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I 

CYBERNETICS IN HISTORY 

Since the end of World War II, I have been vV'orkim~ 
on the many ramiRcations of the theory of messages. 
Besides the electrical engineerim:; theory of thn trans~ 
mission of messages, there is a larger ReId which in 
eludes not only the study of language but the study of 
messages as a means of controlling machinery and 
society, the development of computing machines and 
other such automata, certain reflections upon psych()l~ 
ogy and the nervous system, and a tentative n('w theory 
of scientific method. This larger theory of messages b 
a probabilistic theory, an intrinsic part of tho move-

. illellt that owes its origin to Willard Gibbs and which 
I have described in the introduction. 

Until recently, there was no 
complex of ideas, and in order to whole 
field by a single term, I felt constrained to invent one. 
Hence "Cybernetics," which 1 derived from the Gn~ck 
word kubernetes, or "steersman, the same word 
from which we eventually derive our word 
Incidentally, I found later that the word 
been used by Ampere with rdcrencc to 
science, and had been introduced in another conte.\t 
by a Polish scientist, both uses dating from the carli('r 
part of the nineteenth century. 

I wrote more or less 
Cyhernetics which wao; published in 
to a certain demand for me to make its 
to the public, 1 published the first edition 
HUmall of Human Beings in 1950. thnn the 
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16 '11m HUMAN USE OF HUMAN BEINGS CYBERNETICS AND SOCIETY 17 

subject has grown from a few ideas shared by D~s. I animal or mechanical. is a chapter in the of 
Claude Shannon, Warren Weaver, and myself, mto ,t~ messages. 
established region of research. Therefore, I take tl1ls Naturally there are deblilcd differences in 
opportunity occasioned by the reprinting of, my book and in problems of control, not only between a 
to bring it up to date, and to remove certam defects organism and a rnachillc, but within each narrower 
and inconsequentialities in its original ~tru,cture. .. class of beings. It is tile purpose of to d"m 

In giving the definition of Cybernehcs m the ongmal velup a language and tech niqucs that will 
book I classed communication and control together. indeed to attack the prohkm of control and communi. 
Why'did I do this? When I communicate with another cation in general, hut also to find the proper 
person, I impart a message to him, and when he com· of ideas and techniqw's to their 
municates back with me he returns a related message manifestations under certain 
which contains information primarily accessible to him The commands through which Wi' exercise: our cnn .. 
and not to me. When I control the actions of another trol over our environment are a kind of information 
IY"L~';H, I communicate a message to him, and although whicll we impart to it. Like allY form 

message is in the imperative mood, the technique these commands are subj, 'ct to 
of communication does not differ from that of a message tl'ausit. They c;enmally come through in 
of fact. Furthermore, if my control is to be effective I fashion and certainly not more coherently 
must take cognizance of any messages from him which were sent. In control and cOllllllunication WI: 

indicate that the order is understood and has been fighting nature's tendency to the 
and to destroy the meaningful; 

It is the thesis of this book that society can only be' has shown us, for entropy to inewasc. 
understood through a study of the messages and the Much of this book concerns the limits of communi". 
communication facilities which belong to it; and that cation within and among individuak Man b immersed 
in the future development of these messages and com· in world which hn perceives rhrouc;h his organ'" 
munication facilities, messages between man and rna· Information that he receives co·ordinatcd through 

between machines and man, and between his brain and nervous system untiL after the proper 
AA"~'""AA"'" and machine, are destined to play an nver· process of storage, collation, and it 

. . . through effector organs. . 
an order to a machine, the sltuatlOn IS in turn ad on the 
different from that which arises when central nervous 

I an order to a person. In other words, as far as my as the und 
conscionsness goes I am aware of the order that has received by kinausthctic orlZaIb is cOlJJbincd vvith 
gone out and of the signal of compliance that has co~e his already accumulated store of information to in-
back To me, personally, the fact that the ItS Huenee future action. 
intermediate stages has gone through ~ather Infol1Ilation is name for the conh:nt of what 
than a person is irrelevant and n:Jt In an) exchanged '''ith the oukr world as we to it 
ease change my relation to the fhus the and make our adjustment felt upon it Th(' process of 
theory of control in engineering, human or receiving and of using iuformation is the process of 
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1.8 THE HUMAN USE OF HUMAN IlEIN(,~<; CYBERNETICS AND SOCIETY 

our adjusting to the continge~cies of the: outer ~n~!l:on- i rum through its who]" texture. It playS a 
ment, and of our living effectIvely wlthm that I m .1 ~n- I two of his most original ideas: thaI of the 

, t The needs and the complexity of modelll lIfe I isticfl Universalis, or universal scientHlc lan.r",·ua.i!,c and men. f . f . , 
make greater demands on this proc(~ss 0 m onnatlOn. that of the Calculus Ratiocinator, or calculus of loc:ic. 
than ever before, and our press, OUT m~seUlr~s, OUr This Calculus Ratiocinator, imperfect as it was. W'lS 

laboratories, our universities. our hbrarws and the (!ired ancestor of modern mathematical 
h"',·x·"tb""o··o··'k-s, arc obliged to meet the nt'.eds. of this proe~ss Lcihnitz, dominated by ideas of communication is, 
or fail in their purpose. To live eHectJve.l~ . to hve in more than one way, the intellectnal ance~I'or of tlw 
with information. Thus. commumcatIon and ideas of this book, for he was also interested in machine 
control to the essence of man's inner We, cven compntation and in automata. My views in this hook 
as they belong to his life in society. .." very far from being Leibnitzian, but the problClIl' 'I"ith 

The of the study of communicatIOn HI the lus· which I am concerned are most certainly Ldlmitzian. 
science neither trivial, fortuitous, nor new. Leibnitz's computing machines were only uJfsbo(lj 

Even before Newton such problems were current in of interest in a computing language. n'dsoninr~ 
especiaJly in the work of . H uyge~s, calculus which again was in his mind, 

of whom shared an mtcrnst III tenti(m of his idea of a complete artificial 
whose focus was not mechanics but optics, the Thu" even in his computing machil}ll. 

communication of images.. occupations were mostly linguistic aud CIIUlU1lmica-

Fermat furthered the study of optics with his prin. tional. 
of minimization which says that over any suffi.. Toward the middle of the last 

short part of its course, light £o11o\'\'s the path' Clerk Maxwell and of his precur'or, 
oj 

it takcs the least time to traverse, de· tracted the attention of physicists onc£' more to 
veloped the torm of is now . as the science of light, which was now 

saying that light spreads fr?m of electricity that could be wduced to th,) mechanics 

is 
in 
ads 

fonning around that source l~ke of a curious, rigid, but invisible mediml1 known the 
consisting of sources winch ether which, at the time, WilS tp 

light just as the primary sources do. the atmosphere, interstellar space and all 
saw thc whole world as a materials. Clerk }\1axwell's work on consisted in 

called "monads". whose activi~ the mathematical developnwnt which hall 
np'c","nr-Ion of one another on th(' bas~s been previously expressed 111 a COte;cut but non-mathe. 

laid down by ~od. and It matical form by Faraday. The study of nther raised 
of this interactlOn largely certain questions whose a110wurs wen; for 

the man- exampl, -, that of the motion of matter 
all nwehan- Thc famous experimcnt ofM iclwbol] 

leal interaetion 
subtle consequence 

more them a thc Hindies, was undertaken to 
and it gave the: entirdymS\HT that them 

~nessage, simply was no way to determine the motion or matter 
plnlosophy, throu<:;h the ether. 

A 
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The first satisfactorY solution to the problems aroused quantity whicll bdongs not to the outside world as 
this experiment was that of Loren! who pointed such, but to cl)rLtilj snts of possihle outside worlds and 

out that if the forces holding matter ,q;n; con· therdore [0 tlw answer to certain specific que.:tions 
heing themselves dcctrical or optical in which we Odn ,tsk conct:llIing the outsidn world. 

natunc, we should result from the Physics now Ik:comes not the discussion of an outside 
However Eill~tdn in universe which may he al, tlw total answer 

ideas of Lorentz into form in to all the it, but an account of 
the unobservability of ahsolute motion was rather the answers to much more limited quesliollS. In 

of physics than the result of any particular we are !lOW no longer concerned with of 
structure of matter. For our purposes, the illlpurtant possibk ontgoing dud incoming messdg"s vl111ch 

that in Einsteill's work light and m,lllt))' are may 8cnd ,md ree,'j\ e, but with the the'tn-, 01 mUch 
IMsis, they had been the writings, more outgOillg and incoming . and 

without the Newtonian subonHnation involves a IllCaSUfl'llwnt of the no-longer infinite amount 
to matter and mechani.cs, of information that they yield us. -
his views, Einstein mak0s abundant are thmnseh(os a form of :md 01'-

observer who may be at rest or may be it is of 
In his tlworv of rda'tivity impossible to status of the 

the obser~er without also introdllcim.; the as entropy is a measure of djs()r~ 
and without, in fact, the ganizatioll, the information carried of 

1,eilmitziall state, whose, sages is measure of 111 
of reI- to interpret the information 

in sharp, essentially the of its 
still talking logarithm of its probability. is. the mow 

not the ll)nssage, the less informatioll it 
example, less thall 

b plOb,lhilistlc hom the I have already referred to 
both direetions of WO! k ,hift 111 the point automata, an interest shamd 1)\ his COll'· 

in which the world as it actually temporary, Pascal, who made contrihut{'JIls to the 
sense or other In the world development of what we now know the (k"k 

and the old naIve realism machine. Leibnitz saw the concordllJlC{' of the time 
on which Bishop given hy docks at the same the model for the 

pre-established hannonv of monads. F'or the h;ch,· 
us to review certain nique in the ,;utomabl of his time was that of 

which been'the Let cOllSid('j" the of liUle 
we have the figures which danc(" til(' of music bo.·,. 
of the most impol' move ill ilccordance with nattcrlL llllt it je, a 

tant Cibhsian mech,mics frOll1 N~VI: which and in \vlJich the past 
tuuian mechalJics. In Gibbs' view we han; a pbyslca, of the nothing to do with 
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22 TIIE HUMAN USE OF HUMAN BEINGS CYBERNETICS AND SOCIETY 23 

pattern of their future activity. The probability that ~~ .i,ndu~trial fu~ctions, po~sess sense organs; that is, 
they will diverge from this pattern is nit There is a leC( Pt~l~ ,~o~ messages commg from the outside. These 
message, indeed,· but it goes from the machinery' of Ul<ly be a., sImple as photoelectric cell~ wh'ch J 

1 
. 11" "" 1 C lange 

music box to the fl'.!,nres, and stops there. The fig •. e cctnca \ when a liuht hIls 011 thel'n 1 J·.I 
Il J

., " M·"· ". , ane w lIe 1 can 
Ufes themselves have no trace of commnlliration with te ,:gnt hom dark, or as complicated as a 
the onter world, except this one-way stagc of communi- set I h:" may measure a tension by the charlgu it pro
cation with the pre-established mechanism of the music duces III the conductivity of a wire exposed to it. 01' 

box. They are blind, deaf, and dumb, and cannot vary they may measure temperature by means of' a t! . I h . . . , WrJ uo-
their activity in the least from the convcntion:l1ized coup e, W RIch IS an instrument COJ1S1'stJ'ng ·f j" I' . 1 . .. . 0 \\ () (IS" 

pnttem. tlllet meta S III contact with one another throm'h which 
Contrast with them the behavior of man, or indeed a current flows :vhen one of the points of c('mt:wt 

of any moderately intelligent animal such as a kitten. ,hc?te~. ~vel'Y mstrument in the rCpel'tofv tIle 
I call to the kitten and it looks up, I have sent it a scwntlfic-mstrument maker is a possible scn:~(' oruan 
message which it has received by its sensory or!!ans, and may be made to record its h , 

and which it registers in action. The kitten is hungry through the intervention of appropriate 
and lets out a nitiful wail. This time it is the sender of paratus, Thus the machine which is 
a message. The kitten bats at a swinging spool. The its relation to the external world and 
spool to its left, and the kitten catches it with happen.ing in the external world,' is 

by tlJt: things 
us ami has 

its left pavl/ This time messages of a very complicated bee,ll wlth us ~or some time. 
nature are hoth sent and received within the kitten's, 1hc machme which acts on the uxtemaJ world 
own nervous system through certain nerve end .. bodies mean~ of messages is also fandliar, TIl\' automatic 
in joints, muscles, and tendons; and by JlIe~ms of ele~.tnc door opener is known to eVe'!') person 
nervous messages sent hy these organs, the animal is pab:;ed throu?h the Pennsylvania Station New 
a,van' of the actual position and tensions of its tissues, and 15 used III many other buildings well. Whml a 
It only through these organs that anything like a ~ess~:ge conSisting of beaH! 
manual skill is possible. lIght IS sent to the apparatus, this actuatus the 

I have contrasted the prearranged behavior of the door. and opens it so that the 
liul" H'!,Ul'cS on the music box on the one hand, and the' !he steps the 
contingt'nt behavior of human beings and anima Is on thIS type by 
the other, But we must not suppose that the music box task may" be 

of all machine behavior. door; or. it be in fact of any desired 
older machines, and in particular the older at· c?mp]cxlty the limits of om 
to produce automata, did in fact function on ~ ?lques, A complex action one ill 

closed clockwork basis. But modern automatic ma.lllltroduced, which we call the to nhLlin 
chines such as the controlled missile, the proximiti?n t1he outer wOrld.', which we call the 

lllVO V"" '1 J' the automatic door opener, the control .t '. ,num wr of 
for ChtJlnic:tl factory, flnd the rest of the moden CO~b1J1atlOns) both of the data put in at tlw moment 
armory of automatic machines which perform lIlilita~ an of the records taken from the stored data 
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which we call the memory. These are recorded in the words, to produce a temporary and local reversal of 
machine. The most complicated machines yet made the normal direction of entropy. 
which transform input data into output data are the I have ju~t mentioned the elevator as an example of 
high.speed electrical computing machines, of which I feedback. 1.here are other cases where the importance 
shall later in more detail. The determination of of fee~back is ev~n more apparent. For example" a 
the of conduct of these machines is given through gun-pomter takes mformation from his instruments of 
a sort of input, which frequently consists of observa~ion, .and conveys it to the gun, so that the 
punched cards or tapes or of magnetized wires, and latter wIll pomt in such a direction that the will 
which determines the way in which the machine is go- pass through the moving target at a certain time. 

to act in one operation, as distinct from the way in the gun itself mus~ be used under all of 
it might have acted in another. Because of the weather. In some of these the grease is warm. and 

+rnr,noni- use of punched or magnetic tape in the con- " gun swings easily and rapidly. Under other c~nditj()m 
the data which are feel in, and which indicate the the grease is frozen or mixed with sand, and the ~ 

mode of operation of one of these machines for comhin- is slow to answer the orders given to it. If these 
information, are called the taping. are reinforced by an extra push given when the 
have said that man and the animal have a kin- fails to respond easily to the orders and 

sense, by which they keep a record of the them, then the error of the gun-pointer 
position tensions of their muscles, For any machine creased. To obtain a performance as uniform 

to a varied external environment to act dIec- sible, it is customary to put into the gun control 
it is necessary that information concernillg the back element which reads the of 
of own action be furnished to it as part (1f the' the position it should have accordiwf 

informatioll on which it must continue to act. For ex- given it, and which uses this '':Jto 
if we are running an elevator, it is not enough an extra push, 

open the outside door because the orders we have It is tme that precautions must be 
should make the elevator he at that door at the push is not too hard, for if it is, the 

time we 0lwn it, It is important that the rdease for its proper position, and will helVe to 
opening the door be dependent on the fact that the series of oscillations, which rna" 
elevator is actually at the door; othnrwise something and and lead to a - instability 

f,eedback system is itself controlled--H, in othdr 
might have detained it, and the passenger step 
into the shaft, This control of a maehine on the Its own en tropic tendencies are by still other 

, . ,,", , ' . controlling mechanisms-and within limits sulR-
basls of Its actual performance rather than Its expected cientIy stringeIlt thl's WI'II t d tl ' 

_ , " " ., 1 . ' " no occur, an' . lU 
1,no\\ n as fccdback, ane sen of the feedback wIll Increase the of ~",~ot,~.t~",l'!n"t 

sory members which are by motor members. ance of the gun. In other the pc!rtormm 
and the function of tell-tales or monif:ors- become less dependent on tht) 1,), (1. , l' , h ,d -, ,j 

that of elements which indicate It IS t e thing, on the drag created by the 
is the fundion of these mechanisms to control me· ofthe grease. 
chanical tendency toward disorganization; in other Something very similar to this occurs ill action, 
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26 THE fmMAN USE OF ImMAN BEINGS CYBEHNETICS AND SOCIETY 27 

If I pick up my cigar, I do not will to move any specinc . new form available for the further stages of perform
muscles. Indeed in many cases, I do not know what ance. In ~oth the animal and the machine this per
those muscles are. What I do is to turn into action a formance IS made to be effective on the outer world. 
certain feedback mechanism; namely, a reflex in which; In both of them, their performed action on the outer 
the amount by which I have yet failed to pick up the world, and not merely their intended action, is 1'0-

cigar is turned into a new and increased order to the ported back to the central regulatory apparatus. This 
lagging muscles, whichever they may be. In this way, complex of behavior is ignored by the avera"e man 
a fairly uniform voluntary command will enable the and in particular does not play the role that it should 
same task to be performed from widely varying ini- in our habitual analysis of society; for just as individ
tial positions, and irrespective of the decrease of con- ual physical responses may be seen from this point of 
traction due to fatigue of the muscles. Similarly, when view, so may the organic responses of socictv·"itseH. I 

drive a car, I do not follow out a series of commands i do not mean that the sociologist is unaware ~f the ex
dependent simply on a mental image of the road and istence and complex nature of communication:, ill 

task I am doing. If I find the car swerving too much society, but until recently he has tended to ,Werl()ok the 
to the right, that causes me to pull it to the left. This extent to which they are the cement which hinds its 
depends on the actual performance of the car, and not fabric together. 
simply on the road; and it allows me to drive with We have seen in this chapter the fundamental 
nearly equal efficiency a light Austin or a heavy truck, of a complex of ideas which until fen'nth had not 
without having formed separate habits for the driving been sufficiently associated with OIle anoth(;r 
of the two. I shall have more to say about this in the. the contingent view of physics that Gibhs introcillCiCd 

in this book on special machines, where we as a modification of the traditional, l\,;wtonian con" 
discuss the service that can be done to ncU]'opa- ventions, the Augustinian attitude toward and 

by the study of machines with defects in per- conduct which is demanded by this vii'Vi", 

formance similar to those occurring in the human theory of the message among men, 
mechanism. society as a sequence of events in time 

It is my thesis that the physical func:tioninr; of the it itself has a certain contingency, striws 
individual and tho operation of some of the newer nature's tendency toward disorder 

communication machines are precisely parallel in their parts to various purposive ends. 
analogous attempts to control entropy throu/!h feed-
back Both of them have sensory reccptors as OlIO stage 
in of oper~,tion: tlut in both them 
there exists special apparatus for collcctim:; infor· 
mation from the outer world at low and 
for making it available in the operation the individ-
ual or of "thc machine. In hoth cases these 
messages are not taken neat, but through the internal 
transforming powers of the apparatus, whether it be 
alive or dead. The information is tlwn turned into a 

----- -----"------~.,,--------------~-.-~ .. ---.... ---------------- ,----


