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r?'u'R'i"riER EXPERIMENTS ON SUCCESSIVENESS DISCRIMINATION 

In t roduct ion  

The p r o b a b i l i t y  t h a t  two independent sensory s i g n a l s  
w i l l  be d iscr imina ted  as success ive  rather than simultaneous 

~ 

i s  a func t ion  o f  t h e  amount o f  time which s e p a r a t e s  them. i 
Under c e r t a i n  condi t ions  t h i s  func t iona l  r e l a t i o n s h i p  i s  
descr ibed q u i t e  wel l  by a s t r a i g h t  l i n e  l i k e  the  one i n  the 
r i g h t  half o f  Figure 1. I n  t h i s  f i g u r e  the p r o b a b i l i t y  of a 
c o r r e c t  d i sc r imina t ion  i s  p l o t t e d  aga ins t  t h e  i n t e r v a l  which 
s e p a r a t e s  t h e  two s i g n a l s .  I 

I 

Values o f  P ( C )  a r e  obtained w i t h  a two-choice forced- 
choice psychophysical  method. A p a i r  of s i g n a l s  c o n s i s t s  of  
t h e  o f f s e t s  of  a l i g h t  and a tone  and two such p a i r s ,  pre- 
sented success ive ly ,  make up a t r i a l .  I n  one of t h e  p a i r s  
t h e  o f f s e t s  a r e  simultaneous; i t  i s  c a l l e d  the s tandard.  For  
t h e  o t h e r  p a i r ,  t h e  v a r i a b l e ,  t h e  offsets  occur  success ive ly .  
The s u b j e c t  i s  asked t o  t r y  t o  i d e n t i f y  the  v a r i a b l e  by 
i n d i c a t i n g  whether it was presented f irst  or second, and P(C) 
i s  t h e  p ropor t ion  o f  t r i a l s  on which t h i s  i s  done c o r r e c t l y  
f o r  a p a r t i c u l a r  va lue  of t h e  i n t e r v a l  s e p a r a t i n g  t h e  s i g n a l s  
which comprise the v a r i a b l e .  This p r o b a b i l i t y  has a range 
from .5O t o  1.00 s ince  t h e  sub jec t  may be c o r r e c t  half  of 
t h e  t ime e n t i r e l y  by chance. I 
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One a d d i t i o n a l  p o i n t  needs t o  be c la r i f ied  concerning 
the  constructLon of Figure 1. 
which are greater than  zero mean t h a t  t h e  l i g h t  s i g n a l  occurs 
be fo re  t h e  tone  by the indicated amount. 

Values of the  v a r i a b l e  i n t e r v a l  

Negative va lues  
mean ti-lat the a u c ? i t G r y  cffset hq!pe-”.s first 

All of t h e  measurements we have made t o  date (1,2) have 
been concerned only with determining the ascending segment 
i n  t h e  r i g h t  half of Figure 1, t h a t  is, the d i sc r imina t ion  of 
p o s i t i v e  i n t e r v a l s  from a s tandard of zero .  Most such sets 
of data are descr ibed adequately by a s t ra ight  l i n e  (2 ) .  
Typica l ly ,  t h e  l i n e  i n t e r s e c t s  t h e  chance b a s e l i n e  a t  about 
10 msec. and rises t o  1.0 a t  about  60 msec. 
10 msec., i s  c a l l e d  x and t h e  d i s t ance  spanned by the  ascend- 
i n g  l i m b ,  approximately 50 msec., i s  c a l l e d  M. 

The former value,  

A s p e c i f i c  t h e o r e t i c a l  i n t e r p r e t a t i o n  of these parameters 
has been g iven  ( 2 , 3 )  i n  which x i s  taken t o  be t h e  d i f f e r e n c e  
between t h e  two sensory channels i n  the t i m e  requi red  t o  t rans-  
m i t  the  message from t h e  s i g n a l  source t o  the  neura l  d i sp l ay  
a r e a s .  When the v i s u a l  s i g n a l  precedes the  aud i to ry  s i g n a l  
by x msec., t h e  two neura l  i n p u t s  a r r i v e  s imultaneously i n  
t h e i r  r e s p e c t i v e  d i s p l a y  a r e a s .  The f a c t  that  x i s  p o s i t i v e  
implies s lower conduction i n  the  v i s u a l  channel.  

The second parameter,  M, i s  thought of as t h e  per iod  of 
an  i n t e r n a l  t iming mechanism which emits a series of 
equal ly-spaced temporal p o i n t s .  One of these p o i n t s  m c u r s  
every M msec 
can be coded 

. and they determine whether a pair  o f  s i g n a l s  
as success ive  r a t h e r ‘ t h a n  simultaneous.  If one 
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p o i n t  f a l l s  i n  t h e  i n t e r v a l  between the  s i g n a l s  which occur  
i n  the  d i s p l a y  areas, then  t h e  s i g n a l s  may be coded as  success ive ,  
S ince  t h e  p a i r  of  s i g n a l s  may f a l l  anywhere on t h e  t i m e  
continuum w i t h  r e spec t  t o  t he  in t e rna l ly -gene ra t ed  temporal 
po in t s ,  t h e  p r o b a b i l i t y  t h a t  one p o i n t  w i l l  f a l l  between t h e  
s i g n a l s  w i l l  b e  zero when the  e x t e r n a l  s i g n a l s  are  separa ted  
by x and it w i l l  be u n i t y  when they  a re  separa ted  by (X + M ) ,  
t h e  value denoted by y i n  F igu re  1. When t h e  v a r i a b l e  i n t e r v a l  
i s  y ,  t h e  n e u r a l  s i g n a l s  w i l l  be separa ted  by M and e x a c t l y  one 
p o i n t  w i l l  f a l l  between them on every such t r i a l .  I n  g e n e r a l ,  
t h e  p r o b a b i l i t y  t ha t  a p o i n t  w i l l  f a l l  between the  neu ra l  s i g n a l s  
produced by  s i g n a l s  which are  separated by I msec. i s  

I - x  
M 

Pos tu l a t ing  a n  i n t e r n a l  c lock  of t h i s  s o r t  does seem t o  be  
unreasonably simple, and a t  va r i ance  w i t h  t h e  complexity we 
expect t o  encounter  i n  q u a n t i t a t i v e  psychologica l  work. None- 
t h e l e s s ,  t h e  no t ion  does have some suppor t .  I n  a r e c e n t  r e p o r t  
( 3 ) ,  t h ree  independent behaviora l  methods of measuring t h e  per iod  
of t he  c lock  have been descr ibed  which y i e l d  data which are  i n  
good q u a n t i t a t i v e  agreement. 

Why should an i n t e r p o l a t e d  temporal p o i n t  b e  necessary  
f o r  t he  d i sc r imina t ion  of successiveness? One p o s s i b i l i t y  which 
has been discussed i n  d e t a i l  e a r l i e r  ( 2 , 3 )  i s  tha t  one of  t h e  
func t ions  of t h e  i n t e r n a l  c lock i s  t o  c o n t r o l  t h e  switching o f  
a t t e n t i o n  among inpu t  channels  i n  t h e  sense  t ha t  a t t e n t i o n  can, 
bu t  need no t ,  switch from one channel t o  ano the r  on ly  when a 

4 



p o i n t  occurs .  I n  o r d e r  t o  d i sc r imina te  two independent neura l  
events  as success ive ,  it i s  necessary t o  observe t h e  occurrence 
of one, switch a t t e n t i o n  t o  t h e  channel which con ta ins  t h e  second, 
and then observe t h e  occurrence of t h e  second. If the second 
event  has already occurred by t h e  time the  switching ope ra t ion  
i s  completed, then the two events  are equiva len t  t o  simultaneous 
even t s  . 

T h i s  explana t ion  c l e a r l y  supposes t ha t  the sub jec t  is  
a t t end ing  to t h e  channel which contains  t h e  f i rs t  s i g n a l  a t  
t h e  moment the f i r s t  s i g n a l  occurs  and then  switches t o  the 

second channel without  f a i l  when t h e  next oppor tuni ty  comes 
along.  I f ,  for example, t h e  s u b j e c t  were a t t e n d i n g  t o  t h e  
channel of  t he  second s i g n a l  when the f i r s t  s i g n a l  occurs ,  then  
i t  would be necessary t o  switch t o  the  first channel and then  
back t o  t h e  second channel dur ing  the i n t e r v a l  between the 
s i g n a l s  i n  o r d e r  t o  d i sc r imina te  them a s  success ive .  Two 
p o i n t s  would have t o  occur  dur ing  the i n t e r v a l  i n  such a 
case .  

I f  t h i s  explana t ion  i s  c o r r e c t ,  then there i s  ano the r  
t h e o r e t i c a l  parameter  which i s  of importance, - v i z .  the proba- 
b i l i t y  that  t h e  s u b j e c t  i s  a t t e n d i n g  t o  the  channel which con- 
t a i n s  t h e  first s i g n a l  a t  t h e  moment t h e  first s i g n a l  occurs .  
I n  Figure 1, it is  assumed t h a t  Pi = 1.0. 
i t  fo l lows  that  a l l  i n t e r v a l s  i n  t h e  range between x and ( x  - M )  
should be equiva len t  and they should all y ie ld  only chance 
performance. This i s  because they a l l  produce p a i r s  of neu ra l  
s i g n a l s  which have only e i t h e r  zero o r  one p o i n t  between them; 
and, s i n c e  P = 1 and the  f irst  event for i n t e r v a l s  i n  t h i s  

Under t h i s  assumption, 
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range i s  aud i to ry ,  two p o i n t s  are r equ i r ed  f o r  a c o r r e c t  
d i sc r imina t ion .  

F i n a l l y ,  as t h e  i n t e r v a l  i s  made l a rge r  i n  t h e  nega t ive  
d i r e c t i o n  below x ( - ) ,  t h e  p ropor t ion  of t r i a l s  on which t h e  

requi red  two i n t e r p o l a t e d  p o i n t s  occur  i n c r e a s e s ,  reaching 
u n i t y  a t  y(-) = x - 2 M .  

According to t h i s  theory,  t h e  shape of t he  func t ion  should 
change as a func t ion  of  P ,2 
It i s  ev iden t  t h a t  P must b e  c o n t r o l l e d  i f  a p r e c i s e  measure- e 
ment o f  M i s  t o  b e  ob ta ined .  Fu r the r ,  s i n c e  x i s  p o s i t i v e  and 
t h e  s tandard i s  zero,  t h e  bes t  chance of  determining M without 
b i a s  l i e s  i n  making every a t tempt  to maximize P 

used i n  t h e  first experiments.  By having the  v i s u a l  s i g n a l  
b e  the  f i r s t  s i g n a l  i n  every v a r i a b l e  p a i r ,  t he  s u b j e c t  can 
maximize P(C) by a t t e n d i n g  t o  t h e  v i s u a l  channel,  i . e . ,  by 

maximizing P 

i n  t h e  manner i l l u s t r a t e d  i n  F igure  2 .  

. These are  
t h e  reasons why only p o s i t i v e  v a r i a b l e  i n t e r v a l s  a have been 

R .  

An a1 t e r n a t i v e  i n t e r p r e t a t i o n  .- The preceding a n a l y s i s  
has been couched i n  t h e  concepts  of  t h e  theo ry  of  a t t e n t i o n  
out of which t h i s  work has grown. 
th inking  about t h e  same r e l a t i o n s h i p s  which i s  worth consider ing 
as an a l t e r n a t i v e  theo ry .  
ca l led  a "counting model" of t i m e  d i sc r imina t ion ,  r e t a i n s  t h e  
c e n t r a l  idea of a f ixed-period t i m e  p o i n t  gene ra to r  and simply 
p o s t u l a t e s  that t h e  psychological  d u r a t i o n  of  an  i n t e r v a l  
def ined by two independent sensory s i g n a l s  i s  equal  t o  t h e  
number o f  t h e  p o i n t s  which f a l l  between t h e  d i s p l a y  area 
events  which correspond to t h e  s i g n a l s .  

There i s  ano the r  way of 

T h i s  a l t e r n a t i v e ,  which might be 
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If t h e  parameter  x r e t a i n s  i t s  previous  meaning, then  an  
i n t e r v a l  o f  d u r a t i o n  x would always b e  counted ( 0 )  and an  
i n t e r v a l  of (x + N) would alvlrays b e  counted (1). 
between x and (x  + M )  would be (0) on some t r i a l s  and (1) on 
o t h e r  t r i a l s ,  t he  p r o b a b i l i t y  o f  a ( 0 )  being 

I n t e r v a l s  

I - x ,  
M 

i n  which I i s  t h e  i n t e r v a l  of  i n t e r e s t  w i th in  t h e  range .  

An i n t e r v a l ,  however, c a r r i e s  ano the r  p o t e n t i a l l y  u s e f u l  
i t e m  o f  information: o r d e r .  Thus, r e f e r r i n g  to t h e  same 
experimental  arrangement a s  before ,  a n  i n t e r v a l  which con ta ins  
one t i m e  p o i n t  w i l l  be  c a l l e d  (+1) i f  t h e  l i g h t  t e rmina te s  
f irst  and (-1) i f  t he  sound t e rmina te s  f i r s t .  

It i s  obvious th'at o r d e r  in format ion  i s  g iven  by i n t e r v a l s  
which a re  grea te r  than  some d u r a t i o n  b u t  i t  may no t  be  c a r r i e d  
by very s h o r t  i n t e r v a l s .  For example, i t  may be t h a t  a n  i n t e r -  
v a l  which  i s  coded (+2) i s  n o t  d i sc r iminab le  from one which i s  
coded ( - 2 )  while it i s  d i sc r iminab le  from one equal  to (-1). 

Counting model A i s  def ined  by t h e  assumption that a l l  
i n t e r v a l s  o t h e r  than  t h o s e  which are coded ( 0 )  c a r r y  f u l l  
o r d e r  in format ion .  I f  it Zs assumed for purposes  of i l l u s t r a -  
t i o n  t h a t  x = .2M, then  t h e  s tandard  p a i r  on each t r i a l ,  which 
has a n  i n t e r v a l  o f  zero,  w i l l  b e  coded .2(-1) and .8(0), i . e . ,  
i t  w i l l  b e  coded (-1) 20% of t h e  t i m e  and (0)  80% of t h e  t i m e .  

I f  i t  i s  assumed t h a t  t h e  s u b j e c t  p,icks as success ive  (+1) 
when h e  i s  confronted w i t h  a choice  between (+1) and (-l), 
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which i s  opt imal  because txLe  standard i s  sometimes (-1) bu t  
never  (+1), then t h e  success iveness  f u n c t i o n  should look  l i k e  

that  i n  the upper  p a r t  of F igu re  3. 

Counting model B assumes t h a t  in format ion  regard ing  o r d e r  
i s  t r a n s m i t t e d  only  when the count i s  2 or more i n  e f the r  
d i r e c t i o n .  I n  t h i s  model t he  sub jec t  simply p i c k s  t h e  l a r g e s t  
count as success ive  and when he i s  given a choice between (+1) 
and (-l), he i s  c o r r e c t  on ly  half  t h e  t i m e .  Model B y i e l d s  
t h e  f u n c t i o n  shown i n  the lower  p a r t  o f  F igu re  3. Note tha t  
t h e  s l o p e  of t h e  r a p i d l y  ascending segment on the r igh t  f o r  
model B i s  unaf fec ted  by t h e  va lue  o f  x .  That i s ,  i f  x i s  
small, a l i n e  which i s  f i t t e d  t o  data p o i n t s  which are w i t h i n  
t h i s  segment would g i v e  an unbiased estimate of M .  

P lan  of experiments.- Two m a j o r  experiments are r epor t ed  
i n  t h e  fo l lowing  s e c t i o n s .  These were undertaken to determine 
(1) t h e  o v e r - a l l  form of  t h e  Successiveness d i s c r i m i n a t i o n  
func t ion ;  ( 2 )  the i n f l u e n c e  of channel u n c e r t a i n t y  upon t h e  

func t ion ;  and (3) t h e  e f f e c t  of varying the i n t e r v a l  between 
t h e  s i g n a l s  of t h e  s tandard  p a i r .  
f irst  two of these and Experiment 2 w i t h  the  t h i r d .  

Experiment 1 deals w i t h  t he  

The expected form o f  t h e  success iveness  f u n c t i o n  which 

I n  the  ideal case  it 
i s  p r e d i c t e d  by t h e  a t t e n t i o n  theory can be s p e c i f i e d  no more 
e x a c t l y  than  it i s  i n  F igu res  1 and 2. 
would l o o k  l i k e  Figure 1. 
u n r e a l i s t i c  cond i t ions  would have t o  be m e t  by the  s u b j e c t s .  
They would have t o  a t t e n d  t o  t h e  v i s u a l  channel a t  t h e  moment 
of the f i r s t  s i g n a l  i n  every pa i r  ( i . e . ,  P 

For  t h i s  t o  occur ,  two major  and 

= 1) and they  would a 

9 



I .o 

0.9 

0.8 
15 
a. 0.7 

0.6 

I I 

0.5 

0.4 1 1  

I .c 

0.9 

0.f  

0 .E 

0.5 

0.4 I I 
-2M --M 

/ 
/ 

L MODEL A 

L 
I I 

/ 
/ 

/ 
/ 

M 2M 

V A R I A B L E  INTERVAL 

FIG. 3 S U C C E S S I V E N E S S  D I S C R I M I N A T I O N  F U N C T I O N S  
P R E D I C T E D  B Y  T W O  C O U N T I N G  M O D E L S .  

IO 



have t o  switch without  f a i l  between channels a t  every appropr i a t e  
t i m e  p o i n t .  Furthermore,  they would have t o  do the  la t ter  a t  
each of two success ive  p o i n t s  whenever a negat ive  v a r i a b l e  i s  
p resen ted .  

If these s t r i n g e n t  assumptions are sat isf ied,  then t h e  

obtained successiveness  fuhc t ions  would c o n s i s t  o f  t h r e e  l i n e a r  
segments spanning equal d i s t a n c e s  on the a b s c i s s a  as i n  Figure 1. 
The t o t a l  t i m e  d i f f e r e n c e  between y, the time which must s epa ra t e  
the  s i g n a l s  when the l i g h t  occurs  f irst  f o r  lo@ d i sc r imina t ion  
from a standard of zero,  and y ( - ) ,  t h e  corresponding t i m e  
s epa ra t ion  when the  sound occurs  f i r s t ,  should be equal  t o  3. 

The most s a l i e n t  way i n  which the count ing models of 
F igure  3 d i f f e r  from t h e  a t t e n t i o n  model i s  i n  t h e  c e n t e r  of 
t h e  f u n c t i o n .  I f  x i s  p o s i t i v e ,  then t h e  le f t -hand  func t ion  
rises s t e e p l y  from the (0 ,50)  o r i g i n .  

The ini 'luence of channel unce r t a in ty ,  t ha t  i s ,  no t  knowing 
i n  advance which s i g n a l  will occur  first, should lead  t o  changes 
i n  p a r t s  of the func t ion  which f o l l o w  t h e  p a t t e r n  of F igure  2, 
according t o  t h e  a t t e n t i o n  theory.  
should be p o s s i b l e  t o  change P a 
of the t r ia l s  which are presented i n  a s i n g l e  sesslion. If a l l  
p o s i t i v e  variables are presented,  P might be l a r g e ,  il" a l l  of 
the v a r i a b l e s  are nega t ive  P migh t  b e  small and i f  t h e  condi t ion 
i s  one of unce r t a in ty ,  i . e . ,  both negat ive and p o s i t i v e  v a r i a b l e s  
being presented w i t h  no cue a s  t o  which i s  coming next ,  P I  might  
take an in te rmedia te  va lue .  

The idea here i s  tha t  it 
by  changing the  composition 

a 
a 
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The count ing models i n  t h e i r  p r e s e n t  form do no t  incor -  
po ra t e  concepts  which can be coordinated t o  channel u n c e r t a i n t y .  

The e f f e c t  o f  varying t h e  s tandard  i n t e r v a l  i s  ra ther  
c l e a r l y  pred ic ted  by both  t h e o r i e s  and t h e i r  p r e d i c t i o n s  d i f f e r .  
According t o  the  a t t e n t i o n  theory ,  v a r i a t i o n s  i n  t h e  s tandard  
should be without  e f f e c t  upon t h e  f u n c t i o n  as long  as t h e  

s tandard i n t e r v a l  remains i n  t h e  x t o  x ( - )  range.  
range a n  e f f e c t  i s  expected and i t  can be c a l c u l a t e d .  The 
counting models  on t h e  o t h e r  hand, p r e d i c t  tha t  any change i n  
t h e  s tandard should in f luence  t h e  func t ion .  The exac t  forms 
of t hese  p r e d i c t i o n s  w i l l  b e  presented  l a t e r .  

Outside t h i s  

Method.- The appara tus  has been descr ibed  i n  (1). The 
procedures  a r e  similar t o  those  descr ibed  i n  t h a t  r e p o r t  and 
w i l l  b e  on ly  summarized h e r e .  

Two-choice forced-choice data were obtained f o r  each of 
e i g h t  d i f f e r e n t  s u b j e c t s .  All e ight  took  p a r t  i n  Experiment 1. 
Five  of t h e  e i g h t  p a r t i c i p a t e d  i n  Experiment 2 .  On each t r i a l  
two l ight-sound p a i r s  were presented  success ive ly ,  a standard 
p a i r  and a var iab le  p a i r .  The s tandard  was presented  f i r s t  on 
ha l f  t he  t r i a l s  and second on h a l f .  For  every p a i r  the l i g h t  
and sound came on toge the r ,  remained on f o r  two seconds and 
then  te rmina ted .  The i n t e r v a l  between t h e  two o f f s e t s ,  which 
o f f s e t  occurred f i r s t ,  and t h e  r e l a t i o n  between t h e s e  for t h e  

s tandard  and t h e  v a r i a b l e  were t h e  main v a r i a b l e s  and w i l l  be  

discussed s p e c i f i c a l l y  l a t e r  f o r  each experiment.  I n  gene ra l ,  
t h e  sub jec t  was i n s t r u c t e d  to i n d i c a t e  which p a i r ,  t he  f i r s t  

or t h e  second, he thought  was t h e  v a r i a b l e .  F o r  a g iven  se t  
of condi t ions ,  P(C) was c a l c u l a t e d  as t h e  p ropor t ion  of t r i a l s  
on which he d i d  t h i s  s u c c e s s f u l l y .  

12 



One trial was i n i t i a t e d  every 15 seconds and two seconds 
elapsed between the f irst  and second p a i r s .  This  provided 
enough t i m e  fo l lowing  t h e  second p a i r  f o r  the sub jec t  t o  make 
h i s  d e c i s i o n  and t o  r e g i s t e r  h i s  response, which he d i d  by 
p r e s s i n g  one of two keys.  If  the response was c o r r e c t ,  he was 
so informed. 

One d a y ' s  s e s s i o n  cons i s t ed  of 84 t r i a l s ,  divided i n t o  
two runs  of 42 by a s h o r t  break. P r a c t i c e  s e s s i o n s  were given 
before  f i n a l  data were c o l l e c t e d .  The number of p r a c t i c e  days 
va r i ed  s u b s t a n t i a l l y  among s u b j e c t s  b u t  the f i n a l  s e s s i o n s  were 
n o t  begun f o r  a n  i n d i v i d u a l  u n t i l  h i s  performance appeared t o  
s t a b i l i z e .  

Experiment 1 
The E f f e c t  of Uncertainty upon 

Successiveness  Discr iminat ion Funct ions 

This  experiment was performed t o  determine some of t h e  
c h a r a c t e r i s t i c s  of success iveness  d i sc r imina t ion  func t ions  and 
t o  assess e f f ec t s  of channel u n c e r t a i n t y  upon t h e  func t ions .  
It c o n s i s t s  of two p a r t s ,  the r e s u l t s  of  which w i l l  be  presented 
s e p a r a t e l y  followed by a d i s c u s s i o n  of bo th .  

P a r t  A.- I n  prev ious  experiments (2)  data had been obtained 
under t h e  c e r t a i n t y  condi t ion ,  u s ing  only p o s i t i v e  va lues  of 
t he  v a r i a b l e  i n t e r v a l ,  f o r  each of the f o u r  s u b j e c t s  who p a r t i -  
c ipa t ed  i n  t h i s  p a r t .  These ear l ierdata  provide a b a s e l i n e  
a g a i n s t  which t o  compare t h e i r  performance under u n c e r t a i n t y .  



A s  i n  t he  prev ious  experiments,  a s tandard  w i t h  an  
i n t e r v a l  of zero  was used h e r e .  A number of  va lues  of t h e  
v a r i a b l e  i n t e r v a l  were used, some of  them p o s i t i v e  and some 
nega t ive .  The va r ious  va lues  were randomly intermixed ove r  
t r i a l s  and t h e  s u b j e c t  was no t  informed p r i o r  t o  each t r i a l  of 
e i ther  t h e  va lue  o f  t h e  v a r i a b l e  or whether i t  would be  p o s i t i v e  
o r  nega t ive .  H e  was i n s t r u c t e d  t o  i n d i c a t e  t h e  success ive  
p a i r  on each t r i a l .  

The number o f  p r e s e n t a t i o n s  o f  each va lue  of  t he  v a r i a b l e  
and the  number of c o r r e c t  responses  f o r  each a re  t a b l e d  i n  
Appendix A f o r  t he  ind iv idua l  s u b j e c t s .  F igures  4 and 5 show 
t h e  r e s u l t s  i n  terms of P ( C ) .  

A l i n e  was f i t t e d  t o  t h e  data p o i n t s  i n  the  r i g h t  h a l f  

of  each graph us ing  t h e  leas t - squared  e r r o r  procedure descr ibed  
previous ly  ( 2 ) .  
of each graph i n  F igures  4 and 5 .  The dashed l i n e  i n  each graph 
i s  t h e  l i n e  obta ined  e a r l i e r  for each s u b j e c t  under  t h e  c e r t a i n t y  
cond i t ion .  

This l i n e  i s  t h e  s o l i d  l i n e  i n  t h e  r i g h t  half 

The differencesbetween t h e  s o l i d  and t h e  dashed l i n e s  
are  t r i v i a l  f o r  th ree  of t h e  s u b j e c t s .  The f o u r t h ,  J C ,  shows 
a small change i n  x o f  about  7 msec. b u t  no change i n  s l o p e .  
I n  gene ra l ,  i t  can be  said t h a t  u n c e r t a i n t y  exer ted  no apprec iab le  
e f f e c t  upon t h e  p o s i t i v e  segment o f  t he  func t ion  i n  t h i s  
experiment.  

Since the  s u b j e c t s  show no change as a r e s u l t  of unce r t a in ty ,  
i t  i s  necessary to conclude t h a t  P i s  unchanged by t h e  change a 
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i n  procedure.  F i t t i n g  a s i n g l e  l i n e  t o  t h e  data i s  j u s t i f i e d  
only if P, i s  c l o s e  t o  u n i t y  and this assumption, t h a t  Pj = 1, 
i s  as well satisfied by t h e  p resen t  u n c e r t a i n t y  data as it was 
by the ear l ie r  data. 

r /  

Continuing the a n a l y s l s  w i t h i n  t h e  contex t  of a t t e n t i o n  
under unce r t a in ty ,  then  t h e  theory,  i l ”  Pa i s  very n e a r l y  one 

data i n  t he  l e f t  half  of each graph should a l s o  b e  l inear ;  (see 
Figure  1) and a second-l ine segment i s  shown on the negat ive  
side of each graph which i s  t h e  l i n e  of bes t - f i t  t o  the p o i n t s  
on tha t  s i d e .  

The complete func t ions  can then be descr ibed by a set of 
t hose  p o i n t s  a t  which t h e  two f o u r  p o i n t s  a long the  abscissa: 

ascending segments reach a P(C) of 1.0 which are c a l l e d  y on 
t h e  p o s i t i v e  s i d e  and y ( - )  on t h e  negat ive side,  and t h e  two 
p o i n t s  of i n t e r s e c t i o n  w i t h  the  P(C) = .5 l i n e  which are c a l l e d  
x and x(-). These va lues  a r e  given i n  Table  I along wl th  x and 
y f o r  the c e r t a i n t y  func t ions .  

The average of y i s  63.3 msec. under  unce r t a in ty  and 62.8 

These means demonstrate again t h e  l a c k  o f  e f f e c t  
under c e r t a i n t y .  For  x, t h e  corresponding mean va lues  are 8.7 
and 5.9. 
exer ted  by u n c e r t a i n t y  upon the  p o s i t i v e  l i m b  of t h e  func t ion  
i n  t h i s  experiment.  

P a r t  B.- A l l  of the s u b j e c t s  i n  P a r t  A had ex tens ive  
experience with the successiveness  t a s k  p r i o r  to t h e i r  p a r t i -  
c i p a t i o n  i n  P a r t  A and a l l  of t h e  p r i o r  experience had cons is ted  
of s e s s i o n s  i n  which condi t ions  were arranged to maximize f J . 



A l l  of t h e  hundreds of s i g n a l  p a i r s  which they  had observed were 
e i t h e r  simultaneous p a i r s  o r  p a i r s  i n  which t h e  v i s u a l  s i g n a l  
occurred before  t h e  a u d i t o r y  s i g n a l .  

The r q s u l t s  of Pa r t  A i n d i c a t e  t h a t  t h e  s u b j e c t s  behaved 
under u n c e r t a i n t y  i n  t h e  same way as they  had behaved previous ly  
under  c e r t a i n t y .  This f ind ing  i s  open t o  a number of r a t h e r  
obvious i n t e r p r e t a t i o n s  a t  t h i s  p o i n t .  One p o s s i b i l i t y  i s  that 
changes i n  PJ do not have t h e  e f f e c t s  upon t h e  d i s c r i m i n a t i o n  
func t ion  which are p red ic t ed  by the a t t e n t i o n  theory .  Another 
p o s s i b i l i t y  i s  t h a t  an observing se t ,  i . e . ,  a high va lue  of P 
was s o  thoroughly b u i l t  i n  as a result of t h e  p r i o r  experience 

a’ 

TABLE I 

VALUES OF THE VARIABLE INTERVAL AT WHICH THE LINES 
OF BEST-FIT PASS THROUGH P(C) = .50 [ x ( - )  and X I  

AND THROUGH P ( C )  = 1.0  cy( - )  and y ]  FOR THE 

INCLUDED ARE x AND y OBTAINED UNDER CERTAINTY. 
UNCERTAINTY C O N D I T I O N  O F  EXPERIBlENT 1A. ALSO 

Subject Uncer ta in ty  C e r t a i n t y  

GK 
J H  
Prd 
J C  

Y ( - >  +> X Y X Y 

40.1 6.3 4.1 45.9 1.9 48.1 
101.9 29.7 7?0 52.1 7.5 49.7 
94.1 31.2 9.2 62.7 6.7 69.4 
131.4 26.4 14.6 92.5 7.3 84.0 



tha t  it simply c a r r i e d  over una l te red  throughout  P a r t  A; 

there w a s  no c m p e l l i n g  reason  t o  change the set .  
p o s s i b i l i t y  i s  tha t  PI i s  high i n  t h i s  Mnd of  observing s i t u a t i o n  
and t h a t  i t  i s  no t  readily changed. That is, it i s  conceivable  
t h a t  there i s  a n a t u r a l  bias which s t rong ly  favors  a t t e n d i n g  t o  
the v i s u a l  channel when two events ,  one v i s u a l  and one audi tory ,  
are expected t o  happen a t  about the same t i m e .  

A t h i r d  

This par t  of Ecperiment 1 was designed t o  provide a d d i t i o n a l  
in format ion  on the complete successiveness  func t ion  and t o  t r y  
t o  d i sc r imina te  among some of t h e  possible  i n t e r p r e t a t i o n s  of 
the  r e s u l t s  of P a r t  A .  

Four new s u b j e c t s  were se l ec t ed ,  none of whom had had 
previous experience w i t h  successiveness  d i sc r imina t ion .  
however, had taken  par t  i n  a series of  r e a c t i o n  t i m e  experiments 
u s ing  the same s i g n a l s  i n  t h e  same environment a s  repor ted  pre- 
v i o u s l y  ( 3 ) .  

All four ,  

Three experimental  condi t ions  were appl ied  t o  each s u b j e c t :  
a .  P o s i t i v e  v a r i a b l e  i n t e r v a l s  only: c e r t a i n t y .  
b .  Negative v a r i a b l e  i n t e r v a l s  only: c e r t a i n t y .  
c .  Both p o s i t i v e  and negat ive i n t e r v a l s :  u n c e r t a i n t y .  

The four  s u b j e c t s  were divided i n t o  pairs and a d i f f e r e n t  o rde r  of 
the cond i t ions  w a s  administered t o  each pair according t o  the 
fol lowing schedule  i n  which the letters des igna te  the condi t ions  
l i s ted  above: 



Session Number Subjec ts  
KQ and DC NG and NC 

1 - 1 2  a b 

13 - 23 C C 

24 - 29 b a 
30 - 37 C C 

38 - 42 a b 

Following se s s ion  42, e i g h t  more se s s ions  were conducted 
f o r  each s u b j e c t  i n  which only one p o s i t i v e  and one negat ive  
va r i ab le  i n t e r v a l  were used. Half of t h e s e  were under condi t ions  
of c e r t a i n t y  and h a l f  were under u n c e r t a i n t y .  F i n a l l y ,  t e n  
sess ions  were devoted t o  ob ta in ing  a d d i t i o n a l  s i n g l e  values  of 
P(C)  under t h e  c e r t a i n t y  cond i t ion .  
conducted for each of  t h e  four  s u b j e c t s .  

A t o t a l  of 60 s e s s i o n s  was 

I n  Pa r t  A only t h e  p o s i t i v e  h a l f  of t h e  success iveness  
func t ion  was obtained f o r  the c e r t a i n t y  cond i t ion .  
complete func t ions  were measured f o r  both c e r t a i n t y  and u n c e r t a i n t y .  

I n  P a r t  B 

The raw d a t a  f o r  P a r t  B a r e  given i n  Appendix B. Figures  
6 - 9 show t h e  successiveness  func t ions  for c e r t a i n t y  and for 
unce r t a in ty  f o r  each s u b j e c t .  
each s e t  of p o i n t s .  The dashed l i n e s  i n  t h e  lower half of  
each f i g u r e  a r e  t h e  same as t h e  l i n e s  f rom t h e  upper h a l f ;  
drawn i n  t o  f a c i l i t a t e  comparison. 

A s  before ,  a l i n e  was f i t t e d  t o  

they a r e  

Table I1 summsrizes t h e  p o i n t s  of i n t e r s e c t i o n  of  t h e  l i n e s  
w i t h  P(C) = .5 and P ( C )  = 1.0  i n  t h e  same manner as i n  Table I 
of Pa r t  A .  
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TABLE I1 

VALUES OF THE VARIABLE INTERVAL 
AT WHICH THE LINES OF BEST-FIT PASS THROUGH 

P(C) = .5 [x(-) and x] AND P(C) = 1.0 [y( - )  and y ]  
FOR THE TWO CONDITIONS O F  MPliI3IDITEm 1B. 

Subject  Uncer ta in ty  C e r t a i n t y  

Y(-> x(-) X Y Y ( - )  4 - 1  X Y 

Dc 59.8 7.3 15.7 54.5 74.1 10.5 11.8 51.2 
NC 77.1 14.4 2.7 62.1 91.5 26.7 5.6 66.9 
NG 101.8 5.4 15.6 70.5 91.4 11.6 22.3 69.5 
KQ 111.6 0 4.5 68.5 62.0 0 0 64.9 

Discussion of r e s u l t s . -  The l ack  of e f f e c t  of unce r t a in ty  
upon the p o s i t i v e  l i m b  of the d i sc r imina t ion  func t ion  which was 
noted i n  P a r t  A was observed a l s o  i n  P a r t  B. The data r e l e v a n t  
to t h i s  comparison are presented i n  Table I11 f o r  a l l  e i g h t  sub- 
j e c t s  i n  terms of the  parameters x and 14. It i s  q u i t e  c l e a r  t ha t  
u n c e r t a i n t y  has a n e g l i g i b l e  e f f e c t  upon both  parameters. 

These data can be used t o  es t imate  the e r r o r  involved i n  
measuring M. The mean abso lu te  d i f f e r e n c e  i n  M, over i nd iv idua l s ,  
between the two measurements i s  only 3.6 msec. w i t h  a s tandard 
d e v i a t i o n  of 3.0. On the average, t he re fo re ,  a second measure- 
ment of M w i l l  be w i th in  3 o r  4 msec. o f  a f irst  measurement 
when each measurement i s  based upon the moderate number of 
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responses obtained i n  each case i n  t h i s  s tudy .  The mean and 
standard dev ia t ion  of t h e  abso lu te  d i f f e r e n c e s  i n  x a r e  3.8 
and 2.2,  r e s p e c t i v e l y .  

These measurements a l s o  r e l i ab ly  d i f f e r e n t i a t e  among 
ind iv idua l s ,  i n  s p i t e  of t h e  r a t h e r  narrow range of i n d i v i d u a l  
d i f f e r e n c e s .  The rank-order  c o r r e l a t i o n  c o e f f i c i e n t s  ca l cu la t ed  
from Table I11 a r e  .81 f o r  x and .90 f o r  M. 

TABLE I11 

EFFECT OF UNCERTAINTY UPON THE PARAMETERS x A N D  M 
AS DETERMINED FROM THE 

POSITIVE LIMB OF THE D I S C R I M I N A T I O N  FUNCTIONS 

Subject 

GK 
J H  
PM 
J C  

KQ 
DC 
NC 

NG 

rile an  

X 

C e r t a i n t y  Uncertainty 

1.9 
7.5 
6.7 
7.3 
0 
11.8 
5.6 
22.3 

7.9 

4.1 
7.0 
9.2 
14.6 
4.5 
15.7 

15.6 
2 . 7  

9.2 
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M 
C e r t a i n t y  Uncertainty 

46.2 
42.2 
62.7 
76.7 
64.9 
39.4 
61.3 
47.2 

55.1 

41.8 
45.1 
53.5 
77.9 
64 .O 

38.8 
59.4 
54.9 
54.4 



t h a t  
t r u e  
w i t h  

The d a t a  of Table I11 are cons i s t en t  w i t h  the  conclusion 
Pi i s  unchanged by unce r t a in ty .  Since t h i s  seems t o  be a s  
f o r  the two s u b j e c t s  (NC and NG) who had p r i o r  experience 
only nega t ive  v a r i a b l e  i n t e r v a l s  as i t  i s  f o r  the o thers ,  

it would appear  t ha t  t he  r e s u l t  cannot be a t t r i b u t e d  t o  t h e  
p r i o r  development of an observing s e t ,  a l though t h e r e  i s  not  
enough data here t o  a l l o w  one t o  s t a t e  this conclusion w i t h  

confidence.  

The nega t ive  l i m b  of the  successiveness  func t ion  d i f fe rs  

from the p o s i t i v e  l i m b .  For one thing,  the range of values  of 
s lope  i s  much l a r g e r  f o r  the negat ive l i m b  as can be seen i n  
Table I V .  
range of 78 msec. while the range f o r  M i s  39. 
larger than  M t o  a s i g n i f i c a n t  ex ten t  (75 v s .  54 for the group) 

The t o t a l  span of t h e  negat ive l i m b ,  M(-), has a 
Also, M ( - )  i s  

TABLE IV 

VALUES O F  M A N D  M( - )  OBTAINED UhDER UNCERTAINTY 

Subject  

GK 
JH 
FM 
J C  

KQ 
DC 

NC 
NG 

Mean 

N-1 
33 08 
72.2 
62.9 

104.6 
111.6 
52.5 
62.7 
96.4 

74.6 

M 

41.8 
45.1 
53.5 
77.9 
64 .O 

38.8 
59.4 
54.9 

54.4 
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and t h i s  i s  t r u e  f o r  seven of the  e i g h t  s u b j e c t s .  
M and M ( - )  a r e  s i g n i f i c a n t l y  c o r r e l a t e d  over i n d i v i d u a l s  
( rho  = .66) .  

Nonetheless,  

Whether u n c e r t a i n t y  a f f e c t s  t h e  nega t ive  l imb can be 
determined f o r  only the four  s u b j e c t s  of  P a r t  B. T h i s  comparison 
i s  shown i n  Table V. 
s u b j e c t  KQ bu t  had l i t t l e  or no e f f e c t  for the  o t h e r  three s u b j e c t s  
who average 69 msec. for c e r t a i n t y  and 70 msec. f o r  u n c e r t a i n t y .  

Uncertainty increased  M ( - )  by 50 msec. for 

TABLE V 

THE EFFECT OF UNCERTAINTY UPON M( - )  

Subject M(-) 
C e r t a i n t y  Uncer ta in ty  

KQ 62 .o 
DC 63.6 
NC 64 .8  
NG 79.8 

111.6 
52.5 
62.7 
96.4 

There a r e  o t h e r  ways i n  which KQ seems t o  d i f f e r  

q u a l i t a t i v e l y  from t h e  o the r s .  
l a t e r .  For t h e  p re sen t ,  note  should be taken of the l a c k  Of 
e f f e c t  of  u n c e r t a i n t y  f o r  t h e  o t h e r  t h r e e  s u b j e c t s .  This  i s  par- 
t i c u l a r l y  important  because i t  implies  t h a t  P j  remains very  high 
even when only  nega t ive  v a r i a b l e  i n t e r v a l s  a r e  presented and when 

These w i l l  be brought ou t  
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the  s u b j e c t  knows i n  advance t h a t  such w i l l  be the case .  To 
cont inue t o  e n t e r t a i n  the expec ta t ions  of  the a t t e n t i o n  theory  i n  
the f ace  of t h i s  r e s u l t  i s  most d i f f i c u l t .  It implies t ha t  a t -  
t e n t i o n  i s  locked on t o  the v i s u a l  channel i n  t h i s  observing 

tageous t o  a t t e n d  t o  the a u d i t o r y  channel i n s t e a d .  This might be 
t r u e ,  of course,  bu t  it does seem un l ike ly .  

s i t i i a t i o n  e ~ e i i   der ~ ~ ~ d i t i ~ n ~  in ~ ~ h i c k ?  i t  PEu2.d be highl.3~ advan- 

Next t o  be considered i s  the ques t ion  of  the o v e r - a l l  form 
of  the success iveness  func t ion .  Complete data are a v a i l a b l e  f o r  
a l l  s u b j e c t s  f o r  the u n c e r t a i n t y  condi t ion  and a review of 
F igures  4 - 9 r e v e a l s  t ha t  s i x  i n d i v i d u a l s  manifest the  f l a t  
c e n t e r  segment which w a s  shown i n  Figure 1 t o  be expected by the 
a t t e n t i o n  theory  when PQ = 1. One sub jec t ,  KQ, def ini te ly  does 
no t :  bo th  the p o s i t i v e  and negat ive  l i m b s  o f  h i s  func t ion  pass 
very  n e a r l y  through zero  when P ( C )  = .5, more i n  accord w i t h  the 
expec ta t ions  of the count ing models. The eighth sub jec t ,  GK, i s  
equivocal ,  x being 4 and x ( - )  being 6 f o r  h i m .  The s i x  s u b j e c t s  
who seem t o  form a homogeneous group i n  t h i s  r e s p e c t  are summarized 
i n  Table V I  and an  average func t ion ,  based upon the l i n e s  which 
were f i t t e d  t o  the i r  data under the l i n e a r  hypothes is  of  the 
a t t e n t i o n  theory ,  i s  shown i n  Figure 10. 

The success iveness  func t ion  which i s  der ived  from a t t e n t i o n  
theo ry  f o r  Pl = 1 i s  shown i n  Figure 10 by the dashed l i n e s .  
c o n s t r u c t i o n  assumes an  M of 50 and I s  drawn arbi t rar i ly  through 
the obtained y of 65.7. The assumed va lue  of M w a s  s e l e c t e d  t o  
be s l i g h t l y  t o o  small t o  make the comparison somewhat c l e a r e r .  
It i s  apparent  i n  Figure 10 t h a t  i f  the  t h e o r e t i c a l  M were assumed 
t o  be 53 i n s t e a d  of 50, t hen  the  t h e o r e t i c a l  and obtained l i n e s  on 
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VARIABLE I N T E R V A L  (mSEC) 

F I G . 1 0  T H E  S O L I D  L I N E S  A R E  T H E  A V E R A G E  S U C -  
CE S S I V E N E  S S D I S C R I M I N A T  I O N  F U N  C T  1 O N  
F O R  T H E  G R O U P  D E F I N E D  I N  T H E  T E X T .  T H E  
D A S H E D  L I N E S  A R E  E X P E C T E D  F U N C T I O N  
B A S E D  O N  A T T E N T I O N  T H E O R Y ,  A S S U M I N G  
M = 50 
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the r i g h t  would agree almost p e r f e c t l y  and a l s o  the t h e o r e t i c a l  
va lue  of y(-), the P(C) = 1 i n t e r c e p t  on the le f t ,  would be 

shifted 9 msec. t o  t h e  l e f t  and would agree w i t h  the obtained 
va lue  of y(-) within one msec. 

One major discrepancy would remain and would be enhanced 
by the s l i g h t  i n c r e a s e  i n  the assumed M: the obtained value of 
x(-) i s  much smaller than  predicted.  

TABLE V I  

VALUES O F  y(-) ,  IC(-), X AND y DERIVED FROM 
THE UNCERTAINTY DATA FOR SIX SUBJECTS 

WHO ARE INCONSISTENT WITH THE COUNTING MODELS 

Subject  

JH 
PM 
J C  
Dc 
NC 
NG 

Mean 

Theref ore ,  

Y(-> 

101 .g 
94.1 

131.4 
59.8 
77.1 

101.8 

94.4 

x(-> 
29.7 
31.2 
26.4 

7 .3  
14.4 
5.4 

19.1 

X - 
7 -0 

9.2 
14.6 
15.7 
2.7 

15.6 

10.8 

- Y 

52.1 
62.7 
92.5 
54.5 
62.1 
70 - 5  

65.7 

the obtained successiveness  f u n c t i o n  i s  adequately 
descr ibed  by three l i n e a r  segments which together span three times 
the d i s t a n c e  spanned by the p o s i t i v e  ascending segment. That is ,  



i f  M i s  t h e  span of t h e  p o s i t i v e  segment, t hen  the t o t a l  func t ion  
spans 3M. These r e l a t i o n s h i p s  a r e  e x a c t l y  those  p red ic t ed  by a t -  
t e n t i o n  theory .  However, t h e  t h r e e  obtained segments do not  span 
equal  d i s t ances  on t h e  absc i s sa ;  t h e  l e f t  segment i s  l a r g e r  and 
t h e  m i d d l e  segment i s  smal le r  than  p red ic t ed .  
l e s s  than un i ty ,  a discrepancy of  t h i s  kind would be expected t o  
occur  ( see  Figure 2 ) .  
p r e t a t i o n ,  one would have t o  have many more data p o i n t s  f o r  each 
s u b j e c t  than  a r e  a v a i l a b l e  now. 

I f  PR were s l i g h t l y  

However, t o  make a case  f o r  such an  i n t e r -  

Summary o f  r e s u l t s . -  The fol lowing a r e  t h e  major r e s u l t s  
of  t h i s  experiment:  

1. The major parameter M can be measured w i t h  s a t i s f a c t o r y  
r e l i a b i l i t y .  A second measurement of M w i l l  be wi th in  4 msec., 
on the average of t h e  f i rs t ,  when it  i s  obtained from t h e  p o s i t i v e  
l imb  of t h e  successiveness  func t ion  us ing  procedures  l i k e  those  
of t h i s  experiment.  T h i s  measurement e r r o r  i s  small enough t o  
a l low ind iv idua l  d i f f e r e n c e s  t o  be r e l i a b l y  reproduced, t h e  cor re-  
l a t i o n  over i n d i v i d u a l s  being about .go. 

2. Knowledge a s  t o  which s i g n a l  w i l l  occur  f i r s t  i s  v i r -  
t u a l l y  without a f f e c t  upon t h e  success iveness  func t ion .  I n  
twelve in s t ances ,  an e f f e c t  was obtained only  once and i n  tha t  
case  unce r t a in ty  lengthened M by 50 msec. 

3. Neither t h e o r e t i c a l  model i s  an adequate  d e s c r i p t i o n  
I of the successiveness  func t ion  for a l l  e i g h t  i n d i v i d u a l s .  Six 

sub jec t s  resemble the model of a t t e n t i o n  theory,  one t h e  count ing 
model and one i s  equivocal .  The s i x  a r e  congruent w i t h  t h e  s implest  
model of a t t e n t i o n  theory  i n  a l l  ways save one. 
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The s u b j e c t  who showed the one e f f e c t  o f  u n c e r t a i n t y  was 
the one s u b j e c t  whose d a t a  conformed t o  the form expected by the 

count ing theory .  

Experiment 2 
The E f f e c t  of Var i a t ion  i n  t h e  Standard I n t e r v a l  
Upon Forced-Choice Successiveness Discr iminat ion 

Measurements of t h e  parameter M have depended f o r  t h e i r  
v a l i d i t y  upon an assumption about t h e  e f f e c t  of the  i n t e r v a l  of 
the s tandard  upon the forced-choice judgement. If the s tandard 
i n t e r v a l  i s  e x a c t l y  equal  t o  x, t hen  a s i n g l e  l i n e a r  func t ion  
w i t h  a span of M i s  expected by both of the theories discussed i n  
the i n t r o d u c t i o n .  
n o t  p o s s i b l e  t o  set  t h e  s tandard i n t e r v a l  e x a c t l y  equal  t o  it. 
The a t t e n t i o n  theory  sugges ts  that  t h i s  may not  be a c r i t i c a l  
f a c t o r  because a l l  i n t e r v a l s  i n  the range between x and x(-) 
are equ iva len t  t o  an i n t e r v a l  of x, providing Pi = 1. 

However, s i n c e  x can only  be estimated, it i s  

Th i s  experiment was designed t o  t es t  t h i s  deduct ion by 

determining the e f f e c t  upon P(C)  f o r  a s i n g l e  va lue  of  the 
v a r i a b l e  i n t e r v a l  of changes i n  the s tandard  i n t e r v a l ,  both 
w i t h i n  and o u t s i d e  of the x to x( - )  range. 
models which were discussed i n  the i n t r o d u c t i o n  lead t o  very  
d i f f e r e n t  p r e d i c t i o n s  concerning t h i s  e f f e c t  as i l l u s t r a t e d  i n  
Figure 11. 

The three t h e o r e t i c a l  

The example shown i n  the f i g u r e  assumes t ha t  x = .2M and 
tha t  a p o s i t i v e  v a r i a b l e  i n t e r v a l ,  V, equa l  t o  .8M i s  chosen f o r  
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s tudy .  Under these assumptions a standard i n t e r v a l  equal  t o  x 
should yield a P(C) o f  .80 according t o  a l l  t n r e e  models and 
P(C) should approach .5 l i n e a r l y  a s  the s tandard i n t e r v a l  
i n c r e a s e s  from x t o  V i n  va lue .  This r eg ion  of the func t ion  
does not  d i f f e r e n t i a t e  among the iiiodels bezzclse i n  t h i s  reginn 
both the s tandard  and the v a r i a b l e  a re  coded as e i ther  (0) o r  
(+1) on a l l  t r i a l s  and a l l -  three models a s s e r t  t ha t  (+1) can be 

d i s t ingu i shed  without  f a i l  from ( 0 ) .  

For s tandard  i n t e r v a l s  i n  the range which covers  one M 
immediately below x, t h e  t h r e e  models d i f f e r  greatly.  I n  t h i s  
range, the s tandard  i n t e r v a l  i s  always coded e i ther  (0) o r  (-1) 
while the v a r i a b l e ,  of course,  i s  st i l l  coded e i the r  (0) o r  (+1). 
Since the a t t e n t i o n  model leads t o  t h e  deduct ion that  (-1) i s  
equiva len t  t o  (0) ( s i n c e  two switching p o i n t s  a r e  r equ i r ed  when 
an i n t e r v a l  i s  nega t ive ) ,  the  func t ion  should be f l a t  i n  this 
reg ion  as indica te -d  by t h e  s o l i d  line i n  Figure 11. Counting 
model A assumes tha t  (-1) and (0) a re  f u l l y  d i s t ingu i shab le ;  
hence when the  s tandard  i n t e r v a l  equals  (x - M )  and i s  always 
coded (-l), then  P(C) for the  va r i ab le  must be 1.0. This i s  
ind ica t ed  by the dashed l i n e  a t  the top  of the f i g u r e .  

Counting model B assumes t h a t  (-1) differs  from (0) but  
t ha t  it i s  equiva len t  t o  (+1) s i n c e  o rde r  in format ion  i s  assumed 
no t  t o  be u t i l i z a b l e  un le s s  there are a t  least  t w o  i n t e rven ing  
p o i n t s .  Thus, f o r  a s tandard i n t e r v a l  of  (x - M ) ,  P(C) i s  reduced 
t o  -30, a l e v e l  s u b s t a n t i a l l y  below chance. 

F i n a l l y ,  i n  the range covering one M immediately below 
(x - M ) ,  t h e  two lower func t ions  ascend l i n e a r l y  t o  1.0 as t h e  
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propor t ion  of  t r i a l s  on which the  s tandard  i s  coded (-2) 
i nc reases  t o  1.0. 

Procedure.- The r e s u l t s  of  t h i s  experiment w i l l  be 

presented i n  two parts.  I n  P a r t  A a n  a t tempt  was made t o  determine 
a func t ion  l i k e  Figure 11 i n  d e t a i l  for a s i n g l e  experimental  
s u b j e c t .  P a r t  B c o n s i s t s  of a less-complete  de t e rmina t ion  of t h e  
func t ion  fo r  each of f o u r  a d d i t i o n a l  s u b j e c t s .  

The same gene ra l  procedure was followed i n  both  pa r t s .  From 
t h e  d a t a  of  Experiment 1, a va lue  of the v a r i a b l e  i n t e r v a l  which 
produced a P(C) o f  about .8 was s e l e c t e d  f o r  each s u b j e c t .  I n  
each se s s ion  one non-zero va lue  of the s t anda rd  i n t e r v a l  was 
paired w i t h  t h e  v a r i a b l e  and the p ropor t ion  of t r i a l s  on which 
t h e  v a r i a b l e  was chosen by the s u b j e c t  was determined.  

Intermixed w i t h  these t r i a l s  i n  a random manner were t r i a l s  
on which a s tandard  i n t e r v a l  of zero  was used w i t h  the same v a r i a b l e .  
T h i s  was done t o  provide a c o n t i n u a l  assessment of b a s e l i n e  per- 
formance over the  long ser ies  of s e s s i o n s .  

Thus, the v a r i a b l e  was presented  on every  t r i a l  t o g e t h e r  w i t h  
a s tandard of e i t h e r  zero o r  t h e  s i n g l e  non-zero va lue  s e l e c t e d  f o r  
t h a t  s e s s ion .  Ord ina r i ly ,  a t  l ea s t  three s e s s i o n s  of  e i g h t y  t r i a l s  
were performed w i t h  one va lue  of t h e  non-zero s t anda rd  be fo re  a 
new value was s e l e c t e d .  With on ly  a couple  of except ions ,  the  
number of t r i a l s  wi th  the ze ro  s t anda rd  was the same as the 
number with t h e  non-zero s t anda rd .  



. 

I n  a l l  o t h e r  r e s p e c t s  the procedure was the same two-choice 
forced-choice procedure .;sed i n  previous experiments.  

R e s u l t s  - P a r t  A.- Subject  JH, who had participated i n  
P a r t  A of Experlmnt. I; continued i n  t h i s  pa r t  of  ESrperiment 2. 

More than  80 experimental  s e s s ions  were conducted us ing  18 d i f -  

f e r e n t  va lues  of t he  non-zero s tandard.  I n  s e v e r a l  of the  sess ions ,  
on ly  s t anda rds  of zero  were presented.  
i n  Appendix C i n  terms of the number of t r ia l s  and the  number of  
c o r r e c t  responses  f o r  each non-zero s tandard and f o r  the zero 
s tandard  which accompanied it. Most of the  data p o i n t s  are based 
on 100 responses  a l though a s  many as 500 were obtained f o r  c e r t a i n  
c r i t i c a l  p o i n t s .  

The raw data are summarized 

The v a r i a b l e  i n t e r v a l  w a s  +3O msec. I n  Experiment 1, the 
va lues  of x and M which were obtained f o r  J H  under the c e r t a i n t y  
cond i t ion  were 5 and 42.2 msec., r e s p e c t i v e l y .  From these two 
va lues ,  P(C) f o r  a s tandard of zero  would be expected t o  be ,796 
f o r  the s e l e c t e d  v a r i a b l e ,  A measured va lue  of  .798 w a s  obtained 
i n  t h e  p r e s e n t  experiment dur ing  those s e s s i o n s  i n  which no 
non-zero s tandard  w a s  presented.  

A s  can be seen i n  the lower p a r t  of  Figure 12, P(C) f o r  the 
s tandard  of zero  was s l i g h t l y  and c o n s i s t e n t l y  depressed dur ing  
those  s e s s i o n s  i n  which a non-zero s tandard was a l s o  presented .  
The e x t e n t  of  t h i s  depression i s  somewhat greater f o r  t he  larger 
negat ive  non-zero s tandards .  

The func t ion  r e l a t i n g  P(C) f o r  the +30 v a r i a b l e  t o  the standard 
i n t e r v a l  i s  shown i n  the upper p a r t  of Figure 12. The l i n e a r  
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segments which make up the predic ted  func t ion  i n  t h i s  f i g u r e  
are based upon the parmeters neasured i n  Experiment 1. 

There i s  one major and perfectly clear discrepancy between 
these data and a l l  three of the t h e o r e t i c a l  func t ions  of Figure 11. 
I n  o rde r  t o  d i sc r imina te  a v a r i a b l e  of 30 from a negat ive  s tandard 
w i t h  a p r o b a b i l i t y  of one, the negat ive s tandard  must be a t  least  
three M-units below x, rather than the  two u n i t s  shown i n  Figure 11. 

A s  the  s tandrad i n t e r v a l  becomes i n c r e a s i n g l y  negat ive,  
beginning a t  x, there i s  no change i n  P(C) over the i n t e r v a l  
down t o  (x - M ) .  
between (x - M) and (x - 2 M ) .  Below (x - 2 M )  it rises rapidly 
and reaches  u n i t y  a t  about (x - 3 M ) .  

Then P(C) seems t o  drop t o  a lower value 

The drop i n  t h e  func t ion  over  the second quantum below x 
might be due t o  a p a r t i a l  i n a b i l i t y  t o  d i sc r imina te  i n t e r v a l s  
which are coded (-2) from those coded (+1), a view which combines 
the  l o g i c a l  p r o p e r t i e s  of the a t t e n t i o n  model and count ing model B. 
I have t r ied  t o  account f o r  i t  i n  t h i s  manner and have fa i led  t o  
f i n d  a compromise model which w i l l  reproduce the  q u a n t i t a t i v e  
a s p e c t s  of the data. 

The drop occurs  f o r  those  d a t a  po in t s  below -35. Note i n  
the lower f i g u r e  that  t h i s  i s  approximately where performance on 
the  zero  s tandard  i s  a l s o  depressed. Furthermore, the drop i n  
performance i s  of about the same magnitude i n  the two f i g u r e s .  
If  i t  i s  assumed that some independent source of e r r o r  i s  ope ra t ing  
below -35 and i f  one a d j u s t s  the da ta  i n  the upper f i g u r e ,  u s ing  
t h a t  i n  the lower f i g u r e  t o  e s t ima te  'the p r o b a b i l i t y  of  an  
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extraneously-caused e r r o r ,  t he  r e s u l t  i s  u n s a t i s f a c t o r y  because 
those  po in t s  i n  the upper f i g u r e  which a r e  i n  the t h i r d  quantum 
below x a r e  g r e a t l y  ove rco r rec t ed .  

The p red ic t ed  func t ion  i n  t he  upper f i g u r e  i s  based i n  par t  
upon an assumption which does account f o r  the  d i p .  This  assumption 
i s  t h a t  t h e  va lue  of  x i s  d i f f e r e n t  du r ing  those s e s s i o n s  when the 
non-zero s tandard  i s  less than  -35. The p o s s i b i l i t y  t h a t  x may be 

"adjus tab le"  has  a r i s e n  i n  another  experiment a l s o  ( 4 ) .  
ass igned a va lue  o f  6 .4  f o r  s t anda rds  of -35 and above and a value 
of 11.3 f o r  t hose  of -40 and below, then  one o b t a i n s  t h e  p red ic t ed  
func t ion  shown i n  upper Figure 12 .  T h i s  assumption a l s o  p r e d i c t s  
t h e  t w o  l e v e l s  of performance on t h e  zero s tandard  i n  the manner 
represented  by the  two l i n e  segments i n  lower Figure 1 2 .  

If x i s  

If t h i s  i n t e r p r e t a t i o n  of  t he  d i p  i s  accepted,  t h e n  these 
d a t a  suggest that  s u b j e c t  J H  can d i s c r i m i n a t e  (+1) from ( 0 ) ,  
(-l), ( - 2 ) ,  o r  ( - 3 ) ,  tha t  he cannot d i s c r i m i n a t e  among (0 ) ,  (-l), 
and (-2), and that  he can d i s c r i m i n a t e  (-3) from a l l  of t h e  o t h e r  
c a t e g o r i e s .  

Resul t s  - P a r t  B.- Four more o f  t h e  s u b j e c t s  who had taken  
p a r t  i n  ESrperiment 1 were used t o  o b t a i n  a d d i t i o n a l  data under 
cond i t ions  similar t o  those  r epor t ed  i n  t h e  preceding  s e c t i o n .  
Each se s s ion  cons i s t ed  of 88 t r ia ls ,  half  w i t h  a s tandard  of  zero 
and half w i t h  one of some non-zero magnitude. Four consecut ive  
se s s ions  were run  f o r  each non-zero s tandard ,  y i e l d i n g  176 responses  
per  poin t  for each s t anda rd .  Nine such pairs of  p o i n t s  were 
determined for three of  t h e  s u b j e c t s  and t e n  f o r  the fou r th ,  enough 
t o  sketch the f u n c t i o n  f o r  each bu t  not  enough to determine i t  i n  
as much de t a i l  as i n  P a r t  A .  
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From h i s  ear l ier  d a t a ,  a v a r i a b l e  i n t e r v a l  having a P(C)  
of approximately .8 when pa i r ed  w i t h  a s tandard  of zero was 
s e l e c t e d  for each s u b j e c t .  For two s u b j e c t s  a negat ive  i n t e r v a l  
was chosen ( -30  f o r  KQ and -60 f o r  NG) and f o r  two a p o s i t i v e  
one was used (50 for NC and 40 for D C ) .  
was used throughout .  

This v a r i a b l e  i n t e r v a l  

The obtained p r o b a b i l i t i e s  a r e  t a b u l a t e d  i n  Appendix D 
and T a b l e  V I 1  shows t h e  o v e r - a l l  P(C) obtained for t h e  zero 
s tandard  i n  t h i s  experiment and the  va lue  which was expected 
based upon t h e  prev ious  performance o f  t h e  s u b j e c t  i n  Experiment 
1 under t h e  c e r t a i n t y  cond i t ion .  

TABLE V I 1  

P ( C )  OBTAINED W I T H  THE ZERO STANDARD I N  PART B 
COMPARED TO THE VALUE 

OBTAINED I N  EXPERIMENT 1 FOR THE SAME VARIABLE 

Sub jec t  

Experiment 1 
Experiment 2B 

~~ ~ 

KQ NG NC DC 

.773 .800 .850 ,864 

.784 .841 .696 .747 

The Experiment 1 p r o b a b i l i t i e s  were c a l c u l a t e d  from t h e  l i n e  
of bes t  f i t  which was determined by a reasonably l a r g e  number 
of responses .  
based upon 1584 t r i a l s .  

Each P ( C )  f o r  Experiment 2B i n  Table V I 1  i s  
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One s u b j e c t ,  KQ, performed t h e  same as he had i n  Experiment 
1. The o t h e r  three showed a change, NG improving s l i g h t l y  and 
NC and DC demonstrating a marked drop.  

Because of  these d i f f e r e n c e s  i n  performance from Experi- 
ment 1, it i s  not  reasonable  t o  use  t h e  parameters  measured i n  
Experiment 1 t o  p r e d i c t  t h e  r e s u l t s  of  t h e  p r e s e n t  experiment 
as  was done i n  P a r t  A f o r  J H .  I n s t e a d ,  a d i f f e r e n t  method o f  
a n a l y s i s  is used t o  d e s c r i b e  t h e  major r e s u l t s .  

F igures  13 and 1 4  p r e s e n t  t he  data which are  of primary 
i n t e r e s t .  The p o i n t s  a r e  t h e  obta ined  da ta .  The l i n e s  are 
func t ions  which were c a l c u l a t e d  t o  show up  the major f e a t u r e  
of each s u b j e c t  s obta ined  f u n c t i o n .  These "p red ic t ed"  
func t ions  a r e  a l l  based upon an assumed M of 50 msec. This 
assumption, t o g e t h e r  w i t h  t he  P ( C )  f o r  t h e  zero s tandard obta ined  
i n  t h i s  experiment and g iven  i n  Table  V I 1  are enough t o  determine 
t h e  func t ion  which would be  p red ic t ed  by each of t h e  t h e o r e t i c a l  
models. 

Even a casua l  i n s p e c t i o n  of the obta ined  f u n c t i o n s  i s  
s u f f i c i e n t  t o  r evea l  that  no one of t h e  t h e o r e t i c a l  models 
i s  adequate t o  d e s c r i b e  a l l  f o u r  s u b j e c t s .  I n  f a c t ,  three 
d i f f e r e n t  models are demanded. One of t h e  s u b j e c t s ,  NC i n  
F igu re  14, i s  similar t o  J H  i n  t h a t  h i s  f u n c t i o n  i s  f l a t  over  
a two-quantum range be fo re  i t  begins  t o  r i s e  toward a P(C) of 
1 . 0 .  All of  t h e  data p o i n t s  i n  t h i s  c e n t r a l  r eg ion  f a l l  below 
t h e  p red ic t ed  f u n c t i o n  i n d i c a t i n g  tha t  NC performed a t  a 
somewhat h ighe r  l e v e l  i n  d i s c r i m i n a t i n g  h i s  v a r i a b l e  of 50 

from a s tandard of zero than  he d i d  i n  d i s c r i m i n a t i n g  i t  
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from a s tandard  of t h e  va r ious  non-zero va lues  which f a l l  i n  
t h i s  range.  

Sub jec t  KQ shows no f l a t  c e n t r a l  reg ion .  C lea r ly ,  
h e  i s  be t te r  descr ibed  by count ing model A i n  t h i s  experiment 
as he a l s o  was i n  Experiment 1. H i s  p red ic t ed  f u n c t i o n  i n  
F igu re  13 i s  c a l c u l a t e d  f r 9 m  counting model A which g i v e s  a 
va lue  of x of 1 .6  f o r  the assumed M o f  50 and t h e  obtained P(C) 
f o r  t h e  z e m  s tandard  of .784. The p red ic t ed  func t ion  does not  
f i t  w e l l  on t h e  p o s i t i v e  s ide  and t h i s  d iscrepancy i s  an 
important  one which w i l l  be  analyzed more f u l l y  i n  t h e  next  
s e c t i o n .  

The remaining two s u b j e c t s  a r e  f a i r l y  w e l l  f i t  by the 
a t t e n t i o n  model, i . e . ,  they both span two quanta on the  side of 
x oppos i t e  t o  t h e i r  v a r i a b l e  i n t e r v a l  and t h e  c e n t e r  one-quantum 
span i s  probably f l a t  a l though i n  both cases  more data p o i n t s  
would be  needed t o  determine t h i s  with c e r t a i n t y .  It should be 

poin ted  o u t  t h a t  t h e  p red ic t ed  func t ion  f o r  NG (F igure  l3), 
which f i t s  h i s  data q u i t e  w e l l ,  leads t o  t h e  conclusion t h a t  
h i s  x was -25 msec. i n  t h i s  experiment and tha t  he fa i led t o  
d i s c r i m i n a t e  between i n t e r v a l s  coded (0)  and those  coded (+l). 
I n  terms of  t he  a t t e n t i o n  theory ,  t h i s  imp l i e s  t h a t  ( a )  he 

a t t ended  t o  t he  a u d i t o r y  channel wi th  a p r o b a b i l i t y  of one, t he  

first t i m e  t h i s  has emerged as  a conclusion from any successive-  
nes s  data, and ( b )  conduction from the s i g n a l  source t o  t h e  d i s -  

p l a y  area was faster i n  t h e  v i s u a l  channel than  i n  the  a u d i t o r y .  
This l a t t e r  conclusion has n o t  been observed p rev ious ly  e i ther ;  
x has i n v a r i a b l y  been p o s i t i v e  i n  o t h e r  data.  These unusual 
r e s u l t s  w i l l  be d iscussed  i n  t h e  next s e c t i o n .  
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The parameter M has been found t o  b e  s i g n i f i c a n t l y  d i f f e r e n t  
f o r  d i f f e r e n t  i n d i v i d u a l s  i n  prev ious  s t u d i e s  (3)  and i t  should 
be emphasized t h a t  a s i n g l e  va lue  of i t ,  50 msec., was used f o r  
a l l  sub jec t s  i n  c a l c u l a t i n g  t h e  p red ic t ed  func t ions  i n  F igures  
13  and 1 4 .  I f  i nd iv idua l  d i f f e r e n c e s  i n  M were taken  i n t o  
account,  t h e  agreement between theo ry  and data would be some- 
what improved. 

,%munary of r e s u l t s . -  I n  Experiment 1, as i n  a l l  prev ious  
experiments, p r o b a b i l i t i e s  o f  d i sc r imina t ing  a t i m e  i n t e r v a l  
between two independent s i g n a l s  from an  o b j e c t i v e l y  zero  t i m e  
i n t e r v a l  were s tud ied  and t h e  r e s u l t s  have been i n t e r p r e t e d  
i n  terms of a quan ta l  concept ion of psychological  t i m e .  I n  
t h e  present  experiment,  p r o b a b i l i t i e s  of  d i sc r imina t ing  one 
non-zero i n t e r v a l  from a second non-zero i n t e r v a l  have been 
examined. The r e s u l t s  are  i n  genera l  agreement w i t h  a quantum 
theory  and a quantum of approximately 50 msec. s t i l l  seems t o  
b e  a v a l i d  in fe rence .  However, t h e r e  are  marked d i f f e r e n c e s  
i n  the  way t h e  quantum mechanism i s  u t i l i z e d  by d i f f e r e n t  
sub jec t s  i n  t h i s  more complex task.  

F o r  two of  t h e  f i v e  s u b j e c t s  t h e r e  i s  a range of two 
quanta  bracke t ing  s imul t ane i ty  wi th in  which a l l  i n t e r v a l s  are  
equiva len t  to a n  i n t e r v a l  of zero .  F o r  two o t h e r s ,  t h i s  

i n t e r v a l  of s imul t ane i ty  i s  one quantum i n  w i d t h .  For  t h e  
f i f t h  it i s  zero .  

This f i n d i n g ,  p l u s  c e r t a i n  o t h e r  a s p e c t s  of  t h e  data  o f  
Experiment 2, cannot be expla ined  by t h e  assumptions o f  a t t e n t i o n  
theory  which have h i t h e r t o  been s u f f i c i e n t .  Some expansion of  
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the  theory  i s  required and a n  i n i t i a l  s t e p  i n  t h a t  d i r e c t i o n  
i s  taken In t h e  next s e c t i o n .  

The t h e o r e t i c a l  q u a n t i t y  x i s  the d i f f e r e n c e  between the 
conduction times of two sensory channels.  By conduction t i m e  
i s  meant t h e  t i m e  which e l a p s e s  between t h e  occurrence of the 
e x t e r n a l  s i g n a l  and t h e  a r r iva l  of t he  message produced by the 
s i g n a l  i n  the d i s p l a y  area. This l a t t e r  term, d i s p l a y  area", 
i s  a l o g i c a l  cons t ruc t  which remains imprec ise ly  def ined .  

11 

Conduction t i m e  might be  thought of as a cons tan t  de l ay  
f o r  a simple sensory s i g n a l  providing that  the  phys ica l  
c h a r a c t e r i s t i c s  of t h e  s i g n a l  and t h e  s ta te  of t h e  sensory 
system are unchanging. That is, it might be cons tan t  i n  
a s t a t i s t i c a l  sense .  However, i t  i s  probably more reasonable  
t o  assume that  it i s  not  a f ixed  value,  a t  least i n  t h e  ways 
i n  which it e n t e r s  i n t o  a psychophysical theory .  Even a 
unidimensional  change i n  a s i g n a l  may g i v e  rise t o  a s e t  of 
messages wi th in  the  c e n t r a l  nervous system rather than j u s t  
a s i n g l e  message and t h e  l a t e n c i e s  a s soc ia t ed  w i t h  the va r ious  
members of the set may differ ;  i .e. ,  a single s i g n a l  may 
produce a set  of messages which are widely d ispersed  i n  t i m e ,  
and probably a l s o  i n  space.  If t h i s  i s  so ,  and t h e  s tudy of 
evoked c o r t i c a l  p o t e n t i a l s  sugges ts  t h a t  it i s  (5) ,  then it 
would be more r e a l i s t i c  t o  t h ink  of  m u l t i p l e  d i s p l a y  areas f o r  
each of which conduction t ime may be d i f f e r e n t .  D i f f e r e n t  
psychophysical  tasks, i n  tu rn ,  might involve  d i f f e r e n t  d i s p l a y  
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areas and the va lue  of  x would t h e n  be d i f f e r e n t  f o r  t h e  

d i f f e r e n t  tasks even though the  s i g n a l s  were the  same. There 
would b e  a se t  of conduction t i m e s  among which t h e  neu ra l  
information process ing  mechanisms might choose and t h i s  choice  
migh t  b e  governed i n  p a r t  by outcome and feedback. 
might  b e  s e l ec t ed  from tha t  d i s p l a y  area which has a l a t e n c y  
which i n  some manner opt imizes  performance. 

Information 

Evidence t h a t  x may assume d i f f e r e n t  va lues  f o r  a g iven  
se t  of s i g n a l s  depending upon t h e  experimental  task i s  
beginning t o  accumulate. That conduction i s  slower i n  t he  
v i s u a l  modal i ty  than  i n  t h e  aud i to ry ,  a t  l ea s t  for s i g n a l s  of 
moderate i n t e n s i t y ,  i s  implied by t h e  d i f f e r e n c e  i n  mean s imple 
r e a c t i o n  times between t h e  m o d a l i t i e s  which has f r e q u e n t l y  been 
repor ted  to be i n  t h e  neighborhood of 40 msec. ( 6 ) .  
tone and l i g h t  which have been used throughout ou r  experiments,  
t h i s  d i f f e rence  i s  about 30 msec. when one compares d e t e c t i o n  
r e a c t i o n  t i m e s  w i t h  knowledge o f  channel g iven  i n  advance ( 2 ) .  
It i s  important to no te  i n  t h i s  connect ion t h a t  t he  v a r i a n c e s  
a r e  not d i f f e r e n t  f o r  t h e  two channels .  Furthermore, a d i f f e r e n c e  
i n  conduction t i m e  of about  t h i s  magnitude (40  msec.) appears  
a l s o  i n  t h e  averaged evoked p o t e n t i a l  r eco rd ings  r epor t ed  by 

Sut ton  -- e t  a l .  ( 5 ) .  It i s  as  i f  t h e  d i s p l a y  area which has t h e  
s h o r t e s t  l a t e n c y  i s  selected when r a p i d i t y  o f  response i s  t h e  

major c r i t e r i o n  of performance. 

For  t h e  

When d i s c r i m i n a t i o n  r e a c t i o n  t i m e  i s  measured, u s ing  
t h e  same two s i g n a l s  as  were used i n  the  d e t e c t i o n  task, the  
va lue  of x def ined  aga in  as  t h e  d i f f e r e n c e  i n  mean r e a c t i o n  
t i m e  between the  two channels  f o r  t h e  c e r t a i n t y  condi t ion ,  i s  
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reduced to about 1 0  msec. And again t h e  r e a c t i o n  t i m e  v a r i a n c e s  
are t h e  same for t h e  two chznnels .  A va lue  of x averaging 5 
t o  10 msec. i s  a l s o  found i n  our measurements of  success iveness  
d i s c r i m i n a t i o n  us ing  a s tandard  w i t h  an  i n t e r v a l  of ze ro  as 
was seen i n  Experiment 1 of the p resen t  paper  and as has been 
r epor t ed  p rev ious ly  f o r  o t h e r  s i m i l a r  experiments ( 2 ) .  

F i r a l l y ,  i n  Experixent  2 above we have found evidence 
f o r  o t h e r  va lues  of  x, the  most extreme case  being tha t  of 
s u b j e c t  NG Tihose data are  most s a t i s f a c t o r i l y  explained by 

assuming a ra ther  l a r g e ,  nega t ive  value of x (-25 msec.) .  
H i s  x i n  Expeyiment 1 was approximately 20 on the p o s i t i v e  
s i d e .  S i m i l a r l y ,  t h e  va lue  o f  x f o r  NC was 3 msec. i n  
Experiment 1 and 31 msec. i n  Experiment 2.  Subjec t  DC 
showed l i t t l e  d i f f e r e n c e  i n  x between the  two experiments 
and t h e  r e s u l t s  f o r  KQ w i l l  be  discussed more f u l l y  i n  a 
moment. 

These r e s u l t s  suggest  that x can assume d i f f e r e n t  
va lues  under d i f f e r e n t  cond i t ions  and they a l s o  open up t h e  

p o s s i b i l i t y  that  v a r i a t i o n s  i n  x wi th in  a s i n g l e  experiment 
may be an important  source of var iance  which must be considered 
i n  a l l  of our measurements. The p o s s i b l e  e f f e c t s  of  v a r i a t i o n s  
i n  x should be explored t h e o r e t i c a l l y .  

I f  x v a r i e s  s i g n i f i c a n t l y  during a n  experiment, t h e  

g e n e r a l  e f f e c t  upon the  successiveness  d i s c r i m i n a t i o n  func t ion  
of a t t e n t i o n  theory  can be seen rather  e a s i l y  by r e f e r r i n g  back 
t o  F igure  1. Changes i n  x would cause t h e  f u n c t i o n  to move 
l a t e r a l l y  while the s l o p e  of t h e  ascending segments would be 
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unchanged. This would in t roduce  two major d i s t o r t i o n s  i n t o  
t h e  func t ion .  The c e n t e r ,  f l a t  segment would be reduced i n  
s i z e  so t h a t  i t  would span l e s s  than  one M on t h e  a b s c i s s a .  
This deduct ion ag rees  w i t h  t h e  obtained r e s u l t  as  can b e  

seen i n  F igure  10 and Table  V I .  The second e f f e c t  would be 

to l e s sen  t h e  s lope  of bo th  ascending segments which would lead 
to estimates of  M which are  b iased  i n  t he  d i r e c t i o n  of being 
too l a r g e .  I n  (3)  some evidence i s  presented  which i n d i c a t e s  
t h a t  M i s  c o r r e l a t e d  over  i n d i v i d u a l s  w i t h  t h e  a lpha  h a l f -  

cyc le  and t h a t  the  abso lu te  va lues  of t he  two q u a n t i t i e s  
seem t o  be t h e  same f o r  i n d i v i d u a l s  a t  t h e  small M end of 
t h e  scale .  However, i n d i v i d u a l s  above the  median of M y i e l d  
va lues  o f  M whIch are s i g n i f i c a n t l y  g r e a t e r  t han  t h e  a l p h a  
i n t e r v a l .  T h i s  bias might  be due to v a r i a t i o n s  i n  x. 

Refer r ing  back aga in  to Figure  1, v a r i a t i o n s  i n  x would 
d i s t o r t  t h e  ascending segments by bending them a t  e i t h e r  end, 
rendering them more sigmoid i n  form. This would probably have 
some e f f e c t  on t h e  t o t a l  span of  t h e  d i s t r i b u t i o n ,  t h e  y and 
y ( - )  d i s t a n c e ,  bu t  t h e  r e l a t i v e  e f f e c t  on t h e  total span would 
b e  l e s s  t han  t h e  e f f e c t  on the span of  one of  t he  ascending 
segments. And, i n  f a c t ,  Table  V I  i n d i c a t e s  t ha t  t h e  average 
t o t a l  span i s  somewhat l e s s  than  three t i m e s  t h e  span o f  t he  
p o s i t i v e  ascending segment. This a spec t  of  t he  argument i s  
only  q u a l i t a t i v e ,  however, and under  c e r t a i n  cond i t ions  i t  
might no t  h o l d .  

The f ind ing  tha t  t h e  nega t ive  ascending segment has a 
somewhat l a r g e r  span than  does t h e  p o s i t i v e  cannot  be accounted 
f o r  by t h e  hypothesis  o f  a v a r i a b l e  x. 



So much f o r  t h e e f f e c t  of x upon the  success iveness  func t ion  
i n  which a non-zero i n t e r v a l  i s  to b e  d i sc r imina ted  from an  
i n t e r v a l  of zero.  Now i t s  e f f e c t  upon the p r o b a b i l i t y  of d i s -  

c r i m i n a t i n g  between two non-zero i n t e r v a l s  w i l l  be analyzed 
and t h i s  w i l l  be done us ing  t h e  terms which were developed t o  
describe the second experiment.  P(C) i s  a f u n c t i o n  of V, the  
i n t e r v a l  of the v a r i a b l e ,  S, the  i n t e r v a l  of t he  s tandard ,  M, 
the  h y p o t h e t i c a l  t i m e  quantum s i z e ,  and x. 

F igu re  15 shows how these q u a n t i t i e s  i n t e r a c t  according 
t o  the  a t t e n t i o n  theory  ( the  t o p  f i g u r e )  and according t o  
count ing model A ( t h e  lower f i g u r e ) .  The a b s c i s s a  i s  expressed 
i n  u n i t s  of  M and f o r  the example V i s  set equal  to AM. For  
a p a r t i c u l a r  va lue  o f  x, the  func t ion  c o n s i s t s  o f  the branch 
labeled w i t h  the chosen va lue  of x p lus  t h a t  p a r t  of the  heavy 
l i n e  which i s  t o  t h e  r i g h t  of i t s  junc tu re  w i t h  t he  r e l e v a n t  
branch. 

I n  the  top  f i g u r e ,  as  x decreases  beginning w l t h  a va lue  
equal  t o  V, the  f l a t  c e n t e r  segment, which spans one M, rises 
p r o p o r t i o n a t e l y  u n t i l  x reaches  t h e  va lue  (V - M )  a t  which t h e  
f u n c t i o n  i s  the e n t i r e  heavy l i n e .  For  s t i l l  more nega t ive  
v a l u e s  o f  x, the  func t ion  i n  t he  upper f i g u r e  becomes i d e n t i c a l  
t o  that  i n  t h e  lower f i g u r e .  

According t o  the count ing model, the  lower f i g u r e  shows 
t h a t  when x equa l s  V, the  heavy l i n e  i s  the  f u n c t i o n  and as 
x decreases the le f t -hand  segment moves up and t o  t he  l e f t  
u n t i l ,  when x equals  (V - M ) ,  i t  i s  a g a i n  the  s i n g l e  heavy seg- 
ment. This c y c l e  i s  then  repeated a s  x becomes i n c r e a s i n g l y  
n e g a t i v e .  
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F I G .  15  T H E  EFFECT OF V A R I A T I O N S  I N  x U P O N  T H E  F U N C T I O N  
R E L A T I N G  P ( c )  F O R  A V A R I A B L E  OF 0.6 M T O  T H E  
I N T E R V A L  OF T H E  S T A N D A R D .  

T O P .  A T T E N T I O N  T H E O R Y  
B O T T O M .  C O U N T I N G  M O D E L  A 

T H E  H E A V Y  L I N E  I N  E A C H  F I G U R E  IS P A R T  OF E A C H  
OF T H E  O T H E R S  T O  T H E  R I G H T  OF T H E I R  J U N C T U R E .  
T H E  N U M B E R S  I N D I C A T E  V A L U E S  OF x I N  U N I T S  OF M. 
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The count ing model i s  symmetrical around zero ,  t ha t  i s ,  
i f  V i s  nega t ive  then  the  e n t i r e  family o f  f -mc t lons  i s  r o t a t e d  
around the zero a x i s .  The upper f i g u r e  i s  symmetrical a l s o  i f  

Ps = 1 when a nega t ive  v a r i a b l e  i s  employed. 
remains u n i t y ,  as seems to be t h e  usua l  case, then the family 
of f u n c t i o n s  f o r  a nega t ive  V i s  the  same f o r  the two models. 

However, if Pi 

These d e r i v a t i o n s  have some important consequences. For  
example, when V i s  chosen (c)r when x assumes a v a l u e )  s o  t ha t  
(V - x)  equa l s  M, then  t h e  func t ion  should be t h e  same, s i n g l e  
l i n e a r  segment, t h e  heavy l i n e ,  according t o  both models. It 
has been shown t h a t  one s u b j e c t  may conform t o  one model and 
ano the r  s u b j e c t  t o  the o t h e r .  I f  V is  p rope r ly  s e l e c t e d ,  
t hen  t h e  same f u n c t i o n  should be obtained independent ly  o f  
which mechanism i s  involved. 

It has been shown t h a t  x i s  t y p i c a l l y  about 10  msec., a t  
l ea s t  i n  t h e  usua l  success iveness  experiment, and that M i s  
approximately 50 msec. This impl ies  tha t  an  experiment i n  
which one measured P(C) f o r  a v a r i a b l e  of -40 ve r sus  va lues  
of  t h e  s tandard  t o  t h e  r i g h t  of -40 should y i e l d  a func t ion  
which i s  l i n e a r  over  most of  its l eng th  and whlch should 
i n t e r s e c t  P(C) = .5O at -40. These cond i t ions  were most 
c l o s e l y  m e t  f o r  s u b j e c t  KQ i n  Experiment 2 who was assigned 
a v a r i a b l e  o f  -30. H i s  data, shown i n  F igure  13, are i n  f a c t  
extremely well f i t t e d  by a s i n g l e  straight l i n e  extending 
between -30 a t  P(C) = .5 and +29 a t . P ( C )  = 1.0 .  This impl i e s  
t h a t  M is ,  for h i m ,  about  59 and t h a t  h i s  x was about 30 i n  
t h i s  experiment.  

. 
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The impl i ca t ions  of F igure  15 need t o  be brought ollt 
more f u l l y .  
- . 2  and -.4 dur ing  t h e  course of  a n  experiment, t h i s  v a r i a t i o n  
would have no e f f e c t  a t  a l l  on v a l u e s  o f  P(C) less than  .go. 
And f u r t h e r ,  t h e  l i n e  drawn through p ropor t ions  l e s s  than  .9 
would have to pass  through V a t  P(C) = .5 .  The m a j o r i t y  of  t h e  

d a t a  p o i n t s  lJould b e  f r ee  o f  va r i ance  con t r ibu ted  by x and they  
vould have to be used t o  determine on ly  one parameter o f  t h e  

l i n e .  

It shows t h a t  i f  x va r i ed  between t h e  l i m i t s  of 

I n  t h e  p a s t ,  measurements o f  M have u t i l i z e d  a s tandard 
i n t e r v a l  o f  zero .  I n  t ha t  procedure,  va r i ance  i n  x should be 

r e f l e c t e d  i n  every data p o i n t .  
t3 determine both thes lope  and t h e  i n t e r c e p t .  

And t h e  data  p o i n t s  a re  used 

Thus, TQiq t h e  purpose or measuring M a r ev i sed  procedure 
seems to b e  c a l l e d  f o r .  Since x can assume a va lue  which i s  
small and p o s i t i v e  for n e a r l y  a l l  s u b j e c t s ,  a s tandard  which i s  
r e l a t i v e l y  l a r g e  and nega t ive  should be  used.  A s tandard  of 
-35 would pei-mlt x to f l u c t u a t e  between about  5 and 15 msec. 
i i i thout  a f f e c t i n g  va lues  o r  P ( C )  l e s s  than  .9. Thus, t h e  

s tandard should b e  less  than 1; by a n  amount approaching M and 
t h e  major i ty  Df' t h e  va lues  o f  t h e  v a r i a b l e  should f a l l  between 
them. 
which t h e  sound te rmina tes  be fo re  t h e  l i g h t ,  being scored 
c o r r e c t  when he des igna te s  t h e  s tandard .  
might y i e l d  estimates of M which a re  more f r ee  of bias  t h a n  
those  obtained p rev ious ly  and which a re  a l s o  more r e l i a b l e .  
Such a procedure needs to be t r i e d ;  i t  migh t  make i t  p o s s i b l e  t o  
ob ta in  a s a t i s f a c t o r y  estimate of  M w i th  much l e s s  d a t a  than  are  
required a t  p r e s e n t .  

The sub jec t  should be i n s t r u c t e d  to p ick  t h e  p a i r  i n  

Such a procedure 
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An I n c i d e n t a l  Observation: Quantal  S h i f t s  i n  Performance 

During the e a r l y  experimental  s e s s i o n s  of Experiment 1 
large s h i f t s  occurred i n  the  performance o f  two of the  
subjects. + ' kese  individiial  s ;  KQ and DC; were the t w r ,  Subjects 

i n  Part B who were presented  w i t h  a s tandard of  zero  and only 
p o s i t i v e  va lues  of  the v a r i a b l e  i n t e r v a l  i n  t h e i r  i n i t i a l  
s e s s i o n s .  This cond i t ion  p reva i l ed  f o r  twelve s e s s i o n s  dur ing  
which t h e i r  performance showed t h e  usua l  minor changes from 
one day to t h e  nex t .  The open c i r c l e s  i n  F igure  16 r e p r e s e n t  
t h e  data which were obtained dur ing  t h i s  p e r i o d .  The l i n e s  were 
c a l c u l a t e d  from t h e  data i n  t h e  usua l  f a sh ion  and i n d i c a t e  t h a t  
x and M, r e s p e c t i v e l y ,  were 45 and 90 f o r  KQ and 1 2  and 81 
f o r  DC. 

Following t h e  twe l f th  sess ion ,  experimental  cond i t ions  
were changed f o r  bo th  s u b j e c t s .  La ter ,  they were remeasured 
under the  i n l t i a l  cond i t ion  and t h e  performance s h i f t s  became 
e v i d e n t .  
fol lowing t h e  s h i f t .  The va lues  of  x and M a re  now 0 and 46 
f o r  KQ and 1 2  and 39 f o r  DC. Actually,  t h e  p o s t - s h i f t  l i n e  
f o r  KQ i n d i c a t e s  a small and negat ive  va lue  f o r  x b u t  s i n c e  
P(C) must be  .5 a t  an  i n t e r v a l  of zero, h i s  l i n e  i n  t h i s  case  
was c a l c u l a t e d  by f i x i n g  x a t  zero .  

The f i l l e d  c i r c l e s  i n  Figure 16 show t h e i r  performance 

Both s u b j e c t s  changed g r e a t l y  i n  t he  per iod  between t h e  

two measurements. F o r  both of them. the s lope  of  the l i n e  
doubled; t h e  va lue  of M changed from 90 t o  46 f o r  KQ and from 
81 to 39 f o r  DC. And x decreased by about 45 f o r  KQ, a l though 
i t  remained wi th in  one msec. of  its previous va lue  f o r  DC. 
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The perfoLmance sA1 f t s  occurred a ter  day 1 2 .  On day 13, 
b g t h  s u b j e c t s  began a ten-sess ion  per iod dur ing  which both  
p o s i t i v e  and nega t ive  v a r i a b l e  i n t e r v a l s  were presented  wi th  

u n c e r t a i n t y  as t o  which would occur  on each t r i a l .  DC s h i f t e d  

t o  h i s  h igher  performance l e v e l  on day 13 and remained there 
from then  on. KQ, on t h e  o the r  hand, cont inued a t  his lower  
l e v e l  dur ing  a l l  t e n  days. 
nega t ive  v a r i a b l e  i n t e r v a l s ,  under c e r t a i n t y ,  were begun, and 
i t  was dur ing  t h i s  s e r i e s  tha t  KQ f i n a l l y  changed. 

Then a series of  s s s i o n s  with only 

These f a c t s  sugges t  t ha t  t h e  performance s h i f t s  are 
u n l i k e l y  t o  occur  under cons t an t  experimental  cond i t ions  and 
tha t  a pronounced change i n  the na tu re  o f  the experimental  task 
seems t o  f a v o r  t h e i r  occurrence.  I n  both cases they  happened 
very  soon a f t e r  a n  i n c r e a s e  i n  the requirement t o  be set  f o r  
t h e  a u d i t o r y  s i g n a l  occu r r ing  be fo re  the v i s u a l  s i g n a l .  This 
c o n s i d e r a t i o n  has a methodological impl ica t ion ,  namely, t h a t  
t r a i n i n g  s e s s i o n s  which are conducted to prepa re  for the  

measurement of M probably should inc lude  a f e w  s e s s i o n s  under 
a v a r i e t y  of  cond i t ions ,  a t  least  e a r l y  i n  t h e  p r a c t i c e  series.  

These performance s h i f t s  have t h e o r e t i c a l  re levance  as  
w e l l .  They are  one more i t e m  of  evidence f avor ing  a quan ta l  
i n t e r p r e t a t i o n  of psychophysical t i m e .  I n  bo th  cases  the span 
of the  f u n c t i o n  decreased from two quanta t o  one quantum and 
i n  one case  t h e  va lue  of  x may have decreased b y  one quantum 
as w e l l .  This i n t e r p r e t a t i o n  implies a quantum s i z e  of 45 msec. 
for KQ and about  40 msec. for DC. I n  a previous  s tudy  (3) i n  
which the quantum s i z e  was measured us ing  three independent 
methods, i t  was found t o  be 45.7 f o r  KQ and 41.3 f o r  DC, i n  
e x c e l l e n t  agreement w i t h  t he  p re sen t  r e s u l t s .  
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The n a t u r e  of these quan ta l  s h i f t s  cannot be explained 
as changes i n  t h e  c r i t e r i o n  of  judgment. 
quanta to a one-quantum c r i t e r i o n  would be expected to a f f e c t  
x bu t  t o  l eave  M unchanged. Some o t h e r  i n t e r p r e t a t i o n  i s  
demanded by t h e  data .  

A change from a two- 

I have concluded p rev ious ly  (3) tha t  one of t he  f u n c t i o n s  
of t h e  t ime quantum g e n e r a t o r  i s  to c o n t r o l  t he  d u r a t i o n  for 
which a neu ra l  message must d w e l l  i n  a g iven  s t a g e  of t he  
information-transmission pathways. I n  account ing for t h e  shape 
of  r e a c t i o n  t i m e  d i s t r i b u t i o n s  it has been necessary  to 
p o s t u l a t e  two ways i n  which t h i s  may occur:  a message may be 

delayed w i t h i n  a s t a g e  f o r  e i t h e r  ( a )  e x a c t l y  one q or ( b )  a 
du ra t ion  e q u a l l y - l i k e l y  to be any va lue  from zero to q.  The 
r e s u l t s  Shown i n  F igure  16 can be accounted for very  eas i ly  
i n  t h i s  gene ra l  way, and, fur thermore,  t he  account ing i s  
c o n s i s t e n t  with and i l l u m i n a t e s  t h e  i n t e r p r e t a t i o n  of Experiments 
1 and 2 which was given above. 

11 This r e q u i r e s  p o s t u l a t i n g  t h a t  s t ages ' '  can be added or 
d e l e t e d  i n  the pathway l e a d i n g  i n t o  t h e  c e n t r a l  data p rocesso r .  
I f  a s t age  of type  ( b )  were added i n  t h e  v i s u a l  channel,  t h e  
r e s u l t  would be to cause x, t h e  d i f f e r e n c e  i n  conduction t i m e  
between t h e  v f s u a l  and t h e  a u d i t o r y  channel,  to vary wi th  a 
r e c t a n g u l a r  d i s t r i b u t i o n  between t h e  l i m i t s  x and (x  + q ) .  
e f f e c t  o f  t h i s  v a r i a t i o n  on the  success iveness  func t ion  would 
be to halve  i t s  s lope ,  i n c r e a s i n g  M from one to two q .  The 
r e s u l t i n g  func t ion  would s t i l l  be l i n e a r .  

The 

Adding a d e l a y  stage of  type  (a )  i n  t h e  v i s u a l  channel 
would simply i n c r e a s e  x by one quantum. 
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Thus, tile r e s u l t s  r epor t ed  i n  t h i s  s e c t i o n  can be 

accounted f o r  i n  terms o f  concepts  which were formulated 
ear l ier .  The one-quantum decrease  i n  M may b e  due t o  t h e  
d e l e t i o n ,  o r  by-passing, o f  a type  ( b )  stage i n  the v i s u a l  
i n p u t  charinel and thz ~ n s - q ~ ~ f i t ~ ~ r  decrease ir? x cc?uld. r e s u l t  
from t h e  d e l e t i o n  of  a type  ( a )  s t a g e  i n  the same channel.  

Thls gene ra l  idea, t h a t  the  l o g i c a l  s t r u c t u r e  ol" t h e  
information-processing pathrlay may change, i s  not  wholly 
unreasonable .  It has been observed before  t h a t  under c e r t a i n  
cond i t lons  three such s t a g e s  appear  t o  be  in t e rposed  between 
s i g n a l  and r e a c t i o n  t i m e  response w h i l e  under o t h e r ,  s l i g h t l y  
d i f f e r e n t  cond i t ions ,  the  number of s t a g e s  is  f o u r  ( 7 ) .  

I n  the d i s c u s s i o n  s e c t i o n  above, the q u e s t i o n  of  v a r i a t i o n  
i n  x was explored under the t a c i t  assumption t h a t  such v a r i a t i o n  
i s  cont inuous i n  n a t u r e .  The d i scuss ion  i n  t h e  p r e s e n t  s e c t i o n  
o f f e r s  the h i n t  t h a t  v a r i a t i o n  i n  x may a l s o  b e  quan ta l  and 
t h a t  i t ,  too ,  i s  under t h e  c o n t r o l  of t he  t i m e  quantum gene ra to r .  
These p o i n t s  or" view need t o  b e  examined more f u l l y  i n  f u t u r e  
r e sea rch .  
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APPENDIX A 
Raw Data f o r  Experiment 1, Part A 

Number of Correct Responses/Number of Presentations 
Channel Uncertainty in All Cases 

Subject GK Subject JH 

- 40 
- 30 
- 20 

-10 

20 

30 
40 
40 

258/264 
238/264 
17 7/26 L! 
148/264 
182/264 
2 1  5/26 4 
248/264 
243/26L: 

- 90 
-85 
-70 
-60 
-50 
- 45 

15 
20 

30 
35 
40 

390/420 
121/139 
654/842 

27 2/LC 21 
84/140 

301/419 

77/139 
190/280 
223/280 
106/140 
245/280 

Subject PM 

-95 97/100 
-80 338/364 

-60 204/264 

-40 60/100 

-70 226/298 

-50 181/298 

- 30 
- 20 

-10 

10 

20 

30 
40 
50 
60 
70 
80 
95 

46/100 
49/100 
45/100 
56/1-00 
56/100 

216/298 
305/364 
255/298 

99/100 
100/100 
100/100 

254/264 

Subject JC 

-80 279/378 
-70 129/180 
-50 240/378 
-30 g0/180 

30 105/180 
40 257/378 
60 144/180 
70 319/378 

Go 
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APPLWIX B 

Raw Data of Experiment 1, Part B 
Number of Correct Responses/Number of Presentations 

Subject DC 
Certainty Uncertainty 

-70 164/168 -40 71/84 
-50 133/168 -30 74/112 
-40 307/420 -20 185/294 
-30 160/252 -10 157/292 
20 78/126 30 74/112 
30 148/210 40 326/378 
40 145/168 50 296/322 
50 83/84 

Subject NG 
Certainty uncertainty 

-80 194/216 -60 67/84 
-70 368/404 -50 79/112 
-60 144/18O -30 235/364 
-50 247/320 -20 191/336 
-40 165/264 30 233/364 
-30 270/446 40 237/336 
-20 148/258 50 92/112 
30 143/252 60 76/84 
40 177/252 
50 204/252 
60 223/252 

Subject NC 
Certainty Uncertainty 

-70 374/446 -70 118/126 
-60 135/180 -60 73/84 
-50 372/529 -50 300/378 
-40 174/306 -30 182/294 
-30 242/446 30 213/294 
20 105/168 50 345/378 
30 175/252 60 82/84 
50 285/336 70 122/126 
60 241/252 

Subject KQ 
Certainty Uncertainty 

-50 159/18O -50 106/15O 
-40 146/18O -40 105/150 
-30 139/180 -30 95/150 
-20 123/180 -20 89/150 

20 235/360 20 98/150 
30 267/360 30 96/150 

50 306/360 50 129/150 
40 304/360 40 120/150 

L 
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APPENDIX C 

S 
-120 
-110 

- 99 
-95 
- 90 

- 75 
-70 
-60 

-50 

- 

-80 

Data for Experiment 2, Part A 
Number Correct /kmber  Presented  f o r  

A Variable  I n t e r v a l  o f  30 Msec. When Compared to 
A Standard of Zero and When Compared t o  

The Standard Ind ica t ed  i n  Column S .  Subjec t  J H .  

Std = S 

99/100 
180/200 
174/200 
93/100 
133/100 
80/100 
86/100 

103/150 
36 3/5 00 
150/200 

S 

- 40 
- 35 
- 30 
- 20 
-10 
0 
10 
.20 

25 

- Std = S 
170/250 
78/100 
8 2/100 
8 0/100 
78/100 

77/100 
132/200 
109/200 
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APPENDIX D 

Data f o r  Experiment 2, P a r t  B 
P(C)  f o r  a Var iab le  I n t e r v a l  o f  the  Indica ted  Magnitude 

When Compared t o  a Standard of  Zero (P ) and 
When Compared t o  the Standard Indica ted  i n  Column S (P,) 

0 

Each P i s  Bgsed on 176 Responses 

Subjec t  KQ 
V a r i a b l e  I n t e r v a l  = -30 
- S .$ P Pn 
- 25 .60 - 73 
- 20 .Go .68 
-10 .6G 77 

-5 - 74 * 76 
5 .80 .80 

1 0  .54 0 .  84 
1 5  .88 .80 
20 94 .86 
30 - 99 .82 
50 -97 79 

Subject  NG 
Variable  I n t e r v a l  = -60 

- s P, Po 
-40 - 69 .89 
- 2G ?? .85 
-10 85 .88 

20 .82 . s1 
30 91 .85 
40 .92 - 79 
50 -90 .82 
60 .96 .86 
80 * 97 .82 
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APPENDIX D 
( C O N T ' D )  

Subjec t  NC 
Variab le  I n t e r v a l  = 50 
- S ps P, 
- 90 -83 .74 
-70 .68 -65 
-60 * 59 74 
-50 58 .68 
-40 .67 -73 
- 20 .64 69 
10 .68 74 
20 - 69 .72 
30 59 57 

Subjec t  DC 
Var i ab le  I n t e r v a l  = 40 

- S ps A 
-80 95 76 
-70 92 71 
-60 90 75 
- 40 .86 .80 
- 20 .78 79 
-10 76 69 
10 .70 .76 
20 74 76 
30 063 70 
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