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The Brain as a Parallel Coherent Detector

Abstract. Knowledge of the bioelectric signal-to-noise ratios in rat brain makes
it possible to demonstrate for the first time that the brain functions as a coherent
signal detector, an important class of detectors that are explicitly formulated
within the statistical theory of communication. Within an afferent neuronal
channel of a single modality, the brain functions as a parallel signal processor.

In the visual system in the rat dur-
ing photic stimulation the relative bio-
electric signal-to-noise power ratio
(82/N?) for input at the contralateral
eye as compared to the ipsilateral eye
measured at either the dorsal lateral
geniculate nucleus (LG) or at the vis-
ual cortex (VC) corresponds to the
known decussation ratio of neurons in
the optic nerve (/). A narrow band-
pass measuring technique was used to
define a signal channel (7). Signal-to-
noise ratios were computed by subtract-
ing the integrated filtered brain output
obtained during a no-input condition
(N) from the output obtained during
a matched period of channel-tuned pho-
tic stimulation ($’) and dividing the
obtained value (S) by the output with-
out input (N). In this procedure, the
output without input is defined as back-
ground noise. Thus, signal-to-noise
ratio = (8’ — N)/N = N.

In accordance with empirical findings

($°/N®)1/ ($*/N?)e = 1/ e (€))

where (S2/N2),; is the signal-to-noise
power ratio at a given brain station
(say, LG) when the signal is transmit-

722

ted through a communications channel
1 (C,), (82/N2), is the signal-to-noise
power ratio at the given brain station
(LG) when the signal is transmitted
through a communications channel 2
(Cy), and ¢,/¢, is the ratio of the
number of visual afferent neurons
carrying a photic signal in channel C,
compared to the number of neurons
carrying the signal in channel C,.

This signal processing property of
the brain may now be formally com-
pared with various signal detector
schemes that are well known in statis-
tical communications theory. The co-
herent detector is of particular impor-
tance in that it is theoretically the most
efficient of the stochastic signal detec-
tion systems (2).

If, in a communications system, S/N
is measured on a single sample during
time unit = (for example, seconds), and

if upon integration over repeated
samples T (7) then
S/N = (aT)*% (S/N) )

where a is a scale coefficient and (S/.N )
is (S/N) for the unit sample. Then it
can be said that the system is func-

tioning as a coherent signal detector
(2). Other kinds of stochastic signal
detectors will also yield an increase in
signal-to-noise ratio as a function of T,
but will do so with less efficiency; for
example, for the square law detector,
S/N =~ (aT)% S/N. If (S/N), is the
signal-to-noise ratio measured over
time period T,, and if (S/N), is the
signal-to-noise ratio measured  over
time period T,—where (S§/N);=
(S/N),, that is, S/N for the unit
sample is the same for Ty and T',—and
if the scale coefficient a is constant,
then from Eq. 2

(S/N)W/(S/N)e = | .
(aT:)*2 (S/N)/(aT:)** (S§/N)

(T1)"2/ T2 = (S/N)1/(S/N):
TJ/T:: = (Se/Nz)i/(SQ/NS):: . (3)

Equation 3 states that for any given
coherent detection system the ratio of
sample time periods (T') is equal to the
ratio of their respective signal-to-noise
power ratios (S2/N2). Then any system
satisfying Eq. 3 can be said to function
as a coherent signal detector for T,
and T,.

Combining Eqgs. 1 and 3

T2/ Te = (8°/NW/(S*/N?) = Y1/ (4)

On the basis of Eq. 4, we conclude that
for photic stimulation within the con-
text of our experimental paradigm (at
least), the brain functions as a coher-
ent signal detector (3).

On the basis of Eq. 4 by implication

\//1/\//25 T,/ T. (5)

Since ¢ refers to the number of neu-
rons carrying a signal in a communica-
tions channel within the brain, and T
refers to the number of repeated
samples of a signal integrated over
time T (7), how is the equivalence of
the ratios for ¢ and T (expression 5)
reconcilable? The equivalence of the y
and T ratios becomes clear once we
understand the general statistical con-
cept of the sample space. In the com-
mon treatment of signal detection in
communications theory, sample space
is enlarged by summing repeated
samples over time. This corresponds to
the usual model of the serial informa-
tion processor. However, sample space
may also be enlarged by parallel proc-
essing during a single time unit. (Thus
the probability of heads or tails for
coins can be established by either toss-
ing one coin n times, or tossing n coins
one time.)

My results illustrate the operation of
the brain as a parallel signal proces-
sor. In the experiments (I) underly-
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ing the above derivations, each neuron
in the optic nerve provides one in-
dependent sample over unit time = with
stochastic signal properties common to
the ensemble of visual afferent neurons.
In the case of the rats in my experi-
ments, where sampling times on C, and
C, are equal, the difference of magni-
tude in the sample space for contra-
lateral stimulation (through C,) com-
pared to ipsilateral stimulation (through
C,) results from the difference in the
number of neurons in the two afferent
channels, and is equivalent to a differ-
ence of total sampling time between
T, and T, in the equation for the co-
herent detector. The unit signal-to-
noise ratio (S/N) is a common param-
eter for each of all neurons in the en-
semble.

Demonstration that the brain func-
tions as a parallel coherent detector
carries several important implications.
(i) It lends impressive support to the
proposed concept of the neuronal col-
lective as a basic neuronal process for
communications in the networks of the
brain; this follows from the definition
of the neuronal collective as a subset of
neurons characterized by a temporally
coherent discharge pattern (4). (ii)
Only in a coherent detector, does a
change in mean output depend upon
the signal value alone and the variance
of the output on the noise value alone;
thus a response threshold point can be
set for the expected value of a signal
independent of noise (2). (iii) Evolu-
tion has provided at least the mamma-
lian brain with the most efficient sto-
chastic signal detection scheme known.
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Phenothiazine Effects on Auditory Signal Detection

in Paranoid and Nonparanoid Schizophrenics

Abstract. The differential effects of phenothiazine medication on auditory sig-
nal detection performance were compared in two types of schizophrenic subjects
and in normal subjects. With increasing phenothiazine dosage a decrease in effi-
ciency of signal detection performance occurred among nonparanoid schizophren-
ics and an increase in efficiency occurred among paranoid schizophrenics. These
and related findings were interpreted in terms of differences in neuropsychologi-
cal response and information processing characteristics in the two types of schizo-
phrenics. The primary deficit in information processing in nonparanoid schizo-
phrenics may be related primarily to their hypersensitivity to sensory stimuli,
whereas in paranoids it may be related primarily to their impaired focusing of
attention. Phenothiazines appear to decrease sensitivity to stimuli in nonparanoids
but increase the ability to focus attention in paranoids. The possibility of treatment
regimens which take into account the differential effects of phenothiazine medica-

tion was suggested.

Among normal and emotionally dis-
turbed human subjects and among ani-
mals individual differences have been
noted in response to stimuli of different
intensities (I, 2). It also has been ob-
served that drugs of the phenothiazine
class, so commonly used in the treat-
ment of severe emotional disturbances,
reduce both sensory sensitivity and
central nervous system hyperarousal
(2, 3). The above findings have been
reported for visual and gustatory stimu-
li. We now report an examination of the
effects of different dosages of pheno-
thiazine medication on the ability of
paranoid and nonparanoid schizophren-
ics to detect auditory signals under
different signal-to-noise (S/N) condi-
tions. It has been hypothesized that
these two types of schizophrenics mod-
ulate sensory stimulation in rather dif-
ferent ways (4, 5). The acute paranoid,
who scans his environment extensively
and responds to many ordinarily ir-
relevant stimuli, appears to have a pri-
mary difficulty in focusing attention. He
appears “wide open” to extraneous
stimuli. It has been reported that phe-
nothiazine medications significantly re-
duce the range of environmental stim-
uli to which the paranoid schizophrenic
responds (5). The acute nonparanoid
schizophrenic, on the other hand, does
not extensively scan his environment
and is therefore not as overloaded by

irrelevant peripheral cues. It has been
reported that the sensory peculiarity of
the nonparanoid schizophrenic stems
from his hypersensitivity to stimuli of
low and ordinary intensities and from
his attenuated response to very strong
stimulation (2, 6). Phenothiazines are
reported to reduce significantly his sen-
sitivity (5).

It was hypothesized that, if a signal
detection is used to measure sensory
responsiveness (d’), increased dosages of
phenothiazine medication would be as-
sociated with opposite changes in d’ in
paranoid and nonparanoid schizophren-
ics (7, 8). For the nonparanoid, an in-
creased dosage was expected to impair
sensitivity to stimuli and hence lower
d’; in paranoids it was expected to im-
prove ability to focus attention. It also
was hypothesized that, without medica-
tion and under conditions where audi-
tory signals were difficult to detect (low
S/N ratio), nonparanoid schizophrenics
would perform at least as well as nor-
mal subjects. With medication non-
paranoids should perform less efficient-
ly than normal subjects. Under S/N
conditions where signals were of higher
intensity nonparanoid schizophrenics,
either on or off phenothiazine medica-
tion, would be expected to perform less
efficiently than normals. Paranoid
schizophrenics would be expected to
perform consistently worse than nor-

723



