  a b s o l u t e  e r r o r  remained t h e  same w h i l e  s y s t e m a t i c  e r r o r  h a s  been s i g n i f -  

i c a n t l y  reduced  f o r  e x p e r i m e n t a l  - Ss .  T h a t  i s ,  e x p e r i m e n t a l  c r i t e r i o n  s c o r e s  

are less dependent  on i n i t i a l  performance t h u s  r e d u c i n g  t h e  r e g r e s s i o n  

component. 

T a b l e  11 

M u l t i p l e  Regress ion :  Hand P e r c e p t i o n ,  D i s p e r s i o n  
-- 

P r e d i c t o r s  t - v a l u e s  

Group membership .74 .25 1 .16 1 .17 
I n i t i a l  performance 5.80fi 5.33* 5.80fi 5.409: 
I n t e r a c t i o n  2-12;; 1 .16 2.35:': 1 .63 
I n t e r .  + I n i t .  ( B , )  3.74:'; 

C o r r e c t e d  m u l t i p l e  r .75 .14 .71 .75 $70 .09 .23 
Degrees  o f  freedom 26 27 27 27 28 28 28 

Ap< .05 

T a b l e  1 2  

M u l t i p l e  Regress ion :  Hand P e r c e p t i o n ,  Accuracy 

P r e d i c t o r s  t - v a l u e s  

Group membership 2.76": .33 1 .48 1 .17  
I n i t i a l  performance 4.57:': 2.67:'e 3-26:: 2.525 
I n t e r a c t i o n  3.54": .79 2.44:': 1.39 
I n t e r .  t I n i t .  (6,) .61  

C o r r e c t e d  mu1 t i p l e  r .65 . O O  .44 .53 .39 .11 .I 8 
Degrees o f  freedom 26 27 27 27 2  8  28 28 

fip< .05 

T a b l e  1 2  p r e s e n t s  t h e  r e s u l t s  f o r  g e n e r a l  a c c u r a c y  s c o r e s  i n  hand 

p e r c e p t i o n .  The b e s t  model i n  t h i s  c a s e  i n c l u d e s  a l l  t h r e e  t e r m s .  Thus ,  

t h e r e  is a s i g n i f i c a n t  d i f f e r e n c e  between c o n t r o l  and e x p e r i m e n t a l  perform- 

a n c e .  I n t e r e s t i n p l y ,  t h e  e x p e r i m e n t a l  group r e p r e s s i o n  w e i p h t  was not s i p -  

n i f i c a n t  i n d i c a t i n g  t h a t  exper imenta l  c r i t e r i o n  s c o r e s  were u n p r e d i c t a b l e  



Table 1 3  

Descr ip t ive  S t a t i s t i c s  f o r  Comparison Groups -- -- -. - - 

I n i t i a l  C r i t e r i o n  
Performance Perf  orma nce 
Mean S.D. Mean S . D .  

11.33 2.39 10.13 2.39 
12.13 2.39 10.00 2.42 

Within Group 
C o r r e l a t i o n  Tes t  

Control  
Experimental Form 

Texture Control  
Experimental 

Control  
Experimental Space 

S ize  

R i g i d i t y  

Cont ro l  
Experimental 

Control 
Experimental 

Coht ro l  
Experimental Hand X 

Iiand Y 

Dispersiol  

Control  
Experimental 

Control 
Experimental 

Accuracy Cont ro l  
Experimental 

from i n i t i a l  performance. The c o r r e l a t i o n s  as ind ica t ed  i n  Table 1 3  support  

t h e  r e g r e s s i o n  r e s u l t s  by showing t h a t  experimental  group i n i t i a l  and c r i -  

t e r i o n  performances a r e  uncor re l a t ed .  Thus, as a f u n c t i o n  of  t h e  experimen- 

t a l  cond i t i on ,  - Ss have performed very  d i f f e r e n t l y  on t h e  c r i t e r i o n  t e s t s .  

Since t h e  f u l l  model was t h e  b e s t  model, then  t h e r e  is a l s o  a d i f f e r e n c e  

i n  mean performance i n  t h e  d i r e c t i o n  o f  improved accuracy f o r  a t  l e a s t  some 

experimental  group - Ss .  

Post-experimental ques t ion ing  of bo th  experimental  and con t ro l  - Ss 

r evea l ed  t h a t ,  i n  g e n e r a l ,  t h e r e  was l i t t l e  d i f f e r e n c e  between groups with 

r ega rd  t o  expected r e s u l t s .  S ix t een  of t h e  - Ss "d idn ' t  t h ink  about" what was 

expected whi le  e i g h t  c o n t r o l  and s i x  experimental  - Ss thought  t hey  were t o  

"do b e t t e r . "  Decidedly, when asked i f  t hey  could have done b e t t e r  i f  given 

some i n c e n t i v e ,  most (21  - S s )  r epo r t ed  t h a t  t hey  could no t  have for  a l l  the  

t a s k s  while  t h e  r e s t  thought  t hey  could have done b e t t e r  on t h e  timed t a s k s  



( i . e . ,  s i z e  and r i g i d i t y ) .  Seven con t ro l  - Ss  r epor t ed  t h a t  t hey  had worked 

ha rde r  on t h e  t a s k s  d u r i n ~  t h e  second t e s t i n g ,  while  f i v e  s a i d  they  had 

worked l e s s  hard and t h r e e  " the  same." However, f o r  experimental  - Ss  1 0  

r epo r t ed  having worked ha rde r  while  f i v e  r e p o r t e d  having worked l e s s  hard .  

With r ega rd  t o  a r o u s a l ,  on ly  two c o n t r o l  Ss  i n d i c a t e d  t h a t  t h e r e  was a  - 
d i f f e r e n c e  between f i r s t  and second t e s t i n g .  For exper imenta l  - Ss  however, 

a l l  r e p o r t e d  some change. In  p a r t i c u l a r ,  when asked i f  t hey  were anxious 

o r  r e l axed  a l l  r e p o r t e d  being r e l a x e d ,  e i g h t  extremely s o .  When asked 

whether t h e r e  was f a t i g u e ,  t h r e e  experimental  - Ss responded a f f i r m a t i v e l y .  

Overa l l ,  spontaneous comment i n d i c a t e d  t h a t  most found t h e  t a s k s  f r u s t r a t i n p  

f o r  l a c k  o f  a frame of  r e f e r e n c e  f o r  succes s  o r  f a i l u r e ,  b u t  found t h e  t a s k s  

i n t e r e s t i n g  and involv ing  because o f  t h e  'novel '  mode of  pe rcep t ion .  

Discussion 

From t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  performance on t h e  d iscr imina-  

t i o n  measures it is apparent  t h a t  f o r  t h e  d u r a t i o n  s t u d i e d ,  exper ience  i n  , 

t h e  T a c t i l e  Environment d i d  no t  produce measurable change i n  pe rcep tua l  

response.  Whether t h e r e  was a c t u a l l y  no change o r  whether t h e r e  was a  f a i l -  

u r e  t o  measure it remains a s  a ques t ion .  Though a r t i c u l a t i o n  o f  t h e  hand 

changed, it i s  unknown whether t h i s  should p r e d i c t  change on measures of  

d i s c r i m i n a t i o n  involv ing  t h e  hand s i n c e  i n  t h e  p r e s e n t  s tudy  t h e r e  i s ,  

g e n e r a l l y ,  no s t a t i s t i c a l  r e l a t i o n .  I f  t h e r e  was a c t u a l l y  no change i n  

pe rcep tua l  response  then  t h e  ind iv idua l  d i f f e r e n c e s  on t h r e e  o f  t h e  measures 

(form, t e x t u r e ,  and s p a t i a l  d i s c r i m i n a t i o n )  must s u r e l y  r e f l e c t  ' a b i l i t i e s '  

-- something t h a t  i s  r e l a t i v e l y  s t a b l e  over  t ime.  I t  i s  suggested t h a t  t h e  

s i z e  and r i g i d i t y  d i s c r i m i n a t i o n  measures a r e  u n i n t e r p r e t a b l e  s i n c e  t h e r e  

was no sys t ema t i c  v a r i a t i o n  noted .  The dependent v a r i a b l e  on t h e  two t a s k s  

is  t ime and appa ren t ly  is s u b j e c t  t o  unsystematic  changes i n  i n d i v i d u a l  

r a t e s  of  a c t i v i t y .  The two meacmes cannot be regarded a s  r e l i a b l e  and w i l l  

be omit ted from d i scuss ion .  

Considering t h e  d e s c r i p t i v e  d a t a  o f  Table 1 3 ,  t h e r e  was a  c o n s i s t e n t  

improvement i n  mean s c o r e s  on a l l  measures i n d i c a t i n g  t h a t  l e a r n i n g  had 

occured. Perceptua l  l e a r n i n g  is de f ined  a s  "an i n c r e a s e  i n  t h e  a b i l i t y  of 

an  organism t o  g e t  information from i t s  environment a s  a r e s u l t  o f  p r a c t i c e  

wi th  t h e  a r r a y  of s t i m u l a t i o n  provided by t h e  environment [Gibson,1969,p.773." 



Thus, wi th  r ega rd  t o  p r a c t i c e  wi th  t h e  measures,  pe rcep tua l  l e a r n i n g  occured. 

However, p r a c t i c e  wi th  t h e  a r r a y  of s t i m u l a t i o n  i n  t h e  T a c t i l e  Environment 

which is no t  d i r e c t l y  r e l a t e d  t o  t a s k  requi rements ,  appa ren t ly  d i d  no t  pro- 

duce pe rcep tua l  l e a r n i n g .  This  r e s u l t  sugges t s  t h a t  exper ience  with only  

moda l i t y - spec i f i c  ( a s  opposed t o  t a s k - s p e c i f i c )  in format ion  d i d  n o t  i nc rease  

t h e  a b i l i t y  t o  a b s t r a c t  information i n  o t h e r  pe rcep tua l  l e a r n i n g  s i t u a t i o n s .  

Although exposed t o  v a r i a t i o n s  i n  form, t e x t u r e ,  and space ,  t h e  cond i t i ons  

were n o t  p re sen t  f o r  - Ss t o  l e a r n  t o  b e t t e r  d i f f e r e n t i a t e  such dimensions. In  

l i g h t  o f  t h e  r e s u l t s  o f  post-experimental  ques t ion ing  it i s  p o s s i b l e  t h a t  t h e  

r e l a x a t i o n  produced by t h e  experience may have rendered  them l e s s  a t t e n t i v e  

t o  d i s t i n c t i v e  f e a t u r e s  even i f  t hey  were b e t t e r  a b l e  t o  a b s t r a c t  t h e  f e a t u r e s .  

Never the less ,  t h e  o v e r a l l  experience which inc luded  i t s  r e l a x i n g  e f f e c t s ,  d i d  

no t  produce an improvement on t h e  measures above t h a t  expected from p r a c t i c e .  

The form d i s c r i m i n a t i o n  measure was c o n s i s t e n t l y  d i f f i c u l t  f o r  a l l  -- Ss .  

Though t h e r e  was a  mean improvement t h e  t a s k  may have remained t o o  d i f f i c u l t  

t o  r e f l e c t  p o s s i b l e  v a r i a t i o n  due t o  changes i n  pe rcep tua l  response .  For t h e  

t e x t u r e  d i s c r i m i n a t i o n  t a s k  t h e r e  were a l s o  probable  l i m i t s  t o  improvement 

based on t h e  l i m i t s  o f  information inpu t .  That i s ,  t h e r e  may no t  have been 

s u f f i c i e n t  sensory  informat ion  on t h e  upper end o f  t h e  s c a l e  o f  t e x t u r e s  t o  

al low d i f f e r e n t i a t i o n .  Mean c r i t e r i o n  performance f o r  both groups is extremely 

high and may have reached an  optimum s i n c e  it was expected t h a t  t h e  end rank 

p o s i t i o n s  would be d i f f i c u l t  f o r  a l l .  I f  t h e r e  was l e a r n i n g  f o r  experimental  

Ss ,  t h e r e  may n o t  have been room f o r  improvement above t h e  e f f e c t s  of p r a c t i c e ,  - 
In  gene ra l ,  t h e  o v e r a l l  q u a l i t y  of  most of  t h e  measures i n  terms o f  t h e i r  

minimum r e l i a b i l i t y  sugges t s  t h a t  t h e y  may n o t  have been s e n s i t i v e  enough 

s i n c e  l a r g e  e f f e c t s  would be r e q u i r e d  t o  produce n o t i c e a b l e  change. 

I t  i s  s u r p r i s i n g  t h a t  r epo r t ed  confusion with s p a t i a l  d i s c r i m i n a t i o n  

was n o t  measureable.  Although one would expec t  t h e  s p a t i a l  measure t o  be 

a f f e c t e d  by pe rcep tua l  l e a r n i n g  ( d i f f e r e n t i a t i n g  t h e  p o s i t i o n  of  o b j e c t s  i n  

space ) ,  t h e  main use  o f  t h e  measure was t o  no te  any q u a n t i f i a b l e  b a s i s  f o r  

t h e  phenomenological r e p o r t s .  This  was n o t  t h e  case  s i n c e  performance remained 

very  s t a b l e .  The broad i n d i v i d u a l  d i f f e r e n c e s  wi th  t h i s  measure and t h e  

r e l i a b i l i t y  of t h e s e  d i f f e r e n c e s ,  d e f i n e s  a  v a l i d  measure u s e f u l  f o r  f u r t h e r  

enqui ry .  

With r ega rd  t o  t h e  hand percept ion  measures,  t h e  s t a b i l i t y  of per -  



formance f o r  c o n t r o l  - Ss r e p r e s e n t s  a  s u r p r i s i n g  f a c t  concerning t h e  percep- 

t i o n  of body ' a r t i c u l a t i o n ' .  Not only is  t h i s  ' s ense  o f  body' non -ve r id i ca l ,  

b u t  it is r e l i a b l y  so .  More provoca t ive  i s  t h e  f i n d i n g  t h a t  a l though t h e  

pe rcep t ion  of ex tens ion  o f  t h e  hand (y-dimension) d i d  n o t  s i g n i f i c a n t l y  

change a s  a  func t ion  o f  t h e  experimental  c o n d i t i o n ,  l a t e r a l  d i sp lacement ,  

g e n e r a l  accuracy i n  l o c a t i n g  p a r t s  o f  t h e  hand, and pe rcep t ion  o f  t h e  s i z e  

o r  d i s p e r s i o n  o f  t h e  hand d i d  change. From t h e  r e s u l t s ,  it i s  apparen t  t h a t  

f o r  exper imenta l  - Ss performance became confused o r  reorganized .  The phenome- 

n o l o g i c a l  r e p o r t s  o f  confusion and l o s s  o f  a  s ense  o f  body-perimeter suppor t  '. 
t h i s  r e s u l t  and sugges t  t h a t  Ss l o s t  a  frame o f  r e f e r e n c e  f o r  a r t i c u l a t i o n  - 
o f  body l o c a t i o n s .  S ince  - Ss seemed t o  s imply ' o p e r a t e '  d i f f e r e n t l y  on t h e  

t a s k s  it is a l s o  p o s s i b l e  t h a t  a  k ind  o f  c o g n i t i v e  r eo rgan iza t ion  took p l a c e  

as t h e r e  was a  s i g n i f i c a n t  i n c r e a s e  i n  accuracy  f o r  exper imenta l  - Ss. Regard- 

less o f  which i n t e r p r e t a t i o n  is  p laced  upon t h e  change, t h e  r e s u l t s  a r e  i n  

d i r e c t  c o n t r a d i c t i o n  t o  s t u d i e s  o f  body-schema ( eg . ,  Gross & Melzack, 1973; 

Weinstein & Ser sen ,  1961) which imply t h a t  body-schema (body r e p r e s e n t a t i o n  

independent o f  s t i m u l a t i o n )  i s  a  s t a b l e  n e u r a l  r e p r e s e n t a t i o n .  Hypothe t ica l ly ,  

it is  sugges ted  t h a t  such a  r e p r e s e n t a t i o n  is p a r t i c u l a r  t o  s i g h t e d  - Ss  who 

have a p r i m a r i l y  v i s u a l  frame o f  r e f e r e n c e  f o r  hand percept ion .  Explora t ion  

i n  a  dark environment engenders a  l o s s  i n  t h e  v i s u a l  frame o f  r e f e r e n c e  a s  

a t t e n t i o n  i s  s h ' r t e d  t o  ' f e l t '  hand from ' v i s u a l i z e d '  hand. The mean improve- 

ment (toward v e r i d i c a l i t y )  f o r  exper imenta l  - Ss b u t  n o t  f o r  c o n t r o l s  sugges t s  
d 

t h a t  a  h a p t i c  r e p r e s e n t a t i o n  o f  t h e  hand i s  t h e  v e r i d i c a l  r e p r e s e n t a t i o n .  

However, w i th  r e g a r d  t o  t h e  p r e s e n t  r e s u l t s  t h e r e  i s  on ly  evidence o f  reor- 

g a n i z a t i o n  o r  confusion.  S ince  t h e  accuracy s c o r e s  are r e l a t e d  t o  both x- 

and y- dimension e r r o r s  whi le  x  and y a r e  u n r e l a t e d  t o  each o t h e r ,  t h e  

u n p r e d i c t a b i l i t y  o f  exper imenta l  x-dimension c r i t e r i o n  performance sugges t s  

t h a t  o v e r a l l  accuracy u n p r e d i c t a b i l i t y  i s  most due t o  changes i n  t h e  percep- 

t i o n  of l a t e r a l  l o c a t i o n s .  Pe rcep t ion  o f  t h e  ex t ens ion  ( d i s t a n c e  away from 

t h e  body) o f  hand l o c a t i o n s  remains s t a b l e  f o r  both groups and t h u s ,  con- 

fus ion  p r i m a r i l y  l i e s  i n  t h e  l e f t  - r i g h t  a r t i c u l a t i o n s .  

Although unco r r e l a t ed  wi th  o t h e r  hand pe rcep t ion  measures ,  pe rcep t ion  

of t h e  s i z e  o f  t h e  hand a l s o  becomes confused f o r  exper imenta l  - Ss but  shows 

no s i g n i f i c a n t  mean improvement. This  r e s u l t  f i t s  w e l l  wi th  Gibson 's  (1962) 
* 

concept o f  t h e  hand as an exp lo ra to ry  organ which g iven  exper ience  w i l l  



acqu i r e  new c h a r a c t e r i s t i c s .  The change t h a t  t a k e s  p l a c e  f o r  t h e  pe rcep t ion  

of t h e  hand i s  a t  l e a s t  i n i t i a l l y  one o f  d i s o r g a n i z a t i o n ,  sugges t ive  o f  t h e  

g e n e r a l  r e s u l t s  o f  ' sensory  d e p r i v a t i o n '  (Kubzansky, 1961). That i s ,  i n i t i a l -  

l y  d i s o r g a n i z a t i o n  occurs  p o s s i b l y  a s  t h e  f i rs t  s t e p  i n  a  r eo rgan iz ing  pro- 

ce s s ;  r e o r g a n i z a t i o n  being p o s s i b l e  s i n c e ,  u n l i k e  d e p r i v a t i o n  r e s e a r c h ,  t h e  

p r e s e n t  s t udy  al lowed t h e  - S t o  main ta in  an 'optimum' l e v e l  o f  s t i m u l a t i o n  

through non-v isua l  moda l i t i e s .  The p r e s e n t  r e s u l t s  t h e n ,  may only  r e f l e c t  

t h e  e a r l y  s t a g e s  o f  adapt ing  t o  a  new environment. From t h e  e a r l i e s t  fomn- 

u l a t i o n s  o f  p e r c e p t u a l  l e a r n i n g  ( e g . ,  Murphy & Hochberg, 1951) t h e  organism 

i s  cons idered  a s  p r o g r e s s i v e l y  a l t e r i n g  its modes o f  pe rcep t ion  t o  more use-  

f u l  modes i n  coping wi th  t h e  environment.  

S ince  performance on t h e  r e l i a b l e  d i s c r i m i n a t i o n  measures was n o t  

a f f e c t e d  by p r i o r  exper ience  as r e f l e c t e d  i n  a  l ack  o f  s i g n i f i c a n t  mean 

change o r  change i n  p r e d i c t a b i l i t y ,  it has  been sugges ted  t h a t  pe rcep tua l  

func t ion ing  is s t a b l e .  However, i n  n o t i n g  t h e  r a t i o  o f  two hours  o f  h a p t i c  

exper ience  t o  a  l i f e  d u r a t i o n  o f  appa ren t  v i s u a l  dominance, it may a l s o  be 

sugges ted  t h a t  t h e  amount o f  exper ience  was s imply n o t  enough. Yet t h e  same 

exper ience  was enough t o  r e n d e r  hand pe rcep t ion  unpred i c t ab l e  o r  less pre-  

d i c t a b l e  from i n i t i a l  performance. S ince  hand pe rcep t ion  and h a p t i c  d i sc r im-  

i n a t i o n  a r e  g e n e r a l l y  un re l a t ed  it is  p o s s i b l e  t o  conclude t h a t  t h e  l a t e r  

r e p r e s e n t s  s t a b l e  a b i l i t i e s  and t h e  former an independent l a b i l e  system. 

Poss ib ly  i f  t h e  hand pe rcep t ion  measure had been more d i r e c t l y  r e l a t e d  t o  

t h e  h a p t i c  t a s k s  by r e q u i r i n g  t h e  - S t o  n o t e  ' s t i m u l a t e d '  l o c a t i o n s  t h e r e  

would have been a  g r e a t e r  r e l a t i o n s h i p  i n d i c a t e d  s i n c e  t h i s  would provide 

a  s t imu lus  frame o f  r e f e r e n c e  a s  is n e c e s s a r i l y  involved wi th  t h e  d i sc r im-  

i n a t i o n  measures. From t h e  p r e s e n t  r e s u l t s ,  t h e  concept o f  a  h a p t i c  system 

which invo lves  t h e  i n t e g r a t i o n  of  a 'body sense '  w i th  d i s c r i m i n a t i v e  func- 

t i o n i n g  i s  n o t  upheld. But,  it is probable  t h a t  t h e  p r e s e n t  measure o f  body 

pe rcep t ion  i s  u n r e a l i s t i c  s i n c e  i n  h a p t i c  pe rcep t ion  t h e r e  i s ,  by i t s  a c t i v e  

d e f i n i t i o n ,  no  h a p t i c  pe rcep t ion  of t h e  body independent  o f  s t i m u l a t i o n .  

C e r t a i n l y  t h e  r e s u l t s  o f  t h e  p r e s e n t  s tudy  of  hand pe rcep t ion  a r e  t h e o r e t i c -  

a l l y  provoca t ive  w i th  r e g a r d  t o  t h e  l a b i l i t y  o f  some n e u r a l  r e p r e s e n t a t i o n  

of 'bodyt bu t  b e a r  l i t t l e  r e l a t i o n  t o  t h e  i n t e g r a t e d  a c t i v i t y  o f  h a p t i c  

percept ion .  

Ove ra l l  r e s u l t s  sugges t  t h a t  exper ience  i n  t h e  T a c t i l e  Environment 



produces change only i n  a f f e c t i v e  response and i n  body a r t i c u l a t i o n .  Increa-  

s i n g  'awareness '  of q u a n t i t y  and q u a l i t y  of  s t i m u l a t i o n  and provid ing  condi- 

t i o n s  f o r  exp lo ra t ion  d i d  n o t  improve t h e  a b i l i t y  t o  d i sc r imina te .  As an 

a l t e r n a t i v e  t o  o t h e r  explana t ions  of  t h i s  lack  of improvement, something may 

have been missing i n  t h e  experimental  condi t ion .  For a l l  t h e  t a s k s  - Ss were 

b l indfo lded  and i n  a  q u i e t  room where they  were expected t o  c a r r y  out  t h e  

i n s t r u c t i o n s  of  t h e  experimenter.  Thus, it is  assuned t h a t  they  were maxi- 

mally a t t e n t i v e  t o  h a p t i c  in format ion  and t h a t  it was adap t ive  f o r  each - S 

t o  t r y  t o  l e a r n .  Since they  were a l s o  provided wi th  p rev ious ly  o r  p a r t i a l l y  

u n d i f f e r e n t i a t e d  s t imu lus  dimensions i n  t h e  t a s k s ,  then  cond i t i ons  f o r  

pe rcep tua l  l e a r n i n g  were p re sen t .  If a t t e n t i o n ,  adap t ive  requi rements ,  and 

u n d i f f e r e n t i a t e d  s t imu lus  a r r a y s  were a l s o  p r e s e n t  i n  t h e  T a c t i l e  Environ- 

ment, why then  d i d  t h i s  n o t  improve t h e i r  a b i l i t y  t o  d i f f e r e n t i a t e ?  T rans fe r  

o f  l ea rn ing  i s  a  f a c t  o f  p e r c e p t u a l  l e a r n i n g  (Gibson, 1969) such t h a t  i f  

l e a rn ing  had taken  p l ace  it should have been r e f l e c t e d  i n  l a t e r  percept ion .  

In  t h e  T a c t i l e  Environment much p o t e n t i a l  in format ion  was p r e s e n t ,  and s i n c e  

Ss were forced  t o  a t t e n d  because of  t h e  darkness ,  only t h e  adap t ive  r equ i r e -  - 
ments seemed lacking .  To f i n d  one ' s  way through t h e  Environment t h e  i n d i v i -  

dua l  was r e q u i r e d  t o  d i sc r imina te  c e r t a i n  k inds  o f  s t imulus  information b u t ,  

s t r i c t l y  speaking,  t h i s  may have been t h e  only adap t ive  requirement .  For t h e  

i n d i v i d u a l  t o  f i n d  h i s  way through t h e  Environment he needed only t o  discr im- 

i n a t e  empty from ' f u l l '  space. Though a s  a  r e s u l t  o f  h i s  exp lo ra t ion  he 

would be forced  t o  encounter  a  g r e a t  d e a l ,  t h e r e  may a t  l e a s t  have been no  

e x t e r n a l l y  imposed reason f o r  d i f f e r e n t i a t i n g  t h e  s t imulus  information.  

However, a l l  - Ss found t h e i r  way through t h e  Environment and a l l  re-explored 

a  number o f  t imes.  Most spent  a  g r e a t  dea l  of  t ime explor ing  o b j e c t s ,  t ex-  

t u r e s ,  and s o  on, n o t  only because they  were i n s t r u c t e d  t o ,  b u t  appa ren t ly  

f o r  ' i n t r i n s i c  rewards ' .  Given more exposure t h i s  may have s u f f i c e d  t o  

produce l e a r n i n g  s i n c e  t h i s  i s  an adapt ive  process  i n  which t h e  i n d i v i d u a l  

wants t o  ' f i n d  o u t '  about h i s  environment i n  genera l  (Gibson, 1969).  What 

i s  more l i k e l y  i s  t h a t  i n  l i g h t  of  t h e  un re l a t edness  of d i sc r imina t ion  

measures t h a t  a b s t r a c t i o n  from, say ,  an  a r r a y  of complex s t i m u l a t i o n s  

involv ing  t e x t u r e ,  cons i s t ency ,  hardness ,  e t c . ,  was no t  d i s c r e t e  enough t o  

be app l i ed  t o  t h e  d i f f e r e n t i a t i o n  o f ,  s a y ,  form only. I n  t h e  T a c t i l e  Cnvir- 

onment, a s  i n  most v i s u a l  environments,  t h e r e  was a  lack  of  ' pu re '  dimensions. 



That i s ,  i n  o r d e r  t o  b e t t e r  d i f f e r e n t i a t e  form, f o r  example, it is  l i k e l y  

t h a t  s h o r t  term exper ience  wi th  t h a t  dimension i n  p a r t i c u l a r  was r equ i r ed .  

Also, t h e  development of  t h e  T a c t i l e  Environment was based p r i m a r i l y  on 

p re sen t ing  many k inds  and c o n t r a s t s  o f  s t i m u l a t i o n  r a t h e r  t han  v a r i a t i o n s  

of' phenomenologically s i m i l a r  a r r a y s .  I n  g e n e r a l ,  an  a t tempt  was made t o  

i n c r e a s e  q u a n t i t y  o f  s t i m u l a t i o n  r a t h e r  t han  t h e  q u a l i t y  o f  p a t t e r n i n g  o f  

s t i m u l a t i o n .  Thus, t h e  r e s u l t s  sugges t  t h e  conc lus ion  t h a t  q u a n t i t y  o f  

s t i m u l a t i o n  may n o t  be an important  v a r i a b l e  i n  pe rcep tua l  change. These 

t h i n g s  combined wi th  a  l a c k  o f  s t r o n g  adap t ive  requi rements ,  of  t h e  kind 

Gibson (1969) d e s c r i b e s  a s  keeping t h e  i n d i v i d u a l  from "barking h i s  sh ins , "  

l i k e l y  hindered measurable l e a r n i n g  wi th  r e g a r d  t o  form, t e x t u r e ,  and 

o r i e n t a t i o n .  

I n  l i g h t  o f  t h e  i nconc lus ive  r e s u l t s  i n  t h e  p r e s e n t  s t u d y ,  t o  

l e a r n  more o f  t h e  n a t u r e  o f  h a p t i c  pe rcep t ion  it would be u s e f u l  t o  

exp lo re  t h e  e f f e c t s  o f  h a p t i c  exper ience  i n  o t h e r  ways. For example, 

though d i s c r i m i n a t i o n  may no t  change a s  a  f u n c t i o n  o f  h a p t i c  expe r i ence ,  

exp lo ra to ry  a c t i v i t y  might.  Thus, it would be i n t e r e s t i n g  t o  n o t e  whether 

t h e  n a t u r e  o f  e x p l o r a t o r y  movement changes p o s s i b l y  making t h e  a c q u i s i t i o n  

of in format ion  more parsimonious.  Also,  f o r  t h e  s i g h t e d  i n d i v i d u a l  one 

might suspec t  t h a t  h a p t i c  exper ience  produces a  s h i f t  i n  modal i ty  p re fe r ence  

given some l a t e r  choice  i n  e x p l o r a t i o n .  Furthermore, t h e  e f f e c t s  of  h a p t i c  

exper ience  may n o t  produce p e r c e p t u a l  change, p e r  s e ,  b u t  produce some 

change i n  t h e  u se  o f  h a p t i c  in format ion  through c o g n i t i v e  r e o r g a n i z a t i o n  

a s  p o s s i b l y  r e f l e c t e d  on more complex t a s k s  i nvo lv ing  r ea son ing  wi th  h a p t i c  

in format ion .  

The phenomenological r e s u l t s  o f  t h e  p r e s e n t  s t udy  a l s o  sugges t  

some i n t e r e s t i n g  ques t i ons  f o r  f u r t h e r  r e sea rch .  I n  p a r t i c u l a r ,  it would be 

important  t o  d i s cove r  whether t h e  a f f e c t i v e  responses  t o  t h e  exper ience  i n  

t h e  Environment and i t s  r e l a x i n g  e f f e c t s  were p e c u l i a r  t o  h a p t i c  exper ience  

bo th  i n  magnitude and i n  q u a l i t y .  S ince  t h e  p r e s e n t  r e s u l t s  s t r o n g l y  suppor t  

t h i s  p o s s i b i l i t y  it would be  more i n t e r e s t i n g  t o  know what p a r t i c u l a r  

v a r i a b l e s  o r  combination o f  v a r i a b l e s  l e d  t o  t h e s e  e f f e c t s .  For example, 

is t h e r e  some c h a r a c t e r i s t i c  of t a c t u a l  exposure i n  p a r t i c u l a r  which ' r e l a x e s '  

o r  i s  it simply an a f f e c t  o f  exper ience  i n  darkness?  



I t  would be en l igh ten ing  i n  f u r t h e r  r e s e a r c h  t o  s tudy  t h e  

performance o f  b l i n d  - Ss on t h e  p re sen t  d i s c r i m i n a t i o n  measures. Although 

one might expec t  a  mean d i f f e rence  i n  comparison t o  t h e  s i g h t e d ,  it would 

be i n t e r e s t i n g  t o  no te  d i f f e r e n c e s  w i th in  groups f o r  repea ted  measurements. 

That i s ,  given novel  s t i m u l i  we might expect  t h e  b l i n d  t o  acqu i r e  more 

information from p r a c t i c e  than  t h e  s i g h t e d  s i n c e ,  according t o  t h e  p re sen t  

hypothes is ,  t h e  b l i n d s '  exper ience  wi th  an ecology t h a t  r e q u i r e s  h a p t i c  

e x p l o r a t i o n  would r ende r  them more capable  of  pe rcep tua l  a b s t r a c t i o n .  

Previous s t u d i e s  of  d i f f e r e n c e s  between t h e  b l i n d  and s igh ted  p re sen t  no 

conclus ive  evidence f o r  b e t t e r  sensory  c a p a c i t y  o r  pe rcep t ion  i n  terms 

of o b j e c t  r e c o g n i t i o n  and d i s c r i m i n a t i o n  of  p rev ious ly  l ea rned  dimensions 

(Lowenfeld, 1971; Nolan, 1963).  There has been no s tudy  of  d i f f e r e n c e s  

i n  t h e  ' p roces s '  o f  percept ion .  With regard  t o  t h e  hand pe rcep t ion  measure, 

it would be  i n t e r e s t i n g  t o  l e a r n  of  t h e  mean d i f f e r e n c e  between t h e  

s i g h t e d  and t h e  b l i n d  a s  w e l l  a s  know something o f  t h e  r e l i a b i l i t y  of  

r epea t ed  performance. Is confused ' a r t i c u l a t i o n '  o f  t h e  body a  gene ra l  

s t a t e  of a f f a i r s  f o r  t h e  b l i n d  o r  is it s t a b l e  over  t ime and a l s o  more 

v e r i d i c a l  i n  comparison t o  t h e  s igh ted?  
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T a c t i l e  Environment: c o n s t r u c t i o n  and ope ra t i on  

I n  t h e  same sequence of  t r a v e l  a s  shown i n  F igure  1,  t h e  m a t e r i a l  

components and t h e i r  a p p l i c a t i c n s  a r e  a s  fo l l ows :  

(1, 2 ,  52,  53) Ent rance-ex i t  l i g h t - l o c k s :  I n  o r d e r  t o  keep t h e  

Environment i n  t o t a l  darkness  d w i n g  o p e r a t i o n ,  l i g h t - l o c k s  were cons t ruc t ed  

which se rved  t o  block any l i g h t  from f i l t e r i n g  i n  through t h e  e x i t  and 

en t rance .  Both l i g h t - l o c k s  had w a l l s  and c e i l i n g s  which were l i n e d  wi th  

b lack  f e l t  and canvas t o  c u t  down on r e f l e c t i o n .  L ight  was e f f e c t i v e l y  

blocked wi th  t h e  use o f  4 inch wide,  hanging s t r i p s  o f  va r ious ly  t e x t u r e d  

f a b r i c s .  By s t a g g e r i n g  t h e  s t r i p s  behind one a n o t h e r ,  a l l  l i g h t  was blocked 

whi le  passage was no t .  Thus, a s  t h e  i n d i v i d u a l  en t e r ed  t h e  l i g h t - l o c k  t h e  

s t r i p s  would p a r t  and then  flow behind l eav ing  t h e  i nd iv idua l  i n  t o t a l  

darkness  by t h e  end o f  t h e  l i g h t - l o c k .  

( 3 )  Giant  foam s t e p s :  The s t e p s  c o n s i s t e d  o f  f o u r  wooden boxes 

varying i n  he igh t .  Each box was covered wi th  4 t o  6 inches  o f  polyfoam he ld  

i n  p l a c e  by loose ly  s t r e t c h e d  canvas.  I n  sequence,  t h e  s t e p s  were 2 ,  3, 5 ,  

and 7  f e e t  high. The w a l l s  o f  t h e  s t a i r w e l l  were covered wi th  canvas and 

2 inches  o f  polyfoam. 

( 4 )  S l i d e  tube :  Approximately 1 and l / 2  f e e t  above t h e  top-most 

foam s t e p  was t h e  en t r ance  t o  t h e  s l i d e  tube .  The tube  i tself  was 6 f e e t  

long and 42 i nches  i n  d izmeter  and,  l i k e  o t h e r  t ubes  i n  t h e  Environment, 

was o f  t h e  k ind  used f o r  conc re t e  forms. Lined wi th  t h i n  f o i l  and s l a n t e d  

approximately 30 degrees  down f ron  t h e  e n t r a n c e ,  i t  provided an e x c e l l a n t  

s l i d i n g  s u r f a c e .  

(5) S l i d e  board:  From t h e  end of  t h e  s l i d e  t ube  ano the r  s l i d e  was 

cons t ruc t ed  which c o n s i s t e d  o f  waxed chipboard. The purpose he re  was t o  

suddenly remove t h e  w a l l s  from t h e  v i s i t o r  a s  he e x i t e d  from t h e  s l i d e  tube .  

The s l i d e  board was 4 f e e t  wide and f l a t .  

( 6 )  Tr iangu la r  f l o o r :  To r e i n f o r c e  t h e  d i s o r i e n t i n g  e f f e c t s  o f  t h e  

foam s t e p s  and t h e  s l i d e s ,  two t r i a n g u l a r - l i k e  shapes  were b u i l t  i n t o  t h e  

f l o o r .  Each t r i a n g l e  c o n s i s t e d  o f  a  foam and canvas pad angled up wi th  a  

s h o r t  drop down. 

( 7 )  Vinyl t unne l :  A t  approximately 4 f e e t  above ground f l o o r  l e v e l ,  
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where t h e  s l i d e s  and t r i a n g u l a r  f l o o r s  ended, t h e  f l o o r  was cons t ruc t ed  s o  

a s  t o  s l a n t  upward a t  approximately a 2 5  degree angle .  A t  t h i s  p o i n t  t h e  

w a l l s  and f l o o r  were covered wi th  heavy v iny l  wh i l e  t h e  c e i l i n g  cons i s t ed  

o f  l oose ly  hung v iny l .  

( 8 )  Foam p r o t r u s i o n s :  To provide  a k ind  o f  o b s t a c l e  course  i n  t h e  

angled  s e c t i o n  beyond t h e  v iny l  t unneJ ,  'chunks'  o f  polyfoam were randomly 

p laced  and s e c u r e l y  fas tened  t o  t h e  f l o o r  and w a l l s .  I n  an a r e a  which was 

completely open, t h e s e  provided a kind of  s t a r t l i n g  encounter  i n  t h e  darkness .  

(9) Hanging rope  and nylon: A t  t h i s  p o i n t  t h e  f l o o r  was cons t ruc t ed  

t o  l e v e l  ou t  a t  about  4 f e e t  from t h e  c e i l i n g .  Here, a hanging maze o f  con- 

t r a s t i n g  nylon mesh shapes and 1 inch  j u t e  was cons t ruc t ed .  

(10 )  Latex rubber  room, combinations: A t  a p o i n t  where t h e  upper 

l e v e l  o f  t h e  Environment was cons t ruc t ed  t o  t u r n  l e f t ,  sawdust ,  s tyrofoam, 

s i s a l  cord ,  chipboard,  and polyfoam were combined wi th  l a t e x  rubber  t o  form 

va r ious ly  t e x t u r e d  shapes and su r f aces .  

(11)  Latex rubber  room, e l a s t i c s :  I n  i t s  l i q u i d  form as a p p l i e d  i n  

s e c t i o n  1 0 ,  l a t e x  rubber  was poured on to  a conc re t e  s u r f a c e  i n  long s t r i p s .  

Af t e r  d ry ing ,  t h e s e  s t r i p s  were peeled up and s t rve t ched  over  walls and 

c e i l i n g  i n  a cobweb-like fash ion .  

(12)  Rol l ing  tube :  A 6 f o o t ,  42 inch  d i ame te r ,  conc re t e  form tube  

was p laced  a f t e r  t h e  l a t e x  rubber  cobwebbing. With approximately 1 f o o t  o f  

space on each s i d e  o f  i t ,  t h e  t ube  could be  d i s p l a c e d  a s  an i n d i v i d u a l  

passed through it. The tube  was l i n e d  wi th  polyfoam and covered wi th  poly- 

e s t r e  f i b r e f i l l .  

( 13 )  Residue foan ramp: Walls and f l o o r  were covered he re  wi th  a 

l e a t h e r - l i k e  subs tance  which is obtd ined  when, i n  t h e  product ion  o f  polyfoam, 

t h e  foam n e a r e s t  t h e  a i r  coo l s  t o o  qu i ck ly  t o  expand. This  foam ' s l a ~ '  was 

1 / 4  i nch  t h i c k  having been c u t  away from t h e  expanded foam, 

( 1 4 ,  15 ,  1 6 ,  1 7 )  Ping pong b a l l  room: From t h e  t o p  o f  t h e  r e s i d u e  

foam ramp t o  t h e  end of t h i s  7 f o o t  room was con r t ruc t ed  a 2 f o o t  wide 

crawlway covered wi th  2 i nches  of foam and t i g h t l y  s t r e t c h e d  canvas. A wal l  

on t h e  r i g h t  o f  t h e  crawlway, which s loped  away a t  a 70 degree ang le ,  was 

covered wi th  r e s i d u e  foam. To t h e  l e f t  o f  t h e  crawlway, an i n v e r t e d  pyramid 
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t rough  l e a d  down t o  an a i r  ho l e  through which compressed a i r  was forced.  

Thus, t h e  room was cons t ruc t ed  s o  t h a t  when t h e  hollow p l a s t i c  b a l l s  were 

d i sp l aced  from t h e  crawlway s u r f a c e  i n t o  t h e  t rough ,  t hey  would immediately 

be blown i n t o  t h e  a i r .  The r e s u l t  was a cont inuous c i r c u l a t i o n  o f  b a l l s  

through t h e  a i r .  Heavy canvas s t r i p s  covering both  e x i t  and en t r ance  t o  t h e  

room prevented  t h e  b a l l s  from f l y i n g  ou t  of  t h e  room. 

(18) Residue foam puddles:  A s  a waste  product  of  polyfoam product ion ,  

l e f t  over  polyfocm l i q u i d  is o f t e n  poured i n t o  c o n t a i n e r s  such as paper  bags 

and boxes. When t h e  foam cools  and expands o u t  o f  t h e  c o n t a i n e r s  it forms 

bulbous,  c r a t e r - l i k e  puddles.  Up t o  10 inches  t h i c k  and 7 f e e t  l ong ,  t h e  

puddles  a r e  extremely buoyant and con ta in  i n m e r a b l e  pocke ts ,  bubbles ,  and 

t e x t u r e s .  I n  t h i s  s e c t i o n  puddles  were p laced  on bo th  t h e  f l o o r  and wa l l s .  

(19,  20)  Hot and co ld  boxes: To provide  t h e  s e n s a t i o n s  of  h o t  and 

co ld  a t  t h e  same t ime ,  two boxes were c o n s t r u c t e d ,  one o f  which contained 

a hea t ing  element and t h e  o t h e r  o f  which conta ined  i c e  packs.  Both boxes 

had s h e e t  metal  p l a t e s  on t h e  exposed s u r f a c e  and were p l aced  i n  a narrow 

a r e a  where t h e  i n d i v i d u a l  would be fo rced  t o  encounter  them. 

(21 ,  22) Wind tunne l :  A t  t h e  end o f  an extremely small  t u n n e l ,  

approximately 3 f e e t  h igh  and wide, a 22 inch  i n d u s t r i a l  f an  was p laced  

behind a wire  mesh wa l l .  The f a n  blew a i r  i n t o  t h e  sma l l  t unne l  making t h e  

space  feel  l e s s  c o n s t r i c t i n g  and cool ing  t h e  v i s i t o r .  

(23 ,  2 4 )  Fur tube: Two 6 f o o t ,  36 i nch  d i c m e t e r ,  conc re t e  form tubes  

were p laced  end t o  end, angled a t  approximately 45 degrees  down from t h e  

wind t u n n e l  t o  t h e  water  ma t t r e s se s .  Both t ubes  were f i r s t  l i n e d  wi th  4 inch  

polyfoam and then  covered wi th  a r t i f i c i a l  fur t o  form a s i n g l e  tube .  

( 2 5 ,  26) Waterbed room: The f u r  t u b e  was p laced  s o  as t o  pas s  through 

t h e  t o p  h a l f  o f  a door  l ead ing  t o  t h e  waterbed room and s t a n d  j u s t  over  t h e  

first of two king-sized waterbeds.  Each waterbed was framed i n  by w a l l s  

covered wi th  1 inch  foam such t h a t  t h e  whole f l o o r  o f  t h e  room had no  

s t and ing  space.  The waterbeds were f i l l e d  wi th  water  a t  room temperature  

and t h e  v i n y l  l e f t  b a r e ,  g iv ing  t h e  d i s t i n c t  s e n s a t i o n  o f  wetness.  An e x i t  

from t h e  waterbed room was cons t ruc t ed  j u s t  under  t h e  en t r ance  t ube  i n  t h e  

lower h a l f  o f  t h e  doorway. 
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(27) Q u i v e r a l l  room: A sma l l  chsmber was consruc ted  j u s t  o u t s i d e  t h e  

waterbed room i n  which t h e  f l o o r s ,  w a l l s ,  and c e i l i n g  were covered wi th  a  

f l e s h - l i k e  rubber  commonly c a l l e d  ' q u i v e r a l l ' .  

( 2 8 ,  29, 30, 31) Cramped maze: A 4 f o o t  h igh  crawling maze was 

cons t ruc t ed  t o  maximally expose t h e  i n d i v i d u a l  t o  a v a r i e t y  o f  t e x t u r e s  

and forms w i t h i n  a s h o r t  pe r iod  o f  t ime. This  was done by c o n s t r u c t i n g  a  

s e r i e s  of f l snged  pane l s  which would f o r c e  t h e  i n d i v i d u a l  t o  e n c o u t e r  a s  

many s u r f a c e s  a s  p o s s i b l e  by c o n t i n u a l l y  changing t h e  d i r e c t i o n  o f  t h e  maze. 

Most o f  t h e  forms and t e x t u r e s  p laced  i n  t h e  maze were man-made, c o n s i s t i n g  

o f  p l a s t i c s ,  r ubbe r s ,  and va r ious  f i b r e s .  

(32)  Birdseed b i n :  A 3 f o o t  h igh  b i n  was cons t ruc t ed  i n  which was 

p laced  600 pounds o f  m i l l e t .  The b i n  was approximately 7 f e e t  long wi th  

t h e  surrounding a r e a  covered i n  f e l t .  The ind:vidual  had t o  crawl over  

foam and canvas pane l s  t o  g e t  i n  and o u t  o f  t h e  b in .  

(33)  S i s a l  f i b r e  room: I n  c o n t r a s t  t o  t h e  b i r d s e e d ,  a  12 f o o t  long 

square  t u n n e l  was cons t ruc t ed  which conta ined  100 pounds o f  s i s a l  f i b r e .  

The s i s a l ,  which was unbound, hung from t h e  c e i l i n g  and covered t h e  f l o o r .  

( 34 )  S p i r a l  walkway: I n  o r d e r  t o  f o r c e  t o  a s t and ing  p o s i t i o n  t hose  

who might s t i l l  be c rawl ing ,  1 and 1 /2  f o o t  wide walkway was cons t ruc t ed .  

To d i s o r i e n t  t h e  person i n  t h e  s t and ing  p o s i t i o n ,  t h e  l e f t  w a l l  o f  t h e  

t unne l  was cons t ruc t ed  t o  t w i s t  t o  t h e  r i g h t  w i th  a  concave shape. The 

r i g h t  wal l  a l s o  t w i s t e d  t o  t h e  r i g h t  bu t  w i th  a  convex shape whi3e t h e  

f l o o r  was cons t ruc t ed  t o  r a i s e  and s l a n t  t o  t h e  r i g h t .  The t h i n  walkway 

was l i n e d  wi th  t h i c k ,  c o a r s e ,  r e s i d u e  foam and conta ined  hanging s t r i p s  of 

maribou, an extremely s o f t ,  f u r - l i k e  m a t e r i a l .  

(35)  Sandpaper ramp: Froin t h e  end o f  t h e  s p i r a l  walkway t o  t h e  

lower f l o o r  o f  t h e  Environment, a  ramp was cons t ruc t ed  which was l i n e d  

wi th  coa r se  sandpaper.  On t h e  l e f t  of  t h e  ramp t h e  wa l l  dropped away leav-  

i n g  t h e  i n d i v i d u a l  with no l e f t  hand r e f e r e n c e .  

(36)  Sculp tured  wa l l :  Beginning on t h e  r i g h t  wal l  b e s i d e  t h e  sand- 

paper  ramp and cont inu ing  around t h e  end w a l l  o f  t h e  Environment, a  12 f o o t  

long ,  8 f o o t  h igh ,  f i b r e g l a s s  s c u l p t u r e  was cons t ruc t ed .  A s  t h e  base  f o r  t h e  

s c u l p t u r e ,  a  wood frame was e r e c t e d  on which heavy fence  wi re  was shaped and 
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f a s t ened .  The wire  was covered first wi th  a  p l a s t e r  mach6 on t h e  s u r f a c e  

of which succes s ive  l a y e r s  o f  f i b r e g l a s s  mat and r e s i n  were placed.  Severa l  

c o a t s  o f  r e s i n  f i n i s h e d  t h e  s c u l p t u r e  t o  a  smooth, p l a s t i c  f i n i s h  which was 

shaped t o  con ta in  t roughs ,  pocke ts ,  and p r o t r u s i o n s .  

(37, 38, 39) Open a r e a  and e l a s t i c  w a l l s :  The Environment a t  t h i s  

p o i n t  was cons t ruc t ed  s o  a s  t o  d i r e c t  t h e  i n d i v i d u a l  i n t o  an open space.  

By s t r e t c h i n g  rayon e l a s t i c  v e r t i c a l l y  on t h e  s i d e s  of  t h e  open a r e a ,  an 

a t tempt  was made t o  produce an apparen t  l o s s  o f  a  f i x e d  v e r t i c a l  r e f e r ence .  

(40)  Vibra t ing  room: Four 4 f o o t  by 8 f o o t  ga lvan ized  s t e e l  s h e e t s  

were used i n  t h e  c o n s t r u c t i o n  o f  t h i s  s e c t i o n .  Two f u l l  s h e e t s  were used 

f o r  t h e  l e f t  and r i g h t  w a l l s ,  one s h e e t  c u t  i n  h a l f  l engthwise  se rved  a s  

t h e  e x i t  and en t r ance  w a l l s ,  and one s h e e t  c u t  i n  h a l f  widthwise se rved  a s  

t h e  f l o o r  and c e i l i n g .  Edges were crimped and f a s t ened  wi th  p o p - r i v e t t s .  

Vibra t ion  was produced with a 1 /4  horse  power motor wi th  a  c o n c e n t r i c  cam. 

(41 ,  42 ,  43) Foam and water  walkway: To r a i s e  t h e  i n d i v i d u a l  up t o  

a  he igh t  o f  I  f o o t  above f l o o r  l e v e l ,  a  ramp was cons t ruc t ed  and l i n e d  with 

canvas and r e s i d u e  foam. Following t h e  t o p  o f  t h i s  ramp a walkway was con- 

s t r u c t e d  which was 10 f e e t  long and 1 and 1/2 f e e t  wide. The walkway 

dipped down t o  f l o o r  l e v e l  i n  t h e  c e n t e r  and t h e n  r a i s e d  back up aga in  t o  

t h e  end. The c e n t e r  o f  t h e  walkway was l i n e d  wi th  po lye thylene  and 4 inch  

t h i c k  foam was p laced  over  t h e  e n t i r e  su r f ace  o f  t h e  walkway. Enough water  

was poured i n t o  t h e  c e n t e r  o f  t h e  walkway s o  t h a t  on ly  depress ion  o f  t h e  

foam would expose t h e  water  a t  t h a t  po in t .  Eeginning a t  t h e  s i d e s  o f  t h e  

walkway, w a l l s  were cons t ruc tedwhich  s l a n t e d  away t o  a  he igh t  o f  7 f e e t .  

The w a l l s  and c e i l i n g  were covered wi th  a s p h a l t  so of in^ t i l e .  

(44,  45 )  Burlap room: I n  an a r e a  approximately 7 f e e t  i n  length  

f ron  t h e  foam and water  walkway, b u r l a p ,  sawdust f i l l e d  s acks  were p laced  

on t h e  f l o o r .  The s l a n t e d  w a l l s  from t h e  p rev ious  s e c t i o n  were cont inued 

and covered wi th  bu r l ap  and were cons t ruc t ed  t o  widen and become v e r t i c a l  

by t h e  end o f  t h e  bu r l ap  room. 

(46 )  Pebble f l o o r :  The f l o o r  i n  t h i s  s e c t i o n  was covered wi th  

smooth, c l a y  pebbles  he ld  i n  p l a c e  by s e t t i n g  them i n  a  t h i n  l a y e r  of 

l a t e x  rubber .  
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(47)  P o l y e s t r e  f i b r e f i l l  w a l l :  The l e f t  w a l l  o f  a  l a r g e  a r e a  

follo-wing t h e  bu r l ap  room was covered e n t i r e l y  wi th  p o l y e s t r e  f i b r e f i l l .  

The c o t t o n - l i k e  m a t e r i a l  was a t t ached  t o  t h e  wall  wi th  a  rubber  cement. 

(48)  Tennis b a l l  f l o o r :  Tennis b a l l s  were c u t  i n  h a l f  and s e t  with 

curvcd s i d e  up i n t o  l a t e x  rubber  on t h e  f l o o r .  

(49,  50) Scu lp tu re s :  To block any l i g h t  t h a t  might seep through 

t h e  e x i t ,  a  panel was e r e c t e d  a t  an ang le  i n  f r o n t  of  t h e  e x i t  l i gh t - lock .  

The f a c e  o f  t h e  pane l ,  which was 7 f e e t  by 4 f e e t ,  was composed of  a t a c t i l e  

r e l i e f  s c u l p t e d  wi th  every th ing  f r o n  t i n  f o i l  and paper  mache t o  co t ton  

ba t ton  and p l a s t i c .  A second s c u l p t u r e ,  a 5 f o o t  human form, was c a s t  i n  

r e s i n  and f i b r e g l a s s  and f i n e l y  sanded. The s c u l p t u r e  was s e t  i n t o  p l a s t e r  

wi th  only  t h e  f i o n t  s u r f a c e  exposed t h u s  c o n t r a s t i n g  t h e  smooth p l a s t i c  

s u r f a c e  o f  t h e  form wi th  t h e  rough p l a s t e r .  

(51)  Residue f o m  puddle w a l l :  A s  ano the r  means o f  blocking o f f  

l i g h t  a t  t h e  e x i t  and a l s o  p re sen t ing  a cont ras t i r ig  s u r f a c e ,  a  7 f o o t  long,  

4  f o o t  wide foan puddle was suspended a t  t h e  e x i t .  

( 54 )  F i r e  e x i t s :  Provis ions  were made f o r  escape r o u t e s  i n  case  of  

emergency, t h e  f i r s t  c o n s i s t i n g  of  a canvas c u r t a i n  n e a r  and and a s  an 

a l t e r n a t i v e  t o  t h e  e x i t  and en t rance .  The second r o u t e  cons i s t ed  o f  two 

rayon e l a s t i c  w a l l s ,  s e c t i o n  39, which allowed acces s  t o  t h e  maintainance 

passage ,  s e c t i o n  55, o r  t o  a  second door n e a r  t h e  scu lp tu red  wal l .  I n  t h e  

dark though, by backing t h e  rayon e l a s t i c  wi th  canvas c u r t a i n s ,  access  was 

' f e l t '  t o  be c o n s t r i c t e d  and t h e r e f o r e  t h e  i n d i v i d u a l  was d i r e c t e d  e l s e w h e ~ e .  

(55)  Maintainance passage:  In  o r d e r  t o  qu ick ly  ga in  access  t o  any 

a r e a  o f  t h e  Cnvironment i n  case  of emergency and t o  provic?e access  f o r  

maintainance,  a  3 f o o t  wide tunne l  was incorpora ted  i n  t h e  cons t ruc t ion  t o  

run between lower l e v e l  t u n n e l s  and d i r e c t l y  underneath t h e  upper l e v e l .  

Leading t o  t h i s  a r e a  were cons t ruc ted  a  number of  maintainance ha tches  

loca t ed  n e a r  s e c t i o n s  5 ,  11, 19 ,  27,  32, and f i r e  e x i t s .  As w e l l ,  a l l  

e l e c t r i c a l  equipment was contained i n  t h i s  a r ea .  

(56)  V e n t i l a t i o n  tunne l :  V e n t i l a t i o n  f o r  t h e  Environment was 

provided by a  l a r g e  meta l  a i r  duc t  with f o u r  o u t l e t s  open t o  t h e  upper 

l e v e l .  
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S ince  cons t ruc t ion  of t h e  Environment was an a n t i c i p a t i o n  I how 

t h e  p rospec t ive  v i s i t o r  would r t a c t  t o  t h e  va r ious  p a r t s  o f  it a s  we l l  a s  

t h e  t o t a l  exper ience ,  p rov i s ions  were made f o r  t h o s e  i n d i v i d u a l s  who might 

r e a c t  adverse ly  t o  t h e  experience.  Thus, i n  case  of  acc iden t  o r  i n  case  

an i n d i v i d u a l  wished t o  be taken out  of  t h e  Environment once i n ,  t h e r e  

was a l i g h t i n g  system connected t o  a main swi tch  i n  t he  en t r ance  o f f i c e .  

An intercom was s e t  up t o  monitor  a l l  a r e a s  of  t h e  Environment and t h e  

l i g h t s  could be turned  on a t  s h o r t  no t i ce .  As w e l l ,  wi th  t h e  use of t h e  

intercom, any i n d i v i d u a l  could be t a l k e d  t o  o r  l o c a t e d  and guided out  

through t h e  n e a r e s t  maintainance ha tch  and f i r e  e x i t .  I n  ca se  of  f i r e ,  

t h e  l i g h t s  could be turned on r evea l ing  a s e r i e s  o f  c l e a r l y  marked e x i t s  

as w e l l  as a nuinber o f  small  f i r e  ex t ingu i she r s .  




