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If both the number of one-dimensional signals and their range are sufficiently large (about 7 and 
20 dB for loudness), the information transmitted in absolute identification is not much increased by 
increasing either variable (Miller, 1956; Braida & Durlach, 1972). The data can be represented in terms 
of Thurstonian discriminal dispersions in which the variance is proportional to the square of the 
signal range in decibels (Durlach & Braida, 1969; Gravetter & Lockhead, 1973), but it is by no means 
obvious what sorts of mechanisms would lead to this model. An alternative is proposed, namely. 
that there is a roving attention band, about 10 to 15 dB wide, such that signals falling within the 
band are represented by a sensory sample size about an order of magnitude larger than when the same 
signal falls outside the band. With reasonable choices for parameters, including the subjective 
continuum growing as a power function of intensity with an exponent about .3, this nicely accounts 
for the data. In an attempt to examine the change of performance with range, we replicated the 
Braida-Durlach experiment with many additional points. These data are not, however, adequate to 
decide between the two models. 

When 10 or  more one-dimensional signals are 
spread over a sufficiently large range (e.g., 20 dB or 
more in auditory intensity), subjects in absolute 
identification (AI) experiments do  not perform as 
well as one would anticipate from data on compar- 
able pairs of signals. No satisfactory explanation has 
been given. The purpose of this paper is to propose 
one. 

The earliest systematic evidence demonstrating this 
are Garner's (1953) and Pollack's (1952) auditory 
data, which, together with similar data from other 
modalities, were widely disseminated via Miller's 
(1956) classic "The magical number seven, plus or  
minus two: Some limits on capacity for processing 
information." Garner used from 4 to 20 pure tones 
of intensities spaced equally in decibels over a 95-dB 
range. T o  a first approximation, performance, as 
measured by the information transmitted, grows 
linearly to  about 2.3 bits, after which it remains 
constant. The data points are shown in Figure 1. 

This is not what one would expect if a Thurstonian 
model were correct. If each signal is represented by a 
random variable that is independent of the ensemble 
of signals used and if responses are determined by 
categories whose boundaries lie somewhere between 
the mean representations of successive signals, then 
the information transmitted should grow much more 
steadily. 

A recent study by Braida and Durlach (1972) 
presents another equally inexplicable, but we suspect 
related, finding. In the part of their study of interest 
here, they used 10 pure tone signals spaced equally in 
decibels over their range, which was varied from 
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Figure 1. Information transmitted vs. information input in 

loudness absolute identification for a %dB range. The input was 
controlled through the number of equally probable signals. The 
data are from Garner (1953); the figure is from Miller (1956. 
Figure 2). 

2.25 to 54 dB. Their analysis, described in detail in 
the Appendix, involved computing a d '  measure for 
successive pairs of signals and summing it over all 
10 signals to give an overall measure, A ' ,  of accuracy. 
For small ranges it grows linearly, but gradually it 
decelerates-see the data points of Figure 2. 

Durlach and Braida (1969) had postulated a 
Thurstonian model in which the mean scale value 
grows linearly in decibels. This implies that A '  
should grow linearly with range in decibels, which is 
wrong. We have verified that a power function 
growth does not predict the data either. T o  deal with 
this, they suggested, as did Gravetter and Lockhead 
(1973) independently, that the variance of the signal 
representation grows linearly with the square of the 
range in decibels. Although partially accounting for 
their results-it fails to  explain why comparable mag- 
nitude estimation (ME) results lie systematically 
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Figure 2, Total sensitivity vs. intensity range R ( = dB/10) for 
loudness absolute identification as reported by Braida and 
Durlach (1972, Figure 4d). 

below the A1 ones (see Braida & Durlach, 1972, 
Figure 6f) or why d '  is appreciably larger at  the 
extremes of the range than in the middle (see their 
Figure 2)-we d o  not consider it a ,very satisfying 
explanation. No reason is offered either as to why 
the range should directly affect the variability of the 
representation of a signal or as to why it should 
be the square of the range in decibels. The account 
seems wholly ad hoc. 

AN ATTENTION MODEL 

Luce and Green (1972, 1974) have discussed 
psychophysical models in which the signal is 
represented on each of J channels as indepen- 
dent Poisson processes with a parameter p that 
is an increasing function of signal intensity. 
They have argued that if signals are of sufficient 
duration, subjects probably take a fixed sample size 
x on each of J channels and use it to estimate the 
Poisson parameter, and hence the intensity, by 
observing the total time required to get the sample. 
This timing behavior is to be contrasted with count- 
ing the number of firings during a fixed time interval, 
which appears to  occur when the signals are very 
brief. Later work (Green & Luce, 1974) on ME led us 
to propose that the size of the total sample, k = Jx, 
may very well not be a constant when the signals span 
a sufficiently large range. The intuition is that the 
CNS cannot fully monitor all 30,000 peripheral audi- 
tory neurons and that it distributes its attention by 
fully monitoring a band between 10 and 20 dB at a 
given frequency and by monitoring the rest of the 
range much less completely. Roughly, we estimated 
the two sample sizes to differ by a factor of from 5 to 
10. We also were led to  suggest that the attention 
interval tends to be centered at the location of the 
preceding signal, although, by altering the distribu- 
tion of signals from a uniform one, this was shown 
not to be inevitable. 

The last study, along with several others (Luce & 
Green, 1972, 1974b), also suggests that the growth of 
the Poisson parameter with sound intensity is 
approximately a power function with the exponent y 
in the range from .I5 to  .60 over subjects, usually 
between .20 and .30. We assume this form. 

The following A1 model was programmed for 
computation.' 

(1) The n signaIs are spaced equally in decibels 
over a range of R dB. 

(2) Each signal is equally likely to be presented. 
(3) The attention interval is A dB wide independent 

of its location. 
'(4) If a signal lies outside the attention inverval, 

the sample size is KO; if it lies within the interval, 
the sample size is K,(K, > K,,). 

(5) The Poisson parameter is a power function, 
with exponent y ,  of the ratio of signal intensity 
to threshold intensity. 

(6)  Category boundaries are located at the geo- 
metric mean of the Poisson parameters of suc- 
cessive signals. 

(7) The subject responds by giving the category 
number containing the estimate of the Poisson 
parameter computed from the sample. 

Let Pm(j 1 li) denote the probability that the 
response to  the signal of intensity li, i = 1, . . . , n, 
is category j or less when the sample size is K,,m = 
0,l. Using the normal approsimation to the gamma dis- 
tribution and defining 

it is easy to  see that 

where @(0,1) denotes the normal density with mean 
0 and variance 1. Since a randomly presented signal 
falls in the attention interval with probability A/R,  
we see that average response probability is 

And the information transmitted is given by 

If we convert these average probabilities into z scores 
and substitute into Equation 5 of the Appendix, we 
compute Braida and Durlach's A ' .  










