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One hundred msec tones of 1000 Hz at four intensities were 
presented according to two Poisson schedules  in a back- 
ground of wide band noise and as  increments to a 1000 Hz 
tone. Each 15 minute t e s t  s e s s ion  was  run under fixed condi- 
tions and one of three instructions to de tec t  the s ignals;  the 
two Ss were free to respond a t  any t ime.  The  data 'analyzed 
were several inter-response and signal-response distributions, 
and they were compared with a theory due to Luce .  Dis- 
crepancies between the theory and data indicate needed modi- 
fications of both the theory and the procedure. 

Most research on the detection of faint signals has 
involved specifying for the S well defined intervals 
during which a signal may be presented (for a sum- 
mary, see Green & Swets, 1966; and Swets. 1964). 
This is patently unrealistic since in most practical 
detection situations signals occur without warning at 
irregular times. The two sources of data on these 
more realistic tasks come from studies of vigilance 
(Broadbent & Gregory, 1963; and the references given 
there) and studies of the method of free response 
(Egan, Greenberg, &- Schulman, 1961; Watson& Nichols, 
1966). The major difference between these two types 
of design i s  in the density of signal occurrences: They 
are exceedingly rare in vigilance experiments, and 
the focus of attention is on the deterioration of per- 
formance that results from long watches. whereas 
they are  relatively frequent-every few seconds-in 
the other studies. 

The present experiment falls in the latter class. 
It differs in two respects from what has been done 
before. First, the signals were presented truly at 
random, i.e., according to a Poisson schedule, because 
this leads to certain theoretical simplifications. Second, 
the analysis does not attempt to treat the situation 
as a series of fixed interval experiments, but rather 
accepts the signal presentations and the responses as  
a time series to be analyzed as  such. In particular. 
we examine with some care certain observed inter- 
response time (IRT) and signal-response time (SRT) 
distributions. The analysis is guided by a theory that 
is, perhaps, the simplest one that could conceivably 
account for the data. As i t  has been descrihed in 
detail elsewhere (Luce, 1966), we outline i t  only 
briefly here. 

THEORY 
The experimental paradigm is this: Brief, physically 

identical signals are  presented according to some 
probabilistic temporal schedule that is unknown to S, 
and he is instructed to respond immediately whenever 

he believes that a signal has been presented. He may 
respond whenever and a s  often as he wishes. 

The theory postulates that at each instant S is in 
just one of two possible sensory states, D o r  z, which 
are interpreted to mean "detectv* and "not detect." 
Most of the time he is in E, but every now and again 
he enters briefly into a D state a s  a result either of 
a signal presentation o r  of "noise*' (i.e., a background 
of sensory activity provided by E, inadvertently gen- 
erated by the apparatus, o r  inherent to S himself). 
The conditional probability that at time t he enters D 
when a signal is presented, Pt(D 1 s), is assumed to 
be a parameter that depends on the sensory criterion 
of S and on physical properties of the signal and noise, 
but that is independent of t. We denote i t  by q. The 
noise induced D dates are assumed to occur randomly 
in time independent of the presentation of signals and 
of S's responses, i.e., they form a Poisson process 
with some time independent intensity which we denote 
by v .  This parameter v also depends on S*s sensory 
criterion and on the physical properties of the signal 
and noise. As is  well known, the Poisson assumption 
implies that ve-vt is the density of times between the 
successive D states that are due to the noise alone. 
The two parameters q and v describe S1s sensitivity 
to signals in noise in a fashion that is somewhat 
analogous to the hit and false alarm rates of ordinary 
Yes-No detection experiments. 

The response process has two aspects: the condi- 
tions under which is is initiated and, given that it is, 
the time taken before i t  terminates in a response. 
The tendency for i t  to be initiated-the response bias 
-is assumed to be a probability that varies system- 
atically in time; we denote i t  by b(t). Specifically, 
we assume it  varies as  follows. If S is in the 5 state 
at time t, then b(t) = 0. Also, if anincompleted response 
process is underway, then b(t)=O. If, however, no 
,response process is underway and if S enters the D 
state a t  time t (whether i t  is induced by a signal o r  by 
noise does not matter since he cannot distinguish 
among D states), then there is some probability b, 
independent of t, that S takes i t  seriously and initiates 
the response process. Once initiated, the process 
terminates in a response after some random time x. 
The random variable x has a density r that is assumed 
to be independent of the time t at which the process 
was initiated and that is also assumed to be zero for 
all times x 2 T, i.e., 
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