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SUPPLEMENTARY ROTES BOR SEMINAR: #ow Is Your Sooiologiocal |
Imagination?» |
PftR S eelon, Referenceg and Comments

Y. Wferonces

54. (blin Cherry, On Human Compunication, ¥.YV.: (1957}
pp. 1-81, A-F5. Wlay — ’

5B. John R. Pierce, Kleotrons, Waves and Messages, Garden
City: Hanover House Y, ore M.

5C. Jam®as G. Miller, "Information Input Overlead and

Paychopathology, ® Amerioan Journal of P hiat
Yol. 136, No. B b TOED, b5 B0o-moF 0 L

5D. (regpry Bateson, Ion D. Jackeon, Jay Haley and John
Woakland, *Toward A Theory of Schizophrenia L)
Bshavioral Science, 0Cot., 1956, VYol. 1, pp. 251-54.

The listing of the above material is useful to show one that
there ig a growing bedy of ocommunicstior theory based primarily
on the rnathmatical theory applicable to engineering problems
(rhyaical), but whioh have analogous DPhercmena in biclogical,
psychoJogioal, and social phenonmena. |

The so four references together form a rotential synthesis of
ocertain phyasical, blologiocal, psyochologioal, end scoial phenomena
which are of relevance in developing ococopreration between respon-
sible individuals in our civilization. Understanding the Iimita-
tions impo=s@d by nature on our behavior should enable us to make
a more rational choioe of what steprs to take to prevent W rld War
III in pursuit of a basic ethical priroipie such as Albert

Sochweitzerts "Reverenoe for Lifes."



II. The Growing Field of Communiocatior Science
From Ipf. 54, On Buman Communication, the following quota—
tions are signifiocant to give us an irtroduotion and outlines

Isibnite, it Bas somotime been said, was the last man to
know sverything. Though this is moet certainly a gross
exaggeration, it is an epigram with oonsiderable point.
For it is trus that up to the last years of the eigh-—
teenth century our grostest mentors were able not only
to compass the whole ascience of thelr day, perhaps toge-
ther wilh mastery of severxal Ianguages but to abeord a
broad culture as well. But ag the fruite of soientific
labor have increasingly been applied to our material
betterment, flelds of sysoilalized interest Have ocome to
be omltivated, and the seotivities of an ever-inoreasing
bogz of snien%iﬂo wor kers have diverged. Today ws are
mo of us content to garry cut an intense cultivation
of our om 1ittle scientific gardens {to continue the
motaphor), deriving cooaamional pleasure from a ohat with
our neighhoras over the fence, while with them we dip-
ouss, oritiocise, and exhibit cur produoce.

oo nany of us today are scientifically lonely; we
tire of talking continually to curaselves, and meek
conpanionship. W attend Symposia and Gongreasses,
porhaps t00 manyl PFrom time to time sirce the growth
of specialization, broad movements have arisen in
regotion to this trend, eseking unity and attempting
integration.~~Smé have lived and prospered; othera were
stillborn.

Thore are signs of such a movement today; an aware—
ness of & certain unity of a group of studies is grow-
ing, originally diverse and disoonneoted, but all
related to our communiocative aotivities. The movement
is rapidly becoming *porular,"* so great iz the desire
for unifioation, and this popularity carriee with it a
oortain danger. By all means Jet us éenoocurage any
tendsncy toward unity, any attempts to make comron
ground, but we pust continually be oritical. The
oonee of moommunication® ocertainly arises In a number
of digoiplinas; in aooiology. iinguistios, pasycholegy,
eaononicay in physiology of the nervouns system, In the
theory of signas, in communication engineering. Aware-
neas ¢f the universal nature of "communicatione Res
exiated for a very long time, in a somewhat vagus and
enpirical way, but reasntly the mathematioal develop-
monts which oome under the heading of ths 'theory of
communication* have brought matters to a Mad, sand many
there are who regard this work as a panacea. Trus, it
has very considerable mievanos to these different
disciplires, which we ghall try to oxplain in theoe



pages; but it is not a cure—all. Perhaps, since we
shall be disgousaing this relevance, we had better state
a point of view, right at the astart, and write it in
italios: At the tine g writing, the Yai_igus ots
of communioatIor, aa they are studled under the dITffenr-
ént disciriines, by no means form a unilled study;

There i3 & oertair oorron ground whioh shows promise of
fortliTty. notilis mome Promi® o2

The oontentas of the firast tw ohapters are listed below:

Chapter 1 Communication and Organizatiorn——an Essay 1
Motion 1 The Soheme of This Book 2
2 What Is *"Conmrmunioation®? 3
S What Is It That W Communiosts? 8
4 fome Difficulties of Desoription of
Faman Communication 16
5 Co-operative and Non-—-oo-operative Links 16
6 Conmmication and $volal Pattern 19
8.1 Analyels and Bynthesgis 19
6.2 S00ial Flelds and Networks 21
6.3 On Meohanioal Analogles to Social
Structures 23
7 Group Netwrks 2 3
Chapte x olution of omuniocation Boclesnce—
2 an _H{sﬁri%'i}_ %Sviow 0
Seotion 1 Languages and Gbdos 51
2 The Mathematioal Theory of Comruniocation 40
3 Brains—HReal and Articicial B2
4 0On Bolentific Method 8l

III. A less Enthusiastio Outlook
The author of reference 5B, Fectrons, Waves and Megsages,

in Chapter XIV explains the mathematical and physicsal aspeots of
communication theory. The author questions some of the recent
attempts to aprly infoxmation theory to other flelds, such as
psychology, vhilosophy, eto.

As far as I can see, the terme oomunioation theory
and information theory are asymonymous. 1 prefer the
former, because it seems to me to imply less. Undsr
one title or the other more nonsense has been written
about comrunication thesory than about any other teodhni-
ocal subjeot sinoe the advent of relativity and quentum




thBory. Rreryone knows meaningas of the wrds commnuni-
eatgnl wﬁiz'mat:tcmE 2%3 t%ﬁ. When yeople Rear that

o 18 & ory ut ocommunlocation they immediately
want to apply it tc solve their problerms. The problems.
may lie in philosophy, in linguistiocs, in pasychiatry,
in psyochology, in chemistry, or in physios. The new
theory may oT may not be applioable to them. Whether
or no, men will apenk at oonferences and men will write
papers. fometimes the gist of the talk or the text is
that oommunication theory ehould be applied in sonme
field. Sometimes the lofty strain is merely that oom-—
munication theory is womderful.

I kmow a competent engineor who, having bsen
aprointed to speak summariaing a partioular oonferenoce,
oould in honesty only say at its end that he hadntt
underastood a greak deal of what had been said. A com-—
petent mathematiolan whe attendsd the same confersnce
reported that many speakers wore rapt expressions and
gazed out above the smdienoce as they talked, apparently
receiving fiom on high some inapiration whioh had rot
Peon ocomrmniocated to him. I myself have read some
papers on communication theory which were hewildering
and some whioh were just plain oonfused.

It is doubly diffionlt to make pense of the fisld
of communication thsory, because 1t 1s difficult at
this pint to tell what does make sonse or is the
beginning of something that will in time make senae
end what is just wishful thinking. 411 I ocan hope to
do hers 1s to state some of th® very aimplest conoepts
and Tesults of communiocation theory, and to try to
relate them t¢ some ocomnonpleces c¢f the world. Perhaps
in doing so I shall indulge in my own partioular form
of nonsense, but I wil)l try to warn the reader when IX
£ind myself on tricky ground.

W have soen that a transmission system is a tool
used to tranmit signals from one point to ancther.

The asignals we tranamit are in a senss toolas too, or
rerhaps patterns; they enable us to reoonstruoct at some
distant peint & replioa of a sund or of a soone. In
communication, then, we built apraratus whioh tranamits
pattems or desoriptions of things that we wish to
TOPTOdCBe o 4 o o

In the early days, signals were mors or lezs taken
for granted as facts of nature. They had sertain band
widths; they requirsd a ocertain fidslity of reproduotion,
and these requirements were to be met by rather direoct
means. With the advent of bmad-band frequency medulea-
tion, enginecers wore somewhat shaken. During and after
Brid War II, several men began to speculate rather
deeply on the nature of signals. What is it that
comzunication systems are asked to send? How oan we
charaoterize and measure it, so that we can make valid,
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quantitative compariasons between diverss mrts of sig-
nals? In 1948 Rorbert Wiener publishsd a book, Cyber-
netios, whioh lad a good deal to say about communica-—

on ry. In the same year, Claude Shannron, another
mathematioian, published a paper, A Mathematioal
Theory of Comnmunication,* which had even more to say.
ghannonts paper, in fazet, lounched ocormiunication theory
woll on the way it has since taken.

Bhannon found a way of charascterizing aignals by
means of a quantity he called the amount of information.
Sometines merely the word Lm%mgt!on s used as & nemd
for this quantity. The umse o word information in
thig sense is using an old word 4o express a vory
partioular meaning, just as in physios force has a very
particular meaning, completely sxcluding its meaning in
suoh phrasss as force of ciroumstance, or force
delivery, and as, In engineéring, stress has a parti-
oular narrow meaning which exoludes the meanings of the
wrd in he was under great atress cr at mental
stress. o, in information theoTy we must Tegard
gﬁrmation as moaning no more than what w define it

0 msan. f wae inslst, for instance, that Information
g used nuat have or imply meaning, we are trying to
carry into comrunication theory something of the ussful
but looss connctations of everyday X nguage. Im oom-
munication theory, amount of 1n§gmation, 0T more
loosely, information, 1s a pa¥tioular, quantitative
toomiocal term.

In conmunlcation theory, information oan perhaps
be best explained as ohoioe or woertainty. T undsr-
etand this, let us consider a very simple oase of
oommunioation. For ingtance, if you want to send a
birthday greeting by telegraph, you may bs offered a
choios of sending one of a number of rather flowery
nessages, perhaps one from a 1ist of sixteen. Thus, in
this form of communication the sender has a certaln
definite lirmited choice as to what message he will
send. If you recelve guch a birthday telegram, there
is some uncertainty as to what it will =say, but rot
miches JIf it was chosen from a list of sixteen standurd
me s3ages, 1t must be one among the slxteen. The reoceived
messag® must enable the reolpient to descide which
among the sixteen was oho aen by the sender.

IV. A ghort, Overagimplified Explanation of Channel Capacity

Consider a telephone such as is sketchsd in Fig. 1. The
telephone l1ine together with the repeater cirouits used with it
has a bandwidth or maximum frequenoy that can be sent over the
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line, The frequency is thé numbe r of oyocles per second of the
gound wave oT eleotromagnetic waves. For exampls, middle C on
the piano is 256 oyoles rer second. The human vcioe can be heaxd
alearly 1f the telephone line passoa frequencies between ICO
oyoles and 3300 oycles, giving a bandwidth of 3000 oyclee. 4
sine wave represonting one freguenoy of sound In air or eleotric
voltage on a telephone line is shown in Fig. 3. If wo are
restrioted to binary signals {two Btates suwh as Yes or No, ¢ or
~, %ne®or ®ero"), the whannel oapacity* of the telephone‘ line
is twioce the bandwidth. Thlas is equivelent to orening a mmll
8lit window two tizes every cyole, as is shown In PFlg. 3, to lock
at the telerhone asignal and then reoconstruot the message from
these samples.

A sanple message in digital formm from a computer is shewvn In
Plg. 4. The letters IOVE are coded into a series of ones and
zeros. In ¥Mge. 5 and 6, where the message is sent at Balf and
full maxinmum epeed respeotively, it ocan be seen that the mee age
can be received oorrectly, with exception that errors could coour
in Pig. 6 if the tining of the windws slippred out of place.

In Pigs. 7 and 8 are examplee of 3/2 maximum speed and twioe
maximum speed. 8inoe the windows open less frequently than the
oocurence of new sigrals, many errors oocur, except in rare
nessages where ones and zeros oodur in special patterms such as
double and triple sets, eto. In Pig. 8 1t is shown that out of
the 1~ hits illuatrated, ths numbsr of ocorrect ones can vary
between one and aight, depending upon the aocuracy of the olook

usmd to open and cless the windows.
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The results of these analyses are plotted in Fig. 9 for Line
A, having an aocurate olock, and Line B, having a drifting oloock.
These two curves of OUTPUT vas. INPUT approach the limiting curves.
V. Experinental Evidenos of an Analogous Channel Capacity in
Human Beings
Flg. 1 of Ref. 5C is replotted as Flg. 10 for ocomparison with
the telephone line case. Examination ¢f the curves shows a
remarkable similarity. The similarity does not mean telerhone
enginecrs ocan do psychiatric wrk, nor does it mean psyohiatrists
can design telephone lines. The significance lies in two areas:
1. The philomophical significance 1s that individ-
ual enginesrs and scientists can understand more of
soisnos outaside of their own special field by use 4f
winformation theoretiocal» conoepts like "channsl
capacity.* Thia alould eventually lead to better
cooperation between physical and scial scientists
in advancing our understanding of naturs.
2. The impact of the understandirg of human ohan-
nel capacity is that peorle desiring te push society
closer to the ideals of our oiviliZat¥lon can make
wiger plans which d& not excesd the individual's
channel capacity. In this way methods of seolal
reforn oould be reviewed to deterriine whether they
ars socially realizable.
The approach to mocial problems using conoepts of ®channel
capaoity" can be desoribaed as rinformation thecretioal, " being
analogous t¢ "information theory® in physical ocoummunication

cirouits.
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YI. The oCybernetio" or wNegative Feedback" Approach to Ruman
Problems

Bef. 50, *Toward a Theory of Sohigm phrenia, " desorides a
rdouble-bind* situation which in eome individuals may aocelsrate
mental diffioculties suoh as sohizophrenia. This gives ancther
sot of phenomena we must bBe aware of in trying te do something to
prevent World War IIX. It is suggested that Pigs. b6 of Hoio-

EInginesring Problems No. 7, Aug. 1853, be used to help visualize
the =double—bind# situation desoribed in hef. 5C.

In enmpliasizing these winformation~thsoretical” and scyber-
netio® apprvaohes, it should not be forgotien that phyasiocal,

ohemiocal {drugs), bioclogical (and genetioc) phenomena ocould be
very important influences in theas mechanipms. The above-

montioned factors may affeot the numerical value of the ™ohanre])

capacity® in the =infomation-theoretical * approach, and the

funotioning of the ®feedback loops* in the moybsrnetic® approach.
F. B+ Wood
July 50, 1960



