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The paper includes experimental results obtained using two 
procedures in which signals are presented at random times. A 
simple three-stage theory consisting of a sensory process, 
followed by a response bias, and ending in a response process, 
involving a random delay, and that may or may not have a 
memory, is compared with the data. The free-response procedure 
yielded data that could not be accounted for by a first version of 
the theory in which the crucial assumption about the response 
process was that once a response process is under way it locks out 
all further inputs until the response is made. Alternative models, 
including a race between response processes with the first 
response suppressing all others and a simple first-in first-out 
queue, were equally inadequate. On the assumption that the 
difficulties lie in the complexities of the response process when 
there are two or more inputs close in time, we decided to avoid 
these theoretical difficulties by using a modified reaction-time 
procedure. The initial results are encouraging. The tails of the 
latency distributions appear to be exponentially distributed and a 
theoretical prediction that two of the time constants should be 
the same appears to be supported. The major indications of 
difficulties are inconclusive evidence that the response bias 
parameter may not be constant and, possibly related, that the 
initial portion of the tails may overshoot the predicted value. In 
spite of the possible variation in the bias parameter, estimates of 
the signal-plus-noise to noise-alone parameters increase in a 
systematic manner with signal strength. 

Virtually all sensory discrimination experiments use clearly 
specified intervals of time during which a signal may or may not 
be presented. The 0 need not attend at other times since signals 
are presented only during these specific intervals. A response is 
required shortly after each interval or each group of intervals, and 
the 0's performance is summa[ized as estimates of certain 
conditional response probabilities. For example, in the Yes-No 
design a response occurs after each interval and we estimate the 
probability of a detection (Yes response) conditional on the 
signal being presented and also conditional on its not being 
presented. 

Such experiments are as artificial as they are convenient to 
analyze. Seldom in life do we receive advance warning that a 
signal may shortly occur, let alone know exactly the interval of 
time during which to attend. In most realistic situations, signals 
occur in a highly unpredictable manner, even if they do not occur 
in a perfectly random manner. 

We continue our attempt to develop a r~gorous analysis of 
detection in experiments that try to mimic the temporal 
uncertainty of real life. A first pass at a theory was given in Luce 
(1966); it was followed by an experiment and some additional 
theory in Green and Luce (1967). Here we report a replication 
and a modified experimental design, both using better equipment, 
and we consider various modification$ of the theory. 

GENERAL THEORY 
The contrast between our methods and those used by earlier 

investigators (for example, Broadbent & Gregory, 1963; Egan, 
Greenberg, & Schulman, 1x1; Watson & Nichols, 1966) is 
particularly striking because we ignore the responses that occur 
shortly after other observable events-in particular, those shortly 

after a signal-and concentrate mainly on the tails of certain 
latency distributions. Several different distributions arise by 
considering interresponse times (IRT) and signal-response times 
(SRT) conditioned on various things being true.4 With a Poisson 
schedule-the continuous analogue of a uniform distribution-of 
signal presentations, the theory predicts that the tails of these 
distributions are exponential with time constants that are simple 
functions of theoretical sensory and response bias parameters. So 
our attention is focused, first, on whether the tails are in fact 
exponential and, second, on the numerical values of the 
exponential time constants. Inferences about the sensory system 
and the discriminability of signals are made from these estimated 
parameters. 

To see in more detail what is involved, consider the block 
diagram of Fig. 1, which presents the essential structural 
components of the theory. The "Sensory Process" box represents 
the mechanism responsible for detecting faint signals. In the 
absence of any input signal, the output of this box is generally 
quiet. Occasionally, however, according to a random (Poisson) 
schedule, it yields an output, thereby falsely indicating the 
presence of a signal. We denote the intensity parameter of this 
"noise" process by v. When a signal is actually presented, the 
tendency for the box to issue an output is momentarily increased 
by an amount that depends upon the signal strength; after the 
signal ends, the process returns to its resting Poisson level. In 
principle, the value of the Poisson parameter v could depend on 
many things other than the stimulating conditions and the 
sensory system of the 0 ,  but we shall assume that it depends only 
on these. In particular, we assume that it is unaffected by the 
density of signal occurrences, the values and costs of various 
responses, and the instructions to the 0 .  

The Sensory Process output is fed into the next box, labeled 
"Response Bias," which simply determines with some constant 
and statistically independent probability, b, whether or not an 
alleged detection shall be permitted to initiate a response. We 
hope that b can be treated as independent of changes in the 
sensory input and that much of the individual response variation 
caused by altering instructions and payoffs can be accounted for 
by changes in b. If so, then we can separate analytically the 
response and the sensory processes. Observe that when no signal 
is present the output of the Response Bias box is Poisson, but 
with intensity bv rather than just u. One experimental task is to 

Fig. 1. Functional parts of the general theory. The output 
events of the Sensory Process and Response Bias are assumed to 
be Poisson distributed with the indicated parameters when noise 
or signal-pIus-noise are present at the input. 
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