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INFORMATION, ' COMMUNICATION, AND LANGUAGE 

Introduction .by. Donald R. Morrison 

Professor Hammer is Director of the Numerical Analysis Laboratory a t  the University 
of Wisconsin and a consultant for the Systems Analysis Department of Sandia Corporat.inn. He 
received his Ph. D. a t  Ohio Slate in 1938, and for 'several  years  after that he was a member of 
the Mathematics Department a t  Oregon State College. During this period, he spent two years  
a t  Lockheed a s  Supervisor of the Quality Control Division. He was Group Leader in Numerical 
Analysis and Computing a t  Los Alamos from 1947 to 1952. Since that time, he has been Pro-  
fessor of Mathematics and Director of the Numerical Analysis Laboratory a t  the University of 
Wisconsin. 

Professor Hammer is the author of numerous papers and art icles  in numerical analysis . and computing, particularly in numerical integration, numerical methods in the solution of 
differential equations. He has made many studies of such topics a s  convex bodies. He has a 
theory of generalized topology on which he has written papers, and he has an interesting new 

b concept in the study of variation which has useful applicat.ic.rns to curve-fitting. 

My six-year-old is the owner of a book about the adventures of a young man who is 
trying to put together a new kind of zoo. The book says, ''To do this, you'd have to go places 
no others could get to, and you'd have to get cold, and you'd have to get wet, too.'' This, I 
think, describes Professor Hammer. He goes places no others can get to, and I am sure  he 
gets cold, and he gets wet, too, in some of the things that he does. 

Professor Hammer applies mathematical disciplines in places where nobody else has 
ever thought of applying them. This is particularly true of his  generalized topology. When 
he says "generalized topology, " he really means generalized--generalized away beyond the ' 
thoughts of most people who think about topology. When he studies a new method of curve- 
fitting, he generally brings in a new concept that nobody ever thought of before, and one that 
probably nobody else could get to simply because they don't make the jumps outside the usual 

' 

boundaries that Professor Hammer finds it  easy to make. I think that a s  you listen to him 
talking about information,; communication, and language, you w i l l  find ideas that a r e  not a t  all  
beyond the capabilities of people who have not studied the subject, but which a re ,  nevertheless, 
ideas that others have not got to. Professor Hammer. 

. . .Professor Hammer 

In dealing with a topic of this kind, one should perhaps rationalize his interest and state - 

how he came. to work on i t  in the beginning. I should say, of course, that I am not an authority 
in the field, but that I have an amateur 's  interest in information, communication, and language. 



I became interested, in  the f i r s t  place, f rom the standpoint of numerical analysis.  We 
a r e  building computei-s that a r e  bigger and better and faster ,  in o rde r  to transform things that 
we know into things that we want to know. How we may best use the output of these computers 
is getting to be a ser ious problem. 

At Los Alamos some  yea r s  ago, I was working on the logical design for  the machine 
they call  "Stretch" and made severa l  proposals, none of which were followed. One of them 
concerned the fact  that we had a tremendous machine in concept, costing severa l  million dol- 
l a r s ,  which would grind out numbers in great  quantities. We necded to know who would use 
them and how best to present the output of the machine. 

While there is quite a difference in the ability of people to grasp  the content of numbers, 
people a r e  singularly alike in their  ability real ly  to grasp  the content of numbers in great quan- 
titips If you present anyone with a book of a tnousand pages of numbors and tell him some- 

* 

thing is hidden there,  he probably will nevey f i r~d i l .  This ia true, g ~ n ~ r a l l y  speaking, of 
everyone. F o r  this reason, the engineer finds it convenient to draw curves and charts  and to 
use other modes of presentation. It is probably partly for  this reason that the mathematician 
finds computing ra ther  onerous. 

What is the best way to present  the resu l t s  of a complicated computation to people? I11 
the design of the Stretch machine, I suggested the use of motion pictures of surfaces,  11u1 just 
curves,  s o  that you could interpret  the data coming out a s  sharply a s  possible for  the eye. If 
you could take a motion picture and show how the data change f rom time to time, then you, 
could perhaps actually grasp  what a calculation meant and even devise a theory, in  other words 
get some  freedom in this field. 

Some of you may not know that there a r e  problems of this so r t .  We might niention the 
flow problem, the flow of a liquid o r  a fluid, a three-dimensional problem. I a m  thinking of 
one without symmetry which has,four  independent variables,  the time and the three space- 
variables.  To make a table of the p re s su res  of such a fluid a t  a l l  t imes and points in space 
would be possible in principle. F r o m  the table i t  would be very difficult for  people to get 
ideas a s  to how the pressure  changes o r  what conditions exist  locally. On the other hand, 'if 
the output of the machine were to be fed into other machines, there would be i e s s  of a problem. 

If the output has io  go through a human mind f o r  evaluation, if i t  has  to be interpreted, 
then we should make it a s  easy  to read  a s  possible. They a r e  not going to do'that with Stretch, 
but , there will be .a time, coming when .it will be necessary.  We already have cathode-ray out- 
puts which a r e  curves,. a sequence of curves,  which define a function surface.  If we could get 
pictures of such surfaces,  we could read the meaning of the data more easily.  This is one. 
a r e a  where our means of communication a r e  not optimum. 

I have long been interested in  semantics.  including punning, and have become aware of 
semantic  difficulties in  a l l  s o r t s  of subjects, in particular in the one in  which I e a r n  my living 
which is mathematics. There a r e  many words, for  example, in mathematics, which p re -  
sumedly a r e  defined but which real ly  a r e  not defined. Among these a r e  "variables" and 
11 constants" and "functions. I t  They a r e  not defined in a way that covers  the usage to which 
mathematicians put them. If you t r y  to define them more  clearly,  you a r e  up against the 
problem of what things come f i r s t .  What words may you define in t e rms  of words ? 

The one dictionary which I would consider to be scientific is the Ogden Basic English. 
Dictionary. In this dictionary, the author defines 30,000 words in t e rms  of 800. He does not 
define the 800. The 800 a r e  the Basic English words and a r e  w.ords which the author says  i t  
is use less  t o  try. to define in  t e r m s  of others .  In other words', if you. don1 t know what these 
mean, you a s k  your mo'ther. This particular observation has  .escapes people of great  



shrewdness, great talent, namely, ' that the basic words and their meanings a r e  not learned in 
terms of other words. A person has to learn them from the beginning, a t  home, before he 
goes to school. 

In this connection, I have asked the question, "What is the most difficult thing you ever 
learned to do of a nonphysical character, of a mental character?" 'I am convinced that the 
answer to this question is that the hardest thing a person learns to do in his lifetime is to 
learn to speak and understand his native language. This is what he learn a t  home before 
he goes to school. Anyone-who does s o  is, in a way, quite intelligent. Learning to speak is a 
very difficult process. Anyone who has mastered the process (and granted, there are many 
degrees of mastery) is really quite intelligent. 

Mathematics,' in contrast to basic language, is very simple. Mathematics seems more 
difficult, however, because we a r e  not forced to talk about i t  a s  much. We do not, in ordinary 
social discourse, talk about Stieltje's integrals, regular measures, and such matters .  It is 
only the mathematicians who do talk about them enough to understand them. Many people could 
understand mathematics more thoroughly if  they had an opportunity to discuss i t .  Pa r t  of the 
reason students do not grasp mathematics is that they never use it actively a s  a language. To 
them i t  is something that adults have thought of to make children work hard. 

. . . I , .  

This viewpoint is in contrast to the usual statement about learning and learning ra tes .  
Psychologists state that one learns fastest a t  the age of about sixteen. At that age, you have 
stockpiled enough words to s tar t  building combinations of words most effectively, but 1 would 
say that the job you a r e  doing then is significantly less  difficult than your struggle, at the age 
of two, to learn to speak and understand the language. 

In this connection, I asked Professor Martin Joos of the University of Wisconsin to give 
some lectures on linguistics. To a linguistics scientist, linguistics mean speaking, or ,  one 
might say, the a r t  of the spken word. To him, the printed page is merely a way of recording 
rather poorly how we speak. 

Professor Joos stated that we learn the s t r e s s  system by the time we a r e  three and a 
half years  old, and that is why we a r e  unaware of i t  in conveying meaning. By the age of seven 
and a half, a person has completely learned the grammar he w i l l  use. He learns any other 
grammar foisted off on him in high school essentially a s  a foreign language. He already has 
finished his grammar by that time. These a r e  not my statements. I am just quoting Pro-  
fessor Joos, and I don't necessarily agree with him entirely. I imagine that he too would say 
there was a statistical element in it--there a r e  some exceptional cases.  After twelve, you 
may not learn to speak a foreign language without accent if you have not learned any before. 
On the other hand, Professor Joos says, if you have learned two o r  three by the time you a r e  
twelve, you may learn to speak several  more without accent, because you have not physi- 
ologically excluded the possibility of making certain sounds and become frozen in your habits 
of speech. 

I once wrote a paper in geometry and thought I had an extremely clear picture of the 
subject in my mind..  On the other hand, mathematics editors do not appreciate people who put 
drawings in geometry papers. - They do not want figures because they a r e  expensive to dupli- 
cate; rand not only that, there is a school of mathematicians who figure that figures a r e  not 
mathematics. You attempt, 'therefore, to put geometrical concepts into spoken language. On 
this particular paper, I did.my best to make it  hard enough that the referee could read it  with 
difficulty, but a t  the same time clear enough that.maybe some other person could read' i t  too. 



Now having a image in mind, I was at an advantage, presumably, in reading what I my- 
self had written. After I had it typed, and it came back, and I looked a t  it, however, I found 
that it  was muddled to me, and of course it would be muddled to everybody else. What could 
be the reason for this, apart  from an unhappy style ? 

This image that you have, that is present in your brain, what do you do when you try to 
put i t  out in the spoken word o r  into the written word? Essentially, ,you a r e  trying to scan a 
picture, you might say  a line a t  a time, just a s  if you took a television picture and cut it  off 
s t r ip  by s t r ip .  How can you best display.pictures in the spoken word? Actually, it is not a 
very happy medium of communication. ' 'he printed page was not designed a s  a tool for  the 
eye. The printed page represents an attempt to capture the earl ier  form of communication, 
of spoken words, s o  that you a r e  permitted to read out loud what you see  in the printing. 

Is it  necessary, however, that we should read what we see aloud, o r  retain that possi- 
bility? This is not s o  clear .  There a r e  several ways of gathering information with the eye, 
a s  you know, which you do not speak out loud. When I see a picture of someone, I do not 
necessarily say anything. I do not speak that picture. 

The eye receives lots of information in graphs, charts,  aud blueprints, ubvut which 
you do not say anything at all .  Speaking i t  Woilld be awkwar.d. It takcs an expert to dcscrihe , 

in words what appears to the eye in two-dimensional patterns. As an example, those of you 
here who a r e  married,  attempt after this lecture to write a description of your wife o r  husband 
so  that everyone could recognize her  o r  him. You w i l l  find this extremely difficult. It is 
practically impossible to describe anyone without considerable thought about how to do so.  The 
people who a r e  good at description a r e  those who call up images by happy suggestion, by cari- 
cature, s o  that you can get a mental picture. Very few people can describe physical objects 
verbally, and for this reason we use photographs and charts.  

I a m  interested in communication and language and in how one learns not only from the 
standpoint of mathematics but also a s  a parent. I have several  children in school. When I see 
what they a r e  learning, i t  is clear to m e  that they could master  material which is considered 
to be much more advanced. If learning is essentially a question of getting the proper reaction 
to certain symbols o r  signals, which a r e  words, there is probably no particular place a t  which 
you may not introduce these words. Certain information is stockpiled from Ll~e ground up; that 
is to say, we build upon the basis we have laid earl ier ,  and we use words in te rms of which we 
define others. Which a r e  the most difficult words? f i a t  a r e  the hard tasks and what a r e  the 
easy ones ? 

In this regard, i t  seems to me that we have made a serious mistake and that the 
Russians perhaps a r e  quite far  ahead of us. Mathematicians a r e  quite prone to think that 

, 

whatever they have learned recently is difficult. Such is not necessarily the case. Much that 
the mathematicians have learned quite recently is not difficult and could bc taught a t  a very 
early level. 

In this country, plane geometry, for example, has been taught cot~sistently in the tenth 
grade. I understand that there is a logician a t  Stanford now, Dr. patr ick Suppes, who i s  inter- 
ested'..in his  child's education in the f i r s t  grade, and who has'taught plane geometry in that 
grade, The young children seem to do just a s  well a s  the high-school students. As a matter 
of fact, they probably do better; they don't know i t ' s  hard. If the enthusiasm'of t$e children 
makes the f i r s t  grade a better place to teach material of this kind,, that is where you should 
teach it. Set . theory, . in 'mathematics, for  example, and logic are ,  presentable.'at . . very early 
level. 

. . : , 
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Whether o r  not we a r e  concerned with education, however, we should a l l  be interested 
in communication, because man lives largely in a symbolic world. Very little that we custom- . 

ar i ly  do is done in response to physical environment in any direct  sense.  Clothes furnish pro-  
tection, but their form does not depend on that function; they a r e  to a large extent symbols of 
a society. 

The same is true of our modes of architecture.  Why did'we abandon caves? Probably 
cheaper! But our modes of architecture,  how we live, the lawns that we waste our time on 
around our houses--these a r e  a l l  symbols.  They a r e  what "makes i t  home." 

We a r e  subject to advertising. We buy o r  don't buy certain things, we think that c e r -  
tain events a r e  happening, we hate people without knowing them, al l  because of symbolic in- 
fluences. We read our papers,  hea r  news on the radio, and'watch television. We a r e  con- 
sistently subjected to a s t ream of information some of which, of course,  is propaganda. 

It is possible to interpret the tlleuries of the physical universe around us, including its 
inhabitants, in the following way. The physical world is represented by a n  a r e a  on the board. 
Inside it there is a se t  of symbols. What people t ry  to do is to map this world o r  some of i t s  
properties onto this se t  of symbols. The resul t  is a physical theory. You explain physical 
phenomena by associating words and theories and theorems with those physical phenomena. I s  

A theory cannot be any better than the symbolism that is available a s  our means of 
communicating the theory. While we may make new arrangements  of symbols, a s  language 
per,mits us  to do, the fact remains that the linguistic s t ructure,  our  means of recording our  
thinking, is not only a benefit, in the sense that we have it and can do a s  well a s  we do with it, 
but a l so  a handicap, in that, because of i t s  limitations, we may not be doing a s  well a s  we 
might. 

A nice and ser ious problem, then, is whether we can somehow improve our  symbolic 
system s o  that we can express  things more  easily.  Can we express  things s o  well that chil- 
dren may in the future learn a s  much through the eighth grade a s  they do now through college, 
without any extra  work? 

It behooves us to consider ra ther  ser iously the possibility of progress  in our  means of 
communicat~.on and language. ~ o t  only is there a question of the physical means of producing 
language, but do we make optimum use of what we have already? To this, the answer is un- 
doubtedly, "No!" Whether o r  not we can make significantly grea te r  use,  people might argue, 
but I think again that we can. The experiments of teaching plane geometry in the f i r s t  grade 
is an  indication. I a m  not saying that this rearrangement  is desirable,  but a t  least  it repre-  
sents an  a rea  where experiments could be made. 

At. the s t a r t  we should discuss  certain words which a r e  undefinable. They a r e  impor- 
tant words, and.they a r e  very practical.  You have seen them before, s o  I w i l l  just wave the 
hands over them. I will not t ry  really to define them-/~f  you say, "1s this one of those o r  
not ?It, I won't know, if you a r e  cagey about your choice. 

Let us  discuss a symbol and then, of course,  symbolic s t ructure.  A symbol is some- 
$ thing used to represent  something e l se .  Society, a s  I said, i s  full of symbols. 

One of the most important c lasses  of symbols in our  civilization is words. There a r e  
many different ways in which people express  words. F o r  example, I can speak a wo-qd. ,That- 
is one ,kind of symbol, of a ra ther  ,temporary character .  I t  is a sound wave in a i r ;  it impinges 
on your e a r s ,  and then (fortunately) it disappears.  On the other hand, we can print words. 
Printing is a different form of symbolism, certainly, although we associate the printed with 



the spoken word s o  strongly that people sometimes identify them completely. The fact i s ,  . 
however, that the printed word is ink; it is not sound waves. That is one form. Now, of 
course, we can write--some people can write words in legible handwriting, which is a different 
form from printing. We have many different ways in which words can be recorded. The blind, 
for example, may learn to read Braille. That is physically a different mode of symbolism 
from words which a r e  printed, and a different receptor is used to read them. 

b 

Any permutation of a se t  of symbols is a symbol. I consider a whole book a symbol. 
It is a combination of symbols and can be a symbol in itself. And al l  classes of books a r e  
symbols . 

Drawings and maps a r e  symbols, developed partly in response to the need I have men- 
tioned since they a r e  good for the eye. In them, one can see essentially the same layout that 
exists physically. This kind of symbol is extremely important. Pictures such a s  snapshots, 
reflections in a mi r ro r ,  and blueprints likewise a r e  visual symbols. 

One very important symbol is money. Money is just: a symbol of value, especially 
bank notes. The silver,  which may have some value in exchange, is different, but a dollar 
hi.11, which is a piece of paper that has been spuilcd by bcing printed  on, is just a symbol. 
If nobody believed that these bits of paper were worth ~omething,  that the government stood 
behind them, they would be worthless. Paper money is a symbol of value, and the same thing 
is true, of course, of checks and other modes of monetary exchange. 

Gestures, modes of dress ,  styles of architecture, and a soldier a s  a representative of 
the United States Government a r e  al l  symbols. They stand for something beside themselves. 

A peculiar phenomenon in society and an extremely important one is the significance 
attached to a person's name. When sonieone says to you, "Do you know this person?", if  you 
know his name you say yes: if you do not know his name you say  no. Now in what sense do 
you know a person just because you know his name? It is strange that knowing him is  identi- 
fied with knowing his name. Perhaps the answer is that it gives us a certain power over him 
to know his name; we can find him i1 we want to. The fact i s  that his name is identified with 
him completely, yet it is just a symbol. People get to thinking of themselves in this manner. 
A man thinks, "I am my name, I '  but the symbol, after all ,  is not notually the  person. 

We also have cruder forms of symbols. We have statues, movies and television; 
medals and 'ribbons. 

, Then we have representatives, a s  in Congress, for example. In a sense, they a r e  
samples of the people they represent.  You, a s  a citizen, when you go some place else, may 
he thought of a s  a resident of New Mexico. You represent New Mexico. You also represent 
a c lass  of either men 01- women. 

.A class of symbols which people usually do not identify a s  such is made u p  of samples 
and specimens. The wallpaper catalog contains samples'of the kinds of wallpaper you buy, 
taken off the same roll, so to speak. The sample paper is not the one you a r e  going to buy but 
is supposed to tell you what the bigger batch is like. This is a small  unit representing a bigger 
one. Every sample of this kind is just a symbol. In mining an assayer takes a sample out of 
the pile. It presumedly represents the whole pile and the assayer t r ies  to be careful s o  that 
it really is representative. Such samples a s  these a r e  symbols. 

Laboratory specimens ordinarily a r e  symbols. Seldom does a person in a scientific 
laboratory look through a microscope at a slide and consider what he sees  a s  an object itself. 
What he sees  stands for a class of objects. He is not interested, primarily in studying the 
individual, but rather a class of individuals with the same properties. This again is a symbol. 



Although the separate symbols a r e  valuable, the power in their application and their 
usefulness hinge on the symbolic structure (what in language is called grammar o r  syntax) 
which ties them together and which provides a way of manipulating them. Language is extreme- 
ly powerful because we can use words in various combinations. Once we have learned a.num- 
ber of words, we can express and communicate a tremendous range of meaning in combinations 
we have never seen o r  heard before, because we know the rules of grammar, of how to put the 
words together into sensible statements. 

Mathematics likewise is a symbolic structure. The rules of operation in mathematics 
make it a powerful tool. If you merely had precisely stated se ts  of symbols without any way 
of reacting to new situations, mathematics wauld not have nearly the power that i t  has. 

An accounting system for  a business is an  abstract symbolism of that business. The 
accounting system a s  such would not be much good if it were laid down rigidly and could not 
respond to new situations. Since there is a theory of accounting, however, which allows for  
changes to meet variouo oituations, i t  is possible to use this language of accounting profitably. 
I might point out the power.which the people who speak this language have in business. As you 
know, accountants often r i se  to be the heads of f i rms about whose detailed operations they have 
no knowledge whatever. They do, however, master  the language of that business a s  it  is con- 
tained in a few pages of accounting symbols. The reason that this is important is that these .* 

few pages of numbers summarize what goes on in the business in al l  i ts  essential details. They - 
have made the essentials accessible to the human mind when the detailed operations a r e  not 
readily intelligible; the details a r e  usually too numerous and therefore difficult to grasp.  his' 
is a form of summarization o r  abstraction which is present in accounting systems. 

There a r e  many different ways of classifying symbols. You can classify them accord- 
ing to the physical means by which they a r e  made. They are made of ink, they a r e  sound 
waves, 01. 121ey a r e  wiggles on a recording. You can classify them according to their expense, 
o r  you can classify them according to what they represent.  

For  the purposes that I am thinking of, however, the major classification (and again 
this is not meant to be a definition) is a practical separation into abstract symbols and non- 
abstract symbols. An abstract symbol is one which contains no information in itself, directly. 
A nonabstract symbol is one which, somewhat directly, conveys information. 

One example of an abstract symbol is a word. There is no information whatever in a 
word a s  such, nothing which suggests the thing it conveys, except to a trained receptor. You 
convert the words in some marvelous instrument into something which either does o r  does not 
make sense. There is no meaning in the word, a s  such, no information in i t .  In this respect, 
Shannon and Weaver, I feel, make a serious mistake when they call what they a r e  working on 
1 1  information" theory. They a r e  working on signals o r  certain symbolic forms, but they a r e  
not really working on information. They a r e  working on abstract symbols. 

A nonabstract symbol, however, conveys some information. For  example, a snapshot 
of a person is,  you might say, a projection of his contours on a plane. The lights and shadows 
give some feeling of depth and actually present information about that person directly. That is 
to say, you look a t  the picture and receive information without having to make a complicated' 
translation. 

Similarly, blueprints a re ,  ' at  least in part, nonabstract symbols .' In blueprints, you 
have the ratios of contours. Certain information contained in them is suggested directly to 
the eye. ' Blueprints also quite often contain abstract information in the form 'of words, de- 
scriptions, tolerances, and so  forth. 

. . 



The classification into abstract and nonabstract symbols is important for this reason. 
For one abstract  symbol, you may substitute any other.  It makes no difference in principle 
whether you use one form of abstract symbol o r  another, a s  long as ,  if you want them con- 
nected, you keep a dictionary of the connections. In other words, if you feel that one abstract 
form of representation is superior to another, then you can change to the superior form with- 
out loss of information provided you can recover i ts  connection with the original form. Since 
there is no information a t  al l  in the symbol, why not replace it  with another one? 

This property of abstract symbols is important in computing. Much has been wr;itten 
about what you can compute and what you can do wilh a computer. In a theoretical computer, 
one can record any finite set  of sy~nbols  mcrely by making a table from one to the other, a s  
long a s  it  is not necessary to preserve the actual properties of the original symbol. A word 
such a s  the word "cat" can be put into a computer in several  different ways. 

By the way, the symhols in computers a r e  not numbers. They may be maguelic rspoto, 
I they may be signals transmitted along wires, but they a r e  not numbers. 

Three. one, twenty. How do you do this simplest of al l  coding? Just give the nu~ner i -  
ca.1 position of the let ters  in the alphabet. i cad put this word "cat" in the form which people 
would customarily call a number, talking to the ~nacliine, s o  to speak, in a form which it may 
deal with a s  a number. This chalk mark  o r  set of chalk marks on the board is not a number 
either.  Information is not in the marks, it is in how we have been trained to respond to them. 
The fact that you identify the marks  a s  numbers depends on your having been raised to do s o  
and hence can translate the marks into something significant. "Cat" is a symbol, and 3 ,  1, 2 0  
i s  a symbol. There is nothing in the symbols that I tried to make look like a cat o r  to suggest 
a cat except a s  you have been trained to interpret them. 

In R.ussian, German, and other languages, the word for cat is not the same, though it 
has the samc meaning. People have learned to symbolize the same meaning in different ways. 
This is what our language translation arrlounts to; the identity which we have in translation is 
presumably meanings. We try to select the proper sct  of symbols to convey the same mean- 
ings to people who understand the different languages. 

Another observation I want to make concerns the big drawback in using o o m p u t ~ r s .  The 
drawback, in the eyes of classical mathematicians, has been that you cannot possibly perform 
an infinite number of operalions with a computer, o r  you could prove theorems by computers, 
for examplc. If you look a t  i t  in te rms of the physical possibilities, however, i n  any segment 
of space time there have been only a finite number of symbols. No infinite set  of symbols has 
ever actually been recorded. All the symbols that have ever been recorded coi~ld be copied 
into a computer just by making a table. All mathematics books can be copied into computers. 
You could have a proof of a theorem in a machine by copying it  if you wanted to. It would be 
there just a s  much a s  it was there on the printed page. Whether o r  not you had generated it 
would be another prohlem, and also whether it is useful to do so. 

There is only a finite number of symbols. 'The reason I emphasize this fact is that 
there is no logical reason to avoid infinite' processes. a s  mathematicians know them in com- 
puters.  You may talk about infinite processes, but you may not deal with them with infinite 
means. We can record meanings in certain se ts  of words, which have to be finite in number. 
This is a limitation in the very character of our symbolism. We cannot possibly in a given 
segment of space time say o r  record more than a finite number of words, and, in principle, 
they could a l l  be put into a calculator. 



To re turn  to the distinction between abstract  and nonabstract symbols, I do not want to 
belabor this distinction too much, for  i t  has  a fuzzy boundary. A television picture is made of 
abstract  elements of little black spots.  If you looked a t  each spot separately,  you would have 
no information, but the whole organization of them together constitutes a nonabstract symbol. 
You can build up a nonabstract symbol out of abstract  e lements .  One of the big gains in auto- 
matic-machinery is the ability to break down the information in a blueprint into'digital infor- 
mation, abstract  information, s o  that you may handle i t  in digital computers.  

What should we do about the symbolism? What a r e  some of the forms available to u s ?  
I have made a limited study of this problem, though, a s  I say, I a m  not an  expert.  

One of the things we could do is to study present modes of representation. Some edu- 
cators,  a s  well a s  other good citizens, have attacked the comic s t r ip .  Yet one of the lessons 
that perhaps we should learn from i t  is that children and most  adults will read  a comic s t r i p  
no matter  what is in i t .  If you want to present good information to them by this device, people 
wi.l.1, read i t ,  It is a mode of representation which is appealing to the eye and one by which it. 
is possible to convey information. 

Fo r  example, I would say that history, a s  usually presented, gives you no essent ial  
idea of how people lived, what they did, o r  how they did it .  Essentially, history is a few 
statements of resul ts .  A battle was fought; this was what happened. You do not know why, 
but i f  you made cartoons of the incidents and of how people lived in history, you would know 
more  about it, provided, of course,  that you had the information from which to make the 
cartoons. 

Herc is a means of communication which probably is not used enough though there has 
been some attempt to put i t  to perfectly respectable uses .  Artnally, reading the ordinary 
c u ~ ~ ~ i c s  like "Pogo, " which use  atrocious language, is an  advantage to a person capable of 
recognizing the distortion because i t  sharpens h is  understanding of the language. 

This is one symbolism available to us .  We do not seem to have much research  activity 
on this mode of communication. 

The problem that I want to propose 'in general is very abs t rac t  and I think also very 
important. That is to find the best representations to convey information to the receptors  and 
out through the t ransmit ters  of human beings. Consider the human being a s  a whole. What a r e  
the best ways of getting him to learn  what he wants to learn  and to give back what he wants to 
tell u s?  

We have some very good means. Our t ransmit ters ,  speaking and writing, for  example 
a r e  very good. 

One question which may sound harebrained, but which s t i l l  should not be dismissed, is 
whether the brain waves' which we have been studying s o  thoroughly reac t  to what we a r e  think- 
ing about. Is there any way of deliberately tapping them to record  what a person is thinking, 
without his  having to speak? Are these waves a response to actual mental processes ,  a s  is 
speech, and could you send out such waves under your own control? 

People have worried about the inverse of this process,  by which we would feed infor- 
mation into the mind by brain waves and subject i t  to thought control. Actually, we have the 
same thing now in our  printed page and our  speaking. We have no more  control over what 
people. we have to l isten to than we would over what we might get through these other receptors .  
That is not what I a m  thinking ser iously about, however; i t  is something that might happen in 
the future. We a r e  not yet a t  the stage to do it, but a l ready 'a re  measuring the electromagnetic 
character is t ics  of brain waves. 



As a so r t  of subpart of the program, we should try to classify individual differences in 
the receptor and transmitter mechanisms. Can you classify people s o  that one who learns 
better with the sense of touch used in combination with other senses would have an opportunity 
to do s o ?  We probably could not practically make the distinctions very fine, but with three o r  
four classes of learners  you might be able to use different ways of learning. 

This brings us to a thought I had when I was talking about geometry. One of the powers 
of the usual language is that you can reassemble the words in combinations. Would it  be pos- 
sible to develop a two-dimensional form of printing in which you use the full capacity of the 
cye, and in which you have a grammar,  retaining the advantages of assembly that you have in 
words, the syntax? 

Mathematicians Have used thio method tn some extent. They write matrices which you 
look a t  in square a r ray .  They writo subsrripts. This is essentially a spacial Por,in of eym- 
bolism. 

Symbolic logicians a r e  quite largely devoted to the concepl that wc reason. along a line 
and thal this ia the wsy reasoning progresses. I a m  not sure  that this is the way reasoning 
prugcessco; i t  is the way the spoken word progresses. This io the way we have to play it 
back i f  we a r e  going to tell someone about it in English. 

Take a sentence, for example. Perhaps most of you a r e  used to diagramming sen- 
tences. You put things down--the object here, the verb here, the subject here, and so on. 
This is a concession that the logic of the sentence cannot be represented on a line without 
punctuation, and even with punctuation it is awkward. This word should not be here, but you 
put i t  here, because you a r e  constrained to stay on a line. Now you could rearrange words, 
perhaps build them up one way and another and spoil the printer 's fun by trying to do some- 
thing about proper use of space, just with words. This would not be an optimal solution, but 
is something to think about. 

You might say, "Well, this is very fine, but there aren ' t  any languages like this. How 
do you know it  would work?'' I a m  not thinking about Chi.nese, by the way; the Chinese lan- 
guage is too difficult, too expensive to print. It is important that means of communication 
should be cheap. We don't want to have a kind of print which is tremcndously expensive. Most 
of 1.1s would not have an education now if printing were not cheap. 

The music score is a good example of a two-dimensional language which w e  already 
have. The base and treble clef appear one over the other, sometimes with words in between. 
Here is a geometrical. pattern. The musician looks a t  i t  and reads the symbol in depth, using 
the eye to see  the whole pattern a t  once. If you tried to string that same irlformation out along 
a line, you would have rea l  trouble. Here was an attempt, early recognized by the people-- 
whoever devised it--to make i t  possible for  a person to read several  notes simultaneously and 
react  to them. This is a two-dimensional form. 

A nice thing about this language is that i t  is universal. A pianist can play the piano in 
any language, s o  to speak. It is no hardship f o r  a nlusician to take music scores  from any- 
where and read them. It is a two-dimensional language. You don't speak it when you look a t  
it nor  look a t  i t  in te rms of the language you have learned, though at f i r s t  it may have been 
explained to you in those terms.  It is certainly a'nonspoken form of communication. The 
music score  is an abstract form of symbolism, yet the positions themselves have certain 
references to the scales, tuning, monotoni'city, and that aspect, you might say, is nonabstract 



Where could you s t a r t  experimenting with symbolism? The problem is met  in  reduced 
o r  restr ic ted form in the case of blind people. The blind have given up the best receptor they 
had for  getting around in the world- -eyes, but they often have gained a tremendously improved 
sense of touch. If we wanted to study what we could do with touch, which. is largely a wasted 
receptor in our society, blind people would be the ones to experiment with. It probably would 
not be hard to improve Braille if you wanted to use such system, but there must be something 
better than Braille to read with one's fingers.  This study should be made, and i t  would also 
be very important to s e e  how fa r  you could go with an  educated sense of touch. The blind 
might be amenable to experimenting with different modes of touch-reading. 

Use of the sense of touch should be possible for  people other than the blind. You could 
find out what touch might accqmplish independently and also in combination with sight. 

In printing, there have been attempts to use color coding. This would not work for  
people who a r e  color blind, but those who a r e  not might get something out of two-dimensional 
language plus color coding, perhaps a l so  using the sense of touch. Blind people, I believe, 
present a good opportunity for  a modest s t a r t  on this kind of experimentation. 

Consider a lso the sense of hearing. Would you hear  music  any better if you received 
the bass  in one e a r  and the high-pitched notes in  the other? Is  it possible to transmit different 
kinds of information o r  reinforcing information separately to the one e a r  and the o ther?  We 
use our e a r s  to discern the direction of sound, but, for  ordinary communication, the direction 
of the sound is not important. If you s e e  a radio sitting here,  you do not need to l isten with 
both e a r s  to tell where it comes from. Perhaps  we could use one e a r  for  one thing and the 
other for something else ,  s o  that we received two pieces of information simultaneously. 

We do that with the eye in  lookit~g a t  a stereopticon. We use one eye to look a t  one 
figure and the other eye for a diflerent figure, and together they perceive a suggestion of 
depth. You can go fur ther  than that with the eye of course.  

Then, simultaneously with the attempt to build a "language" of other kinds (which I 
could see  would be very expensive) you need engineers,  physiologists, and psychologists to 
study which a r e  the best forms  of symbolism. Even our  printed language probably could be 
significantly improved from the standpoint of symbols which a r e  c lear  and easy  to read.  You 
need engineers to develop mechanisms for  printing o r  duplicating cheaply, making the best 
use of the available mechanisms and knowledge which we have now. We need psychologists fo r  
research  on fatigue and on the new possibilities to be developed. Along with these studies, 
it is important to find out how much r ea l  need there is for  redundancy in education. We have 
a tremendous amount of redundancy in our  ea r ly  education, but by the time we get to college 
it is just about cut off. Except a s  we personally review again and again, there is practically 
none. Maybe we overdo it in the lower grades and underdo i t  in  the upper. And perhaps there 
a r e  other ways of reinforcing the same concepts using different senses .  

These a r e  some of the problems that I foresee.  I believe that we a r e  going to have to 
revaluate the process  of learning. We should a l so  look into the possibilities of deliberately 
developing symbols i n  response to the human mechanism, though I a m  not saying we have not 
already done s o  quite well. In this respect,  we have a historical precedent, but what we have 
developed. historically is not necessar i ly  the - best.  



Questions from the floor could not be transcribed from the tape recording, but 
Dr. Hammer 's  answers a r e  given below. 

1. It is suggested that we should have some so r t  of an analog meaning-grasper. The 
statement is also made that our brain has essentially digital information. 

I think a l l  our devices of a mechanical so r t  which are.  in the control mechanism area  
' 

a r e  essentially the kind of thing you a r e  thinking of. That is to say, if  you take information 
out of a digital computer and feed it  into another mechanism like a controlling machine, then 
it  goes from digital to analog. You might say the analogs-- moving mechanisms and s o  on-- 
actually grasp the information and convert it. I think this is a feature that is present in some 

' 

things, but perhaps you a r e  thinking of a more ambitious kind of meaning-grasper. 

2 .  Tl~t: qucation is whether it  is possible to have a mechanism which could produce a 
mechanism which could grasp meanings which i t  couia rlol bo itaclf. 

I would say  yes, in a certain sense, women. However, as far a s  machinery is con- 
cerned, I think that von Neumann has worked to some extent on a machine which may not only 
rcproduce itself.  but may amplify itself. You can do th i s  (to answer your que'stion) theo- 
retically, I think, in the most trivial sense. The possibility is there. 

3 .  The question is whether o r  not a machine could grasp things that we don't grasp. 

You could say that machines always do this in a certain sense, that i s ,  the fast ma- 
chines. We don't grasp the electrons and the modes of operation in them. We can't actually 
add this fast.  You can say we can conceive doing it .  I think it might be possible, if  i t  was 
really a question of a tremendous memory of a certain kind that a machine might do things 
which we really couldn't grasp. (Comment from the floor. They may be doing i t  all  along. ) 

4.  A newspaper editor in Louisvi1l.e clai~rled a young baby uses his eye6 in- 
dependently; $his editor has trained himself to read two columns of a newspaper at the 
same time. 

I know there a r e  people who can write will1 both hands simultaneously. Actually, i t  
seems to be a more limited possibility for the transmitters than the receptors, a s  far  a s  I can 
see .  Speaking and writing a r e  two very powerful tools, yet there do not seem to be too many 
obvious ways of improving them. 
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