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The structure of simple decisions i s  considered in terms of a model 
which composes such  decisions from hypothetical elementary decisions. 
It i s  argued that  reaction-time data  oan be treated by the use of the 
Laplace transform so as t o  overoome difficulties which negated earlier 
attempts t o  analyze choice reactions. The general model leads  t o  com- 
plex problems which are formulated but not solved. Two specia l  o a s e s  
of the model are worked out, and the s ta t i s t ica l  problem of evaluating 
the fit of the model i s  discussed. I t  i s  shown that treating decision 
processing as time-discrete leaves the essent ia l  features of the analys is  
unohanged. Two experimental proposals, t o  provide da ta  which should 
be considered in further work on the model, are made. 

I. Introduction. In this paper we  propose a model for the  way hu- 
man beings organize the  dec i s ions  required by s imple  choice s i tua-  
t ions into  a col lect ion of component decis ions .  I t  is our t h e s i s  
that  s u c h  a n  organization of dec i s ions  must  b e  reflected i n  the  
distribution of react ion times and,  therefore, tha t  it may b e  pos- 
s i b l e  to infer the  organization from the  reaction-time distribution. 
Although our thinking der ives  from empirical s tud ies ,  we  must  
descr ibe th i s  proposal a s  speculat ive ,  for the  model is not firmly 
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%ased on such  s tud ies .  However, the  development of the  model 
h a s  led us  to s u g g e s t  two experiments which we believe may help 
to determine what  merit it has. T h e s e  experiments wil l  a l s o  help 
to dec ide  whether i t  is desirable  to  pursue further work .in a n  a t -  
tempt t o  modify the  model to accord bet tsr  w.ith reali ty,  for we have 
Little hope tha t  the  particular de ta i l s  of the  present  model have  a n y  
las t ing  value. 

II. Reactioa T,imes. Suppose tha t  a s u b j e c t  rece ives  a stimulus of 
a fixed type a t  time 0 and responds at time t with a fixed type of 
response. T h e  time interval,  t, between the s t imulus  and t h e  re- 
s p o n s e  is cal led the  simple reaction time. If t h e  s u b j e c t  i s  pre- 
sen ted  with o n e  of a set of stimuli  and a cho.ice of response con- 
t ingent  on the stimulus i s  required the corresponding t i m e  interval 
is known a s  the  dirrjunctive reaction time. In e i ther  c a s e ,  i t  is 
c l e a r  tha t  to obtain s t a b l e  and readi ly  analyzable  time distribu- 
t ions it .is n e c e s s a r y  tha t  t h e  s t imulus  be s imple  enough so tha t  
the  mean reaction time is no  more than a second or two. Otherwise 
unwanted s t imuli  may intervene between the  test stimulus and the  
response,  and  the  interaction among the  stimuli  wi l l  c a u s e  a dis- 
tortion of the  time distribution which w.ill be  very difficult  to 
analyze. 

T h e  s tudy  of reaction times, including dis junct ive reaction times, 
has  a long history i n  the  Literature o f  psychology (cf. Woodworth, 
1938, chap. xiv). In recen t  years ,  however, re la t ively  l i t t le  in- 
t e r e s t  h a s  been ev iden t  i n  reaction-time s tudies .  We may attribute 
this  l o s s  of i n t e r e s t  to two rela ted causes .  F i r s t ,  there has  been 
a failure to separa te  the  time to make a dec.is.ion (decis ion latency*) 
from the  other time l a g s  involved i n  the  tota l  process .  One attempt 
to make this  separat ion involved measuring the subject 's  r esponse  
to a stimulus when n o  decis ion was to be made and subtracting 
this  time from the time required t o  respond to the  same s t imulus  
with t h e  same motor act ion when a decis ion w a s  involved. T h i s  
technique h a s  been considered unsat isfactory for t h e  following 
reason. If the s u b j e c t  h a s  no decis ion to make h e  is a b l e  to bring 
h i s  motor read iness  for the  spec i f i ed  response to a much higher 

*We use reaction t ime when referring to the time of a process timed 
from stimulus presentation t o  motor response;  la tency when referring t o  
times of distinguished parts of such  a process. 
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and it is only when the dec i s ions  at a l l  t h e s e  nodes have been 
taken tha t  the  motor act ions ,  which s igna l  the subject ' s  response 
to the experimenter, a r e  begun. I t  is c l e a r  t h a t  for any individual 
and for any  s t imulus  s i tuat ion i t  i s  poss ib le  to find a t  l e a s t  o n e  
directed graph N and elementary l a tenc ies  fi which compose a s  
described above to give fc. F o r  example, let N have bu t  one node 
and l e t  fi = fc. We sha l l ,  however, make stringent assumptions 
about  N and fc which, in general,  exclude t h i s  trivial  solution. I t  
i s  some of t h e s e  assumptions which most  Likely wil l  be abandoned 
or modified if the  p resen t  model cannot  cope with experimental 
data. 

Assumption LI. I t  i s  poss ib le  t o  find for each  stimulus situation, 
o, a set of s t imulus  s i tuat ions ,  S, which a l l  have the s a m e  base- 
time distribution, fb, and a n  elementary decis ion la tency,  fe, such  
that: 

1. o is an element  of S. 
2. For  e a c h  choice s i tuat ion p in S there e x i s t s  a directed graph 

Np with the properties, 
a. each  of t h e  la tency distributions at  the nodes i s  the same, 

namely, fe, 
b. the  decis ion time a t  node i is independent  of tha t  a t  node 

j, j # i, 
c. fc is a composition of N, and fe ( a s  descr ibed above). 

3. Among the s t imulus  s i tua t ions  in S there is one  whose di- 
rected graph sa t i s fy ing  conditions 11.2 i s  a s ing le  point. 

In less formal tens, we  require tha t  there be groups of s t imulus  
s i tuat ions  a l l  of  which have t h e  same base-time distribution and 
which can b e  bu i l t  up according to a directed graph from elemen- 
tary and independent  dec i s ions  which a l l  have the  same la tency 
distribution fe. In addition, among the  s t imulus  s i tua t ions  i n  this  
c l a s s  we assume tha t  there i s  o n e  which employs bu t  a s i n g l e  ele- 
mentary decision. T h e  la t t e r  assumption c a n  be weakened, i f  we 
choose, to the assumption t h a t  there i s  one  s t imulus  s i tuat ion 
whose d i r e c h d  graph we know a priori, but i n  what  follows w e  
s h a l l  take the  stronger form tha t  the graph i s  a s ing le  point. 

V. Comments .  T h e  above assumptions comprise the  formal s t ruc-  
ture of our  model; there a r e  a s e r i e s  of auxiliary comments which 
a r e  necessary,  

Even if we were able  t o  show tha t  these  assumptions can be met 
for certain wide c l a s s e s  of experimental data ,  but  that  in s o  doing 
we obtain  elementary decis ion distributions fe which a re  extremely 
complicated, i t  i s  doubtful that  we should accep t  the  model a s  an 
adequate  description of the decis ion process.  Equally well, if the  
directed graphs required a re  excess ive ly  complex we should re jec t  
the model. T h e  hope i s  tha t  i t  i s  possible  to subdivide the tota l  
process into a relatively small  set of subprocesses  which a re  
practically identical. Eu t  we do  not want to be forced to an analy- 
s i s  in terms of individual neurone firings. I t  i s  probable that As- 
sumption 11.3 effectively prevents this  extremity by requiring the  
ex i s tence  of a stimulus situation which demands but o n e  elemen- 
tary decis ion for i t s  response. 

I t  i s  a l s o  implicit  in our thinking, although not  a part  of the  
formal model, that  the sets S of "similar" s t imulus  s i tuat ions  will  
include a s  s u b s e t .  those experimental s i tuat ions  we naturally 
think of a s  being similar. For  example, suppose  the  s u b j e c t  i s  
presented with n points, o n e  of which i s  colored differently from 
the others  and he  i s  required t o  s ignal  the  location of that one. 
We should want t o  consider a s  "similar" the  s e t  of these  s i tua-  
t ions generated a s  n ranges  over the smaller integers.  We should 
probably re jec t  t h e  model i f  they could not  be  put in the  same set 
S, even i f  by g rea t  ingenuity we were able  t o  find other l e s s  in- 
tuit ively simple s e t s  of s i tuat ions  for which the model held. 

When t h e  model i s  applied to  experimental data  we ant ic ipate  
that  the  c a s e  of the  directed graph being a s ing le  point will be 
identified with the  intuitively "simplest" choice situation within 
the  set of "similar" ones.  

In some of the following sec t ions  we sha l l  make the following 
expl ic i t  assumption a s  t o  the  form of fe:  

where X i s  a positive constant.  There  are  two grounds for sup- 
posing this  might be an appropriate assumption. Firs t ,  l e t  u s  sup- 
pose  that  when no decis ion has  been reached by time t following 
stimulation a t  time 0 then the probability that  the  decis ion will  be 
reached between t and t + At, where At is smal l ,  i s  approximately 
proportional to At, with a constant  of proportionality A. In th i s  
c a s e ,  it  i s  not  difficult to show t h a t  the  distribution o f  dec i s ions  
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(Throughout we s h a l l  u s e  smal l  La t in  l e t t e r s  to denote  distribu- 
t ions and t h e  corresponding cap i ta l s  to denote their cumulatives.) 
Now, while approximations to F may be reasonably accurate,  i t  is 
well known tha t  numerical differentiation of data  t ends  t o  magnify 
errors and i s ,  therefore, to be avoided. S o  the quest ion a r i s e s  
whether we c a n  t rans la te  our  resul ts ,  i n  particular equation ( lo ) ,  
i n t o  s ta tements  about  the cumulative distributions.  From equation 
(3) we have  

L( f )  = s L ( F )  + F(0) . 
Since we  a r e  speak ing  of empirical da ta  we  may assume F  (0) = 0 ,  
and s o  equation (10) becomes 

Having eliminated fb from our discussion,  the  problem of deter- 
mining i t  remains. S ince  our  divis ion i n  equation (11) a s s u m e s  
1, i s  the  same in the  severa l  c a s e s ,  i t  will suff ice  to dekrrnine i t  
from any cne. T h e  simplest,  of course ,  is the case where the  graph 
cons i s t s  of o n e  point, i n  which c a s e  

-4s an  example of how equation (12) may be used, suppose  fe is 
exponential  with time cons tan t  A .  Then by equat ion (6), 

and s o  equation (12) becomes 

If we make the reasonable  assumption t h a t  f,(O) = 0, then from 
equations (3) and (5) we  find 

Assuming tha t  fb . is  continuous and tha t  f, has  a continuous de- 
rivative, equation (4) implies 

or integrating from 0 t o  t , 
1 

F  - - f ,  + F , .  
b - ~  

Since  f, must be determined from empirical data ,  it i s  c lear  from 
equation (13) that  considerable da ta  will  be necessa ry  to obtain 
accurate  es t imates  of Fb . 
VII. Serial Decision Process. An al ternat ive program to solving 
the general  problem d i scussed  i n  Sect ion VI i s  to discover  tho 
consequences  of certain expl ic i t  assumptions about  the directed 
graph N and the elementary la tency fe . T h e  resu l t s  of th i s  alterna- 
t ive  program will, unfortunately, be  much weaker than a solution of 
the general. problem, but  they may have considerable  heuris t ic  
value. We may choose such  extra assumpticms on intui t ive  grounds, 
with the  hope tha t  they may be re levant  for some experimental 
data. We sha l l  examine two c a s e s  which are,  .in a s e n s e ,  the  two 
most  extreme forms of the  directed graph N. T h e  first ,  the topic of 
this  sect ion,  i s  the general s e r i a l  c a s e  shown in Figure  3a,  and 
the second,  which will  be d i scussed  i n  Section VIII, is the parallel  
c a s e  shown i n  Figure  3b. 

a Stimulus a-*-------- u 

FIGURE 3 
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the b e s t  poss ib le  f i t  a t  t h e  point a/h = 1/2 for the model with the  
added assumptions o f  a se r ia l  graph and exponential  fe. Using 
these values  of h and n ,  one may add the theoretical curve 

1 vs. s to p lo t  A ,  and a comparison between the two ( a +  l)"-' 

curves will give some indication of the  adequacy of the  assump- 
tions. Clearly,  a l e s s  subject ive criterion of the quality of th i s  
fit i s  needed. 

VIII. Para l l e l  Dec.ision Process .  If we suppose  tha t  the  n elemen- 
tary decis ion processes  a re  carried o u t  in  parallel  ( s e e  Figure  3b), 
the  choice latency distribution .is the  distribution of the  largest  of 
n select ions ,  one from each  of the  elementary distributions. T h i s  
is known to be given by 

which .in the c a s e  when a l l  the elementary distributions a r e  the  
same, namely Fe , reduces  to 

If we denote the observed reaction-time distribution for the parallel  
c a s e  by gn , then .it follows from equation (7) that  

Applying the Lap lace  transform and equation ( 2 ) ,  

As before, we may divide by L(y,) to eliminate L (fb)  . 
T o  proceed further, we  assume fe i s  exponential ,  then 

T o  evaluate  the  above sum, consider the function 

n- 1 S S - 

9 ( x )  = ) ( a T ; ' )  (- l ) k x ' . x k  = 2. ( 1  - z ) ~ - '  . 
Observe tha t  

= ~ ( n f , ~ , " " )  , 
and tha t  

where B ( m ,  a) i s  the  Be ta  function and r(n) i s  the Gamma function. 
From these  resul ts  we eas i ly  obtain 

n!r(; + 2) 
S In Figure  4 we have a l s o  presented plots  of 

vs* x 
for small  values  of n .  
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tion curve. T h i s  e f fec t  could e a s i l y  be obtained analyt ical ly  i f  we  
were to assume h uniform over only a smal l  portion of t h e  interval  
0 to 6 ,  i n  other words, if we  a s s u m e  t h e  v a s t  majority of t h e  mo- 
ment is truly a refractory period during which there is n o  in take  of 
information. T h e s e  considerat ions  bring o u t  e v e n  more strongly the  
need for comprehensive experiments to determine the  properties of 
the moment. 

We s h a l l  not  attempt,  a s  before, to s tudy  the  paral le l  case .  T h e  
reasons a r e  tha t  the  mathematical problem is rather complex and 
with so little information on t h e  nature of t h e  moment it hardly 
seems worthwhile t o  carry ou t  the analysis .  Furthermore, we a r e  
of the  opinion t h a t  it is unlikely tha t  information accepted i n  dif- 
ferent moments is d e a l t  with other than serially.  I t  may happen, 
however, tha t  t h e  information accepted i n  one moment is  processed 
i n  parallel. T h e  la t ter  remark .is a poss ib le  hint  for developing an  
explanation of the  e f fec t  of changing the number of "psychological 
dimensions" i n  a n  information display. 

XI. Ezpen'mentaZ Proposals .  T h e  key assumption .in our ana lys i s  
is tha t  elementary decis.ion p rocesses  c a n  be found of s u c h  a s o r t  
that complex dec i s ions  c a n  be built  up from them i n  a way which 
leaves the.ir character is t ic  A value invariant,  One should l ike  to 
Present experimental sub jec t s  with stimuli  which vary i n  severa l  

dimensions but  for which dec i s ions  on e a c h  of the  dimens.ions have 
iden t ica l  t ime character is t ics .  If one  u s e s  conceptually d.ifferent 
dimensions,  we run in to  the difficulty of possibly  .introducing 
severa l  different X values.  If w e  u s e  severa l  ob jec t s  with the 
same dimens.ion re levant  for e a c h  and w.ith . identical character is t ics  
in every other respect ,  we have the difficulty tha t  the  reception of 
the  s t imulus  may not be  unitary, but broken down .into severa l  
par ts  separated by receptor orienting a c t s  s u c h  a s  e y e  movements. 
T h e  f i r s t  of the two following proposals  suffers  from the  la t ter  
difficulty; t h e  second  from the former. 

1 s t  Experiment: D.igit Difference Perception 

Stimuli: White 3" x 5" cards  with a triple-spaced typed, horizontal 
row of vertically aligned pairs of digits, 0 and 1, o n  each. T h e  
number of pairs  per card to vary from o n e  to sixteen. On each card 
e i the r  o n e  pair or n o  pairs  will  be unlike digits, i.e., (0 , l )  o r  (1,O); 
the  remainder l ike  pairs ,  i.e., ( 1 , l )  or (0,O). T h e  place of the  un- 
l ike  pair .in the ser-ies of pairs to vary from the ini t ia l  to the  final 
position. Cards  with the  unlike pair .in e a c h  of t h e  posi t ions  from 
o n e  to n will  b e  included i n  the  s e t  with equa l  frequency, and 
ca rds  with n o  unlike pair w.ill be  included with the  same frequency. 
T h e  ass ignment  of (1 , l )  or (0,O) to the remaining p l a c e s  will  b e  
made on a n  equiprobable random bas i s ,  and t h e  choice o f  (0 , l )  or 
(1,O) for the unlike pair w.ill be  made on the  same basis .  

Responses:  Experimenter will announce prior to e a c h  s t imulus  
presentation how many pairs the  card to b e  shown bears.  Sub jec t  
will  respond yes or no, depending o n  whether the  card does  or d o e s  
not  bear a n  unlike pair, by press ing the  appropriate o n e  of two 
keys. T h e  s u b j e c t  will be  told t h a t  an  unl ike pair i n  e a c h  of the  
poss ib le  posi t ions ,  including in  no position, a r e  equal ly  l ikely  
even ts ,  and wil l  be  instructed to read the  l ines  of pairs  from l e f t  
to right. T h e  data  of primary in te res t  wi l l  be t h e  l a tenc ies  of the  
no response  to t h e  cards  which bear n o  unlike pair and the  la- 
t e n c i e s  of t h e  yes response to the  ca rds  which bear a n  unlike pair 
i n  the  nth position. 

Apparatus: 1. Stimulus ca rds  a s  descr ibed above, 
2. Light  projector with f a s t  shut ter ,  
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