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One of the ultimate objects of the study of Neurocomrwnications is ta
establish a relationshin cetween the way information is cnded in neural path-
ways and the way stimuli are perceived, PMerhaps more prosrass has bean made

“in the solution of this problem in the auditorv system than in other SPNSOTY
pathways and if a complete solution is still far off we can at lesst hegin to
. point the way,

We may start by asking the question -- "llhy do we think of complex tanes
in terms of a fundamental and its overtones?* We may end with the ruestian --
"Why do wa percelve the world as a set of aobjects?™ It wes fihm (5] who first
proposed a Law of Auditory Analysis hased on the then recantlv formulated
Theorem of Fourier. Although the purely mechanical anslytic mechanisms put
forward at that time hawve proved to he untenahle, neverthaless 1t has since
bean confirmad that the combinsd effect of a rather crude mechanical frenuency
separation in the cochlear partition, followed by a [not vet well underataod)
sharpening process at the receptor level does result in a pattern of activity
in the auditory array that will in turn provide at the lemniscal level & pattern
of actlvity which reprasents rather closely the terms aof the Fourisr Series
correspanding to the complex stimulus, An immediate difficulty is that we can-
not have sither individial fibres ar discrete fibre groups representing by their
discharge rate the amplitude coefficlents of individual Fourler terms. Because
of the shape of individual fibre response curves, a given stimulus freguency
will excite a large group of fibres, the majority of which will also be exclted
by an adjacent, but discriminable, stimulus frequency. Indeed, the jnd for
frequency depends, on this basis, on the detection of some liminal shift in the
fibres et the edge of the active block (7). In the cese of a single tone that
change can be calculated to be of the erder of 50 fibres (9). Because, too,
the shape of the fibhre response curves I1s rnupghly triangular, tha numbher of
fibres excited by a tone increases with stimulua intensitv, and there will be &
similar 'edge chanpe' [which turns out to he of about the same megnitude - S0
fibres) for the jnd of intensity. Because of the comparatively small dvnamic
range, fibre discharpe rate does not aprear ta be a vervy impartant varfahle in
coding intensity, This is especially true within the brain-stem itself, be-
cause the transfer functiem assoclated with the cochlear nucleus emphasises the
‘an-off' nature of the individuel filbre responses (7).

The slopes of the fibre response curves determine the shift in the active
array with fraeguency, and are hence related to frequency discrimination, The
widths of the response curves [and of the active array) are likewise related to
frequency resolution, but do not wholly determine it. Simple theory would sup-
gest that resclution ought to deteriorate rapidly with Iincreasinpg intehsity --

& deduction not in sccord with the facts., However thet simple theory leaves

out of account both lateral inhibition in the cochlear nusleua, and narhans more
important, the role aof the centrifugal peathwavs. Centrifupgal tarminals in the
cochlear nucleus have an immortant function in delimiting the critical band (6},
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and it 1s possible that the olivo-cochlear bundle plays a similar role at the
periphery (2,9). The overall result of thaese various mechanisms is to produce
groups of active fibres within the lemniscal array whose positinons in the arrav
correspond to the terms of the Fourler Series representing the cnmplex tone, and
whare the nurmber of flbres active in each group represents the coefficlent [ampli-
tude) of that termm. This pattern therefora forms a basis for ocur ahility to
'listen to' the separate overtonss of & complex sound, It alsa suprests why, 1if
we listen to an acoustic sauare wave, and change the mark/space ratio from unity
to [sav] five-to-one, we are not eware of a change in the mark/space ratio as
suchy what we do hear is the entry of the second harmonic, corraspondine to the
appearance of the second term in the Fourier Series (the ‘unity’ wavefarm com-
prises, pf course, only the odd terms).

Another transformation we might look at fs that arising in the medial suner-
ior olive. Here a code based on the reletive timing of impulses from the two
pars is transformed into a code dependent on the ratio aof the activitiles in the
ascending pathways on the two sides {3), Since a sound weve from a source on,
say, the left will cleerly arrive at that ear hefore it arrives at the right ear,
the relative brain-stem activity clearly encodes tha side of the signal, Lat us
leave this point for the moment and return to the complex tona.

Although it is relatively easy with a little practice to listen to indivi-
dual harmanics of a complex tone, nevertheless naively the attributes of such a
tona are timbre and pltch. A different set of harmonics of the. same seriss will
in ganeral have the same pitch, thouph a different timbre, Indeed, & suitable
anharmanic series may alsa have a piteh identifiable with a harmanic series (81,
A normal cat hears a tone complex 4f + S5f + 6f a3 having a pitch equivalant to a.
single tone of frequency f (4}, However, after bilateral removsl of auditery
cortax, although the animal is capable of responding to the simple tons f, 1t no
longer trasts the complex 4f + 5Ff + 6f as souivalent., although it can be trained
anew to respond to the elemants of the complex. It appears that the constancy
of pitch acrass-dlfferent sets of related harmonics is a cortical phencmenon;
the decorticete sfilmal treats sach harmonic set as distinct, Fraquency diserim=
ination is as good in the decorticate as in the intact animal; piteh constancy
is lost.

An exactly analogous situation exists in the phenomesna associated with
sound localization, If & decorticate cat listens to traine of dichotically
presented click patrs, it readily learns to distinguish the situation right-sar-
lesding from left-par-leading (1), employing presumably the mechanlsm previously
discussed. %Such o cat can alse learn to tespond when a singla train of clicks
in the right ear changes to a similar train 1n the left ear. However, it has to
learn sach of these as s separsta prohlem, whersas the intact animal, having
learnt ona, transfers immediately to the other, A clue to this difference 1s
provided by ths observation that animals (several species) deprived of asuditory
cortex can "tell' whether a sound i3 on the right or the left, but nevertheless
cannot abproach the sound -- i,e, localize it as an external source. Likewlse
with '‘precedsnce effect' stimull (13}, the unidecorticate animal can, at least
in some casaes, 'get the side ripght', but cannot determine tha logation of the

herein decorticate means without suditory cortex
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source on that side (1), ‘
The traein-stem tranaformations are analytic -- for example complax tonss i

ere transformed to & harmonic serles. As a result we are aware of these analy-
tic features, and animals can be trained to respond to the d*fferences in the
rasulting neural petterns. However, each prohlem must he learnt sensrately, The
carresponding cortical transformations eppesr to be synthetic. The corticete
enimal can concern itself with the similartties between related stimsli, as well
as the differences between less closely related ones. We are concerned then

with constancies -- tha constencies of aize, shepe, position, that result in the
perception of a stable external world even when the particular stimulus situatien
changes,

For some twanty years past, much effort has been put into the studv of tha
sensory cortex as a ‘festure detector’, thet is to say an extracter of propres-
sively more elahorate features of an object, such as direction of movement,
orientation, angular relationship, There are many reasons why such a himrarchi-
cal view both of perception and of cortical synthesis is inadequate (12}, Com-
captually it appears to demand an infinite regresaion, and practically it fails
abysmally, for example, to account for the results of cortical ahlation., As T ‘
have tried to make clesr, what 1s lost in cortigal demage is not the response
to some particular faature of the stimulus -- thet can usuallv he recovered,
What is lost 1s the set of constancies with which we normally view the world (10)
For the intact animal each new stimulue sftuation is not entirely separate.
Pitch can remain constant over considersble changes in harmonic structure; the
position of & sound source is distinct from the sound being emitted, In paneral,
thees factora give an externslity to the way we hear and see the world about us.,
Just as we think in terms of the harmonic structure of sound because of the nat-
ure of 1ts corresponding brain-stem transform, sa, I suggest, the constancies of
e.g, pitch and location must have their basis in the particular nature of the
cortical transform. WNelther feature detectien nor 'tonotopicity’ appear even
to be starters in the gandidacy for & -sudlteble transformation. The transform
fuet be distributive to fulfil the conditions and must not nut severe constraints
on the neuronal elements. Such a transform might plausibly he anatomically
represented as a matrix, .
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