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Abstract

Purpose — The purpose of this paper is to ask whether a first-order-cybernetics concept, Shannon’s
Information Theory, actually allows a far-reaching mathematics of perception allegedly derived from
it, Norwich et al’s “Entropy Theory of Perception”.

Design/methodology/approach — All of The Entropy Theory, 35 years of publications, was
scrutinized for its characterization of what underlies Shannon Information Theory: Shannon’s “general
communication system”. There, “events” are passed by a “source” to a “transmitter”, thence through a
“noisy channel” to a “receiver”, that passes “outcomes” (received events) to a “destination”.

Findings — In the entropy theory, “events” were sometimes interactions with the stimulus, but could
be microscopic stimulus conditions. “Outcomes” often went unnamed; sometimes, the stimulus, or the
interaction with it, or the resulting sensation, were “outcomes”. A “source” was often implied to be a
“transmitter”, which frequently was a primary afferent neuron; elsewhere, the stimulus was the
“transmitter” and perhaps also the “source”. “Channel” was rarely named; once, it was the whole eye;
once, the incident photons; elsewhere, the primary or secondary afferent. “Receiver” was usually the
sensory receptor, but could be an afferent. “Destination” went unmentioned. In sum, the entropy

., «

theory’s idea of Shannon’s “general communication system” was entirely ambiguous.

Research limitations/implications — The ambiguities indicate that, contrary to claim, the entropy
theory cannot be an “information theoretical description of the process of perception”.

Originality/value — Scrutiny of the entropy theory’s use of information theory was overdue and
reveals incompatibilities that force a reconsideration of information theory’s possible role in perception
models. A second-order-cybernetics approach is suggested.

Keywords Information theory, Perception, Communication, Systems, Cybernetics

Paper type Research paper

1. Introduction

The present work addresses two themes of the C:ADMZ2010 conference: that of
“crossover processes” and that of “abstract to actual”. Just how these themes are
fulfilled will be recaptured in the discussion. The word “not” in the title refers to the
present paper’s emphasis on what not to do, knowledge that is just as important as its
obverse.

In 1948, two remarkable achievements were revealed; Cybernetics, or Control and
Communication in the Amimal and the Machine (Wiener, 1948/1961), often cited as the
spark for the cybernetics movement, and “A mathematical theory of communication”
(Shannon, 1974; reprint of 1948), a formulation of information transmission which is now
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29-August 5, 2010. Finally, thanks to the Editors of the Kybernetes special issue, Ranulph
Glanville (again) and Ben Sweeting.

etadata, citation and similar papers at core.ac.u

k



https://core.ac.uk/display/186332489?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

familiar to every communications engineer. Shannon’s theory was seized upon by two
Harvard psychologists, Wendell R. Garner and Harold W. Hake, in “The amount of
information in absolute judgments” (Garner and Hake, 1951). That paper detailed a way to
apply Shannon’s Information Theory to “how accurately the O [observer] perceived which
of several alternative stimuli occurred on a particular presentation, or how much
information the O obtained about which stimulus occurred” (Garner and Hake, 1951, p. 459).
Within five years, the Garner-Hake approach was mainstream experimental psychology.
It spawned hundreds of published groups of estimates of the information transmitted
in absolute judgments; 47 were tabled in a recent critical review (Nizami, 2010b).

The Garner and Hake (1951) approach was accepted prima facie by Professor
K.H. Norwich of the University of Toronto. Indeed, Norwich desired to vastly broaden
its scope to “any stage in the perceptual process”, as follows. He hypothesized, from
1975 onwards, that “Our level of certainty at any stage in the perceptual process can be
measured using Shannon’s measure of uncertainty or entropy” (Norwich, 1981a, p. 410).
To Norwich (1991a, p. 82):

Information theory, because of its special structure which gives information as a function of
the probabilities of a set of possible outcomes, is ideally suited to describe the perceptual
process.

(See the description below). Norwich (1991c, p. 180) imagined enormous gains:
“Unification of the laws of sensation is the goal of the entropic or informational theory of
sensation”. To Norwich and his co-authors, those gains were met: “The Weber fraction,
Fechner’s law, Stevens’s law, receptor adaptation, and many other psychophysical
phenomena, find unity within this information theoretical description of the process of
perception” (Norwich, 1987a, p. 286). The entropy theory also produced Teghtsoonian’s
law (Norwich, 1987a; repeated in Norwich, 1991c), which relates Stevens’s power exponent
to stimulus range (Teghtsoonian, 1971); Pieron’s law for reaction time (Norwich et al., 1989;
repeated in Norwich, 1991c, and in Wong and Norwich, 1996); Bloch’s law, which states
that stimulus duration and intensity trade off to produce a constant effect (Norwich, 1981a;
Wong and Figueiredo, 2002); the “threshold law for odorants” (Norwich, 1991c); the origin
of otoacoustic emissions (Norwich, 1982, 1983); Riesz’s law for auditory Weber fractions
(McConville et al., 1991; repeated in Wong and Norwich, 1993, 1995, 1996, in Norwich and
Wong, 1997b and in Wong and Figueiredo, 2002); Weber fractions for auditory frequency
(Wong and Norwich, 1993); the Stevens’s law exponent for taste (Norwich, 1984a); the total
number of just-noticeable-differences “making up a stimulus” (Norwich, 1984a, p. 275;
repeated in McConville ef al,, 1991, p. 171 and in Wong and Norwich, 1995, p. 3766);
equal-loudness contours (Wong and Norwich, 1995; repeated in Norwich and Wong,
1997b); and the dependence of auditory detection threshold upon stimulus duration
(Wong and Figueiredo, 2002). Why loudness adapts for both ears but not for one alone was
also addressed (Norwich, 2010a) along with “phantom limb” pain in amputees, and vertigo
(Norwich, 2010b). No other model matches even a small fraction of all of these claims.
As such, the entropy theory cries out for deserved scrutiny.

2. Quick information theory basics

Norwich and co-authors had attempted to design, in the most general interpretation of the
word, a mathematics of perception from the first-order cybernetics of Shannon
Information Theory. To understand the entropy theory, we must therefore start with
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Figure 1.
“Events” and “outcomes”

Shannon’s (1974) breakthrough. Shannon described how probabilities lead to information.
Consider 7 possible “events”. When one happens, it becomes an “outcome”. The outcome is
uncertain whenever # > 1. Then, the events have discrete probabilities of occurring,
bii=1,...,n. Figure 1 shows these concepts. According to Shannon, information must:

* be a continuous function of the p;;
* increase monotonically with # if all events are equiprobable (p; = 1/n); and

* be the same regardless of how many steps are required to turn an event into an
outcome.

The amount of information available from observing an outcome is:

) _bi log pi. (D)

source (signal) uncertainty ("source information")ls = —K
=1

Shannon’s theory does not specify the base of the logarithm, hence the presence of K to
relate a logarithm in one base to that in another. Shannon set K = 1. When events are
symbols “k”:

Is= =Y p(k) log p(k). )
k
1
Before: events with
probabilities
pi
N T A i
1 2 3 4 n
v Event #
Transmission
After: The out come = one of the events
i (information gain = uncertainty reduction)
\

Sources: After Shannon (1974); after afigure originally
published in Nizami (2010b, p. 118)



Figure 2 shows Shannon’s “general communication system”. Norwich ef al. assumed,
for simplicity’s sake, that the total number of symbols transmitted and received are the
same. But unintended errors in transmission can occur; symbol 2, when transmitted,
may be received as symbol j, with probability p;(k). Then:

Li=1Is—Es=—Y_ ptk) log p)+> Y pi(k) log pj(k), 3)
k Jk

where:

Es==>"%"pik) log pj(k)
T F

is the stimulus equivocation/uncertainty/entropy, here called H.
I, = Is when what is transmitted is identically received.

3. The Entropy Theory of Perception

Professor Norwich introduced various algebraic manipulations of I; and Es, and
introduced some conjectures involving terms 0%, m, and N2, whose genesis need not be
detailed here (the reviews are in Mori (1993) and Norwich (1993)). Norwich (1982, p. 536)
eventually found a “variation of a Shannon entropy function”:

| o 1 o

H(unitless and in logarithms to base e) 2ln <1 +mN2>' 4
Norwich joined Shannon Information Theory to perception through the “fundamental
assumption of the entropy theory of sensation” (Norwich and Wong, 1995, p. 86),
that “In the case of the isolated receptor with its sensory neuron, H is directly
proportional to the frequency of impulses in the neuron” (Norwich, 1977, 1979, 1981a,
1982, 1983, p. 187, 1987a, 1991a, b; Norwich and McConville, 1991; Norwich and Wong,
1995; Wong and Norwich, 1996; Sagi ef al., 2001; Wong and Figueiredo, 2002). That is,
for stimulus intensity / and firing rate F{/):

Information Imperfect channel
source Transmitter {2110+ TSR \ Receiver Destination
Uttty Al il Received
v [ ] Al GO [ ] rs
{  Signa = Received
(event) = signa

Noise (outcome)
=

Noise

> Information flow >
Notes: Its components: (1) “An information source which produces a message or sequence of messages to
be communicated to the receiving terminal”; (2) “A transmitter which operates on the message in some way
to produce a signal suitable for transmission over the channels’; (3) “The channel is merely the medium
used to transmit the signal from transmitter to receiver”; (4) “The receiver ordinarily performsthe inverse
operation of that done by the transmitter, reconstructing the message from the signal”; and finally

(5) “The destination is the person” (or thing) for whom the message is intended (Shannon, 1974, p. 5)
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F()ocH, hence F(I) (spikes/s)=k-H(), k> 0. 5)

Norwich (1991c, p. 156) explained that “The equation F' = kH represents a rather
audacious transformation of H, which is best understood as the human attribute
‘uncertainty’, into a quantity F (an impulse transmission rate, say)”. This % is not “the
number of symbols” above. (Norwich often inexplicably duplicated or changed his
notation.) Norwich then conjectured that sensation is directly proportional to neuronal
firing rate, both now expressed as F' = kH (Norwich, 1977, 1982, 1983, 1984a, b, 1987a,
1989, 1991a, b, ¢, 1993, 2005a; McConville et al., 1991; Mori, 1993; Wong and Norwich,
1993; Sagi et al., 2001), but perhaps with different magnitudes for &£ (Norwich, 1984h,
p. 833). Norwich et al. describe F for sensation as “the law of sensation” (Wong and
Norwich, 1995, p. 3761, 1996, p. 431; Norwich and Sagi, 2002, p. 810) or as “the
psychophysical law” (Norwich, 1991c, p. 159).

The entropy theory is “A model of perception based on information theoretical
principles” (Norwich et al., 1989, p. 349), naturally, those of Shannon (1974). Shannon
predicated his computations of information transmitted upon his “general
communication system” (Figure 2). Ipso facto, the entropy theory is likewise
predicated upon Shannon’s “general communication system”, and must therefore
unambiguously differentiate “event”, “outcome”, “source”, “transmitter”, “channel”,
“receiver”, and “destination”. But does it?

4. The entropy theory’s use of “event” and “outcome”
Consider “event” and “outcome”. Rarely did any entropy theory publication specify
both. A relatively late exception was Norwich (1991a, p. 87), where:

[...]in order to apply the equation F = kH to the biological process of perception we must
decide which event is being perceived, what possible outcomes it may have, and what
probabilities are attached to each of the outcomes.

Thus, Norwich, unlike Shannon:
+ assumes that we receive (here, “perceive”) an event, not an outcome;
+ assigns more than one outcome to an event; and
+ associates probabilities with outcomes rather than with events.

Norwich (1991a, p. 87) then named the event: “Perhaps the simplest perceivable event
is a sensation”. He then recanted:

For example, if the event is the tasting of a solution [...] [then it transpires that] The relevant
outcomes of the tasting event are the various possible intensities [sic] of the taste of the
solution (Norwich, 1991a, p. 87).

The event is now the interaction with the stimulus, and the outcome is not one of the
“events”, but an evoked sensation.

A yet different “event” had been implied in the entropy theory all along (Norwich,
19814, 1987a): “We can envisage a steady sensory stimulus as a stationary stochastic
sequence of microscopic sensory events” (Norwich and Wong, 1997a, p. 164). That is,
as Norwich and Wong explained, events are different stimulus intensities. The receptor
sampled them to compute H: as Wong and Figueiredo (2002, p. ICAD02-2) later noted:



The basic premise for calculating H is to assume that the receptor samples the sensory signal
[stimulus] to estimate the magnitude of the input [intensity]. The uncertainty in signal
magnitude is attributed to the variability or fluctuation in the signal at the receptor level.

Figure 3 (after Norwich (1981a, 1987a)) illustrates these concepts.
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Receptor + neuron

Information flow
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Notes: The stimulus, envisioned as a cloud of particles, is macroscopically constant;

the larger box always contains the same number of particles (here, 25); within the larger
box is asmaller box, whose particle population fluctuates in thermodynamic equilibrium
with its surrounding, the number of particles within the smaller box (open circles)
varying from eight at timet, to four at time't, to six at timetg, etc.; at each such

instant, parallel, identical receptor-neuron units faultlessly count the number of particles

within the smaller box, sending that count to the brain

Sources: After Figure 1 of Nizami (2010a); permission applied for reproduction
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Overall, the entropy theory’s interpretations of “event” and “outcome” were contradictory,
and did not follow Shannon’s definitions.

&

5. The entropy theory’s use of “source”, “transmitter”, “channel”,
“receiver”, and “destination”

5.1 Source and/or transmitter

Information, early in the entropy theory, was “transmitted” by “isolated animal
neurons” (Norwich, 1979), primary afferents serving sensory receptors. Then Norwich
(1987a, p. 290) inexplicably reversed, speaking of “information transmitted to the
receptor”, 1.e. the source and transmitter precede the receptor and hence the afferents.
The same paper then mentioned “the maximum information transmissible by that
sensory modality” (p. 290), i.e. the sensory modality = transmitter. Yet, later therein,
Norwich mentioned “the information transmitted by a stimulus” (p. 297), so that
stimulus = transmitter.

And the story continued to change without explanation. Norwich (1989, p. 285)
referred to “the information transmitted from stimulus to perceiver”, i.e.
stimulus = source and “perceiver” = receiver. McConville ef al (1991, p. 171) did
likewise, but Norwich and McConville (1991) declared that “we regard the environment
as a transmitter of information, and the sensory receptor as the receiver”, which “may
receive only as much information as the stimulus transmits” (Norwich and McConville,
1991, pp. 151-2; italics added). Yet later therein, Norwich and McConville (1991, p. 154)
described the amount of information “transmitted by the cockroach spine” (i.e. spinal
neuron = transmitter), then stated that “The cockroach mechanoreceptor, therefore,
transmits nearly the same quantity of information as mammalian sensory receptors”
(i.e. sensory receptor = transmitter). Receptors were still transmitters in Norwich and
Wong (1995, p. 84): “The [Entropy] model utilizes a property that all sensory receptors
share, the capacity to transmit information”. Two lines later, however, Norwich and
Wong mention “Information transmitted by the stimulus”, i.e. stimulus = transmitter.
Several lines further on, they state “We regard the stimulus as a signal”, that is, the
stimulus is “the stimulus signal” (Norwich and Wong, 1995, p. 88), the thing to be
transmitted. On the same page, then, Norwich and Wong imply at least three
conflicting interpretations of “transmitter”. Inexplicably, Wong and Figueiredo (2002)
named the afferent neurons as the transmitters.

5.2 Channel

In Norwich (1978) and sometime thereafter, the visual channel was the whole eye
including the receptors. “The sensory receptor forms part of a channel’ (Norwich,
1983, p. 175). Later yet, however, “the train of photons proceeding from the object to the
receptor constitutes the channel” (Norwich, 1984b, p. 832). Further therein (p. 834),
Norwich stated that information is transmitted to the perceiver (also Norwich (1979), in
Norwich (1991a, p. 84) as “to the observer”), ie. the channel is now an unnamed
medium linking source and perceiver. Post-1984, Norwich and colleagues did not
explicitly identify “channel” at all. Nonetheless, in Norwich and McConville (1991), the
channels perforce were afferent neurons, because the transmitter was a spinal neuron,
and then it was a receptor, both of which would connect to afferents.



5.3 Recewer

Norwich (1977) named the sensory receptor as the receiver (Norwich, 1984a, pp. 269,
273, 1989, p. 356). However, in Norwich (1989), the whole human was implied to be the
receiver (see above); later yet, in Norwich and McConville (1991), the receiver went
unnamed, but was perforce some neuron(s), as the transmitter was at first a spinal
neuron (see above), and then a receptor.

5.4 Destination
“Destination” never appeared in the entropy theory.

5.5 Summary

Table I lists Norwich and colleagues’ evident interpretations of “source”, “transmitter”,
“channel”, and “receiver”. These changed in a logic-free manner that evolved towards
no consistent description of the Shannon “general communication system”. Indeed,
Shannon’s terms were entirely absent from nine of the 11 papers published by Norwich
and colleagues since 1991.

6. Overall summary
Shannon’s Information Theory depends upon Shannon’s “general communication
system”, which unambiguously uses “event”, “outcome”, “source”, “transmitter”,
“channel”, “receiver”, and “destination”. Shannon’s Information Theory also allegedly
forms the basis of Norwich and colleagues’ Entropy Theory of Perception (1975-present).
The latter should therefore employ Shannon’s concepts unambiguously. Instead, it
contains a confusing gamut of interpretations, sometimes several contemporaneously,
sometimes none at all. Nonetheless, Norwich and colleagues offered no formal alternative
to the Shannon system.

Altogether, the entropy theory is not “informational”. One contributor, Wong (2007,
p. 2), lately noted that:

[.. .Jlittle justification (beyond the simple analogy of the senses as a communications system)
was provided for why information underlies the process of perception [in the Entropy
Theory] and why this result is universal.

But Wong missed the point: “simple analogies” are insufficient. This problem is
perpetually central to any application of Shannon Information Theory. Other
applications were made of Shannon Information Theory to perception (Baird, 1970a, b),
which proved incompetent (MacRae, 1972). Understanding perception requires a
holistic approach (Nizami, 2010Db).

7. Discussion/conclusions

7.1 Regarding jargon

Some readers may object to the jargonistic nature of the above review. However, the
jargon is inherent to information theory, and thus to the manner in which Norwich and
co-authors misused that theory. Indeed, the jargonistic nature of the entropy theory
betrays its lack of generality and hence its failure to apply as it was claimed to apply.

7.2 C:ADMZ2010 conference themes
The present work addresses both of the C:ADM2010 conference themes of “crossover
processes” and “abstract to actual”. “Abstract to actual” refers to the Norwich et al.
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“source”,
“transmitter”, “channel”,

«.

and “receiver” in the
Entropy Theory of

Perception

Table I.
Uses of



attempt to apply an abstraction (Shannon Information Theory and its “general
communication system”) to an actual process (perception, a result of “sensory
systems”). Norwich et al’s entropy theory fails to link abstract to actual, and in so
doing it also fails to “crossover between fields”, i.e. to make an engineering model
(Shannon Information Theory) work in perceptual psychology.

7.3 Why does the entropy theory fail?

Norwich et al’s entropy theory fails. Why? It depends upon Shannon Information
Theory, a first-order cybernetics model. In such a model, information transmitted is
computed by an external observer who stands apart from the system, an engineer. That
1s, the Shannon general communication system does not compute its own information.
But Norwich ef al. claim that to perceive requires information computation. Such
computation must thus be inherent to the perceptual “system”. The perceiver is the
presumed gainer of “information”, hence the perceiver is formally the observer, and the
latter must constitute one or more parts of the Shannon general communication system.
But which part or parts? Norwich, for example, sometimes equated the sensory receptor
itself to the perceiver (Norwich, 1987b), rendering redundant the rest of the ascending
nervous system (including the brain). Sometimes, he called the observer the perceiver
(Norwich, 2005b, p. 249). Regardless, the Shannon system (and its mathematics) is
not set up for an internal observer (unlike the goal of “second-order” cybernetics).
Hence the entropy theory’s welter of different interpretations of what the elements
of the Shannon system actually are in man or animal. Norwich offers no clear
interpretation; he cannot.

An inseparable point is that physically, perception involves interaction with the
stimulus, interaction that can transform the stimulus. For example, in vision the eye
absorbs light, and each light-photon’s energy is converted to other forms of energy.
In the sense of taste, tastant molecules are adsorbed upon the taste receptors, and can
be altered within the oral cavity. In any case, they can be absorbed by, and may be
destroyed within, the digestive system. In audition, the air pressure waves which we
perceive as “sound” are damped in amplitude at the points where they interact with the
eardrum. And so on, and so forth. Norwich (2010b) himself admitted as much, but
never explained how Shannon Information Theory was supposed to cope with this
phenomenon. In perception, the stimulus and the perceiver are both changed.
The observer, who is the perceiver, is changed by their interaction with the stimulus.
The stimulus is “a difference that makes a difference”. But in the Shannon general
communication system, the operation of no part of the system is altered by the
stimulus. That is because Shannon Information Theory describes only amounts of
information, not the character of the information; Shannon Information Theory does
not account for the received information having meaning, hence Shannon Information
Theory does not allow for changes in the system.

Opverall, the moral of the story is that second-order cybernetics should be respected
when addressing perception. Few perceptionists, however, seem aware of second-order
cybernetics.

7.4 Was the entropy theory useful?
The entropy theory is cited in the perception literature, but largely by persons of limited
mathematical credentials who simply repeat the theory’s ideas, perhaps not realizing its
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problems (or perhaps simply ignoring them). Those problems reach far beyond the
ambiguities revealed here (Nizami, 2010b). But one could object that models prove
incorrect anyway; they only need be useful. Was the entropy theory useful, ie. in
encouraging new theories and new experiments? The entropy theory inspired no new
theories. Indeed it proves useful to theory only in the present ironic context, that is,
as a refutation. It inspired only one experiment, which actually disproved one of the
theory’s basic tenets (Nizami, 2010b).

7.5 A connection of Shannon Information Theory to art?

The issue of art is particularly relevant. Indeed, the major inspiration for Norwich ef al’s
Entropy Theory of Perception was an earlier attempt by someone else to connect Shannon
Information Theory to music and to art, as follows. Norwich himself never explained what
inspired his theory. Further, the citations in his papers are no help; most are
autobiographical, and indeed, his publications are noteworthy for their paucity of
non-autobiographical supporting references. Nonetheless, there are a few lone individuals
whom Norwich ef al. cite more than once in the entropy theory. Among them is Abraham
Moles (Norwich, 1983, 1984a, b, 1991c, 2005a, b). Specifically, Norwich cites Moles’s (1966)
book Information Theory and Esthetic Perception. This book has enjoyed several hundred
other citations, some quite recently, but few by scientists, as suggested by an online search.
Regardless, Norwich clearly admires Moles and his book.

To discover what Norwich found so compelling seems important, but is easier said
than done. On the first page of his Introduction, Moles already uses the jargon of
Shannon Information Theory. Some might think this a propitious start. Moles (1966,
p. 1) implies the human subject to be the “receiver” who receives “messages” from “the
inert world or from other individuals”. On the very next page he introduces art,
describing it as “a creator of sensations”. He then notes that:

It will be the goal of the present work to try to integrate in a coherent fashion the essential
concepts which have issued from the science of communication and more precisely from the
body of doctrine known as information theory, with our vision of the world, that is, our
perception, particularly in the domain, hitherto neglected, of esthetics and the psychology of
perception (Moles, 1966, p. 2).

A bold aim indeed. The information theory mentioned is that of Shannon, a point not at first
apparent. Further, the specifics of the Shannon system of interest are never clearly specified.
One can, nonetheless, immediately recognize the origin of Norwich’s grandiose desire to
explain all of intensity perception using information theory (more on this later). Indeed,
Norwich’s notion that perception occurs through sampling (Figure 3) may be inferred from
Moles’s (1966, p. 3) remark that “All behavior, present or future, of the individual may be
described with a degree of precision equal to that of the description of a physicochemical
system”. Nearby, Moles (1966, p. 5) states that “Noise limits the individual’s apprehension of
the exterior world”, a notion that is core to the entropy theory (Norwich et al., various).
Moving on to his first chapter, Moles (1966, p. 7) elaborates upon his jargon:

The individual receives messages from this [surrounding] environment through various
channels: visual, aural, tactile, etc. The term “channel” is applied to any material system
which conveys a message from a transmitter to a receiver.

Moles goes on to classify channels as “natural channels” such as vision and hearing, in
which man is the “receiver”, and “technical channels”, in which machines receive



electrical signals. Moles (1966, p. 8) notes that in natural channels, “it is often difficult
to separate the brain from the sensory receptors”, an understatement that underscores
the differing interpretations in the present Table I. For much of the rest of his book,
Moles insists on calling the human receiver the “receptor”.

Moles (1966, p. 8) then swiftly connects information theory to art, as follows:
“A painting, a drawing, or a photograph gives us messages in two dimensions”.
He also mentions animated cartoons and movies as being messages, along with speech
and music. This description is vague. Presumably in an effort to make it clear,
Moles (1966, p. 9) offers the following, which sets the tone for the rest of the book:

A message is a finite, ordered set of elements of perception drawn from a repertoire and
assembled in a structure. The elements of the repertoire are defined by the properties of the
receiver. A specific study will reveal the nature of the elements and the repertoire of artificial
[ie., technical] channels. For messages of natural channels directed to the sense organs, the
elements of the repertoire are enumerated by the various departments of psychophysiology.

This kind of obtuse pedantry typifies the rest of the book, which consists largely of
Moles’s interpretations, rarely supported by references, of what the various repertoires,
structures, elements, properties, and “departments” actually are. The rest of his
Chapter 1 reviews information theory.

In his second chapter, Moles (1966, p. 65) forays into the notion of channel capacity
and “the receptor’s capacity to know”. He also introduces “sonic events: thuds, musical
notes, etc.” (Moles, 1966, p. 70), which remain one of his favorite subjects. He states, as
if proven, that “One of the fundamental characteristics of the human receptor is the
existence of a maximum Zmit to the flow of perceptible information” (Moles, 1966,
p. 74), and furthermore that “When this maximum flow is exceeded, the individual
selects, with the aid of criteria derived from his previous experience, forms from the
message presented to him” (Moles, 1966, p. 74). All of the reasoning involved is dense
and extremely difficult to follow and cannot be synopsized here.

Moles’s next chapter differentiates “forms” from “noises”. He states that “We may
assume, as the key to the perception of forms, that the human receptor [sic ] has direct
perception of a signal’s autocorrelation” (Moles, 1966, p. 101). Moles (1966, p. 101) also
declares that:

The rate of information of a message is determined by the structures that the receptor
perceives in the message. These structures are created by memory, which summarizes the set
of messages the individual has already received in statistical rules or in symbols.

And further, “The receptor is thus a developing (learning) system. Each message
modifies the receptor’s capacity to receive succeeding messages”. Here we can see an
attempt to relate the need for knowledge of the frequency of possible events in order to
compute the Shannon information, although the latter should by no means affect
“the receptor’s capacity to receive succeeding messages” per se, only the capacity
of someone (not necessarily the “receptor”) to compute their information content.
This is only one example of the many confusions in Moles’s text, in which he attempts
to broaden Shannon Information Theory, which we may think of as a “special theory of
information transmission”, into a “general theory of information transmission”.
In brief, Moles attempts to do for information theory what A. Einstein did for physics
when he broadened “special relativity” into “general relativity”. Of course, Einstein
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supplemented the algebra; Moles does not. Nonetheless, according to Moles (1966,
p. 99), he has succeeded:

Thus, the scope of information theory is notably enlarged. Originally the theory treated
only material messages, always in the identical form of the mechanical receptor’s code.
But this framework is too rigid for experimental esthetics and for perceptual theory, both of
which must essentially take account of individual variations [in human experience,
knowledge, etc.].

Ironically, Moles is correct in that Shannon’s theory does not account for “experimental
esthetics and for perceptual theory”, but he is wrong in thinking that he (or anyone
else) has yet solved that problem, as we will see.

In Moles’s next chapter, art and esthetics finally reappear after a long delay:

An art is exactly defined by the set of rules it follows. The role of esthetics, considered as
a science, is to enumerate those rules and link them with universal laws of perception
(Moles, 1966, p. 105).

Thus, Moles connects art to “universal laws of perception” by way of esthetics. After a
lengthy discourse on sonic objects, Moles connects art to information theory in the next
chapter. This is Moles’s hypothesis, which the reader has had to wait 127 pages to read:

When an individual rereads a book that he knows, even if he wrote it himself, when he
rehears a symphony whose themes he knows by heart, even if he conducted it, still he never
knows the message so exactly, so perfectly, and in such detail that he gains absolutely
nothing new from it. It is never totally banal to him. There is always something to be drawn
from 1it, a residual information to be gleaned, because a human being’s memory cannot
exhaust a message of such scale (Moles, 1966, p. 127).

Note the very loose usage of the word “information”. Moles’s next major statement in
this progression has also to be quoted in order to grasp its irony and to avoid any
accusation of misrepresentation:

We [sic | propose the existence of two types of information in messages generally. These types
of information depend on how an observer outside the transmission channel groups elements
of the message in order to relate them to repertoires. (a) Semantic information, having a
universal logic, structured, articulable, translatable into a foreign language, serves in the
behaviorist conception to prepare actions. (b) Instead of to a universal repertoire, esthetic
information, which is untranslatable, refers to the repertoire of knowledge common to the
particular transmitter and the particular receptor (Moles, 1966, p. 129).

Note that the use of humans as transmitters and receivers has, by this point, wiped
away any remaining relation to the “technical channel” described by Shannon (1974).
But where is the alternative, the information theory for the “natural channel”?
As examples of semantic information, Moles (1966, p. 130) mentions “a military order,
an electrical circuitry diagram, a coded message, instructions in case of fire, a technical
manual, a musical score, etc.”. In contrast, Moles (1966, p. 132) declares that:

[...] esthetic information is randomized and specific to the receptor, since it varies according
to his repertoire of knowledge, symbols, and a priori structurings, which in turn relate to his
sociological background.

Further, “It is very poorly known and difficult to measure” (Moles, 1966, p. 132).
In short, esthetics is amenable to analysis by information theory, but is not.



But let’s not be hasty. Regarding art, Moles (1966, p. 133) explains that:

Norwich’s

The original parts of the esthetic message express statistically what gives value to a Entropy Theory

particular painting within a given style; they are what traditional pictorial esthetics calls by
the vague terms personality of the picture, mastery, originality, etc.

Thus, it sounds like a theory of esthetics is imminent. But the book then disintegrates
into a series of complex diagrams and jargonistic digressions, with no information
theory algebra in sight, and no explanation of the system at work. One notable
anomaly is a puzzling figure showing “Approximate distribution of semantic and
esthetic information over the range of acoustical frequencies for music”, which appears
without explanation or supporting references. After yet another chapter, entitled
“Multiple messages and structural esthetics”, filled with complicated box-and-arrow
diagrams, Moles finally reaches conclusions. There he declares (Moles, 1966, p. 199)
that “The esthetic message has symbols unknown to us and rules often little known; it
1s untranslatable and unique”. Thus, he seems to confess, once and for all, that there is
no relation of information theory to esthetic perception.

The present writer found Moles’s book one of the most excruciating reads in his
experience. It resembles the work of Norwich ef al, in that both are filled with
unsupported declarations and assumptions, as well as spurious allusions to men of
scientific genius. All this can be independently confirmed. Anyone who considers the
present assessment to be harsh is invited to read the Keats (1966) review of Moles
(1966). Keats concludes that “Moles, like many before him, has failed to see that a
relabelling of old problems does not necessarily increase our knowledge or
understanding of them”. The same can fairly be said of Norwich ef al, whose
Entropy Theory of Perception bears numerous striking parallels to Moles (1966), far
more than described here, leaving little doubt that Moles (1966) was the (albeit
uncredited) origin of Norwich’s ideas.
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