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FOREWORD

The three presentations published herewith were presented and
discussed at the Tenth and last Conference on Cybernetics (Circular
Causal and Feedback Mechanisms in Biological and Social Sys-
tems) in the usual informal style as represented in the previous
four publications of this conference series. On review of the ver-
batim transcript of the discussion, it became evident to the Editors
that in this instance the presentations repeatedly interrupted by
discussion would not produce an effective publication. Accordingly
each of the authors has been asked to pull his material together into
a single consecutive statement, and the discussion has been omitted.

FRANK FREMONT-SMITH, M.D.
Medical Director



THE JOSIAH MACY, JR. FOUNDATION
CONFERENCE PROGRAM

Continuous advance in the field of medicine requires not only new
discoveries at the frontiers of knowledge but also effective com-
munication among investigators. New “break-throughs” at any one
spot may depend upon the integration of insights and technical
skills derived from widely disparate areas of scientific investigation.

The growing volume of scientific publications in itself imposes
a heavy burden upon the investigator to keep abreast of advances
in his own field and discoveries in other branches of science perti-
nent to his particular interest. But there is another aspect of com-
munication, a more personal one which has to do with the tendency
of scientists, at their meetings, to accept the lecture or other formal,
and hence uninterrupted, presentation as the major means of
communication. There are a number of obstructions to this method
of communication, some obvious such as problems of national and
technical language. Others, less evident and therefore more difficult
to cope with, are psychological and cultural. These have to do with
unrecognized blind spots, prejudices, and over-attachment to or
dependence upon an “authority” or upon too narrowly conceived
criteria of credibility. Such hidden obstructions to communication
form a major source of misunderstanding and even hostility among
scientists and threaten to delay the acceptance or proper evalua-
tion of new data and particularly to prevent genuine cross-discipline
understanding and multidiscipline team work.

The Conference Program of the Josiah Macy, Jr. Foundation has
gradually evolved in an effort to deal more effectively with these
hidden obstructions to communication. The participants are limited
to twenty-five —fifteen to twenty regular members who attend the
five annual meetings of each group and the remainder guests,
invited to one or more meetings. The group lives together for 2
days at a small inn, away from the distractions of a large city, where
the informality of arrangements contributes to the development of
a warm and friendly atmosphere.

11



12 Cybernetics

The emphasis upon discussion, provided for by limiting the
presentations to one, or at the most two, per day and by encourag-
ing interruptions at any time during the presentation, and the
tradition, now well established, that “authority” carries little weight
in evaluating the credibility of ideas, concepts, and data, help to
make the conference a forum for searching examination of dif-
ferences of opinion and of the reasons for contradictory experi-
mental results. Overgeneralizations are quickly met with the ques-
tion “with respect to what?”

In the atmosphere of such a meeting it is often possible to dis-
cover the basis for contradictory findings. Thus the “failure to
confirm” is frequently found to be due to previously unrecognized
differences in experimental procedure. At such a meeting a scientist
may discover that his hostility to the concepts or data of another
is engendered by the cross-cutting of two contradictory but over-
generalized conclusions. Once the overgeneralizations are “cut down
to size,” i.e.,, made to conform to the limits within which there arc
supporting data, the threat to his position disappears and hostility
is often replaced by acceptance or constructive criticism.

Members of the conference group become friends; spontaneous
collaboration follows naturally. With the growth of mutual con-
fidence, the members bring unpublished data and plans for experi-
ments to the conference in order to obtain critical judgment and
suggestions from the group.

Finally, as an atmosphere of free-floating security is established,
the group becomes increasingly creative. New suggestions for
research and working hypotheses are freely put forward, to be
discarded, amended or subsequently tested by experiment. Often
the most constructive suggestion comes from a participant not
immediately concerned with the problem under discussion and able,
therefore, to see the issue with fresh perspective. A genuine partner-
ship in the growth of ideas is the goal.

The transactions of the conferences are published in order to
share the experience of the meetings with a larger audience.
Although verbatim reporting is impractical, every effort is made
to preserve the spirit of the conference. Each participant is given
an opportunity to edit his own contributions. The Medical Editor



Conference Program

in co-operation with the Foundation staff reserves, however, the
liberty to make some rearrangement of material to provide better
continuity for the reader.

The Foundation looks upon the Conference Program as an experi-
ment in communication, still in progress.

Frank Fremont-Smith, M.D.
Medical Director



INTRODUCTORY REMARKS*

WARREN S. McCULLOCH,

Chairman

I believe this group has been guilty of a certain irreverence with
respect to the subconscious or the unconscious. Therefore, | should
like to review how the idea of unconscious mental mechanisms
came into the field of psychology. No less a figure than Leibnitz (1)
was responsible for initiating it. He was interested only in percep-
tion, but he regarded it as a sort of integral of our awareness of
the world. His “Petite Perception” was not something of which we
could say, “l know this, | know that, | know the other.” We could
only say such things of the integral. Out of these petites percep-
tibles, which served, if you will, as infinitesimals in his calculus,
he supposed that we formed our notions. He found himself coping
with a kind of froth, under which there was a kind of sea, without
being able to come to grips with the controlling variables.

That is not new, either in biology or in physics. In physics, it led
first to the notion of potential energy, which certainly is not energy
in the sense in which energy does anything. It is only that it may,
when it gets going. In biology, it led to a corresponding observation
of significant variables: the conservation of species which in Aristotle
(2) became “Entelechy.” Since we are not aware of all the sig-
nificant variables, many of them, in every panpsychism, have to be
supposed to operate sub rosa.

If we wish to follow the notion from then on, it will be found
next appearing in Plume (3) in two forms: one as an instinct, or
“habit of mind,” which leads us to group events into what we
thereafter call time and space; this we shall recognize later in
Kant (4) as the forms of sensation, and its organization is the
synthetic a priori. The other, which underlies the notion of causality,
becomes in Kant the category of reason. | did my best to persuade
Professor Jean Piaget to be with us, because | think he has a clearer

“This was distributed to the participants in advance of the Tenth Conference.

15



16 Cybernetics

concept of this subject, and certainly better data on how the idea
of causality arises in children, than any of the rest of us. It is cer-
tain that if what we call cause and consequence are separated
sufficiently in time, then the consequence appears as a spontaneous
act. Think for a moment that we have a ball rolling up to another
ball; the first ball arrives at the second ball, and the second ball
takes off. If it happens promptly, we have a notion that the first
ball kicked the second. If it happens after ten minutes, the second
ball did it on its own. What the mechanism is, and how it operates
in us, | do not know, but it is fairly clear that it does, and | should
have liked to hear an excellent observer of human beings, such as
Professor Piaget, tell us how it arises in children, because | think
that is the only way we are ever going to make sense out of it. |
think Hume would have agreed.

Causality became, in Immanuel Kant’s category of reason, a little
bit twisted. The forms of sensation and the category of reason under-
went a Hegelian twist and led to the basis of Marxism, on the one
hand, and to the dynamic ego and much of our so-called dynamic
psychology, on the other. | have studied rather carefully the begin-
nings of these notions and their spread in Europe. The German
school is blatant. Its best protagonist was von Hartmann, who has
written and published repeatedly on this subject, so that at the
time Freud began to write, he had sold some nine editions, running
to ten thousand or more items each. The best exemplar in Scotland
was Laycock. (5) He was Professor of Neuropsychiatry in Edin-
burgh; and in 1869, the second edition of his book, Mind and Brain,
appeared. You will find there a brief history of the growth of this
idea on the Continent. It became in France the normal way of
understanding hysteria in this period. You probably have not read
a most entertaining volume which is entitled Unconscious Memory
and written by Samuel Butler (6), author of Erewhon (7). It deals
with unconscious memory, and is charming in its self-revelation, and
in its horror at von Hartmann’s notions.

I am inclined to believe that in all our discussions, the uncon-
scious has suffered a gratuitous insult. | was a psychologist before
I went into physiology, and | went into physiology because | was
convinced that | had been dealing with a froth and that there were
significant variables lying below any level which any flow, | don’t
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care how relaxed it was, could ever reach. | believe that our willing-
ness to participate in this conference indicates that we are not too
much worried about how we appear to our neighbors or to our-
selves and are quite willing to make fools of ourselves provided we
can propose some mechanism which may be at the basis of what
is going on. As every scientist knows, that is a hazardous affair,
and | should mention that my own notions of how the brain ever
gets an idea have had several holes poked in them.

Norbert Wiener, not |, first proposed that there was some scan-
ning mechanism in vision (8). | tied it up with a particular structure
and | was probably wrong; Lashley (9) is quite sure | was wrong.
I think his arguments are not entirely conclusive, but they are per-
suasive. An erstwhile member of this group, Donald MacKay, while
working in my laboratory, constructed a square which could be
made to balloon out, shrink down at any preassigned rate, or could
be coupled back from one’s own brain waves. According to all my
notions, that square should have upset our ability to perceive form.
It failed completely to do so, and gave us peculiar distortions of
color vision. | think MacKay has thrown the biggest rock that can
be thrown through my hypothesis. 1 am rather upset by a paper
which Sholl and Uttley (10) sent me not long ago, in which they
said that there is no theory of perception which is subject to a test.
I can only answer, “l did propose one, and it is probably wrong.”
To insist on being wrong is to insist on there being something
which can be checked. It is my notion that every scientific hypoth-
esis has a reasonable expectation of being disproved; certainly
none can be proved, and it is my great woe, with most of my friends
who are interested in psychodynamics (above all, those who are
particularly interested in the subconscious), that | fail to find
hypotheses set up by them which are capable of experimental dis-
proof. The best of psychoanalysts, | am quite sure, are as much
troubled by this as | am.

Ten years ago | tried an experiment. There was a meeting of the
American Psychiatric Association in Detroit. | was then intrigued
by the Lear Komplex, which is the subject of a paper coming out
of Vienna concerning the play of King Lear, and it proves that
Mrs. Lear is the all-important person, because she is not once men-
tioned. My experiment was the following: In the hotel in Detroit
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there was a rather large and comely bear. Drs. Frank Fremont-
Smith and Molly Harrower cottoned on to the bear and they
paraded it through the hotel. They gave me the idea of what I
think is the nicest of all yarns | have ever invented. The story is
the following: They brought the bear to the conference room. One
psychiatrist after another would look at the bear sitting among
them, and then snap his head back to the front. You could count
ten, and each one would take a second look and snap his head back
to the front. Several years later | asked Drs. Fremont-Smith and
Harrower whether any of the psychiatrists had said anything to
either of them about seeing a bear at the meeting. They said,
“No.” | have told this story wherever psychiatrists were gathered
together, and shall continue to tell it. My esteemed friend, Dr.
Alexander Forbes, heard me tell the story and at once went to
Dr. Harrower and asked, “Did you really have a bear at the meet-
ing?” She replied, “No.”



STUDIES ON ACTIVITY OF THE BRAIN

W. GREY-WALTER
Burden Neurological Institute
Stapleton Bristol, England

Cybernetics is a term that means all things to some men and
nothing to many. To me, as a British neurophysiologist, it means,
on the one hand, the mechanical apotheosis of reflexive action, on
the other, the incarnation of information. If these conferences have
done nothing else, they have encouraged some of us who would
otherwise have remained isolated in the laboratory to risk an occa-
sional sortie out into the universe in order to experience unity. Not
Unity with a mystic capital, but the simple unity of principle in
communication and causality that Norbert Wiener was the first to
emphasize so clearly. Cybernetics may change its maiden name and
breed a score of changelings, but we shall never again be targets
for the gibe of knowing more and more about less and less.

I was brought up in a fairly rigorous school of physiology in
Cambridge, England and spent some of my earlier years studying
the nerve impulses in peripheral systems. Then for a while | was
engaged in the study of conditioned reflexes. It was rather a nice
juxtaposition | reached, passing from the purely academic study
of peripheral neurophysiology to my first direct acquaintance with
the Pavlovian school of conditioned reflexology, under the wing
of a pupil of Pavlov’s. At this time | met Pavlov himself and dis-
cussed with him the lines they were following.

The first thing | learned, in branching out from axonology to
conditioned reflexes, was thatnot all animals are the same. In
physiology, it has always been a sort of axiom that one sortof
nerve from an animal will be like the same sort of nerve from
another sort of animal. You could speak of the action potential of
the nerve. What became clear in studying conditioned reflexes was
that often you cannot speak of the dog at all; usually you can speak
with assurance only of this particular dog at this particular time.

19
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That introduced me to the general notion that individuality and
personality —and not only consistent personality factors but per-
sonality as a function of time —would be an important thing in
investigating how brains work and how we get ideas. From that,
I went on to the study of the brain itself in application to clinical
problems.

A few years later | arrived at the more elegant problem of normal
brain functions in relation to exactly those matters that Dr. McCul-
loch has outlined for us —this question of how the brain does get
ideas and why it is that the mechanism of idea formation seems to
be so inaccessible and yet to obsess people so much. My aim during
the last 5 or 10 years has been to try to identify and specify the
elements of “awareness,” if you like, in terms of physiological
mechanism, not trying to creep up furtively to the brain through
the spinal cord, but to examine the brain as a whole organ and see
whether information coming out of it was going to tell us anything
about how it works, and what it prefers to work on.

The proposition | am going to bring up for discussion is that, in
fact, quite apparently superficial study of brain mechanisms can
tell us an extraordinary amount about how the brain works, much
more than we ever expected a few years ago. You have all seen the
sort of work that has been done in brain physiology in humans,
mainly for clinical purposes. The ordinary electroencephalograms
and pictures of that sort are very tantalizing and disappointing.
If you work out the amount of information you can obtain from an
ordinary brainwave record in terms of what is there, the results are
very discouraging. The redundancy is absolutely fantastic. | think
a first class research team of workers dealing with ordinary brain
records would be very lucky to obtain one part in a hundred thou-
sand of the information from their brain records into their own
brains, to understand it and appreciate it, and be able to see what
it means; and that, | think, is why we all have been so discouraged
until recently about the possibility of examining the human brain
in its normal, conscious state, from outside and without interfering
with the individual too much—simply because of this vast re-
dundancy.

There is nothing more discouraging than to have to read a
language in which you understand, for example, only one sign, not
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even one word but one sign, in a hundred thousand. Most of us
in trying to read Chinese might recognize, after a while, the simple
sign for “man” or something like that; but we would not be content
with so little. It is a very discouraging experience to have a cipher
constantly slipping through one’s fingers. That is just about the
situation of the average lay physiologist dealing with the brain.

We have spent the last few years in developing all sorts of ways
of displaying the activity of the brain, mainly in conventional terms,
to see how it relates to the psychological events that go on during
growth and the establishment of a series of private notions. Parallel
with that sort of work, we have taken the other obvious step of
taking our results as they have come out of the machinery, gradu-
ally, and building models of them, not just for fun, but to see
whether, if we take the mechanisms as they seem to be working in
the flesh and transpose them from the paper to the metal, the models
will work the way the mechanisms seem to work when they are in
the brain. This is a perfectly reasonable and logical step. It is simply
a question of putting on to the table, in the form of mechanical
devices, the algebraic expressions which our records, in effect, are.

One field of endeavor in studying the brain or mind has been to
make pictures of how it looks, of its structure. | think probably
many of us here have suffered for some years, in our various schools,
the embarrassment of looking at pictures of the brain or the spinal
cord, stained, drawn and photographed in various ways, and trying
to discover what in this was related to what had actually been
happening there. I myself have always found particular difficulty
in understanding these things.

We have made some pictures to give an idea of the amount of
information we can deal with. The method used to obtain these
pictures is derived from a system used during the war for radar
purposes. The signals which we get from the head, from electrodes
attached in the usual way, are amplified by a factor of a million
or so, and are made to modulate the brilliance of small cathode-ray
oscilloscopes which are assembled in a pattern, as though you were
looking down on the head of a patient from above. You can see 22
tubes displaying in their correct spatial positions the outputs from
the various channels. There is, then, a picture of rhythmic, flashing
lights, which gives a very good simulation of what Sir Charles
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Sherrington called “an enchanted loom where flashing shuttles
weave a dissolving pattern.” Unfortunately, it is a dissolving pat-
tern; in other words, it is constantly changing, and the eye follows
the changes but it does not extract the invariants; to extract the
invariants from this assembly of patterns, we have to make use of
photography which we do not consider a satisfactory method of
recording, but the photographic emulsion is a good integrator and
builds up the integral of the invariant components very well.

We distinguish the invariant components from the irregular and
noisy ones by having on each tube a scanning vector. What is seen
on the tubes, if nothing is happening, is a line of light, and if there
is no signal coming in at all, it is motionless. But this line of light
can be rotated around the tubes like the hands of a clock in various
ways. It can be rotated at a controlled speed, so that it turns, for
example, ten times per second, in which case something appears
that looks rather like a slice of pineapple or a cartwheel with
luminous spokes; or, more interestingly, the rate at which this line
is scanned round the tubes can be made dependent on the brain
itself. Any one component or part of the display system can be
used to drive the scanning machinery inside the apparatus. Now,
the thing we hoped for from this device, which seems to be a
reasonably satisfactory one, is that in doing this, we are making the
activity in the brain drive the machine, in such a way that the
different parts of the display system are reacting to whatever the
brain is doing at any moment. The time ratios are thus local time.
There need be no absolute time scale. We are not trying to constrain
the brain activity to display itself on an arbitrary, absolute time
scale of seconds or milliseconds. We are allowing time to vary; the
speed at which this vector goes around may be quite erratic; but
the speed it goes at is determined by what is happening in the
person’s brain at that time and that place; so whatever else is
happening elsewhere in the brain at that time and at that rate will
be synchronized in rotation on the clock faces. What you have, in
fact, are 24 channels comprising 2 monitors, and 22 clock faces.
The hands of these 22 clocks, all driven by a master generator, are,
as it were, lit up by the brain activity at that particular time; so a
picture results only of those events in the brain which are syn-
chronized with, or driven by, or are driving, the activity you have
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chosen to act as a synchronizer. In this manner, a direct impression
of coincidence, congruence, and contingency can be acquired. |
think causality is the root problem of the whole brain function
and hope to be able to go into that question in more detail at a
later time. What are the causal relations between these various
events?

The technical virtues of the display system are that there is
almost no redundancy. Furthermore, noise —whether physical noise
in the sense of thermal agitation, or brain noise, i.e., the sort of
noise in the background which has to do with the administrative
work of the brain in keeping itself alive and fed, and so on —is not
seen at all. This machine might almost be defined as a device with
which it is impossible to see noise, because noise, by definition,
produces no pattern. You cannot synchronize the machine on noise
from any one channel and have the noise of any other channel
synchronized, by definition, because the noise in one region of the
brain has no phase relation or regular time relation with the noise
in any other channel. Therefore, those events which are significantly
related to one another in some time sense are chosen.

The device can also be arranged not only to be driven by the
brain activity, but also to drive the brain activity, to administer to
the individual under study a series of stimuli —light signals, sound
signals, or touch signals —which in themselves may give rise to a
pattern in time or space; and this pattern of input signals can be
delivered at any desired rate. We use this equipment regularly in
both these ways; that is, we use it, first of all, with the brain driving
the machine, and then the reverse process, with the machine driving
the brain.

The results are rather surprising, first of all, in relation to this
notion of scansion which Dr. McCulloch has mentioned and which
has been attributed to various authors. We have observed, un-
equivocally, some type of time dissection, occurring in the brain.
I coined a word for this which | am using now for only the second
time in public; the word is “abscission.” | have deliberately tried
to avoid using the word “scanning,” because it has so many associa-
tions in ordinary speech and it has become rather tainted, perhaps,
with too many simple-minded ideas. But | think there certainly is
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some type of abscission, of cutting off, of signals in the brain and
their reprojection on a local time base.

We see such abscission particularly clearly as a separating out
of the parts of a visual time pattern, in the visual association area
of the back of the head. The appearance is easily recognized; one
part of the pattern appears in one place and another part of the
pattern appears later in another place. Abscission certainly hap-
pens; it is there that the incoming ensemble is broken down into
parts. But the exciting thing to me when | saw it the first time was
the fact that as long as the pattern which the person is seeing is
novel or surprising or interesting, the abscission process has its
converse in other parts of the brain. The abscission process is turned
around and the pattern is abstracted; it reappears again in parts
of the brain not generally regarded as being attached very directly
to peripheral mechanisms, in the association or silent areas. In those
regions, the pattern appears not only in its original form, in what-
ever time pattern has been introduced, but in all possible trans-
forms of its elements. If a threefold stimulus is put in, it may come
out as a three-in-one pattern, or the various signals, when obtained,
may be closed or opened up, or two of them together and the third
nearby; this continues for a matter of a few minutes. If you leave
a person subjected to this type of stimulation for a minute or two,
possibly 20, 50, or 100 repetitions of this situation may take place.
Then in time the appearance fades away. If the stimulation is
stopped before its novelty has worn off, the pattern is preserved
for several seconds in the temporal association areas, and then it
slowly melts away.

The fading is not a question of fatigue, The time is too short for
fatigue to mean anything in relation to the tiredness of the brain.
The excitement fades away, as far as we can see, because it becomes
boring. The repetition of this pattern, which is a perfectly real
signal, a real physiological stimulus, begins to lose meaning to the
person. When it is not followed by anything, when it does not seem
to signify or imply anything, this remote, diffusely projected and
abstracted pattern fades away and subsides. If you then change the
pattern at all, if you introduce into it even a slight alteration of the
rhythm or shape or brilliance, then immediately the distant syn-
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thesis shows again; the whole pattern is re-established; it re-forms
in the association areas.

We are now going to take an important step further —to associate
the arbitrary, novel, but mental signal pattern with an uncon-
ditioned stimulus. We have not yet got very far with this. All we
have done so far is to establish a defensive reflex which, as we all
know from personal experience and training, is much more easily
established than an appetitive one. All | need say at present is that
when an unpleasant sensation is given in association with certain
patterns of this type, the abscission-abstraction-preservation process
is enormously enhanced, building up to something quite literally
sensational.

The size of photographs taken to record this phenomenon is small
compared with ordinary recording, and the patterns are minute by
ordinary recording standards. But this elaborate extraction of
information goes on in a perfectly regular, automatic way and the
results can be recognized and identified quite well. It is satisfying
to note that they are of a very personal, very individual character,
and are enormously dependent on the subject’s experience.

Information about the way these things happen must be handled
at the present stage in terms of a rigorous hypothesis. There are
two auxiliary methods of study which suggest themselves: One is
the making of models which do this sort of thing; the other one
is the study of people who have widespread and deep-seated lesions
in their brains. In the last few years, neurosurgeons have begun
to remove not little bits of brains but half-brains. It is quite common-
place now in neurological clinics to see people who have had this
so-called hemispherectomy operation. It is not really hemispheric,
in the physiological sense, as the whole hemisphere is not taken
out. Quite a large amount of the thalamus and the base of the brain
is left, but the cortex is removed almost completely.

We have studied a few of these people, one boy in particular,
to see how much the cortex is involved in the abscission process.
It is obviously important, in seeking to relate this process to the
information from anatomy and physiology, to see whether we are
dealing with something which is whole-brain function, or whether
the different parts contribute different things.
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signals that come in. What comes out from this second system is a
long stretched output which, from the physiological standpoint, is
an after-discharge. This, it will be recognized, is a perfectly standard
or classical physiological process.

In such hypotheses it is obviously desirable not to postulate that
the brain is doing anything magical. If a sense organ or the spinal
cord will account for an experience of the brain, that is a little more
satisfactory than some quite new thing. Moreover, | take it for
granted that the chemical substances, of which we hear so much
and know so little, may be the prime movers. Acetylcholine and
other mechanisms must be involved. | disclaim any notion that the
brain is a purely electrical machine.

The second set of operative signals, then, is a stretched series,
which long outlasts the duration of the stimulus. It preserves the
information that a particular signal or set of signals has occurred.
After it has occurred, these two signals have to be combined in some
way, not with one another again, but each with the complementary
stream of signals from some other stimulus source. This is the
important point; a signal comes in, for example, through the eyes,
and is divided into these two streams which go forward to the brain
as coded information to nearly all areas. | have dubbed these
streams of inoperative but still significant signals, “propaganda.”
They are to be propagated only, not acted on; they are not to be
remembered because they mean nothing. There are going into our
nervous system all the time innumerable streams of information,
99 out of 100 of which are insignificant to us. If we paid conscious
attention to them, we should go crazy. The brain is dealing with
them summarily. | mean such facts as that the lights in the room
are on, a fact which is not important to us in itself but only for the
light provided for our work. It might be important. For example,
if one of the lights started to flicker or go out, it might be important.
We are prepared to pay attention to such facts, but they are not
memorable.

Such things become memorable only if two streams of signals
are repeated often enough to overlap in their complementary forms
more often than would be expected by chance. This is where the
seam in our fabric comes in. One of these threads, let us say, from
the needle, is the derivative. The shuttle which moves across catch-
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ing the other thread and fixing it is the stretched, extended form
of signal. So we have this constant interweaving of the clipped
form, from one source, with the stretched form, from the other,
which forms are then interwoven into a permanent and durable
seam of congruence and contingency, provided that their coin-
cidence is greater than chance expectation. That is why | call this
a knot of probability, because what the making of the seam depends
upon is precisely the measure of probability that these two series
of events from different sources are connected, that one may imply
the other.

In order to learn more about this measure of probability, about
the odds of association, | have devised an electronic model, an
instrument which can receive two streams of signals. Some criterion
of the likelihood that two series of events will be regularly and
frequently associated with one another has thus been provided.

Other questions that come to mind are how the model works,
and more cogently, how the brain or an animal builds up a notion
of probability, how it begins to reckon the odds, and how it learns
what the odds are in favor of significance, in favor of two events
being significantly connected.

Consider an experience that is common but that is happening
for the first time. We are aware of a flash of light outside; a few
seconds later, we hear thunder. The first time it happens we may
think that someone turned on a light and someone hit a drum. If
the two things happen regularly, however, we begin to build up
a significant idea of a thunderstorm. We then think that when
there is lightning, there is thunder and we may generalize in this
way. From a statistic one may conjecture, but should not assert, a
cause. Yet we may be tempted to go a step further, and say, that
lightning causes thunder, unless we are metaphysical or mystical
and prefer to say that lightning and thunder have a common cause,
which we may call Zeus or electricity, according to the age we
live in. We may well ask again what the criterion of significance
incorporated in the brain is. But we know the answer already: for
tentative action, the same as you would ask for in a preliminary
scientific observation, about 20 to one against chance; for definitive
action, about 100 to one; for “certainty,” 1,000 to one, and so on.
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The following presentation will be confined mainly to the theory
of semantic information as it was developed recently by Dr. Carnap
and myself (1). Also it will be concerned with the relation of this
concept to the concept of amount of information, as developed by
C. E. Shannon (2), and an attempt will be made to show that the
two are not in competition. The presentation will occasionally touch
upon the relationship between thermodynamical entropy and
amount of information, emphasizing both the positive connections
and the nonidentity; and it will also touch upon the distinction
between statistical probability and inductive probability.

Information Theory, in the sense in which this expression is used
in the United States, namely, Theory of Information Transmission,
is not generally spoken of as dealing with the content of the mes-
sages transmitted, and hence it is regarded as a discipline having
no connection with semantics (3). (At a previous conference, Dr.
MacKay (4) pointed out to this group that, in British usage,
Information Theory has a different connotation.)

However, few could resist falling into the semantical trap laid
by the use of the word “information” and not assume sooner or
later that this field of interest is applicable to semantics and does
reveal certain aspects of meaning. Claude Shannon is, to my knowl-
edge, the only major information theoretician who consistently
refrained from drawing illicit inferences.

The theory, an outline of which is presented here, is meant overtly
and exclusively to deal with the concept of semantic information
conveyed by a statement, or the semantic content of a statement,
and various measures for this concept.
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“Ma," for instance, is a basic statement signifying that a is male.
All the statements of our language consist of the twelve basic state-
ments and the statements formed out of them with the help of
the connectives.

Our specimen language is extremely poor. What it loses thereby
will, 1 hope, be outbalanced by the perspicuity of the applicability
of the rather abstract concepts to be introduced presently.

An example of a state-description in our language is as follows:
Since such a state-description denotes a possible state of the uni-
verse dealt with in this language, it tells us, for each individual,
whether this individual is male or female, young or old. It consists,
consequently, altogether of a conjunction of six basic statements.
“Ma &Ya &Fb & Yb &Mc & Oc,” for instance, is a state-description
telling that a is male and young, b female and young, ¢ male and
old. This conjunction describes our universe completely. As soon
as | add a basic statement which is not identical with any of the
six components of this conjunction, this basic statement can only
be the negation of one of these components so that the resulting
conjunction will be self-contradictory. We conclude, then, that any
statement which logically implies, or is stronger than, a state-
description is self-contradictory. In this sense, a state-description is
a strongest synthetic statement in its language.

We take as the explicatum for the information conveyed by a
given statement the class of the state-descriptions excluded by that
statement. Each statement in our specimen language excludes, then,
none, one, or more (up to 26, or 64, which is the number of all
state-descriptions) of the state-descriptions. An analytic, or logically
true, statement, such as “Ma v Fa” excludes none; a self-contra-
dictory, or logically false, statement, such as “Ma & Fa” excludes
all; a synthetic, or logically indeterminate, statement excludes some,
but not all, state-descriptions. An analytic statement has minimum
content, and a self-contradictory statement maximum content. This
is not surprising. A self-contradictory statement tells too much, it
excludes too much, and is incompatible with any state of the uni-
verse, whereas an analytic statement excludes nothing whatsoever
and is compatible with everything.

A state-description itself, as a strongest synthetic statement,
excludes all other state-descriptions. We shall deal somewhat later



Semantic Information and Its Measures 37

with its counterpart, a weakest synthetic statement, that excludes
just one state-description.

Please notice that we have so far explicated only the notion of
information itself. In a prior meeting, Shannon told this group that
he did not define the concept of information itself and was not
interested in it. He wanted to define only the concept of amount-of-
information, with undeletable hyphens. To my knowledge he never
uses the notion of information as such in any essential way, nor is
there any reason why a communication engineer should do so. We
offer an explication for information itself, in its semantical sense,
for whatever it is worth. Whether Cont is a good explicatum, you
may decide for yourselves.

Our next problem is now to define measures of content to serve
as explicata for amount-of-information, in the semantical sense. So
long as we are talking only about content itself, the most we can
say is that a certain statement has a larger content than another
one, and this in case that the class of state-descriptions excluded
by the first statement includes the class of state-descriptions ex-
cluded by the second one as a proper part. Thus we would say that

Cont(“Ma”) = Cont(“Ma v Yb”),

since the class of state-descriptions excluded by “Ma” (there are
32 of them) contains the class of state-descriptions excluded by
“Ma v Yb” (there are 16 of them) as a proper part. But if two con-
tents are exclusive, i.e., have no member in common, or overlapping,
i.e., have some but not all members in common, we can say no more
about the statements whose contents they are, although we cer-
tainly would like to be able to say, and justify, that “Ma” has a
larger content, conveys more information, than “Mb v Yb.”

In order to do just this, we must go over to the stage of talking
about measures of content, to define —as the mathematicians would
say —a measure-function ranging over the set of contents. For-
tunately, we do not have to start from the beginning. Carnap (6)
has developed a rather extensive theory of measure-functions rang-
ing over, not, to wit, contents, but something very similar to them,
namely, what he calls ranges. (The range of a statement is the
class of those state-descriptions that logically imply that state-
ment.) Those measure-functions, which he calls m-functions, are
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meant to explicate the presystematic concept of logical or inductive
probability.

Now, since a measure-theory of ranges has already been de-
veloped, we can clearly make full use of it and define our content
measure-functions on the basis of Carnap’s m-functions. For each
such m-function, a corresponding function can be defined in some
way that will measure the content of any given statement.

Let m be a measure-function of ranges. What kind of function
of m shall we take as a measure for contents? We have a multi-
plicity of choices. But all choices will have to fulfill the following
condition that seems clearly indicated for any adequate explication
of amount of information: the greater the logical probability of a
statement, the smaller its content measure. The fulfilment of this
inverse relationship will be the guiding requirement for our choices.

The mathematically simplest relationship that fulfills this require-
ment is the complement to 1. Let m(i) be the logical probability
of the statement i. Then 1 — m(i) can be taken as a plausible
measure for the content of i. We call this measure simply the con-
tent measure of i and denote it by “cont(i)” with a lower case “c”
in distinction to the upper-case “Cont” standing for content. The
formal definition is, then,

cont(i) = &1 —m{(i).

It can easily be seen that cont fulfills, in addition to the afore-
mentioned condition of adequacy, other requirements of an ade-
guate explication of amount of information, but not all. It fails to
fulfill a certain requirement of additivity, the counterpart of which
plays a great role in Shannon’s theory. This requirement, in our
case, would be that the content measure of two statements that are
inductively independent —meaning thereby roughly that the logical
probability of either statement should not be changed by being
given the other statement —should be equal to the sum of the
content measures of each of them taken separately. But, it is not
the case, in general, that if i and j are inductively independent,
then cont(i&j) = cont(i) + cont(j). There is, indeed, an addi-
tivity theorem for cont, but the condition under which it holds, is
not that i and j should he inductively independent but rather that
they should be content-exclusivey i.e., that there should be no
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state-description excluded by both i and j. This additivity condition
makes sense though it is at odds with the more customary one of
inductive independence. It makes sense to say that the content
measure of the conjunction of two statements should be equal to
the sum of their content measures if, and only if, they are content-
exclusive. Then cont has certain plausible properties though it lacks
certain other properties which are equally plausible. Since, how-
ever, no concept can have both these plausible properties simul-
taneously, we are led to the idea —and there are many other argu-
ments pointing in the same direction —that we do not have in our
mind one clearcut, unique, presystematic concept of amount of
information but at least two of them (and both still in the semantic
dimension). This is not so strange. On the contrary, it is a rather
common phenomenon that two related but different concepts are
regarded as being identical although contradictory properties are
required for their explicata.

Though cont seems to be a very natural and simple systematic
correlate for the presystematic concept of amount of semantical
information, neither it nor, what is perhaps somewhat more surpris-
ing, its statistical counterpart have been discussed much so far.
On second thought, however, it is perhaps not difficult to account
for this neglect. It seems that in communication engineering, the
requirement of additivity under the statistical counterpart of induc-
tive independence is much more important and practical than such
a requirement under the counterpart of content exclusiveness, and
it is doubtful whether this condition makes sense there at all.
Another reason will be given further on in the presentation.

At this point, it will probably be of some help to present to you a
pair of content-exclusive statements in our specimen-language:

“Ma” and “Ma = Fb.”

You can easily see that the contents of these two statements do not
overlap if you transform the second statement, according to the
rules of the ordinary propositional calculus, into “Fa v Fb.” More
generally, any two statements, one of which is an implication state-
ment having the other as its antecedent, are content-exclusive.

I already mentioned that we chose the roundabout way of intro-
ducing the concept of content measure via the m-functions only
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because an extensive theory of these functions stood at our dis-
posal. For those unacquainted with that theory, it would probably
have been pedagogically wiser to base the whole thing not on
state-descriptions but on their “dual,” which we call content-
elements. You get the “dual” of a state-description if you replace
the “&”-signs by “v”-signs and each capital letter by its complement.
The dual of the state-description, for instance, | mentioned before
for illustrative purposes, is:

FavOavMbvObvFcvVvYec.

Just as the state-descriptions are the strongest synthetic statements,
so the content-elements are the weakest synthetic statements. |
could then have defined the content of i as the class of all content-
elements logically implied by i. I could then finally have defined
cont(i) as a measure-function of contents dually analogous to
Carnap’s definition of m-function.

Since cont is not additive under inductive independence, we need
another explicatum for amount of information that will have this
property and will assign to “Ma & Yb ” for instance, an information
measure that is equal to the sum of the information measures of
"Ma” and “Yb" since these two statements are inductively inde-
pendent for any adequate m-function | can think of. Being given
the information that a is male, the logical probability of b’s being
young should not be affected. This seems rather obvious. Under a
certain normalization, the information-measure of each of these two
statements turns out to be one (bit). We would then like the
information measure of their conjunction to be 2. But this does not
hold for cont. The cont-value of the conjunction is smaller than the
cont-value of the components, since these two statements are cer-
tainly not content-exclusive: They both imply, for instance, the
statement “Ma v YDb.” Since a synthetic statement is logically im-
plied by both statements, their contents cannot be exclusive.

Insisting on additiveness on condition of inductive independence,
we obtain another set of measures for amount of information which
we call this time information measures and denote by “inf” We
can define “inf” either wih the help of “cont” as

1/cont(i)
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or else directly on the basis of m as
inf(i) = d log2 (= log2 m(i)),

which immediately recalls the standard definition given by many
people, though not by Shannon himself, for the amount of informa-
tion carried by a single signal i. We have only to replace “m¢(i)” by
“p (i)™ for this purpose.

It can easily be shown that inf, as defined by either of these
definitions, fulfills the above-mentioned requirement.

There is another requirement which causes dissension among
people looking for an explication of amount of information. Some
would insist that the amount of information of any two statements
should always be at most equal to the sum of the amounts of informa-
tion of these statements; others would not want to commit them-
selves on this point. It can be shown that cont fulfills this require-
ment, i.e., that for any i and j,

cont(i&j) sont(i) + cont()),

whereas between inf (i&) and the sum of inf(i) and inf(j) all
three possible relationships of magnitude may subsist.

One standard objection, to be found among those who believe
that an explication of the semantical sense of information is of little
or no use, is that the concept of information, as ordinarily used,
is essentially subjective. The statement, “Johnny is hungry,” car-
ries no information for someone who already knows that Johnny
is hungry, a moderate amount of information for someone who is
ignorant about Johnny’s state in this respect, and a very large
amount of information for him who believes that Johnny is not
hungry.

In analogy to the situation with respect to probability —and this
analogy is, of course, no accident in view of the close relation
between probability and amount of information —this objection
must be split up into two quite different parts, only one of which
points to an essential subjectiveness. This part is only the relatively
trivial one in which the same statement can be said to cany dif-
ferent amounts of information even for two people with the same
beliefs. Admitting this, we admit no more than we were ready to
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do long before, namely, that there is a concept of pragmatical
information which is badly in need of explication. But the other
part, based upon the fact that different people may have different
sets of beliefs, need not necessarily be interpreted as pointing to
subjectiveness but can better be interpreted as pointing toward
relativity, toward the fact that the same statement might carry
different informations, objectively different semantic informations,
relative to other statements, taken as objective evidence. With
regard to our illustrations, we would prefer to formulate the situa-
tion by saying that the statement, “Johnny is hungry,” carries dif-
ferent informations when taken relative to the statement, “Johnny
is hungry,” as evidence, when taken absolutely, and when taken
relative to the statement, “Johnny is not hungry,” as evidence. This
points only to the necessity of distinguishing clearly between the
information carried by a statement absolutely, taken by itself, and
the information carried by it relative to other statements. This we
do, of course, and distinguish Cont (i/j) —the content of i relative
to, or given, or on the evidence of, or simply on, j —from Cont(i),
cont(i/j) from cont(i), inf(i/j) from inf(i). The definitions look
alike, that of inf(i/j) is, for instance, as you would probably predict,
inf(i/]) = dinf(i&j) —inf(j).
Denoting any analytic statement by “t}” we find that
inf(i/t) = inf(i),
an equation that would have allowed us to define inf(i) in terms

of inf(i/j), i.e., the absolute information measure in terms of the
relative information measure, instead of the other way round.

Here the question arises: What are the relations of the relative
content and information measures to the relative, or conditional,
probability measures? Defining m(i/j), i.e., the inductive prob-
ability of i given j, in the customary fashion as

daffm €y =
m (j)
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There is no corresponding theorem for cont, i.e., it is not the case
that
cont(i/Zj) = 1 — m(i/j).

This is then the other reason, intimated previously, for the prefer-
ence given in communication theory, and everywhere else, to the
correlate of inf. It seems that many authors take it for granted,
more or less, that the amount of information of i relative to j should
be the same function of the probability of i given j as the absolute
amount of information of i of the absolute probability of i. The
fulfillment of this requirement leads indeed to a log type of function.

I claimed previously that the fact that both cont and inf exhibit
plausible properties indicates that the presystematic concept of
amount of semantic information is ambiguous and apparently an
amalgam of at least two different concepts, one of which is ex-
plicated by cont, the other by inf. (In addition to this, the vital
distinction between the absolute and the relative concepts is often
not made, thereby still increasing the confusion.) To prove this
once more: A moment ago, a property of inf was pointed out
which many regard as essential for an amount of information func-
tion. 1 am going to point now at a property that characterizes,
cont but not inf, which is considered by many as a desideratum for
an amount of information function. When | asked people what
they regard as the appropriate relation between the absolute
amount of information of a given statement i and its amount of
information relative to any j, most of them were very positive that
no increase in the evidence should increase the amount of informa-
tion, though it might not necessarily decrease it. It can, however,
easily be shown that whereas indeed

cont(i/j) gont(i),
the corresponding statement for inf does not hold.
I shall show this for our specimen language. For any adequate
m-function, m(“Ma”/“Fb””) will be less than m("Ma”), since,
according to the principle of instantial relevance, the instance

“Fb” is negatively relevant to “Ma.” Therefore —log2 m (“Ma”/
“Fb”) will be greater than —og2 m(“Ma”), hence

inf(“Ma”/‘Fb”) > inf(“Ma”), g.e.d.
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It is perhaps not too far from the point if we regard cont as a
measure of the substantial aspect of a piece of information, and inf
as a measure of its surprise value. When the census taker learns
that Ma, when he first comes to the hamlet, he learns that the uni-
verse he is interested in is not in any of certain 32 states out of the
64 states it could possibly have been in. If this is the second thing
he learns, having learned first thing that Fb, the substantial increase
of his knowledge about that universe is less, since “Ma” tells him
now only that the universe is not in any of 16 states out of the 32
it could still have been in, these 16 states forming a subclass of the
class of 32 states, in the first case. But though his knowledge in-
creases less substantially, he is (or should be) now more surprised
than he was in the first case. Knowing nothing, he expects a to be
M as much as F, but having observed that b is F first, he then
expects a to be F rather than M —it is important to remember that
this is all he knows, in our fictitious situations; he knows nothing
about attraction of sexes and all the other many things we know
and which are relevant to the census —and is therefore rightfully
surprised when a turns out to be M after all.

By illustrating in psychologistic terms, | am afraid | created
more puzzles than enlightenment. In order not to fall into the trap
laid thereby, it might perhaps be preferable to speak of inf as a
measure of (objective) unexpectedness rather than of surprise.

Though inf is a monotonic transform of cont, it is not a linear
transform. Consequently, not only are the cont-values and inf-
values in general different, but so are the cont and inf ratios. It
will, therefore, in general make a difference whether, in a given
practical situation, one is going to use the cont or inf measure.

This can be illustrated by means of the following story, inspired
by the title of a book by Agatha Christie entitled Bridge Murder
Case. There was a bridge party in A’s villa, with B, C, D, and E
participating; A was the host and only kibitzed. When the last
rubber was finished and the guests were looking for A to take leave
of him, they found him murdered in the garden. Everyone of the
four players had been the dummy at one time or another and had
left the room for refreshments. Each one had, on the available
evidence, an equal opportunity for murdering A. A reward was
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promised to those who could forward information leading to the
identification of the murderer.

A day later, X came and produced evidence sufficient to prove
that B could not have been the murderer. The next day, Y showed,
to the district attorney’s satisfaction, that C was innocent. The fol-
lowing day, Z did the same for D. Whereupon E was duly convicted
and electrocuted.

The problem now for the district attorney was how the reward
should be distributed; he had to adopt some numerical proportion.
He could evaluate the information given by the three informants
according to the absolute cont value of their statements, or accord-
ing to their absolute inf value, or according to their measures,
relative to the information he received, or according to no explicit
function whatsoever. | believe that American law does not require
him to justify his method of distribution.

| asked six friends at MIT how they would have handled the
situation. | received six different answers. One, a newcomer to
MIT, with little previous contact with Information Theory, would
have distributed the reward equally between X, Y, and Z Another
claimed that the information supplied by Y was worth more than
that supplied by X, since X’s testimony excluded one suspect out
of four, whereas Y’s testimony eliminated one out of three, and
similarly for Z He was in favor of distributing the reward accord-
ing to the proportion 1/4:1/3:1/2. A third agreed with the second’s
evaluation of the situation but argued for a distribution of the
reward according to a logarithmic scale. A fourth wanted to give
all of it to Z since he alone achieved the identification of the
murderer. A fifth, an Iranian, was sure that if the story had hap-
pened in his country some years ago, the attorney would have kept
the reward for himself, which is probably exaggerated; and | have
forgotten what the sixth had to say.

The story could be usefully elaborated in many different direc-
tions. | shall not do this here, but | hope |I have made one point
clear: A numerical measure of information content is of interest
not only for science but even for everyday situations.

The next concept we introduce is the estimate of the amount of
information conveyed by a statement. Consider, for instance, that
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we are about to perform an experiment with so many possible out-
comes and that these outcomes form what we call an exhaustive
system, so that one and only one outcome must occur. Under these
conditions, it makes sense to ask: What is the amount of informa-
tion which the outcome of this experiment can be expected to
cany?

Let H be the exhaustive system, and h1l, h2, .. ., hnthe n
possible outcomes. Let pl, p2, . .., pnbe their respective logical
probabilities with Y pi = 1. We define now the estimate of the

amount of information carried by (the members of) H as the
weighted average of the information carried by each hi, with the
probabilities serving as the weights. In symbols:

est(in,H) = df Y pi X in(i)

(where “in” stands for any amount-of-information function). For
the specific inf function, we have

est(inf,H) = — pi X log2pi.

If there are, for instance, 16 possible outcomes and these outcomes
are equiprobable, then each of these outcomes will carry four units
of information according to inf, and the expectation-value will then,
of course, be also four. But if the probabilities are not equal, the
estimate will be less than four, with the difference depending upon
the specific distribution.

We then go on to define even more complex notions like amount
of specification and estimate of amount of specifcation. However,
I shall not go into a discussion of them at this time. May | point
out, however, that the whole theory now takes on an aspect which
should be very familiar to those who are acquainted with current
(communicational) Information Theory. The task of thoroughly
comparing these two theories is still before us, though many pre-
liminary attempts have been made. Pointing out that they deal
with entirely different subject matters in a manner that shows very
far reaching formal analogies is a good start but certainly not all
that could and must be said. But no more will be said at this time.

Many of you are acquainted with the considerations, not to say
speculations, that accompany another formal analogy subsisting
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between the basic formulas of Information Theory and mechanical
statistics, and the concepts of entropy and negentropy have popped
up in the discussions of this group more than once. Some of our
best thinkers have expressed the view that this analogy is much
more than just any analogy, and statements identifying thermo-
dynamics and communicational information theory, requiring a
revision of the second principle of thermodynamics, and even
statements identifying thermodynamics with logic have been made
recently. | believe that these declarations were more than an
attempt to explode old-fashioned ways of thinking and to force
people to go deeper into the foundations of thermodynamics than
they did so far. But, perhaps for the first time in my life, | find
myself on the side of the scientific conservatives. | find it utterly
unacceptable that the concept of physical entropy, hence an em-
pirical concept, should be identified with the concept of amount
of semantic information, which is a logical concept, and this in
spite of the recent attacks by excellent logicians on the logical-
empirical dichotomy (7).

I think that my initial attitude will carry more weight if it is
shown what might have brought about this identification, in addi-
tion to the formal analogy. One source of this mistake lies in the
fact that many physicists are accustomed to say that entropy —
physical, thermodynamical entropy —is a concept that depends
upon the state of knowledge of the observer, so that if someone
is going to compute the entropy of a given system, for example,
a container of gas, he will have to do this relative to his state of
knowledge. If this were so, then it turns out that the entropy con-
cept in physics is becoming a psychological concept, which is at
least as disturbing as saying that it is becoming a logical concept
(and probably behind this latter statement). This is, of course, not
the first time that physical functions have been described as being
dependent on the state of the observer, including his state of
knowledge. It has even become a kind of fashion, probably originat-
ing with certain expositions of relativity theory, to introduce every-
where such dependencies. However, this talk about a physical
function being dependent upon the state of knowledge of the
observer can hardly be taken seriously. It is probably no more than
what Carnap has termed *“qualified psychologism,” i.e., formula-
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tions from which the psychological terminology can be eliminated
without loss. It may be of some didactical importance to present
certain arguments in terms of the observer, but one can do without.
The introduction of the observer is only a fagon de parler.

Not being a physicist, what | am about to say now in conclusion
may well be pure nonsense, but | feel that it is necessary to say
this in order to provoke clarification of the prevailing situation by
those who are more qualified to do so than I.

As | see it, the entropy of a system is a determinate quantity.
However, being fallible human beings, we are unable to determine
this quantity, at least in general. If the outcome of some action
of ours is a function of the entropy of a system, then we would like
to act on our knowledge of the true value of this quantity. How-
ever, all we can do is to act on our estimate of this value. This is
utterly trivial and no different from, for example, the case of the
length of a table. This quantity is, of course, uniquely determinate,
though in order to act, we have to rely on estimates of this length
derived, for instance, from certain measurements through averaging
operations. Now, of course, estimates are relative to the available
evidence, hence, in a sense, to the state of knowledge of the
estimator. Someone’s estimate of the entropy of a given system
depends upon his state of knowledge. | would urge not to formulate
this situation by saying that the entropy of the system depends upon
his state of knowledge. The treatment of estimate functions of
entropies, of lengths, or of any other quantities, belongs to (induc-
tive) logic, but this does not mean, of course, that the treatment
of entropies belongs to logic.
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| come here as a linguist, and by a circular route, from a long
distance away. | was born and brought up in an old country, with
very early linguistic experiences of various sorts. As a child, | had
to move from place to place because my family traveled a great
deal. As most of you know, the dialects in China sometimes vary
so much that they are really entirely different languages. Before |
came in contact with foreign languages, | had to learn to read and
write in the ancient style, as was the custom, and also in different
dialects, so in that way | became very conscious of language. At
the turn of the century children were still required to read all the
classics, even though they did not know what they meant. How-
ever, later on, suddenly everything began to take on meaning. That
gave me the experience of “understanding” without knowing the
exact meaning of the language. It took on an autonomous meaning,
rather like music. That is one of the points | hope to develop later
in this presentation.

Then | came into contact with foreign languages, and as soon
as | had the opportunity | went abroad to the New World, planning
to study electrical engineering; however, on the way, | met a friend
who had been in the New World, and he explained to me the dif-
ference between pure science and applied science. This influenced
me to study pure science, so by the time | arrived in the New
World, | had changed to mathematics and physics. | found physics
too specialized a subject to satisfy me, so in my graduate work |
went into technical philosophy. However, because the use of words
was so important in my work, | decided that | should resume the
study of language. Therefore, by a circuitous route, |1 had arrived
back where | started.
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I returned to the Old World and spent 20 or 30 years in studying
and recording the languages and dialects there, sometimes even
trying to change the language and writing of the country. That is
how | got into the study of language, and | have remained there
ever since. | have very little to do with physiological or medical
studies, but | feel at home with those of you here who work in those
fields, because, as Dr. Norbert Wiener said in his autobiography,
“Chao married a charming Chinese woman doctor” (1),

What | have to say may be, in part, a repetition of your previous
discussions. We have already had a very rigorous and eloquent
presentation of the meaning, from the point of view of strict
semantics, of language. | shall start by saying that I am speaking
of the general problems of meaning in natural languages; then,
later, | shall take up the pragmatic aspect of that meaning. Perhaps
the various approaches to language, and to meaning of language,
are mutually complementary. If we wish to be rigorous and clear,
and be certain of each step we take, then we can say very little.
On the other hand, if we wish to speak of what we are really
interested in, taking all factors into account, then what we say will
be not only less certain as to truth, but perhaps even less clear as
to content.

I shall try to take an intermediate point of view. Perhaps the
everyday work of a linguist is somewhere between the very rigorous
methodology of semantics on the one hand, and the full-blooded
concrete study of the speaking human on the other. The speaking
organism is studied by psychology and psychiatry, but among
linguists there is a comparatively recent tendency to lean toward
the easier, neater, cleaner, more formal aspect of language, and to
leave out that which is more interesting and concrete. | am prob-
ably representative of the majority of linguists in that 95 per cent
of my work has to do with formal linguistics, the dry description
of the stuff of language; only 5 per cent has to do with the more
meaty, interesting, and human side. | will say also that, at least
as far as | am concerned, the 5 per cent of my professional work
is somewhat amateurish, and what | have to say about the meaning
and pragmatic aspects of natural languages will have to be judged
on its merits.
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I shall divide the discussion into three parts. First, | shall say
something about the acquisition of language, especially with regard
to meaning. Secondly, | wish to say something about the continuity
of form and meaning: the gradual shifting line between the stuff
of language itself, and the meaning, in whatever sense you take it,
of the form. Thirdly, | should like to present to you an idea which
I call the nonplasticity of form, and | shall tell you what that means.
I make that contradiction in terms intentionally.

1

There are already two excellent papers on the acquisition of
language in the Transactions of the Seventh Conference: “On the
Development of Word Meanings” by Heinz Werner (2) and “The
Development of Language in Early Childhood” by John Stroud (3).
Therefore, | shall not say very much on what has been dealt with
in those papers.

As to the acquisition of meaning of linguistic forms: When adults,
who have forgotten how they learned meaning in their own
language, learn a foreign language, they usually remember some
of that process. If we wish to know what “chat” means in French,
we are told it means “cat.” But the other day my granddaughter
asked me, “How does an English-speaking child learn what ‘cat’
means?” That is a difficult thing for me to answer in the vocabulary
that she has.

That example, perhaps, is not so very difficult; in things like cats
and dogs it is easy enough to tell by what is known as “ostensive
definition.” They may be pointed out. However, as Dr. Mead has
said, if we point at a cat and ask, “What is that?” we may be told
that it is a “finger.” In fact, that is how the etymology for the classical
form of the Chinese word for “self” came about. The graph for
that is a picture of the nose, by ostensive definition.

Now, as meanings become less and less clearly related to easily
delineated parts of the child’s world, it becomes more and more
difficult to locate and point at them, so the child learns very slowly
and uncertainly during this process, and makes mistakes constantly.
He gets into habits that diverge from the general usage of the
people around him, and so has to be constantly corrected. We tell
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a child, “You don't write pictures, you draw them; no, you don’t
sing a story, you tell a story.” Or you say, “Yes, that is a tomato,
too; it’s a yellow tomato.”

Jesperson (4) told a story of a child who wanted to have some
peace in the house. The adults around him could not understand
what he wanted until, after a while, it began to occur to the father
that a few days earlier there had been company in the house and
they had been served beer. The little child had insisted on having
some and had been refused; so after a while, the father had said,
“All right; let’s have some peace in the house!” That was an osten-
sive definition, which was given without enough varying circum-
stances to narrow it down so as to agree with the usage of the
adult language. So, out of this “big, buzzing, blooming confusion,”
and out of “things” and “not things” —in Stroud’s paper these latter
terms were used —in a child’s early life, it takes a lot of trial, error,
and focusing before the child can isolate and recognize approxi-
mately recurring features and items of his world, and then relate
them as to form and meaning in ways that agree with those of the
people around him.

Now, from the point of view of complete system building, a
rather different point of view from the rigorous language system
as described earlier by Dr. Bar-Hillel, one might like to imagine
that all linguistic forms could be related in some vast systems of
multilingual, bilingual, and monolingual dictionaries, equating one
thing to another. That would leave only a relatively small list of
basic forms with primary meanings, and these could be merely
defined ostensively, perhaps in a central museum of meanings.
I imagine such a museum would have a Hall of Colors, a Hall of
Gestalten, a Hall of Smells, and then, in a central court, it would
have a Hall of Time where it would be shown what it is to be
before, after, or simultaneous. Yes, right and left —there’s some-
thing that will tax the ingenuity of the curator or even the director
of the museum. How can one define that if the visitor insists that
he cannot understand what that means? Martin Gardner (5) has
recently written on this subject.

I started this museum of ostensive definition idea as something
incidental; a kind of side show. What | wished to do was to set
up a straw man and knock him down. In the actual process of
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learning the meaning of language, we do not have such superhuman
power as to know all the primitive meanings embodied in these
fundamental ostensive definitions, or all the combinations and
deductions so that we can know the rest of the language or lan-
guages involved. Actually, ostensive definition goes on all the
time, whether in agreement with previous experience of an indi-
vidual, or in disagreement, and what a child does in acquiring
meaning, so as to agree in the main with adult usage, is constant
correction. This means constant denial, in some respect, of previous
ostensive definitions.

So, from this point of view, perhaps we could comment on one
of the points brought up earlier as to whether, if we say 17 times
19 is 323, it gives any information or not. From the point of view
of the actual learning of the meaning of numbers, it does give a
lot of information, because we have a lot of experience with 17
and 19, but perhaps not so much with 323; still, it does not come
exclusively from the basic postulates for arithmetic. We certainly
have many other ways of contact with the number 323. Likewise,
in the example of the statement that the three medians of a tri-
angle meet at one point, if we stick to the initial Euclidean postu-
lates as all that are necessary, it seems to give us no new information.
But in practice, if we draw a triangle and three medians with ruler
and compass, they often do not quite meet in the same point, and
by revising the drawing, we try to make them meet in one point.
The result is that we make better medians. Of course in geometry,
as it is written, we do not define medians that way. It is the common
practice to treat certain parts as belonging; to the postulated parts,
and other parts as theorems, although the division is quite flexible.
But in practice, one is just as meaningful, or just as useful, as the
other.

That is typical of the way one learns meaning in language. One
learns it without regard to independence of elements, independence
of initial ostensive definitions, and without regard to consistency.
The actual meaning one finally arrives at is a composite photo-
graph —and composite photographs are always blurred—of the
various associations one has met in life, so that ostensive definition
is really going on all the time. The acquirement of meaning is a
process of change in the individual, and that change, in the case
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of normal growth, will stabilize in approximate conformity with
the society around one.

The society around one is, however, also subject to change, if
at a much slower rate. The acquirement and change of meaning in
the child’s language parallels to some extent the same processes in
history and may be compared with ontogenetic recapitulation. The
earliest uses of language by a child or mankind tend to lump
together emotional outlet, influencing of action, and factual obser-
vation, all three in an undifferentiated way. This undifferentiated
use of language seems to be the state of affairs as found among the
so-called primitive peoples and in early literatures.

Usually one thinks of a child as uttering sounds which are an
expression of some emotional state; then the expressing of wants
comes rather earlier than factual comment, or reporting on observa-
tions of the world. But sometimes the opposite seems to be the case.
In my granddaughter’s speech, the word “water” was used in com-
menting on the presence of water months before she discovered,
to her great surprise and satisfaction, that the mentioning of the
word could bring about the thing itself. In Helen Kellers account
(6) of her memory of the first word she learned as a word, the
word “water” was also understood in a somewhat cognitive sense,
though very much charged with feeling.

| do not need to say much about the shift of scope in meaning
which occurs in the child’s language, as it does in the history of
the language. | shall only note one factor in the change of meaning
which may be of relevance to our discussion in that it has to do
with quantitative information theory, namely, the matter of fre-
guency of occurrence. In consonance with the idea in information
theory that the occurrence of a frequent item out of a list of possible
items gives less information than that of a rarer one, a very common
word or phrase or any linguistic form “means” less than an unusual
one, whether it is for the purpose of simple information, literary
appreciation, or for influencing action. That is why basic English,
no matter how skilfully composed, always seems to taste so insipid
and that is why poets search for less hackneyed words and expres-
sions in order to obtain fresher effects. For words charged with
meaning and significance fade with use and have to be replaced by
newer ones until they in turn have to he replaced.
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2.

My next topic is the continuity of form and meaning, or to use
Mr. Bateson’s terminology, the continuity of communication and
metacommunication.

In my very unmathematical treatment of this subject, |1 should
say that two points make a dichotomy and three points a con-
tinuum. Most descriptive linguists today, counting myself as one,
would agree, whether they are in psychological theory behaviorists
or not, that language is a type of social behavior. Linguists as a
class are less ready to regard meaning also as behavior or something
reducible to behavior, but | suppose everyone will agree that mean-
ing is context in some sense; that is an expression used as early as
1909 in E. B. Titchener’s (7) work on the psychology of thought
processes. And he was a typical introspective psychologist.

The word “context” can have various graded senses. If it is
linguistic context, such as context in the use of pronouns, then of
course it is already form, but in most cases it is the social context,
or at least the context of nonlinguistic items in the speaker’s

experience.

These things called nonlinguistic are not simply nonlinguistic.
I think of them as having various gradations of linguistic status,

and have classified them as follows: Zero grade, or I, is form,
apparently without meaning. Il is some arbitrary association of
form and meaning. Il is form, and some kind of behavior which

is not usually regarded as linguistic form, but which | believe can
be treated in the same way as we treat linguistic forms. IV is my
own particular interest, i.e., stylistic elements; roughly speaking,
it includes gesture, intonation, voice quality, and so on. V is a
certain subtle, less tangible situation, which seems to be the mean-
ing of the form, but often not verbalized. Finally, VI is the literal
meaning, the core of the meaning of the form.

I shall take up the first instance of form, which apparently has
no meaning. We have all probably had the experience of reading
through a page while daydreaming about something else, and then,
suddenly realizing that we did not understand what we had read,
we have gone back for the meaning. Here is an experience of what
seems to be pure form in the use of language. The example | men-
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tioned earlier, of learning by heart all the classics without knowing
what they mean, seems to me to have at least the emphasis on the
learning of it; that is, one begins to learn the form. In such a ease,
language is an experience rather like listening to music; you enjoy
it, but it does not necessarily have a further reference. There is a
famous essayist (8) who was proud that when he read books he
did not attempt to understand them too thoroughly because he was
enjoying just the form of the language.

Secondly, we have the form, and also some arbitrary association,
which seems to be its meaning but really has nothing to do with
the use of that language, so far as the socially sanctioned usage is
concerned. There is probably a medical or psychological term for
the experience we have just before going to sleep, when various
things pass through the mind, and somehow one thing seems to
mean something else. And yet afterward, in recalling it, we see
that they have actually nothing to do with each other. A fine ex-
ample of that was mentioned by Dr. Kliver (9): his dream about
a sack of Idaho potatoes was a perfect illustration of “the synthetical
unity of the manifold in all possible intuitions.”

I now come to the third item: the continuity of form and overt
behavior. Piaget (10), in reporting his observations of the behavior
of children, reports that children use language as behavior in the
classroom, for instance, along with other behavior. The two inter-
change or alternate, and the children do not necessarily use them
for the purpose of communication. In one of the experiments, a
child, whom he calls the “explainer,” is told a story, or is given an
explanation of some mechanism or physical object. The child is
then asked to explain it to another child. Even though it is often
not successful as an explanation, and the listening child may not
really understand, yet very often it works out as a game consisting
of gestures and speech, or one alternating with the other, and in
that way the second child learns.

Another example would be the comparison between the early
days of the sound movie and the later form. When it first became
possible to put speech into a movie, there was speech going on all
the time, as though a continuous stream throughout the story were
considered necessary. But it was soon realized that a movie is just
another kind of mixture, and that if the artistic purpose of the film
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is to be taken into account, the two media should be integrated
into one articulate whole.

In language teaching, the conventional method is to give the
forms in the foreign language, and then equate them to words,
phrases, and sentences in the language of the learner. Contrasted
with this is the so-called direct method, which tries to articulate
the speech with what is going on; it has less to do with ostensive
definitions of terms than with the actual using of the language in
various situations, very much as a child learns language. One of the
forms of this method, called the Coué Method, consists of demon-
strations performed by the teacher, such as this: “lI am taking this
piece of chalk; I am writing on the blackboard; | turn around; 1 sit
down,” and so forth. It gets a little monotonous, with the limited
situations in the classroom, but the reason why it is effective is
because it exemplifies the actual condition under which language
and behavior merge into each other when language is actually used.

Under this heading, | might mention the meaning of certain
things, half remembered, in the form of some behavior attitude not
clearly verbalized. | wish to make a telephone call, and the tele-
phone is around the corner to my right, but something interrupts
me. Then, after the interruption is over, | remember that | have
to do something on this side, but the verbalization, or whatever
other linguistic form it takes, of the making of that call is gone, and
what remains is not specific enough to direct me to do exactly what
I wished to do. I still remember the direction, and | have some
tension in my muscles, but that seems to be all that is left of the
meaning of that intended telephone call.

Now | come to the fourth category, that of “stylistic elements.
This is not primarily in the sense of literary style, but the sense of
those elements of language other than the distinctive units usually
represented in writing in letters, or in other forms of writing. They
are intonation, dynamics, over-all loudness, rhythm, voice quality,
gesture, and, last but not least, diction, i.e., the frequency distribu-
tion of the kinds of words that we choose. The last mentioned is in
fact the primary, though not the only, element of literary style.
There are two approaches to the treatment of such elements: One
is to regard them as just elements of language. One studies them,
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lists them, finds out what they mean, and perhaps symbolizes and
teaches them.

For they have recognizable recurring patterns, with either con-
ventionalized or physiologically natural meanings.

The other approach is to put such elements on a separate level,
because they are more complicated. They are usually outside the
normal list of sounds of the language; sometimes we do not have
to deal with them, and, in reading a book, we do not find them
spelled out. Henry Lee Smith* and George Trager (11) have
regarded the study of at least some of these aspects as part of
metalinguistics. As Dr. Fremont-Smith has said, here is an example
where there is a rather serious conflict in the use of terms, because
metalinguistics in this sense does not mean the study of any meta-
language. But we shall not discuss the merits and disadvantages of
either usage.

In the stylistic sense, metalinguistics is sometimes concerned
with the language being used, and comments upon it; but most of
the time it has nothing to do with the language. It has really more
to do with the behavior of the speaker or the speaking situation.
One says:

“Good (mid rising) night (low-to-mid rising)!”
on parting; but one says to the hostess:

“Good (low) night (mid-high-low-mid double circumflex)!”
meaning “Please listen to me; excuse me for interrupting, but |
am leaving.”

It is a historical accident that we have one part of language —to
be sure, a very important part —recorded in writing, whereas most
of the other parts are not recorded; however, they can be. A while
ago, | was talking with Dr. Savage about the recording of expression
in the dialogue of a play. That has actually been clone. H. H. Davies’
play, The Mollusc (12), has been transcribed by Doroth€e Palmer
in the International Phonetic Alphabet —but that is not the point,
it could have been in ordinary orthography —with all the expres-
sion marks, mostly intonation marks, according to the system of
Harold E. Palmer. That gives one specific interpretation in which
the play could be given. Of course actors may not like it; they

* Smith, H. L., Jr.. An Outline of Metalinguistics. (Unpublished data)
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might say, “l should rather read it some other way.” On the other
hand, consider a similar kind of recording, the matter of musical
notation. Formerly, a composer wrote out the figured bass and let
the organist do what he liked; there were few or no expression
marks. But the modern practice is to write out even the exact time
values of grace notes, and make very detailed expression marks,
dynamic and otherwise, for all that is part of the music. The ques-
tion is: Is the composer supposed to do all this? How much is the
composer expected to compose, and how much is the playwright
expected to write? In the case of the transactions of this conference,
how much are we expected to include? It is a relevant question,
because in some instances, one cannot understand the meaning for
lack of the necessary significant or distinctive linguistic elements.

I am inclined to agree that the two usages of the term “meta-
language,” on the one hand, and “metalinguistics” on the other,
overlap in certain situations, but | do not believe that they are
completely of the same scope. | can also cite examples where there
would be shifting from one to another. If we say, “I do not believe
it.” we have the ordinary sense, plus the metalinguistic element in
the Smith and Trager sense, of the voice qualifier, with a contrast-
ing stress on “l.” But if we are translating into French, we cannot
say, “Je ne le crois pas,” because we would be changing it to some-
thing that is not French; we would have to say, “Moi, je ne le crois
pas,” which consists of changing only the ordinary items of the
phonemes and morphemes of the sentence, without using any
special element that would be called metalinguistic. There are
other cases of that kind. Take the intonation which H. E. Palmer
calls “the swan,” because the intonation curve looks like a swan,
giving a concessive implication. “It’s good (mid-high-low-mid)”
means that it is good, but there are some other objections to it.
That, of course, is metalinguistic in the sense that it is put on top
of the predicate “good.” But if | try to translate that into Chinese,
it would take the form, “Good is good,” meaning, “As for being
good, it is good (but as for something else, it may not be)”; so that
if 1 were building that sort of equivalence into a translating ma-
chine, | should have to build in it: “Input, swan intonation: output,
predicates, verb To be,” repeat predicate,” etc., to respond to that
situation. Thus, on the one hand, we have the ordinary as well as
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metalinguistic elements, but in the other language it is just rephras-
ing of the material.

I should like to go on to the fifth heading of less tangible situa-
tions, as shown in the example Mr. Bateson gave of the hand stretch-
ing out from the frame,* and as shown still more vividly in Dr. Mc-
Culloch’s examplet of the ground crew calling in the pilot. The fact
that the pilot is talking continually is behavior which may be inter-
preted, in addition to what he is saying (which may be nonsense
or unimportant things). The pilot knows that he is talking, but he
does not think of this as a coded message, but rather as routine
aviation procedure. The fact that he does that would place it under
metalinguistics in the Smith and Trager sense. Because it is about
the language, it would also be a metalanguage, but perhaps not in
Mr. Bateson’s sense, because what the pilot says may be nonsense
or unimportant. He is not talking about it; he knows that he is on
the beam for the next second or two, so it may not be relevant; it
may not be metalinguistic in the other sense.

I shall give another example, which | have observed in more than
one child. There is a scene; a mother scolds or punishes a child, and
the child cries. Then, after a while, the mother comments on some-
thing else, quite unrelated. From the behavioral situation, the child
learns that that incident is closed. After some experience with that
sort of thing, the child will begin to test the situation by asking
questions, or asking for things, meanwhile watching how the mother

* Let us consider a picture showing a man holding a glass of whiskey. There is
a frame around him, and the frame is there as part of the advertiser§ message, to
attract and focus the attention on that which is to be the figure as opposed to the
ground in the message. The frame, then, appears to be, “Oyeh, oyeh!” a listening
exclamation, a command; ‘attend to my message about this whiskey.” Then it be-
comes apparent that the frame is being used in other ways; this device is very
common in liquor advertisements. For example, the hand that is holding the whiskey
will be projecting from the picture outside the frame, in the style of trumboleic
pictures, in which the frame, which suggested the unreality and limitation of the
picture, is now used as a counterstatement, so that an unreal reality can be attributed
to the picture by transcending the frame, and so on. The messages of these various
components —the picture, the hand, the frame —are all we have of messages about
each other.

fWien a plane is coming into an airport, the pilot is “talked in,” with a steady
stream of conversation. It is the business of that conversation to say, “I am in contact
with you, | am ready to pick up whatever you want,” and so on and so forth, so that
the man knows his line of communication is open. The statement that the line of com-
munication is currently open is not the message that is conveyed by the speech as
speech. That speech as speech is saying, “You’re on the beam, pull a little more to
the right, stay with it,” that sort of thing. That is the official concept of it. But the
steadiness of the stream of this is the assertion. “This line of communication is
open.” In a sense, this is a remark concerning the channel or concerning the language.
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reacts. Then the mother, knowing from experience that this is a
test, will or will not change the subject, as she sees fit. This inten-
tional manipulation, which hitherto has been part of the total
behavioral situation, will become part of the language, so it would
be a metalinguistic element which is a little more subtle than
intonation or stress patterns.

Another example which is similar to the ground-to-plane talk is
this: When | back my car, | say to my wife or daughter, “Is there
anyone behind?” or, “Is there a car behind?” and they will say,
“No,” and stop. Then | will say, “Keep saying ‘No car, no people;
no car, no people,” until 1 have backed out.” That is quite parallel
to the talk between the ground and the pilot. It is not only the
message itself, but the fact that it is continually being sent that is
an important message. In developing this technic for backing a car,
I did not know about the aviation technic; it began merely as
behavior between people. Neither I, nor those who took part in
this behavior, treated it as a language symbol, but after a while it
developed as a symbol for those who co-operated in using it.

I think my item VI, the literal meaning of linguistic forms, is
something of an anticlimax. Since we have already discussed it
under the general idea of ostensive definition, | shall not spend any
more time on it. | shall go on to the third aspect of the pragmatic
language, which is here more formal than pragmatic, because I am
more concerned with forms; namely, the nonplasticity of forms.
If you do not like that apparent contradiction, you may speak of
the autonomy of forms, or perhaps even the primacy of forms,
because by “form” | mean the stuff of language itself.

3.

Forms have a way of being themselves and going their own ways.
They are made by speakers according to the nature of their speech
and hearing organs. They have been adapted by communities
through the activity of individuals who have exercised their vocal
organs in ways that are recognized and accepted by others of the
same community. They are forms which have been used more or
less effectively in their original application or have been adapted
to other activities; there is no reason why they should not be well
adapted to the purpose of the interpersonal and intrapersonal com-
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munication. However, it is highly improbable that the habits of
formation of sound sequences should have any simple or systematic
relationship to the rest of the life of the individual in the com-
munity.

As | said, the processes of natural formation, conventional design,
learning and transmission, and perhaps also of forgetting of linguis-
tic forms have their own special ways. They have their physical
and physiological conditions. They have a strong resistance to any
attempt to mold or change them at will. They are not wholly plastic
in the ordinary sense. There are strong cultural traditions for keep-
ing a language as it is and allowing only very slow changes,
especially in the larger structure of words and sentences, and there
seem to be also strong physiological, noncultural conditions of the
human organism, which put rather narrow limits on the possibilities
of linguistic elements and their manner of combining.

Most languages in the world can conveniently be analyzed into
phonemes and morphemes. The morpheme is the smallest unit of
one or more phonemes that has a meaning, and the majority of
morphemes have one or two syllables.

Many linguists have tried to put both phonemics and mor-
phology under one uniform method of analysis by treating both
on a distributional basis, that is, according to the manner in which
elements of various sizes (phonemes and morphemes) typically
occur and recur. While a morpheme defined in distributional terms
is a very different sort of thing, intensionally, from a morpheme
defined as the minimum unit with meaning, there is no reason why
it should be incompatible with it, extensionally, in actual applica-
tion to any given language. In practice the old definition is still the
only one used by practicing linguists, including those who develop
the new approach. Harris (13) has made an analysis of the mor-
pheme on a purely distributional basis. For a different but more
rigorous than the traditional treatment of the morpheme see
Hockett’s manual of phonology (14).

In Hawaiian, there is a fish called aj
and you cannot analyze that into smaller meaningful units. But at
the same time, in that same language, there is another fish which
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is called ¢* In inflected languages, however, accidences or ele-
ments of inflection are morphemes, even though they are often less
than a syllable. Expressive or stylistic elements will usually spread
over more than one syllable, and over a phrase or a whole utterance
if they are included under morphemes, but on the whole they are
of medium length. In some languages we have morphemes which
do not consist of continuous rows of elements, but groups of, for
example, three consonants, with spaces filled in by vowels which
do not belong to that morpheme and which may indicate some-
thing else. | would not call such forms rare, but it is certain that
they are to be found in only a minority of the well-known languages.

By and large, the size of the morpheme is less than one, or two
syllables, or, roughly, four or five phonemes. As to the number of
phonemes in a language, most languages have a moderately small
number. The list rarely falls below ten, and rarely even approaches
80, so that, speaking roughly again, the number of phonemes in a
language is of the order of two to the fifth power, or five bits of
information. This would give a total of over 20 bits to each mor-
pheme. If any phoneme could combine with any other in any order,
it would yield a possible vocabulary of the order of millions.
Actually, however, the succession of phonemes is so limited to
characteristic patterns that the total number is always only a very
small fraction of the possible number. In other words there is great
redundancy, in the informational sense, in the actual use of pho-
nemes in a language. This has been clearly demonstrated in detail
by Cherry, Halle, and Jakobson (15), who have analyzed Russian,
with a typical repertory of 42 phonemes, not by just counting the
phonemes, but by going into the subphonemic distinctive features.

If we consider the vocabulary of basic English, it is supposed to
have a list of 850 words, but in this case it is necessary to put
“words” in quotes, because the system of counting is quite special;
for example, we count “what” as the neuter gender of “who.” That
would be an example of one word. It is by that method of scoring
that we arrive at the number of 850. It is really a good deal more
than one thousand by one of the more usual ways of counting
words.

* This short-named fish was mentioned at a public lecture that | attended but f
have not as yet been able to find further reference to it in any publication.



64 Cybernetics

Again, if we count the number of syllables in Mandarin Chinese,
it comes to 1,279 syllables, counting the difference in tone, because
tone is a part of the phonemic constituents. This is apart from the
question of intonation, because intonation in Mandarin is some-
thing else than tone.

This in no way suggests that linguistic forms are quite flexible
and plastic, because it shows that languages tend on the whole to
take meaningful units of a certain size and shape, no matter how
we make use of them. Wherever there are marked deviations
from this average condition, leaving such exceptional cases as
homohomonukunukuapua and ¢, there is usually a tendency to
bring it back to this approximate average, shall we say, by negative
feedback of some sort. A morpheme must not be too large, and if
there are too many phonemes in an unanalyzed whole, the speaker
tends to analyze it anyway, and that is one of the causes of folk
etymology. There is too long a string of sounds, and we wish to
put meaning into parts of them. If they are similar to some mor-
phemes already in the vocabulary, we break it up accordingly.

On the other hand, if the natural historical wear and tear of
distinctive sounds have lowered the informational capacity of any
linguistic item, resulting in coalescence of words originally distinct,
then there is another compensatory change. When the romance
word for “bee” was worn down to a single vowel “e ” it dropped
out of the French language and a modified word was used in its
place. Of course such things are not consciously done on the part
of the speakers in any way, but rather indirectly through the choice
or preference for certain forms to others. We have a situation like
that in the change from ancient to modern Chinese. In the ancient
Chinese of 601 A. D., there were 3877 distinguishable syllables,
each of which was, on the whole, the size of single morphemes.
When the distinctions had been worn down and reduced to modem
Mandarin, of 1279 syllables, what happened at the same time of the
change was that we had a great number of dissyllables, which,
although analyzable historically and meaningfully on the part of
the educated, are spoken by the illiterate as unanalyzed wholes,
so that we come back to a number much larger than 1,000.

I have been speaking of the size of morphemes as one of the
most interesting of the cases of the nonplasticity of forms, but that
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is not the only aspect of language that is nonplastic. Conditions
of transmission and of reception of signals and codification will
affect the morphemes too, and a change of method of written
records will also change the style. The style of pen strokes and
drawing, in fact the whole system of writing, can be affected
according to whether one uses a stylus, brush, pen, pencil, or
stenotype. As | was putting down these notes in Chinese, | quite
unconsciously changed the order of the items, which is rather
symptomatic of this phenomenon. | had at first the order: “lead
writing-instrument, steel writing-instrument” and so on. That is the
usual order. But when | came to typing the list in English, it
became “pen, pencil,” because “pen” is the simpler unit and
“pencil” is “pen” with something added to it, and just because of
the mechanics of the thing itself, it changed the very order of the
terms without my knowing what | had done.

A more extreme example of the autonomy of forms going their
own ways is the divergence of literary Chinese, which leans heavily
on visual differentiation of homophonous characters, from the
spoken language, which must satisfy the requirement of auditory
intelligibility. 1 have constructed a story in literary Chinese, con-
sisting of only the syllable shih (in four tones, to be sure) pro-
nounced 106 times and therefore not auditorily intelligible, and
yet, in characters:

it is as clear and idiomatic as any other prose telling the story of
Mr. Shih eating lions:
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“Stone house poet Mr. Shih was fond of lions and resolved
to eat ten lions. The gentleman from time to time went to the
market to look for lions. When, at ten o’clock, he went to the
market, it happened that ten big* lions went to the market.
Thereupon, the gentleman looked at the ten lions and, relying
on the momenta of ten stone arrows, caused the ten lions to
depart from this world. The gentleman picked up the lions’
bodies and went to the stone house. The stone house was wet
and he made the servant try and wipe the stone house. The
stone house having been wiped, the gentleman began to try
to eat the ten lions’ bodies. When he ate them, he began to
realize that those ten big lions’ bodies were really ten big stone
lions’ bodies. Now he began to understand that this was really
the fact of the case. Try and explain this matter.”

The nonplasticity of forms makes it easy for communication
between persons with the same or similar forms of schemas, and
it makes it difficult between persons who have different forms,
such as classical and modern Chinese. In the Transactions of the
Eighth Conference on Cybernetics, Donald MacKay (16), in his
paper on symbols, made a distinction between communication by
what he called prefabricated representations, on the one hand, and
the theory of scientific information, the designing and learning of
new representations, on the other. When we come to the meaning
of natural languages, it is largely in the form of prefabricated
representation, at least so far as communication between adults is
concerned. But even in the case of communication between chil-
dren, we find that at a certain age in acquiring prefabrications, they
tend to follow a recalcitrant tendency of keeping to what they
already have.

I should like to quote from Piaget (17) again on that point. He
says, in The Language and Thought of the Child, “It is not paradox
to say that at this level” —that is, between the ages of 7 and 8 —
“understanding between children occurs only in so far as there is
contact between two identical mental schemas already existing in
each child. In other words, when the explainer and his listener
have had at the time of the experiment common preoccupations
and ideas, then each word of the explainer is understood, because

* The word for “big” has an alternate pronunciation shuo4, if it is of any help.
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it fits into a schema already existing and well defined within the
listeners mind. In all other cases, the explainer talks to the empty
air. He has not, like the adult, the art of seeking and finding in the
others mind some basis on which to build anew.” That is MacKay’s
second problem. But it is interesting to see that Piaget adds a
footnote to this discussion, which seems somewhat germane to our
discussion here. He says that Nicolas Roubakine (18) came to an
analogous conclusion in his studies on adult understanding in read-
ing. He showed that when reading each other’s writings, adults of
different mental types do not understand each other. But we adults
of different mental types do make honest efforts, as we have been
doing, in the building of new representations, and in the explication
of prefabricated representations. So, in order to conclude my
remarks on a positive note, | will make a correction in what | said
at the beginning about the complementarity of rigor and content:
If you wish to be precise and accurate, you cannot say much, and
if you wish to say a great deal, you cannot be clear and precise; as
though there were a parameter there that had to be constant, and
which we could not do anything about. | feel that, with our efforts
to approach from both sides and the efforts to break or interpret
our code, we have slightly increased the value of that parameter.
For a parameter is a constant which is variable. Even if the product
of quantity and accuracy must remain less than or equal to an
upper limit, | visualize it as a parameter which had one value
yesterday, and has another value nearer to the upper limit today.
Dare one hope that that upper limit is perfect mutual understanding
among all the disciplines?
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Einstein once defined truth as an agreement obtained by taking
into account observations, their relations, and the relations of the
observers. In his case, the observations were the coincidences of
signals at points in frames of reference; their relations were matters
of space and time in those frames; his observers were reduced to
what Helmholtz called a locus observandi, devoid of prejudices
and imagination; and the only relations he had to consider among
them were their relative positions, motions, and accelerations. The
truth he had in mind is a picture of the world upon which all
observers can agree, because it is expressed in a manner invariant
under the transformations required to represent the relations of
the observers. It is a paradigm for what “scientific agreement”
may mean.

Unfortunately for us, our data could not be so simply defined.
It has been gathered by extremely dissimilar methods, by observers
biased by disparate endowment and training, and related to one
another only through a babel of laboratory slangs and technical
jargons. Our most notable agreement is that we have learned to
know one another a bit better, and to fight fair in our shirt sleeves.
That sounds democratic, or better, anarchistic, as you have twice
reminded me. Aside from the tautologies of theory, and the author-
ity of unique access by personal observation of a fact in question,
our consensus has never been unanimous. Even had it been so, |
see no reason why God should have agreed with us. For we have

* This material was distributed to the participants in advance of the Tenth Con-
ference on Cybernetics.
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been very ambitious in seeking those notions which prevade all
purposive behavior and all understanding of our world: | mean
the mechanistic basis of teleology and the flow of information
through machines and men. In our own eyes we stand convicted
of gross ignorance and worse, of theoretical incompetence.

Our meetings began chiefly because Norbert Wiener and his
friends in mathematics, communication engineering, and physiol-
ogy, had shown the applicability of the notions of inverse feedback
to all problems of regulation, homeostasis, and goal-directed activity
from steam engines to human societies. Our early sessions were
largely devoted to getting these notions clear in our heads, and to
discovering how to employ them in our dissimilar fields. Between
sessions many of us made observations and experiments inspired
by them, but we generally found it difficult to collect sufficient
appropriate data in the 6 months between meetings. At the end of
the first five sessions, of which there are no published transactions,
we elected to meet but once a year, keeping our group together
as nearly as possible, replacing a few who were lost to us, and
inviting a few speakers to help us where help was needed most.

By the time we made this change, we had already discovered
that what was crucial in all problems of negative feedback in any
servo system was not the energy returned but the information
about the outcome of the action to date. Our theme shifted slowly
and inevitably to a field where Norbert Wiener and his friends
still were the presiding genii. It became clear that every signal had
two aspects: one physical, the other mental, formal, or logical.
This turned our attention to computing machinery, to the storage
of information as negative entropy. Here belong questions of cod-
ing, of languages and their structures, of how they are learned and
how they are understood, including the theme of this, our last
meeting, in which we expect to range from the most formal aspects
of semantics, to its most contental contact with the world about us.
For all our sakes | wish Wiener were still with us, but | understand
that he is at present happily immersed in the clear and serene
domain of relativity.

To refresh our memories and inform our guests, let me recapitu-
late, in logical rather than chronological order, the topics we have
considered, and on which | believe the majority of us have been
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of one mind, to the limit of our ability to understand the evidence
or the theory. You may find the consensus more frequently in my
statement than in our published transactions. | am compelled to
watch your faces, and to guess, before | let you have the floor,
whether you will speak to the point or not, and from which side
of the fence. With malice aforethought | have given the malcontent
the floor, because he disagreed, or doubted, however unreasonably.
Before | knew you so well this happened by accident, but as time
went on, and we learned one another’s languages, | learned that it
was the best way to keep our wits on their toes. Our guests have
been remarkably good sports, but the transcriptions of our discus-
sions inevitably sometimes result in misunderstandings and alterca-
tions instead of agreement. Of those who understood and agreed
the transaction reveals nary a trace.

Feedback was defined as an alteration of input by output; gain
was defined as ratio of output to input; feedback was said to be
negative or inverse if the return decreased the output, say by sub-
tracting from the input. The same term, inverse or negative feed-
back, was used for a similar effect but dissimilar mechanism,
wherein the return decreased the gain. The transmission of signals
requires time, and gain depends on frequency; consequently, cir-
cuits inverse for some frequencies may be regenerative for others.
All become regenerative when gain exceeds one. Regeneration
tends to extreme deviation or to schizogenic oscillation, unless gain
decreases as the amplitude of the signal increases. Inverse feedback
determines some state to be sought by the system, for it returns
the system to that state by an amount which increases with the
deviation from that state. Servomechanisms are devices in which
the state to be sought by the system is determined by signals sent
to that system from some other source. These notions were applied
to machines, including the steam engine and its governor, to the
steering engines of ships, to well-regulated power packs, telephonic
repeaters, self-tuning radios, automatic gun-pointing machinery,
etc., and thereafter to living systems. Homeostasis was first con-
sidered in terms of reflexive mechanisms, in which change initiated
in some part of the body caused disturbances, including nervous
impulses, which were reflected eventually to that part ol the body
where they arose, and there stopped or reversed the processes that
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had given rise to them. Similar regulatory circuits entirely within
the central nervous system were found to resemble the automatic
volume control of commercial radios. Appetitive behavior was
described as inverse feedback over a loop, part of which lay within
the organism, part in the environment. When a target or a goal
could be indicated, a description of appetitive behavior was found
to be couched in the same terms as that for self-steering torpedos
and self-training guns, whether these devices emitted signals re-
flected by their targets, or merely depended upon signals emitted
by the target to readjust subsequent behavior to the outcome of
previous behavior so as to minimize its error. Wiener drew a most
illuminating comparison between the cerebellum and the control
devices of gun turrets, modern winches, and cranes. The function
of the cerebellum and of the controls of those machines is, in each
case, to precompute the orders necessary for servomechanisms, and
to bring to rest, at a preassigned position, a mass that has been put
in motion which otherwise, for inertial reasons, would fall short of,
or overshoot, the mark. These notions have served to guide sub-
sequent neurophysiological research in the functional organization
of the nervous system for the control of position and motion, some
carried out in my laboratory in Chicago, and others by Wiener,
Pitts, and Rosenblueth in the Institute of Cardiology in Mexico
City, as well as by our friends in other laboratories. The general
organization was found to consist of multiple closed loops of con-
trol, but the circuit action was extremely nonlinear, and conse-
quently not amenable to any general simple mathematical analysis
in terms of the Fourier Theory. Generally, multiple loops, severally
stable by inverse feedback, may be unstable in conjunction, but
the system can be stabilized by adding a portion of each of the
returns and subtracting the sum from one or more of the servos.
Such a system was found in the central nervous system by Setche-
now in 1865, and rediscovered by Magoun. A group of us is studying
the detail of its multiple afferents and its mode of affecting all
reflexive activity; we shall use destructive lesion, and shall stimulate
and map sources and sinks in various parts of the nervous system
by methods presented at the last meeting. With failure of inhibitory
signals or increased gain, the stretch reflex becomes regenerative,
producing a rise in tone and a series of contradictions known as
clonus. This has been elegantly analyzed, quantitatively, by Rosen-
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blueth, Pitts, and Wiener, as described at our conference. Moreover
they were able to demonstrate that the pool of relays of the
so-called monosynaptic arc showed two numerous groups of relays,
and a third less numerous, as judged by the random distribution
of thresholds around three maxima. It will be years before we have
fully exploited these notions.

Closed loops within the central nervous system —first suggested
by Kubie as a substitute for undiscoverable motor activity pro-
posed by the beliaviorists to explain thinking in terms of reflexes,
and by Ranson to account for homeostatic processes within the
central nervous system, and independently discovered and demon-
strated in the case of nystagmus by Dr. Rafael Lorente de N6 —
were mentioned as possibly accounting for transitory memories by
McCulloch and Pitts, who indicated that they were logically suffi-
cient, but physiologically improbable, as an explanation for all
forms of memory. Livingston has suggested that such mechanisms
might account for causalgic symptoms after blocking or removal of
perverted peripheral circuits which had been rendered regenera-
tive by some trauma resulting in streams of impulses over small
afferent neurons appreciated as burning pain. Kubie had proposed
that the core of every neurosis was a reiterative process in some
closed loop.

I have summarized and presented to the Royal Society of Medi-
cine evidence along all of these lines, with much more obtained
from many varieties of intervention in causalgia. It is clear that
the notions of feedback are the appropriate ones for the understand-
ing of the normal function and diseases of the structures in ques-
tion. Since that time, Dr. Galarvardin of Lyons, studying patients
with auditory hallucinosis accompanied by muscular activity of
mouth, tongue, and larynx, has had removed, bilaterally, the post-
central somesthetic area for the face. The consequent disappear-
ance of the hallucinosis had lasted 18 months when | last heard
from him. This brings one symptom of a clearly organic psychosis
into line with the findings on those obsessive compulsives who
have been at least temporarily helped by frontal lobotomy, in that
the central pathways of some reverberative process within the
brain have been partially interrupted.
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Again in terms of these notions, we have been able to make
sense out of some aspects of what the psychologists have called
goal-directed activity, and our attention has been duly called to
the asymmetry of advance and escape, for in the former, the object
sought is kept near the center of the receptive field of the sense
organs, and behavior duly modified to approach it, whereas, in
escape, learning along these lines cannot occur, and the behavior
may easily become stereotyped. The most complex situations we
have heard discussed are the stabilities engendered by inverse
feedback in social structures of isolated communities reported prin-
cipally by social anthropologists. Their devices have been extremely
elaborate, depending, in some cases, on many interwoven loops.
They seem to have utilized elaborate forms of distinctions and
rules with respect to kinship, forms of address, hazing, bullying,
praise, blame, and even rituals with respect to eating. Examples
from ecology and from the behavior of anthills have extended these
notions of inverse feedback.

Our members interested in economics and the polling of public
opinion made use of these notions to explain fluctuations of the
market, the banter leading to fight in roosters and boys, and the
armament races initiating wars. In such circular systems, it becomes
difficult to detect the causal relations. Wiener handled this by
pointing out that it was possible to detect causality in the statistical
sense by auto- and intercorrelations with lag, in those situations
in which correlation was not perfect between the time series of
the related component events, and explained how, with such de-
vices, optimum predictions could be obtained. He doubted the
applicability of this method to social problems, because of the
shortness of our runs of the time series of information concerning
human behavior. In these terms we discussed how a fielder catches
a ball and a cat a mouse.

The question of conflict between motives was then raised by
the psychiatrists, who, like psychologists, would like to have some
common measure of value among human desires, comparable to
what economists believe they have in the doctrine of marginal
utilities and price in an open market. Kubie raised the question of
the urgency of dissimilar ends, beginning with the need for moder-
ate temperature, air, drink, food, sleep, and sex, the most urgent
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need resulting in the simplest response, and the least urgent allow-
ing elaborate play. | indicated that an organism endowed with six
neurons, constituting three chains of inverse feedback, and inter-
related either by the requirement of summation or inhibitory links,
was sufficiently complicated to exhibit the value anomaly, and if
organization were left to chance would do so half the time. That
is, given A and B it would prefer A; given B and C it would prefer
B; but given C and A it would prefer C. A similar gquestion was
raised concerning dominance in the pecking order of chickens, but
there was no adequate data as to the number of circles in coops
of given numbers to settle the question. By this time we had become
so weary of far-flung uses of the notion of feedback that we agreed
to try to drop the subject for the rest of the conference.

Two interesting digressions appeared at this point: The first
concerned cardiac flutter, which appears as a propagated disturb-
ance running around the periphery of an area it cannot cross and
it therefore cannot stop itself, whereas fibrillation appears as a
disturbance which wanders over changing paths determined from
moment to moment by shifts of threshold produced by previous
activities at those points. Its mathematical analysis was indicated
but not presented to the group. Second, Pitts presented a theory
of disturbances in random nets, such perhaps as the cerebral cortex,
in which it was possible to find a value around which to perturb
the activity, namely, that probability of a signal in a neuron is
equal to the probability of a signal in the neurons that are affer-
ent to it.

Moreover, we had all come to realize that for problems of feed-
back, energy was the wrong thing to consider. The crucial variable
was clearly information.

We began by considering computers as “analogue,” if the magni-
tude of some continuous variable like voltage, pressure, or length
were made proportional to a number entering into a computation;
and as “digital” if they were a set of stable values (at least two)
separated by regions of instability, and the number was represented
by the configuration of the stable state of one or more components.
Analogue devices showed tendencies for errors to appear in the
least significant place, but were limited by precision of manufac-
ture and could not be combined to secure additional places. Digital
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devices might show errors in any place (a limitation inherent in
all positional nomenclatures), never required extreme accuracy,
and could always be combined to secure another place, at the
same price per place as previously. When components are relays,
the digital devices sharpen the signal at every repetition. We con-
sidered Turing’s universal machine as. a “model” for brains, employ-
ing Pitts’ and McCulloch’s calculus for activity in nervous nets.
It uses the calculus of propositions of the Principia Mathematica,
subscripted for the time of occurrence of an impulse of a given
neuron. We demonstrated the equivalence of all general Turing
machines, and how they could be designed to answer any non-
paradoxical question which could be put to them in an unambigu-
ous manner. We considered the far-flung conclusions that followed
here from Goedel’s arithmetizing logic. It became clear that having
ideas required circuits capable of computing invariants under the
necessary groups of transformation, that is, reverberant activity
preserving the form of its afferent, initiated at one time, or inverse
feedback leading some figure of input by some path to a canonical
presentation out of its many legitimate ones. Gestalt notions led
only to multiplications of particulars with distortions attributed to
“cortical fields” in which currents are conserved, though in nature
there are sources and sinks, and although the areas of cortex they
are said to pervade are anatomically discontinuous. The discrete
action of nervous components was considered the only way in which
they cou Idnormally function to handle the amount of information
transmitted through them. Gross disturbances of function (epilepsy,
etc.) were seen to be accompanied by gross fluctuations affecting
most of the neurons in a given area in much the same way, thus
producing a loss of information. Emotions were considered as
expressions of some overrunning of parts of the computer, produc-
ing somewhat fixed responses to diffuse and variable inputs, as if
in a Turing machine the computed value of an operand ceased to
affect subsequent operations. Wiener proposed that by glandular
means emotions might broadcast a “to whom it may concern”
message, causing items to be locked in, or remembered. It was
suggested that the best way to find out what an unknown machine
did was to feed it a random input; clearly it had to be random in
tems of the aspects of the input that the machine could discriminate.
This was likened to the Rorschach Test, and its auditory equivalent,
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and it was noted that the gibberish produced by free association
was apt to cause the psychiatrist to project his own difficulties on
his patient.

Three kinds of the storage called memory were discussed at
length: The first, active reverberation, such as in the acoustic tank,
was recognized as responsible for nystagmus and the only storage
left in presbyophrenia. J. Z Young made use of the same notion
to describe the residual memory after the destruction of the main
memory organ of the octopus. The second type of storage has been
found only in the octopus, where it occupies a separate structure
with well defined and separate access and egress. The organ itself
is composed of a host of small cells; the nature of its synapses is
not yet well known. This is the storage that has excited theoretical
physicists because of the immense number of bits retained by it.
Von Foerster computed its size from access-time times access-
channels against mean half-life of the trace, and Stroud from the
number of snapshots one-tenth second each at, for example, a
thousand bits per frame. Figures are in rough agreement that it
lies between 1013 and 1015. Instead of declining asymptotically
to zero, a few per cent of the items are retained forever. Von
Foerster has proposed mechanisms to account for this, requiring
circa 0.02 watt; the brain is a 24-watt organ. Access to this store
is probably not by simple addresses sought seriatim. Recall seems
to rest on a process locating items by their contents. This was dis-
cussed by Von Neumann concerning similarities, and by Klaver
concerning stimulus equivalences, but both had apparently noted
retention of eidetic fragments, a topic which should be gone into
much more thoroughly hereafter. Peculiarities of this kind of storage
in man seem to be that the contents are a series of snapshots, each
devoid of motion; they are accessible in the order of filing, not in
the reverse order; there is a delay of about a minute between the
making of the trace, and the time when it is first accessible; and
finally, a snapshot too similar to the one before it may upset the
process. These traces cannot be simply localized; each bit is an
alteration of synapses effective somewhere in a net, and the altera-
tion is not confined to some one junction. The third type of storage
seems to behave more like the growth-with-use characteristic of
muscle, and shows fatigue on too frequent testing. Shurrager ap-
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parently has evidence that it can occur at a monosynaptic reflex
level, and changes with use have been seen where the vagus con-
tacts ganglionic cells in the frog’s auricle, but there is no evidence
that such a change persists anywhere in the central nervous system,
and there is no anatomical evidence that it ever happens there.
Some change of organization with use does occur perhaps as sug-
gested by Ashby. The organization of the visual cortex with use
is a case in point. When congenital cataracts were removed, the
difficulty with vision was in part found to be attributable to anti-
thetical organization of these mechanisms by impulses from else-
where in the central nervous system.

“Traffic jams” of brains become increasingly probable with
increase in volume, for the number of long distance connections
cannot be expanded to keep pace with the number of relays to be
connected, except by increasing cable-space disproportionately. It
was suggested that potentiation, described by Lloyd, may serve
to lock in lines temporarily on a basis of their previous use; this
would resemble a scheme proposed in Holland for more efficient
use of limited telephonic facilities. Repetitive firing of cerebro-
spinal neurons leaving the cell body and dendrites largely de-
polarized when axons were hyperpolarized (P2 after-potential)
would thus account for that component of facilitation marked by
surface negativity and depth positivity of the cerebral cortex, as
a matter of lowered threshold, with increased voltage of volley
delivered to cord. The same mechanism would account for the
stiffening up of the Parkinsonian patient.

Considerable time was spent discussing the way in which the
actual flow of information determined the structure of groups, and
discussing the way in which command moved from moment to
moment to that place in the net where most information necessary
for action was concentrated. In parallel computing machines, in-
cluding brains, when one part is busy or damaged, another will
serve for the same computation. This requires that the whole ma-
chine be tended by some part of the machine which can switch the
problems to them. Such a machine might give correct answers when
most of it was out of commission. What appears on one side as the
problem of redundancy of neurons and channels composed of them,
appears on the other as the problem of securing infallible perform-
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ance from fallible components. Von Neumann’s last work on this
score, delivered at a conference on the West Coast, is titled “Proba-
bilistic Logic”

With respect to language, as second only to vision as a source of
information to brains, and all important in human communication,
not to mention psychoanalysis, it was generally admitted that we
almost never say anything unless we wish someone to do something
about it. Apart from this general hortatory aspect, language con-
tains a few signs such as “hum,” “um hum,” “unh unh,” and “huh,”
that are specifically so, but otherwise contentless. The question
arises whether the logical particle comes from the signs used by
dogs and small children. It was generally agreed, as stated by Dr.
Mead, that when all definitions must be ostensive, as in learning
a language where no possibility of translation exists, e.g., as a child,
or as a newcomer to an island of an alien tongue, it is best to learn
from children because they will repeat indefinitely. Learning was
first defined as an alteration of transition probabilities. Speech,
broken into phonemes, distinguished, according to Jakobson, by a
few decisions between opposites, poorly represented at best in the
conventional spelling of English, and studied by Licklider’s method
of chopping and distorting it to an incredible extent, retains its in-
telligibility when little is left beyond an indication of when pressure
waves cross the axis, and even this is enormously redundant. One
point, returning to ten snapshots per second, is the peculiarity of
speech to remain intelligible when each tenth of a second is half
speech and half noise many decibels louder. Total amount of
information conveyed by speech is probably not more than ten bits
per second, though it takes a thousand bits per second to produce
a sound indistinguishable from it. Shannon’s work on redundancy
of English in reducing amount of information conveyed per symbol
was studied from the position he shares with Wiener, that informa-
tion is negative entropy. The recipient has a set of entities to match
the signals he is intended to receive, and the signal causes him to
make the selection. This selective information was found to be
comparable to MacKay’s logon information but not to his metron
information, the point being that the entropic cost of a metron of
information goes up as the square of the number of metrons, rather

than as the numbers.
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We have considered Zipf's law —that the number of kinds of
any given rarity is proportional to the square of the rarity —but |
do not think we are satisfied either as to the validity of the law, the
basis of the exceptions, or the universe it presupposes. Finally, we
have proposed to look into the amount of information conferred
upon us by our genes, and have tried to straighten out for ourselves
those difficulties that have arisen because of confusion of the level
of discourse. It is my hope that by the time this session is over, we
shall have agreed to use very sparingly the terms “quantity of
information” and “negentropy.”



Appendix Il: References

REFERENCES

INTRODUCTORY REMARKS

1.

10.

Leibnitz, G. W .: The Philosophical Writings of Leibnitz. Trans-
lated by C. R. Morris. New York, Dutton (Everyman’s Library),
1934.

Aristotle: De Anima, The Works of Aristotle. Vol. Ill. W. D.
Ross, Editor. New York, Oxford (Clarendon Press), 1931.

Hume, D.. Treatise of Human Nature. New York, Dutton
(Everyman’s Library), 1911.

Kant, |.: Critique of Pure Reason. Translated by J. Meiklejohn.
New York, Dutton (Everyman’s Library), 1934.

Laycock, T.: Mind and Brain. 2nd ed., 2 vols. New York,
Appleton, 1S69.

Butler, S.. Unconscious Memory, rev. ed. New York, Dutton,

----------- . Erewhon. Press, Canterbury, N. Z. 1863.

Pitts, W., and McCulloch, W. S.: How we know universals.
The perception of auditory and visual forms. Bull. Math. Biophys.
9, 127 (1947).

Lashley, K. S.. Functional interpretation of anatomic patterns.
A Research Nerv. & Ment. Dis. Proc. 30, 529 (1952).

Sholl, D. A, and U ttley, A. M.: Pattern discrimination and
the visual cortex. Nature 171, 387 (1953).

SEMANTIC INFORMATION AND ITS MEASURES

1.

Carnap, R., and Bar-Hillel, Y .: An Outline of a Theory of
Semantic Information. Technical Report No. 247, Research
Laboratory of Electronics, Cambridge, Mass., Massachusetts Insti-
tute of Technology, 1952.

Shannon, C. E., and Weaver, W.: Mathematical Theory of
Communication. Urbana, Univ. Illinois Press, 1949.

Cherry, E. C.: A history of the theory of information. Proc.
Inst. Elect. Engnrs. 98, 383 (1951).

MacKay, D.: In search of basic symbols. Cybernetics. H. Von
Foerster, Editor, Trans. Eighth Conf. New York, Josiah Macy, Jr.
Foundation, 1952 (p. 181).

81



82

Cybernetics
Kemeny, J. G.: A logical measure function. J. Symb. Logic 18,
289 (1953).

Carnap, R.: Logical Foundations of Probability. Chicago, Univ.
Chicago Press, 1950.

Quine, W. V. O.: Prom a Logical Point of View, Cambridge,
Mass., Harvard Univ. Press, 1953.

MEANING IN LANGUAGE AND HOW IT IS ACQUIRED

1. wiener, N.. Ex-Prodigy. New York, Simon & Schuster, 1953

10.

11.

12.

13.

(P. 299).

Werner, H.: On the development of word meanings. Cyber-
netics. H. Von Foerster, Editor. Trans. Seventh Conf. New York,
Josiah Macy, Jr. Foundation, 1951 (p. 187).

Stroud, J.: The development of language in early childhood.
Cybernetics. H. Von Foerster, Editor. Trans. Seventh Conf.
New York, Josiah Macy, Jr. Foundation, 1951 (p. 205).

Jesperson, O.: Language; Its Nature, Development, and Origin.
London, Allen S Unwin, and New York, Holt, 1922 (p. 116).

Gardner, M.: Is nature ambidextrous? Philosophy S Phe-
nomenological Res. 13, 200 (1932).

Keller, H. A.: The Story of My Life. New York, Doubleday,
1903 (p. 23).

Titchener, E. B.: Lectures on the Experimental Psychology of
the Thought Processes. New York, Macmillan, 1909 (p. 175).

T’ao, Ch’ien (365-427 A. D.): Wu-liu-Hsien-sheng Chuan
(Biography of the Gentlemen of the Five Willows) Collected
Works, 1910.

Kubie, L. S.: The relationship of symbolic function in language
formation and in neurosis. Cybernetics. H. Von Foerster, Editor.
Trans. Seventh Conf. New York, Josiah Macy, Jr. Foundation,
1951 (p. 233).

Piaget, J.: Types and stages in the conversation of children be-
tween the ages of four and seven. The Language and Thought of
the Child. 2nd ed. New York, Harcourt, 1932 (p. 50).

Trager, G. L.: The field of linguistics. Studies in Linguistics:
Occasional Papers No. 1. Norman, Okla., Battenburg Press, 1949.

Davies, H. H.: The Mullusc, Annotated phonetic edition with
tone-marks by Dorothee Palmer. Cambridge, Heffer, and New
York, Appleton, 1929.

Harris, Z. S.. From phoneme to morpheme. Language 31, 190
(1935).



14.

15.

16.

17.

18.

Appendix Il: References

Hockett, C. F.: A Manual of Phonology. Baltimore, 1955
(p. 15).

Cherry, E. C.,, Hallie, M., and Jakobson, R.: Toward the
logical description of languages in their phonetic aspect. Language
29, 34 (1933).

MacKay, D. M.: In search of basic symbols. Cybernetics. H.
Von Foerster, Editor. Trans. Eighth Conf. New York, Josiah
Macy, Jr. Foundation, 1952 (p. 182).

Piaget, J.: Understanding and verbal explanation between
children of the same age between the years of six and seven.
The Language and Thought of the Child. 2nd ed., New York,
Harcourt, 1932 (p. 120).

Ferriére, M. A.: La psychologie bibliologique. D ’apres les docu-
ments et les travaux de Nicolas Roubakine. Arch. de Psych. 16,
101 (1917).

83



CUMULATIVE INDEX
OF THE CONFER

ATP, and protein organization in mem-
brane, 1949, 17-18
Abscission
and brain function, 1953, 25-26
and cortex, 1953, 25-26
and fading, 1953, 24
and hemispherectomy operation,
25
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cess, 1953, 25
Acetylcholine
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Admiralty Islands, learning Manus
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Affective process, 1952, 55-58

as component of affective phenomena,
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Affective state, as component of affective
phenomena, 1952, 56

Affective tonus, as component of affective
phenomena, 1952, 56

Affectivity, theoretical aspects of,
53-55

Affectivity phenomena,
1952, 55-56

Airplanese, redundancy in, 1950, 147-148

lan-

1952,

components  of,

85

O THE TRANSACTIONS

ENCES 1949-1953

Alpha frequency, 1949, 50-52
and tachistoscopic presentation of data.
1949, 54-44, 58
Alpha rhythm, 1950, 17
of cortex, 1950, 19
Alpha-wave, and potential fields of cen-
tral nervous system, 1950, 13

Amblystoma, muscular movement in,
1949, 192
Amoeba, feeding behavior of, 1951, 134-

135, 168
Amount-of-information

and additivity, 1953, 38

concept of, 1953, 37, 39

estimate of, conveyed by statement,
1953, 45-46

evidence increase and, 1953, 43

information measures for, 1953, 40-41

measures of content as explicata for,
1953, 37

and physical entropy, 1953, 47
and probability, 1953, 40
and thermodynamical entropy, 1953,
33
"Analogical,” defined, discussed, 1950,

26-27, 32-37, 39, 41, 43, 44-48
Analogical and digital mechanisms
distinction between, 1950, 21-22
oppositions between, 1950, 12-13
Analogical system, continuity relations in,
1950, 13
Analogue devices, 1953, 75
Anesthesia, growth under, 1952, 144
Anger, as major emotional state, 1952, 50
Animals
communication between, 1951, 134-172
interbehavior in, 1951, 158-160
Anthropology, and linguistics, 1951, 49-50
Antipodal disciplines, merging of, as
"sympodism,” 1949, 103, 104, 105
Aphasia, 1951, 87
in parrots, 1950, 102
Appetitive behavior, 1953, 72
Applied first-order language systems, and

identity, 1953, 35

Appraising, as function of language,
1951, 81

Apprehension, simultaneous, 1949, 57-58

Army ant
behavior of, 1951, 138, 145-146
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Army ant— Contd.
effect of chemical stimulation on, 1951.
154-155
Articulation
and communication patterns, 1951, 31,
effect:Qof reverberation time upon, 1950,
78
effect on, of shifting frequencies of sin-
usoidal components along frequen-
cy scale, 1950, 76
and speeding and slowing of time,
1950, 75
tests for, 1950, 60-61
Articulation index
formula for, 1950, 65
word and syllable articulation
1950, 73
Association odds of, 1953, 29
Association mechanism, and memory,
1949, 173-174
Asymmetry, of advance and escape, 1953,
74

and,

Automatic control, 1949, 78

Automatic volume control circuits, 1949,
48, 49

Automatic drawing, translation of, 1951,
96

Automatic writing, translation of, 1951,
96

Autonomic discrimination, 1950, 115

"Autosymbolic phenomena,” 1949, 110;
1950, 232

Awareness, 1953, 20

Axons
atrophy of, 1952, 143
retraction and growth of, 1952, 142-143

B

Bali, learning primitive languages in,
1950, 169, 170-171, 176-177, 179
Band width versus center frequency, 1950,
70
Barium metabolism, in hornets, 1949, 15
Basic symbols, in search of, 1951, 181-221
Bees
behavior of, 1951, 137-154
chemical stimulation of, 1951, 146
directional orientation of, 1951, 149-151
effects of polarized light on, 1951, 154-
165
relation of, to sunlight, 1951, 142
response of, to polarization of
1951, 142-144, 153-154
visual acuity of, 1951, 151-152

light.

Behavior
and action of motoneurons,
appetitive, 1953, 72
in communication network, 1951, 20
compulsive, 1949, 74
and computing machines, 1951, 40-44
function of repetition of, 1951, 109-110
fundamental attitudes of, 1949, 85
language as, 1953, 56
and neuroticism, 1949, 77-78, 80
variation in, 1949, 80

Behaviorism, 1951, 51-52, 70, 78

Binaural beats, 1949, 46

Bird behavior, psychonanalytical mechan-

isms in field of, 1951, 109

1952, 127

Birds
displacement activities of, 1951, 109-112
patterns of flight in, 1951, 165, 167
Blindness, aids for, 1949, 204-206
Body-language, in children, 1950, 239
Body symbolization, and development of

language, 1950, 237-249
Boolean function, random search for,
1952, 121

Boolean functions
irreducible, counted, 1952, 121
reduction of number of possible, 1952,
120-126
Brain
abscission of signals in, 1953, 23-24
as analogical division on digital basis,
1950, 25-26
chemical substances and, 1954, 28
digital and analogical mechanisms in,
1950, 12
and language, 1951, 62-63
living and artificial, 1953, 31
localization, 1949, 141
pathology, memory deficits in, 1949,
171-173
primate, 1953, 30
studies on activity of, 1953, 19-31
time dissection in, 1953, 23-24
total pattern of time intensity in, 1950,
46
"traffic jams” in, 1953, 78
visual time patterns in 1953, 24
Brain activity
driven, 1953, 20
driving of, 1953, 23
Brain function
and abscission; 1953, 25-26
causality as root problem of, 1953, 23
characteristics of information streams
in. 1953, 27-29
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Brain function— Contd.
coding of information streams in, 1953,
27
congruence and contingency in, 1953,
criterlzgn of significance in, 1953, 29*30
display system of, 1953, 21-23
knot of probability in, 1953, 29
pictures of, 1953, 21-23
"propaganda” signals in, 1953, 28
significance and, 1953, 27- 29,30
Brain mechanisms, 1953, 20
models of, 1953, 21
Brain noise, 1953, 23
Brain tissue cultures
contractile elements in, 1952, 92
oligodendroglia cells in, 1952, 92
Brightness
enhancement of, 1949, 48
in time, 1949, 37-44
Brlkke effect, and alpha frequency, 1949,
. 50-51
Brlkke enhancement, 1949, 48-49, 50

C

Cardiac flutter, 1953, 75
Carriers
behavior of, in quantum mechanical
terms, 1949, 123
energy levels of, 1949, 127
free, transmission of impressions to,
1949, 116-117
impregnated and free, 1949, 115-117
quantum theory of microstates applied
to, 1949, 125
sensory receptors as, 1949, 121
short-term and long-term, 1949, 122-123,
131
Catalepsy, and laughter, 1952, 24
Catharsis, and affective phenomena, 1952,
57
Causal relation,
1950, 184
Causalgia, 1953, 73
as prototype of neurosis, 1949, 181-182
Causality, 1953, 15-16
and communication, 1953, 19
detection of, 1953, 74
and whole brain function, 1953, 23
Cause, and consequence, 1953, 15
Cell, stages of relation between input and
output of, 1949, 22
Cellular biology, feedback mechanism in,
1952, 167-181

direct perception of,

Center frequency, versus band width,
1950, 70

Central excitation and inhibition, 1952,
127-150

Central nervous system, See also Nervous
system

chemical factors analogical in, 1950, 12
closed loops within, 1953, 73
closed paths in, 1949, 62
digital notions in, 1950, 1157
electrical action of, as analogical, 1950,
13
language as function of, 1951, 75-76
means of eliciting information from,
1952, 159
potential fields about the, 1950, 13
on quantal basis, 1949, 36
regulatory circuits within, 1953, 72
Cerebral localization, functional determi-
nants of, 1950, 40
Characterizing, as function of language,

1951, 81

Child language, and child logics, 1950,
203-204

Child logics, and child language, 1950,
203-204

Childhood, development of language in
early, 1950, 205-208
Children
language and thought of, 1953, 66-67
understanding between, 1953, 66-67
Chimpanzees
co-operative problem solving in, 1951,
158-160
effect of food deprivation on,
36-37
resentment of laughter in, 1952, 13
Chronic affective tension, 1952, 56
Chronic affective tonus, 1952, 51-53
Chronic depression, and temper tantrums,
1952, 41
Chronic emotional tensions, differentiated
and undifferentiated, 1952, 41

1951,

Circuitry, in primate brain, 1953, 30
Circuits
closed, in central nervous system, 1949,
62-63

closed, in spinal cord, 1949, 62
eye-hand, 1950, 55-56
Circulatory mechanisms, 1951, 52, 53, 54
Click loudness, effects of, 1950, 97-98
Clipping, 1950, 100-101
center, 1950, 86
of speech, 1950, 82-89
Clonus. 1950, 47; 1953, 72-73



88 Cybernetics

Coding
atl-or-none, in prediction, 1950, 26, 49
in communication engineering, 1950,
124
continuous, 1950, 48
defined, 1950, 35-36, 37
hidden in prediction, 1950, 49
in nervous system, 1950, 25
Coincidence, 1953, 23
Color, emotional influences of, 1951, 28
Color agnosia, 1949, 144
Color sensitivity, of cones, 1950, 53
Color vision, 1949, 158-159; 1950, 53-54
Communication
across disciplines, 1949, 146
as activity of replicating representa-
tions, 1951, 182, 188
basis for types of, 1951, 118
and behavior, 1951, 168-172
between animals, 1951, 134-172
between men: the meaning of language,
1951, 45-91
between sane and insane, 1951, 92-133
breakdown of traditional usages in,
1951, 68
and causality, 1953, 19
continuity of, 1953, 55
conventions of, 1952, 1-2
defined, 1951, 135-136
and development of ego, 1951, 121-122
and dimensional analysis, 1949, 100-107
during sleep, 1951, 114-115
and education, 1951, 72-74
emotional, 1950, 150-151
and intelligence, 1951, 168-172
interdisciplinary, 1951, 11
interpersonal, 1953, 61-62
and literary criticism, 1951, 74-75
and mathematics, 1949, 149, 151
and mutual awareness, 1952, 20
with neurotic patients, 1951, 116-117
and the neurotic process, 1951, 120-121
and noise, 1950, 155-156
and nonplasticity of forms, 1953, 66
and position of humor in human, 1952,

1-47

by prefabricated representations, 1953,
66

and problem of symbolic function,
1951, 113

in psychoses, 1951, 97

in schizophrenia, 1951, 116-118

of second-order information, 1950, 149-
150

and selection, 1950, 153-154

semaphore, 1951, 101

Communication—Contd.
signs of, 1952, 22
in sleep and waking, 1951, 93
symbolic, in different states of cons-
ciousness, 1951, 92
and symbolic function
119-125
theory of, 1951, 182
and theory of scientific information,
1953, 66
Communication engineering
coding in, 1950, 124
translation in, 1950, 91-93
transmission of information in,
123
Communication network
behavior in, 1951, 20
variation of linguistic distance of items
in, 1951, 30
Communication patterns
and articulation experiments,
32
and common language development,
1951, 15
and deduction, 1951, 40
and error, 1951, 6, 15
and error-feedback procedure, 1951, 27
fallibility of humans in experimental,
1951, 33
formulation in, 1951, 40
happiness-unhappiness dimension in.
1951, 11
leadership in, 1951, 7-8, 11, 12, 13, 15
and organization, 1951, 6-7
and parapsychology, 1951, 28
and peripherality index, 1951, 16
in problem-solving group, 1951, 144
psychological effects of, 1951, 30
random choice in, 1951, 27-28, 29
and shock, 1951, 14-15
and speed, 1951, 5
and subjective probabilities, 1951, 22-24
and task-net concept, 1951, 13
Communication theory, alphabetical index
of terms used in, 1951, 234-235
Communicative sleep, 1951, 94
Complementarity, principle of, 1951, 48
51, 52, 53, 57, 78
Compression, 1950, 124
of speech, 1950, 85, 92
of visual information,
Computing machines

in man, 1951,

1950,

1951, 31-

1950, 94-95

analogy between organism and, 1951,
40-44, 46

and human and social behavior, 1951,
40-44
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Computing machines— Cont’d
in study of nervous transmission, 1950,
18
Concepts, absolute and relative, 1953, 43
Conceptual-clang associations, 1951, 117
Conditioned reflex, 1949, 178, 182
Conditioned reflexology, 1953, 19
Conditioning, 1950, 209
and craving, 1950, 220-221
Cones, color sensitivity of, 1950, 53
Configuration, 1950, 110
perception of, 1950, 114-115
Conflict, between motives, 1953, 74
Congruence, 1953, 23
in brain function, 1953, 23
Conscious, the, 1949, 108
Consciousness, categories of content in,
1952, 7
Consequence, and cause, 1953, 15
Contagion
of emotions, 1952, 23
of laughter, 1952, 21, 22
Content
additivity theorem for, 1953, 38-39
complementarity of rigor and, 1953, 67
information as monotonic transform of,
1953, 44
and measure-function, 1953, 37-38
as measure of substantial aspect of in-
formation, 1953, 44
measures of, 1953, 37
of statements, 1953, 34-35
Content-elements, 1953, 40
Content measure
and measure functions,
and statement, 1953, 38
Context
linguistic, 1953, 55
and meaning, 1953, 55
social, 1953, 55
Contingency, 1953, 23
in brain function, 1953, 29
Continuity relations, in analogical system,
1950, 13
"Continuous,” defined, discussed, 1950,
32, 33, 36, 37, 43-44, 48, 49, 50, 51
Cortex
and abscission process, 1953, 25-26
alpha rhythm of, 1950, 19
stability and instability of, 1952, 90-91
stratification in, 1953, 30-31
and topographic differentiation in,
, 1953, 30-31
Cou€Method, of language learning, 1953,
57
Counter-transference,

1953, 39-40

1949, 157-158

Craving, and learning, 1950, 220-221, 237
Critical flicker frequency, 1949, 40-41
and fusion thresholds, 1949, 51-52
Cryptesthesia, 1949, 83
Culture, as convention of communication,
1952, 2
Cybernetics
as incarnation of information, 1953, 19
as mechanical apotheosis of reflexive
action, 1953, 19

D

Daphnia, effect of random stimulation and
turbulence on, 1952, 155-156
Deafness, aids for, 1949, 203-204
Decay-constant
effect of increasing temperature on,
1949, 128-130
as fixed value, 1949, 137

and memorization, 1949, 119-120, 129-
130
Deduction, in communication patterns,
1951, 40

Definition, ostensive, 1953, 51-53, 61, 79
Delay-experience, transmission formula
for, 1949, 122
Dendrites
atrophy of, 1952, 143
retraction and growth of, 1952, 142-143

retroactive refractory period of, 1949,

23

Depression, as major emotional state,
1952, 50

Dialectic, 1951, 49-50

Dichotomy, betwen conscious and un-
conscious, 1949, 72, 73, 78, 82-83,
84, 85, 86-87

Diction, 1953, 57

Differential analyzer, 1950, 43
"Digital," defined, discussed, 1950, 26-27,
32-37, 39, 41, 43, 44-48
Digital devices, 1953, 75-76
Digital functioning, 1950, 12
Digital notions, in central
tem, 1950, 11-57
Digital system
as continuous communication, 1951, 76
discontinuity relations in, 1950, 13
Dimensional analysis, 1949, 148-149
as aid to communication, 1949, 100-107
Discontinuity, in psychological phenom-
ena, 1952, 13-14
Discontinuity relations, in digital system,
1950, 13

nervous sys-
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"Discrete," defined, discussed, 1950, 32,
33, 36, 37, 43-44, 48, 49, 50, 51

Discrimination, in the octopus, 1952, 109-
119

Displacement, derivatives of, 1949, 29-30

Displacement activity, 1951, 109-112
Distortion
as deformation of function of time or
frequency, 1950, 58
effect of, on sine wave and speech
waves, 1950, 88
frequency and phase, 1950, 78-80
and noise, distinction between, 1950,
74-75
"nonlinear,” 1950, 81-88
time-delay, 1950, 80-81
of time function, 1950, 77
Disturbance, in random nets, 1953, 75

1951, 117
universality of, 1951,

Dream states,
Dream symbols,

122-123
Dreaming, in verbal symbols, 1951, 107
Dreams
symbolic language of, 1951, 99

translation of symbols of, 1951, 96

Driver ants, reaction of, to sunlight, 1951,
149

Dual situation, 1951, 33-34
Dynamic barrier, 1949, 108

to memory, 1949, 164-165, 167-168

to recall and recognition, 1949, 179
Dynamics, 1953, 57
Dysphasia, 1951, 87

EEG, 1952, 37, 38

Education and communication,
74

1951, 72-

Ego
communication and the development of,
1951, 121-122
dynamic, 1953, 16
and symbolic functions, 1950, 230
Eidetic imagery, relation to visual image-
ry, 1951, 108-109
Elation, as major emotional state,
50
"Embeddedness,” of words, 1950, 194-195
Emotional triggers, time relations of,
1952, 55
Emotions
contagion of, 1952, 23
objects of, 1952, 60-61

1952,

Emotions— Contd.
place of, in feedback concept, 1952, 48-
72
quantification of, 1952, 59-60, 64, 65,
66, 70
regulators of, 1952, 70
Endocrine-organ system,
1949, 165-167

interactions of,

Energy
dissipation of, 1949, 133
potential, 1953, 15

Energy dams, 1949, 124
Energy levels, 1949, 123-124
of carriers, 1949, 127
microstates of matters in, 1949, 123
English
basic, 1953, 63
entropy of, 1950, 129
redundancy of, 1950, 123-158; 1953, 79
Entelechy, 1953, 15
Entropies, estimate functions of, 1953, 48
Entropy, 1949, 101, 106; 1953, 47
as determinate quality, 1953, 48
of English, 1950, 129
in information theory,
202-203, 208, 220
negative, 1953, 79
Entropy formulas, redundancy calculated
by, 1950, 124-126
Environment, relationship between organ-
ism and, 1952, 74, 86, 87

1951, 192-194,

Enzyme, information content of, 1952,
174-175

Enzyme systems

feedback regulation in, 1952, 167-170

information content of workable com-

plement of, 1952, 175-176

Epilepsy, and tension, 1952, 3

Error, in communication patterns,
6, 15

Error-feedback procedure, in communica-
tion patterns, 1951, 27

Escape, asymmetry of advance and, 1953,
74

Exhaustive system, 1953, 46

1951,

Experimental neurosis, in animals, 1949,
182-191
Expression, recording of, 1953, 58-59
Eye
movements in sine curve, 1950, 51, 54-
55
subcortical and cortical structures of,
1950, 40-41

Eye-hand circuit, 1950, 55-56
Eye-tracking, 1950, 29-32, 30-31
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Fading
and abscission, 1953, 24
of significance, 1953, 54
Fatigue
dependence of laughter on, 1952, 18
and neurotic processes, 1949, 90-91
Fear, as major emotional state, 1952, 50
Feedback, 1949, 61-63, 167, 177
between writing and speaking,
143-144
in culture tradition, 1949, 192
defined, 1953, 71
information as crucial variable of,
1953, 75
inverse, 1953, 70, 72, 74

1950,

inverse, and multiple closed loops,
1953, 72

negative, 1953, 64, 70

and reverberating circuits in neurotic

patients, 1949, 74
Feedback circuits, relation of affective
processes to, 1952, 49
Feedback concept, place of emotions in,
1952, 48-72
Feedback control, of growth and multi-
plication, 1952, 169*170
Feedback function, of emotional processes,
1952, 40-41
Feedback mechanisms, 1951, 52, 53, 54
in cellular biology, 1952, 167-181
role of emotion in, 1950, 216-217;
1952, 49-51
Feedback regulation, in simple enzyme
systems, 1952, 167-170
Feedback relations, classes of, influencing
behavior, 1952, 49
Feedforward
in language
1951, 54
at prelinguistic levels,
in teaching, 1951, 59-60
Feedforward behavior, 1951, 54-56
Figure-ground concept, 1952, 6-7
and lack of humor, 1952, 18
Figure-ground relationship, 1952, 4
restructured in humor, 1952, 9
Finder bee
behavior of, 1951, 138-145
social stomach of, 1951, 138
Fish
milling in, 1951, 155, 156, 157
nesting behavior of, 1951, 157
schooling behavior of, 1951,
165-167

behavior and learning,

1951, 54

156-156

Forgetting
formula for, 1949, 117
theory of, 1949, 112-113
Forgetting-coefficients, distribution func-
tion of, 1949, 114-115
Forgetting curve, 1949, 113-115
and forgetting function, 1949, 118
Form
continuity of, 1953, 51, 55
continuity of, and overt behavior,
1953, 56
literal meaning of, 1953, 55
and meaning, arbitrary association of,
1953, 55, 56
nonplasticity of, 1953, 51
Forms
autonomy of, 1953, 61, 65
nonplasticity of, 1953, 61, 64, 66
primacy of, 1953, 61
Formulation, in communication patterns,
1951, 40
Free association, 1949, 154
Frequency. See also Alpha frequency;
Critical flicker frequency; Moment
frequency
Frequency bands, scrambling of, 1950, 105
Frequency distortion, without phase dis-
tortion, 1950, 79-80
Fringe of consciousness, 1951, 130
Function, gross disturbances of, 1953, 76

G

Gain, defined, 1953, 71
Galvanic skin resistance curve, 1951, 102

Ganglion, inhibition of, 1952, 144-145
Gesture, 1953, 57
Grief
as common compulsive behavior, 1952,
2-3

as protective function, 1952, 23
and tension, 1952, 21

H

Hallucination
mechanisms of, 1950, 233-234
as team-play of quantum acts, 1949, 111

0 1949, 122,

1. . 4
transmission formula for,
Hcmispherectomy, 1953, 25
Heterodyne effect, 1950, 76
Higher nervous activity, 1953, 30
Hoiophrasis, 1950, 188-192
Holophrastic gradient, 1950, 192
Homeostasis, 1952, 73-108; 1953, 70, 71
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Homeostat
activities of, 1952, 98
components of, 1952, 89
disturbance in, 1952, 105
functional system of, 1952, 97-98
internal mechanism of, 1952, 94-97
"learning” in the, 1952, 103-106
loss of memory in, 1952, 104
random network in, 1952, 94
stability in the, 1952, 97
variables in a, 1952, 77-78, 79, 80, 81,

82, 84, 86, 94
Homosexuality, clinical report on, 1951,
125-126

Hormic psychology, 1952, 68-69
Human behavior, and mathematics,
224
Humor
Jack of, 1952, 18-19
paradoxes as prototype paradigms for,
1952, 4-5
position of, in human communication,
1952, 1-47
relationship of irony to, 1952, 10
as restructuring of figure-ground rela-
tionship, 1952, 9
and Schadenfreude, 1952, 6
Hydrochloric acid, secretion of, in stomach
acid cell, 1949, 16
"Hypermnesia,” of hypnosis, 1951, 94-95
Hypnosis
attentiveness under, 1951, 106
communication in, 1951, 94-95
and communication between sane and
insane, 1951, 92-133
"hypermnesia” of, 1951, 94-95
and neurosis, 1949, 92
recollection in, 1951, 100-102
Hypnotizable groups, 1951, 102-103
Hysteria, 1953, 16

1950,

Idea formation, mechanism of, 1953, 20
Identification, and grief and laughter,
1952, 21
Identity
and applied first-order
tems, 1953, 35
predicative, 1950, 187-188, 35
Imperception, 1950, 111
Influencing, as function of language, 1951,
81
Information
amount of metrical,

language sys-

1951, 187

Information— Contd.
in communication sense, 1953, 34
as crucial variable of feedback, 1953, 75
cybernetics as incarnation of, 1953, 19
defined, 1950, 157; 1951, 182

flow of, and structure of groups, 1953,
78-79

as meaning of objective unexpectedness,
1953, 44

as measure of surprise value, 1953, 44

measurement of amount of, 1951, 182

measures of, 1951, 182-183

as monotonic transform of content,
1953, 44

as negative entropy, 1953, 79

in pragmatical sense, 1953, 34

preference to correlate of, 1953, 43

quantity of, 1953, 80

selective, defined, 1951, 24

semantical, intermediate concept of,
1953, 34
structural, 1951, 215-216

subjectivity of concept of, 1953, 41
transmission of, 1953, 33, 34
useful, 1951, 203-204
Information-content
senses of, 1951, 184
structural, 1951, 185
Information index, and articulation index,
1950, 65-66
Information measures
for amount-of-information, 1953, 40-41
relation of, to probability measures,
1953, 42-43
Information streams
characteristics of,
1953, 27-29
coding of, in brain function, 1953, 27
Information theory
alphabetical index of terms used in,
1951, 234-235

in brain function,

concept of entropy in, 1951, 192-194,
202-203, 208, 220
and entropy and negentropy, 1953, 47

and measuring changes in knowledge,

1951, 181
nomenclature of, 1951, 222-233
Inhibition

as absent excitation, 1952, 133

due to interference of excitatory im-
pulses at motoneuron, 1952, 134

due to result of action on motoneuron,
1952, 134

as inverse excitation, 1952, 131, 133

in nervous system, 1952, 146

as mirror-image of excitation, 1952, 131
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Innervation
reciprocated, 1949, 179-180
sympathetic, 1949, 189
Insight
psychotic, 1951, 99
subjective symbolic, 1951, 99
and therapy, 1951, 122, 122-124
Instinct, 1953, 15
Instrumentality, principle of, 1951, 48
Intelligibility
and speech distortion,
tests for, 1950, 60-61
Intonation, 1953, 57, 61, 61
Intonation curve, 1953, 59
Irony, relationship of humor to, 1952, 10
Irradiation, 1952, 38, 39-40
"Ishmaelite complex,” 1951, 51, 60

1950, 58-122

J

Jamming, of speech, 1950, 104
Jests, role of, 1952, 27

Lag, 1953, 74
Language, 1953, 79
acquisition of, 1953, 51
acquisition of, by children, 1951, 86
as behavior, 1953, 56
body symbolization and development of,
1950, 237-249
brain and, 1951, 62-63
conventional function of, 1951, 88
Cou€ Method of learning, 1953, 57
cross-cultural, 1951, 64
development of, in early childhood,
1950, 205-208

as digital system in communication,
1951, 76

distinction between neurosis and, 1950,
212-213

ethical element in acquisition of, 1951,
65

as function of central nervous system,
1951, 75-76

functions of, 1951, 81

historical wear and tear of, 1953, 64

intonational patterns of, 1952, 12, 13

as learned activity of man, 1951, 45

learning meaning in, 1953, 53-54

meaning in, 1953, 49-67

meaning of, and communication between
men, 1951, 45-91

morphemes and phonemes of, 1953, 62-
63

Language— Contd.
pointing function of, 1951, 81
process characteristics of, 1951, 89
representational function of, 1951, 88
stylistic elements of, 1953, 55, 57
as type of social behavior, 1953, 55
undifferentiated use of, 1953, 54
and vocalization, 1951, 77
Language about language, 1951, 62-63,
64, 65-66, 70-71, 72, 79-80, 82, 83
Language formation, relationship of sym-
bolic function in, and in neurosis,
1950, 209-235
Language formula, as time-binding tool,
1951, 77-78
Language symbol, 1953, 60-61
Language units, multiple meanings of,
1951, 98. See also Primitive langu-
ages.
Laughter
as bridge of discrepancy, 1952, 11
and catalepsy, 1952, 24
as common compulsive behavior,
2-3
as communication, 1952, 8
and contagion, 1952, 21
dependence on emotional state, 1952, 17
dependence on fatigue, 1952, 18
dependence on intellectual state,
17
ideational content of, 1952, 3
inhibited, 1952, 29-30
involuntary, 1952, 29-30
as protective function, 1952, 23
as sign of sudden agreement, 1952, 8, 9
and tickling, 1952, 25
uninhibited, 1952, 29-30
voluntary, 1952, 20-30
Leadership, in communication patterns,
1951, 7-8, 11, 12, 13, 15
Lear Komplex, 1953, 17
Learning
as alteration of transition probabilities,
1953, 79
and craving, 1950, 220-221, 237
dependence of, on craving, 1950, 209*
210
as negative forgetting-coefficient,
115
in the octopus, 1952, 109-119
as procedure of evolution, 1951, 45
Light, absorption of, in eyes, 1949, 42-43
Linear prediction, 1950, 129
Linguistic abstractions, learning primitive
languages through use of, 1950,
159,-185

1952,

1952,

1949,
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Linguistic description, formal, 1951, 52
Linguistic description, formal, 1951, 52
Linguistic forms
acquisition of meaning of, 1953, 51
conventional design of, 1953, 62
formal, 1953, 50
learning of, 1953, 62
literal meaning of, 1953, 62
natural formation of, 1953, 62
relation of, 1953, 52
transmission of, 1953, 62
Linguistic status, gradations of, 1953, 55-
56
Linguistic structure, in Standard Aver-
age European, 1951, 52-53
Literary criticism, and communication,
1951, 74-75
Living structures
complexity of, 1952, 172-174
complexity and information content of,
1952, 172-174
Logic, rigidity of, 1952, 5

Loudness, 1953, 57
M
Man
estimate on complexity of, 1952, 176-
181

as predictor, 1949, 31-32
as servomechanism, 1949, 28, 29, 32
Manifold, synthetic unity of, 1953, 56
Manipulation, intentional, 1953, 61
Markers, pattern of, in recall and recog-
nition, 1949, 175-176, 177
Masking
of noises, 1950, 113
of speech, 1950, 105-106
Mathematics
and communication, 1949, 149, 151
and human behavior, 1950, 224
and psychoanalysis, 1951, 224
Maze-solving
machine, 1951, 173-180
trial and error in, 1951, 173-180
Meaning
acquirement and change of, 1953, 53-54
concept of, 1951, 190-192
and context, 1953, 55
continuity of, 1953, 51, 55
in language, 1953, 49-67
Measure-function, and content,
38, 39-40
Mechanical chess player,
Melanesia, learning primitive
in, 1950, 168

1953, 37-

1952, 151-154
languages

Membrane, protein lattice in, 1949, 20
Memorization
and decay constant, 1949, 119-120, 129-
130
function of, 1949, 120
Memorization constant,
1949, 137
Memorization process, power balance of,
1949, 132-133
Memorizing, formula for,
Memory, 1950, 17
and association mechanism, 1949, 173-
173
and barrier theories, 1949, 170
barriers to, 1949, 176, 179, 196
blocking of, 1949, 194
dynar]T-éié: barrier to, 1949, 164-165, 167-

as variable,

1949, 117

as emotionally determined function,
1949, 109

impregnated and free carriers in theory
of, 1949, 115

kinds of, 1953, 77

mechanical and human, 1949, 161-162

and mechanism of variable threshold,
1949, 17

phenomenological considerations in
theory of, 1949, 112-115

photographic, 1949, 163

psychological time in theory of, 1949,

115-122

quantum mechanical theory of, 1949,
112-147

residual, 1953, 77

reverberative, 1949, 163

semi-soldered-in, 1949, 163- 163, 169
of skilled acts, 1949, 163
span of, for letters, 1950, 121
and specificity, 1949, 196, 200
and storage, 1949, 142, 195-196
temporary, 1949, 162
traces, 1949, 174-175
unconscious, 1953, 16
Memory curve, theoretical, 1949, 119
Memory experience, transmission formula
for, 1949, 122
Mental mechanisms, unconscious, 1953, 15
Mentalism, 1951, 51-52, 70, 78
Mescaline, effects of, 1951, 90
Metabolism changes, and mirror-image in-
terpretation, 1952, 131
Mctacommunication, continuity of, 1953,
55
Meta-language, 1953, 59-60
Metalinguistics, 1953, 58-60
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Mirror-image interpretation, and metab-
olism changes, 1952, 131
Moment frequency, 1949, 36-37
shifting of, 1949, 47, 50
Monkey
behavior mechanisms in, 1950, 116
neurosis in, 1950, 226-226
Monosynaptic arc, pool relays of, 1953, 73
Morphemes, 1953, 62-63, 64, 65
Morse code, prediction of, 1949, 53
Mosquitoes, mating behavior of,
136-137
Motivation, 1951, 34-35
animal, 1951, 35-37

1951,

multidimensional, 1951, 37
Motoneurons
and behavior, 1952, 127

changes in state of, 1952, 128-129
discharge of, under inhibitory condi-
tioning stimulus, 1952, 135
dual response of, to focal stimulation,

1952, 134
nonsynaptic effects on, 1952, 128-129
effect of polarization on, 1952, 135
excitation of, 1952, 130, 134
increase and decrease in responsiveness
of, 1952, 130
synaptic effects on, 1952, 129
multineuron response, unaffected by
two-neuron response, 1952, 136
Musical microscales and micromelodies,
1950, 120, 121-122
Musical notation, 1953, 59
Myanecin,1949, 198
Myosin, reaction of, to adenosine tri-
phosphate, 1949, 13

N

Narcolepsy, 1952, 24
Narcosis, and tension, 1952, 43
Natural science, and psychiatry,
127-129

Negative forgetting-coefficient,
Negentropy, 1953, 47, 80
Nerve fiber, variability in, 1950, 15-16
Nerve impulse, 1950, 24

digital character of, 1950, 14

1951,

1949, 115

as physical-chemical event carrying
meaning, 1950, 12
safety factor in, 1950, 14
Nerve metabolism
safety factor in, 1950, 14
Nerve-muscle junction, digital in verte-

brate, 1950, 15

Nervous system, See also Central nervous
system
behavior of, 1950, 25
digital behavior in, 1950, 46

as digital in synaptic thresholds, 1950,
18

functioning of, in forbidden continuous
region, 1950, 45-57

Neural cell, digital operations in, 1950, 47
Neuron
behavior of, 1950, 22
different patterns of synaptic endings
on, 1952, 133
structural fluidity of, 1949, 18
and ultraviolet light photography,
1949, 15
and variable threshold, 1949, 17
Neuron threshold, spontaneous play of,
1952, 38
Neuronal system, 1949, 88-89
Neurons
and learning in theory of neurosis,
1949, 55-57, 60-61
polarization of, 1952, 132-133
polarization of, 1952, 132-133
as simple relays, 1949, 12-13

Neurosis
differentiation between normality and,
1949, 85

distinction between
1950, 212-213

experimental, 1949, 182-191

and feedback relationships,

and hypnosis, 1949, 92

in monkeys, 1950, 226-227

and neurons in theory of, 1949, 55-57,
60-61

relationship of symbolic function in

language and,

1949, 74

language formation and in, 1950,
209-235

and reverberating circuits, 1949, 93-94,
95, 196-197

symbol in, 1950, 223
as symbolic process, 1950, 222-226, 230
Neurotic potential
and human adaptation, 1949, 64-111
symbolic process in, 1950, 211-212
Neurotic process
derivation and ingredients of, 1949, 72-
73
and human progress,
Neuroticism
and behavior, 1949, 77-78. 80
and normality, 1949, 69-71
New Guinea, learning primitive languages
in, 1950, 160, 164, 166, 172, 180

1949, 73
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Noise
and communication, 1950, 155-156
as continuous in time and frequency,

1950, 67

and distortion, distinction between,
1950, 74-75

as function of time or frequency, 1950,
58

interrupted, 1950, 67-69

masking of, 1950, 113

random, 1950, 61

and redundancy, 1950, 143, 151-153

wave form of interrupted, 1950, 68
Nonhypnotizable groups, 1951, 102-103

Normality
differentiation between neurosis and,
1949, 85

and neuroticism, 1949, 69-71
and usefulness of adaptation as index
of, 1949, 65-59
Nucleocytoplasmic feedback systems in
Paramecium aurelia. 1952, 170-172
Nystagmus, 1949, 163, 164; 1953, 73
in rabbit, 1950, 56-57

)

Obsessions, and reverberating circuits,
1949, 74
Occurrence, frequency of, 1953, 54
Octopus
discrimination and
109-119

topoglrl%phy of pathways in, 1952, 109-

learning in, 1952,

Olfactory functions, 1949, 159
Olfactory system, projection in, 1950, 41-
42
Ontogenetic recapitulation,
Organism
relationship between environment and,
1952, 74, 86, 87
as system with feedback, 1952, 74
Organization
in communication patterns, 1951, 6-7
versus randomness, 1953, 30
Organizing, as function of
1951, 81

1953, 54

language,

P

Phi, and intermomental relationships,
1949, 52
Philosophy, 1951, 59

Phonemes, 1953, 62-63

Pidgin English, 1951, 71-72
as medium in learning primitive langu-
ages, 1950, 161-162

Pluralization of word meanings, 1950,
195

Poetics, 1951, 49-50

Pointing, as function of language, 1951,

81
Potentiation, 1953, 78
Preconscious, 1951, 130
Prediction
all-or-none coding in, 1950, 49
experiments in, 1950, 128-133
hidden coding in, 1950, 49
in reverse, 1950, 134-135
Predictor
man as, 1949, 31-32
on ordinary and secular time scales,
1949, 31
as part of corrective machine, 1949, 33
Prefabricated representations, 1953, 66, 67
Preliteracy test, 1951, 13
Presynaptic impulses
decrease of, under inhibitory condition-
ing valley, 1952, 135
tetanic outbursts of, 1950, 15
Primary discrimination, of self and non-
self in child, 1952, 6
Primate behavior, relation of, to humans,
1951, 165- 167-168
Primates
perception in, 1951, 16-162, 163, 164
sexual behavior of, 1951, 162
social behavior of, 1951, 162-163
Primitive languages, learning of, through
learning of high-level linguistic
abstractions, 1950, 159-185
Probability
and amount-of-information, 1953, 40
in brain function, 1953, 29
inductive, 1953, 33- 38
logical, 1953, 38
statistical, 1953, 33
Probability measures, relation of informa-
tion measures to, 1953, 42-43
Prosthesis, sensory, 1949, 203-207
Protein
configurations, 1949, 20-25
in membrane, 1949, 20
in membrane under action of ATP,
1949, 17-18
Protein molecules
as templates for like structures,
20-21
theory of memory and, 1949, 13-14

1949,



Index 97

Proteins
in cell membrane, 1949, 15
in living cell, 1949, 15
Psychiatry, and natural sciences, 1951,
127-129
Psychoanalytical animal psychology, 1951,
109

Psychoanalytical training, 1949, 150, 151
Psychodynamics, 1949, 108
Psychological functions, 1951,
Psychology

dynamic, 1953, 16

hormic, 1952, 68-69
Psychoses, communication in, 1951, 97
Psychosurgery, 1952, 69

and expression of emotion and its feed-

back impulse, 1952, 50, 51, 52-53,

69
Quantitative information theory, 1953, 54

Quantum mechanical theory of memory,
1949, 112-147

130-131

R

Rabbit
nystagmus in, 1950, 56-57
spatial ordering in olfactory system of,
1950, 42
Random choice, in communication patterns,
1951, 27-28, 29
Random machine, construction of, 1952,
107
Random mechanism, 1951, 41
Random network
constancy of variables in 1952, 77
in the homeostat, 1952, 94
Random search, 1951, 41
for Boolean function, 1952, 121
Random search process, divided,
122
Random stimulation,
for, 1952, 155
Randomness, 1952, 124, 125, 126
in aquaria, 1952, 155
and combinatorial problem of search,

1952,

need of organism

1952, 123
versus organization, 1953, 30
Ranges, 1953, 37
Rat, thalamocortical connections of brain
of, 1950, 40

Reaction, catastrophic, 1951, 35
Reaction time
distribution of, 1949, 40
variability of, 1949, 34, 40

Reading
adult understanding in, 1953, 67
hypothetical, 1949, 58-59
learning of, 1951, 60-62, 67-68
realizing, as function of language, 1951,

81
Reason, category of, 1953, 15, 16
Recall, 1953, 77

of affective meaning, 1949, 168-169

mechanisms of, 1949, 146-161, 163, 196

methods of, 1949, 142-143

and recognition, 1949, 59, 146-161
Recognition

mechanisms of, 1949, 146-161

methods of, 1949, 142-143

qualitative differences in level of, 1950,

115

and recall,
Redundancy

in airplanese, 1950, 147-148

1949, 59

based on prediction experiment, 1950,
127-128

calculated by entropy formulas, 1950,
124-126

defined, 1950, 123
of English, 1950, 123-158; 1953, 79
and noise, 1950, 142-143, 151-153
and phonology in language, 1950, 144
semantical, 1950, 146
and structure of language, 1950, 143
upper and lower bounds for, 1950, 129*
132
Re-entering circuits, 1949, 74
Regeneration, 1953, 71
Regulation, 1953, 70
Relativity, and subjectiveness, 1953, 42
Remembrance, as function of memoriza-
tion and decay-constant, 1949, 119-

120
Replication, symbolic, 1951, 198
Repression, 1949, 75, 79
Resonance, 1949, 150-151, 154, 156, 158,
159, 160

Respiratory rest, 1952, 44-45

Restorff effect, and visual material, 1949,
59
Retina
differences in neural structure of,
1950, 38
discrete transmission through layers of,
1950, 41

observations on, 1949, 25-26
Reverberating circuits, 1949,
182, 183; 1950, 17, 19

and neurosis, 1949, 93-94, 95, 196-197

Reverberation, 1950, 77-78

179, 181,
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Rhinencephalon, role of, in emotional be-
havior, 1952, 69, 71

Rhythm, 1953, 57

Rigor, and content, 1953, 67

Russellian paradoxes, 1952, 4

S

Salmon, migratory behavior of, 1951, 135

Samoa, learning primitive languages in,
1950, 162-163

Scallop, interrelation between starfish
and, 1951, 136

Scanning, 1953, 17, 22-23

Scanning frequency, 1949, 37

Schadenfreude, in humor, 1952, 6

Schallanalyse (sound analysis), 1950, 135-
138

Schematism, in communication, 1952, 16

Schizophrenia
and communication, 1951, 116-118
insight in, 1951, 99
nonnormal verbalized thinking in, 1950,
187
Schizophrenic thinking, "paleological”
principle of primitive, 1950, 187
Science, normative aspects of, 1951, 63-67
Scientific agreement, 1953, 69

Scientific information, theory of, 1951,
182

Scrambling, of frequency bands, 19050,
105

Second-order information, communication
of, 1950, 149-150
Selection, and communication, 1950, 153-

154
Selective information, defined, 1951, 24
Self-communication, symbols of, 1951,
124-125
Semantic information

intermediate concept of, 1953, 34
and its measures, 1953, 33-48
presystematic concept of amount of,
1953, 43
Semaphore communication, 1951, 101
Semaphore reception, 1949, 52, 54
Sensation, 1953, 16
forms of, 1953, 15
Sensory prosthesis, 1949, 203-207
Sensory receptors, as carriers, 1949, 121
Sentence contamination, 1950, 200
Servomechanisms, 1949, 27-31; 1953, 71
Shock, in communication pattern tests,
1951, 14-15
Shock therapy, and tension, 1952, 3

Significance
and brain function, 1953, 27, 29-30
criterion of, in brain function, 1953,
29-30
fading of, 1953, 54
Simplification, technique of, 1951, 60

Sine curves, eye movements discrete in,
1950, 51, 54-55

Sine wave, effects of distortions on, 1950,
88

Sinnenged@htnis, 1949, 140

Sinusoidal modulation, of
1950, 77

time scale,
Sleep

attentiveness under,

communication during,

103-104, 114-115

flow of psychological

1951, 106
1951, 93-94,

processes in,

as destructive experience, 1951, 99
1951, 99
random activity of, 1951, 94
Sleeptalking, 1951, 94
Sleepthinking (dreaming), 1951, 94
Sleepwalking, 1951, 94
Smiling, in infants, 1952, 28-29
Social behavior, language as type of, 1953,
55
Sol-gel changes, 1949, 19-20
Somatic involvement, 1952, 58-59

Sound pressure, as function of time, 1950,
59
Specification, estimate of amount of, 1953,
46
Specificity
and memory stores, 1949, 196
and perception, 1949, 200
Specimen language, 1953, 35-36
basic statement in, 1953, 35-36
content-exclusive statements in,
39
state-descriptions in, 1953, 36
Speech
compression in, 1950, 92
difference between laryngeal and oral,
1952, 12
and intelligibility, 1953, 79
jamming of, 1950, 104

1953,

masking of, 1950, 72, 105-106
masking of, by interrupted noise, 1950,
67-68

"nonlinear” distortion of, 1950, 8-88
patterns of, 1950, 138-139
peak-clipped, 1950, 82-85
perception of, and articulation
1950, 65
role of inner,

index,

1950, 231
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Speech— Contd,
visible, 1950, 96-97
word articulation for, plotted as func-

tion of speech-to-noise ratio in
decibels, 1950, 62-63
and word articulation at constant

speech-to-noise ratio, 1950, 63-64...
Speech behavior, lexicalization and gram-
matization of, 1950, 201
Speech distortion
and abstracting transformations,
89-90
and intelligibility, 1950, 58-122
Speed, in communication patterns, 1951, 5
Spinal cord, closed circuits in, 1949, 62
Squid, safety factor of giant fiber synapse
of, 1950, 14, 15
Standard Average European, language
patterns of, 1951, 52-53, 58
Starfish, interrelation between scallop and,
1951, 136
State-descriptions, 1953, 35
"dual" of, 1953, 40
exclusion of, 1953, 36
in specimen-language, 1953, 36
and synthetic statement, 1953, 36-37
Statement
content of, 1953, 34-35
and content measure, 1953, 38
explicatum of content of, 1953, 34
Stimulation, psychological, 1950, 106-110,
112
Stimuli, equivalent and nonequivalent,
1950, 118
Stimulus, as phenomenon of affectivity,
1952, 53-54
Storage, kinds of, 1953, 77
Stress patterns, 1953, 61
Structural information, 1951,
Stylistic elements, 1953, 57
Subconscious, 1953, 15
Subjective probabilities, in communication
patterns, 1951, 22-24
Subjectiveness, and relativity,
Subliminal fringe, 1950, 15
Surface colors, hue saturation and light-
ness of, 1950, 54
Switching pattern, in homeostasis,
81
Symbol
complex, 1950, 232
defined, 1950, 229-229
in neurosis, 1950, 223
as product of information-preserving
transformations, 1950, 228-229
use, mechanisms of, 19.51, 107

1950,

215-216

1953, 42

1952,

Symbol

Symbolic ego functions, 1950, 230
Symbolic function
and communication in man, 1951, 119-
125
problem of,
113
relationship in language formation and,
1950, 209-235
Symbolic replication, 1951, 198
Symbolic thinking, 1951, 99
Symbolism, 1951, 196, 197-202

in communication, 1951,

body, and development of language,
1950, 237-249
Symbols
meanings of, 1951, 98
universal, 1951, 97
"Sympodism,” 1949, 103, 104, 105
Synapse, digital and analogical mechan-
isms at, 1952, 134, 135
Synapses

analogical behavior of, 1950, 16
artificial, variability of, 1950, 15-16
safety factor for, 1950, 15
Synaptic mechanism, character of,
22
Synaptic thresholds, 1950, 18
Synaptic transmission, investigations on,
1952, 159-166
theories of, 1949, 14
Synchronization
of activity of groups of cells,
136-137, 140-141
by nonsynaptic mechanisms, 1952, 141

1950,

1952,

T

Tachistoscopic presentation,
Talking, implicit agreement as
function of, 1952, 1

Tan effect, 1949, 46
Taping, 1951, 55, 61-62
hierarchic, 1951, 56, 57, 58
in hunting behavior of peregrine fal-
con, 1951, 62
Task-net concept, in communication pat-
terns, 1951, 13
Tchambuli, learning primitive languages
in, 1950, 171-172
Telautograph, as example of compression,
1950, 95
Temper tantrums,
sion, 1952, 41
Temperature, effect of, on decay constant,
1949, 128-130
Tension, 1952, 23-21, 31-36, 38, 39. 40-47,
70
chronic emotional,

1950, 115
social

and chronic depress-

1952, 51
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in coma, 1952, 45

in convulsive behavior,
and grief, 1952, 21
and narcosis, 1952, 43
and neurological changes, 1952, 35-36,

38-39

physiological, 1952, 31-32, 35-36, 39
psychological, 1952, 31-32, 33, 34, 40-41
and respiratory rest, 1952, 44-45

1952, 3

Tension states, transmutability among,
1952, 34
Tetanizing, 1950, 16

Theory-of-games possibility, 1951, 37-38
Therapy, and insight, 1951, 122, 123124

Thermodynamical entropy, and amount-
of-information, 1953, 33
Thinking
abstract, 1949, 171

mechanisms of, 1949, 170-171
nonnormal verbalized, in schizophrenics,
1950, 187-204
Tickling, varieties of, 1952, 25-26

Tics, and feedback circuits, 1949, 74
Time
physical and psychological, 1949, 112

personality as function of, 1953, 20
Time-delay distortions, 1950, 80-81
Time dissection, in brain, 1953, 23-24
Time function, distortions of, 1950, 77
Time perspectives, 1949, 176-177, 191-192

Time scale, sinusoidal modulation of,
1950, 77

Tone, as part of phonemic constituents,
1953, 64

Tonus, chronic effective, 1952, 51-53

Topology, of abscission process, 1953,
26-27

Transducer, definition of, 1949, 153-154

Transit time, measuring of differences in,
1949, 46

Translation

in prediction experiment, 1950, 128-129

and psychological stimulation, 1950,
106-110, 112
Transmission, 1949, 137-138
and computing machine, 1950, 18
formulas, 1949, 117, 122
of information, 1953, 33, 34
from short-term carriers to long-term
carriers, 1949, 122
Trial-and-error feedback, 1951, 173
Trial-and-error forgetting, 1951, 173
Trial-and-error learning, 1951, 173
Trigger stimuli, 1952, 54-55

random stimulation of
1952, 155-158

Turbulence, as
sense organs,

Cybernetics

Turing machine, 1953, 76
Turing theorem, 1951, 42
Typification, processes of, 1952, 14

U

Ultraviolet light, and photography of
neuron, 1949, 15
Unconditioned reflex, 1949, 178
Unconditioned stimulus, and association
of mental signal pattern, 1953, 25
Unconscious, 1951, 130-132; 1953, 15, 16
and dynamic barrier, 1949, 108
properties of, 1949, 108
Unconscious control, 1949, 78
Unconscious  observation,  transmission
formula for, 1949, 122
Unity of principle, 1953, 19

Urgency, of dissimilar ends, 1953, 19

\Y%

Variable threshold, and problem of mem-
ory, 1949, 16-17

Variables, in homeostat, 1952, 77-78, 79,
80, 81, 82, 84, 86, 94, 95-96

in physical systems, 1952, 14-15

Verbal stimulation, training methods
1950, 99-100

Verbal syncretism, 1950, 244

Verbalization, increase in, 1950, 200

Vision, scanning mechanism in, 1953, 17

Vocalization, and language, 1951, 77

Vocoder, 1950, 90-91, 93

Voice quality, 1953, 57

W

Wasps, learning and forgetting in, 1951,
146
Wave form, and spectrum of train of
sharp pulses, 1950, 71
Word articulation
at constant speech-to-noisc ratio, 1950,
63-64
as function of speech-to-noise ratio in
decibels, 1950, 62-63
plotted against frequency of interrup-
tion of noise, 1950, 67
Word meaning
development of, 1950, 197-204
pluralization of, 1950, 195
tests on development of, 1950, 188-192
Words
"embeddedness” of, 1950, 194-195
frequency distribution of, 1953, 57

n,

z
Zwischen state, 1950, 50



