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JPRS: 16,716

AN ELECTRONIC CONVERSATIONALIST
(And the machine replied ,..)
«USSR=

[Following 1s the translation of an article

by Ye. Separins in the Russlanelanguage peri=-
odical Znaniye~Sila (Knowledge is Power), No 10,
October , vages 29=32,)

"I agked:

'Yere you glad when it reined this afterncon?’

It replled:

'1%0, I prefer sunshine',

'In hot weather, people have %to bathe at least once
a day', I noted,

'Yes, I was really sweating it out in the heat today'
cene the reply.

'iihen Christmas comes, we'll be in for some cold
westner', I added weightily, attempting to keep up the con=
versialion,

'Cold weather?' my friend responded, ‘Yes, it usu=-
2lly is cold in December',

'Tt's a clear day today', I sald, sticking to my line,
‘How long do you think 1t will last?'

Allow me not to lie' my friend replied, thrown off
talance by my contradictory remarks, 'How can rainy weather
e clear weather?'"

This conversation is reported to have taken place
in Toronto between the Canadian sclentist Berkeley and an
elestronic computer., The computer memory wes fed three hundred
inglish words and taught to carry on a simple conversation.

An electronlic conversationalist] So much 1is being
written about all this today that we unavoldably get the
impression that machines will really begin talking any day
neWe But in order to have a conversatlon between a human
zeing and a machine, 1t must be taught to speak, Before it
can speak, however, it must be endowed with hearing. And not
2y means of a slimple micropnone, but through an electronic
2ar capable not only of hearing sounds but of differentiating
iifferent sounds and the syllables and words which they make
up, i.e,, of hearing and understanding speech,
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The differences in prorunciztion between the letters
and "e", "n" and "r" -~ this narrowly srecialized prooe
lem which formerly interested only linguists and teachers
of foreign languages ==~ is now acquiring "industrial" ime
portance,’

Speech sounds are combined in unusual pairs, "cu: up"
into pieces, '"taken apart" into tens of component parte, and
subjected tc hundreds of no less unusual experiments, It 1is
not by accident therefore that laboratories where thls work
is poling on are called experimental phonetiecs laboratories,
Laboratories of thles type are now set up in Moscow, Leninerad,
and Thilisi.

If you have a chance, you certainly should visl: cne
of them,

You will be shown three-dimensional pictures of
vowels ana consonants and even entire words,., .he sound of
a vord on such a picture 1s not recorded by notes on a staff,
They are represented in models similar to relief maps of
mountaln ranges or icebergs.

On other vletures you will see color representatlons
of different volces. The intensity and pltch of sounds in <le
rrenunciation of syllables and words are indlcsted by the
brirhiness and hue of colored spots.

In the speech lasboratory you will see the rost varied
devices for recordins scunds and srtrecial mechanisms for trelr
cutting and splicirg. Among other equirment is a specisl
sound spectroeraphn, In passing through it, speech sounds are
broken upr inte & number of "lines" of differing heisht and
amplitude, These lines ferm a sound spectrum similar to the
seven=color reinbow produced by the spectral resolution of
wvhite light,

Here vou wlll become acquainted with an unusual
"serarator" which separtes out not cream fror milk, but
any nart of a sound recorded on magnetic tepe, all the way
down to a "rlece'" of a sound lasting 34 hundredths of a
seconé,

he 1t

dere you will here the familiar volces of radio
announcers and birdsongs, opera melodies and the squeaxy
voice of Rurstiino [Pinocchio], normal words, and a leapfro~
Jumble of sounds produced by runnins the tane backwards,,.
In other words, if vou have an opportunity, do visit one of
these laborstories. You won't regre* 1it,

Then vour surprise over what you have seen and heard
has worr off a bit, vou will besin to understand the rurrvose
tehind 1t all,

Curiouvs thinss have been discecvered by students of
live human speech, The svectra of Russiar vowels, for
exarple, revealed many "suverfluous" varts, Ir tne vovels
are slirshtly "truncated", we continue to recosnize them,
This means that we speak with a large excess of sound, while
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the "useful information", usine the expressicn of the
cyberneticlists, is conveyed by only & small part of them,

Yoreover, a3 soon as the sound "a" was shortered
somewhat, 1t came to resemble semething between "a' ang "e",
And in such & way the sound was Introduced into sentences
in place of all +rue "a's" and true "e's". But our ear was
3till arle to distinguish which sound belonged where, desplte
the fac*t that each letter in o word yras pronounced quite
differently than when spoken separately.

On another occasion, & correctly sounded "¢ was
recorded orn tape, Then the tare was playsd in reverse,

Suddenly evervone heard something like two souvnds which
mersed into one == "e! and "u",

1% 1s guite clear that both comporents were present
or the first occasion or the ordinary recording, But they
were not perceived separately, Why was this? The researchers
decided that this was because the ear accustomed ito Tusslian
sveech ir which the vowel "o" 18 pronecmeced like a single,
irseparable sound does not dlstinguish 1ts component sounds,

ind, in a reverse way, our braln often adds on
something which the actusl phyvsliceel scunds forming a word
really lack,

Cne of the experimentis cerrled out was to record and
play back for the experiment particlranis a number of meaning=
less sound corbinations corresponding to a word made up cf
four syllablesy, Then the werd itself wss reprojuced: '"na-kae
pa=la”, Although it was pronounced without any expression
and with equel emphasis on each syllable, the listeners
nevertheless placed the accent in their minds, In an analogous
combination of meaningless sounds, the accent was not rlaced
by the listeners,

Thus it turns out tha* an secert really atsent 1in
a chain of sounds is actually imparted to it in our minds,

This is confirmed by yet another example, The word
"na-lo-ma=la" was also pronounced without sccent, All of the

syllables had exactly the same physical properties =~ frequency,
loudness, and duration., Nevertheless, Russian students clearly
heard an accent on the third sylladly, while noneRussians
heard nothing.

As you see, the study of how we hear egpeech has reveal=
ed many heretofore unknown purely psychological pecullarities
which greatly complicate the creaticn of an "electronlc ear".

But a2 machine must be able not only to hear words, but
to pronounce them itself, This means that in addition to the
ear, we must create 2 model of the throat, larynx, etc., and
not simply construet individual artificial organs. After =all,
our purpose wes to create not a “speaking" or "listening"
machine, but a sort of electronic conversationalist capaole
of carrying on a conversation on some individual topic (at
least as & beginning).

i, i
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This means that it must dbe equippred with something .
like an artificial organ of speech which could itself place
acoents and differentiate betwsen "o" and "e", even if these
are similar in sounds in different words, etec,

, This in turn requires that we find out how our own
speech oenter works,

Pind out? But don't we know already?

Sigpels of Signals

"Patient M,, 52 years old, right=handed, literate,
entered the Institute on 23 August with a complaint of ime
paired vision,,." I read in the history ol the ailment, "Some
days ago, hanging up a ploture in his home, he felt a sharp
pain, lay down, closed his eyes, and on getting up and looking
out the window found that the houses across the street seemed
strangely flat., In going to work could hardly recognize sur=
rounding objects. Streestecars and autos had a toylike aspect,
Passed b{ the sidestreet in which he was supposed to turn
and barely managed to reach the next intersectlion, Could not
recognize fellow workers., Delivered to hospital,.."

Skipping several lines of figures in the cliniecal
report and pass on to the neurologist's conclusion:

"Patient's state unchanged. Continued failure to
Tecognize relatives and friends, though clearly distinguishes
their faces, Discovers who is standing next to him by indirect
oclues =« headgear, volce,... Looks at himself in the mirror
and does not recognize himself, In looking at plctures, examimes
and describes individua.. details, dbut does not understand the
pioture as a whole, ,

"Diagnosis: visual agnosia". And a marginal nots:
"Apparent damage to 19th and 39th cortical areas",

Isn't this a strange ailment? We could assume that
the patient was suffering from damage to the visual portion
of the dbrain, But this is not the case, Areas 17 and 18 are
quite normal, For some reason, the damage lies 1ln cortlcal
aYeas 19 and 39 which apparently have no direct bearing on
sight,

,8 ~ And you yousel? had the chance to observe that the
patient sees everything and is able to distingulsh odJects,
This means that the portion of the brain responsidle for
simple visual perception and the neighboring portions which
perform more complex visual analysis are operating normally.
The damage 1s to certain higher brain functions, those whioh
enable us to recognize familiar odjects and people by their
external appearance,

, The 19th area is located at the edge of the visual
rtion of the cortex., It ocan have a relation to vision,

¢t vhat does the 39th area have to do with 1t?

I read the »ev oase history.
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Tt turns ont that many varlants of such a Alsease
are vogsuelble, Sometimes the tatient reccsnirzes oblects quite
well by sight, hut cernosw distixeulsy them aurally, For example,
to idertify a2 car by the sound of !ts norn, or a clock by its
ticking, Amons other damaze, one of the rerirheral areas of
the aural zone iz irwalred, and once arcaln the myvaterious
30th ares,

In ancther case, s perscn wno adequately 1dentifles
obilects by arneararce and sound falls <o Adertifv hy +ouck
whet he 15 hnoldire in his hand == a kexv or a rencil., 7 leok
At tae end of the lescrirtior of the csse, ‘fera 1t 1s again:
damage to rarietal vortion 0f the cortex resncnsihie fTor
the serse of toueh, and ornce aralr the *Gth cor+ical arez,

T+ 4s interestins to know where this area 1s locsted,
Leafing cver the atlas of the brain, T find a map srowlines
all of ~he riove than fifty areas,.. 4% the Junctlicn af the
cecipi<s’ (visual), temporal (aural), ard vsrietal {tac+ile}
zones, I find “he numkter 3G, The =2rea taken un ty this
universallveimcortans secton of e bhralin is falrliy lerge,

"irem 79 and nelshboring ares <0 are o be found only
in trhe humen brain", I sy told, ""rece areas develope:z later
than “he rest, "hev are resvonsihle for man's nlrher ceva-
bilities =e cornition and workine actirity, I% was theyr

. whien developerd in the process of work.,.'

n the work process, speecnh devalered as & means of
comrmuniecrtior of work ewmerienca and thou-hts, This ccull not
hut rroduce the corresnondinc ghaneres in brain sirucoure,

"In *tre developin~ animal kirmicm, at *he human tnase
thers tcok rlace Ar unusual developmental acditlor to the
mennan'srs of nervous activity”", wrate I.7, avicv, " C tne
animel, resli+vy 13 vercenvitle almecs: eweciuslvely threucn
gstimili and thelr *“races in the larre hamigrnneres divenvivy
erterin- ine sveclel cerlls of visual, 2ural, and other
recentor mechantisms of the orsanism,

"ot is +he rrimery sienslline svo-er of reality
wnler we rave in ccmmon wi<hn the earimals, Hvt woeodr ereated
secendary, veculiarle nuvan, asys*enm for siemall's reslli-y,
iomda nre sirnals of primary siensls,.,”

The secondarv si~nal g
cormunication areons cumangs: 1t se
nixner nevehlie activity of the braln, ve conditleore: ati Qe
jus rere *'s the word In sll of its forms «= uronourccd, neaid,
and seen, 'he hyalin muet he nhle to distinmulsn a5 wors in anv
o* 1ts pulses, and even =rior to iis exunclaticn mie* pceonetrmed
1+ mentallv, or aven an antire sentence,

I+ wes once thourn* that tne bralr corntainen =

rves an the btasls o *tha

1

"npllaction" of irmares of ex*errzl oblasts, her *he cecondary
sirnallin> svs+em would nnove te he ceoncelverd in a falrlw
nyinitive way. Tords were names ¢f oblects, s¢o that 1% would
be sufficiert %o vroiect all of the elements of the nrimary
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signal system onte the cecondsry oune o cobialn yet anocther
collection in which each oblective image in the primary
system would bear a cone=tc-one corresnondence with its

rare in the secendary system, RPut wihst do such words in ihe
secondary svatem as apsin","without", "after all", snd "or"
revresent? “here are +the aumerous srammatical variants of
words suct 2s "vou are thisking", '"ne is thinkine", "they
will be thinking"”, etc.? Ané what about such sisnals as
"wave functfon", fcorrelation', "differentinl™s

50w it has vacome clezr that zlthongh the relations
between the rrimary end seconenry sieral systems do 2xist and
are Indeed very close, they 40 not fall intn such a primitive
gecretric schene, How 1s the seccrdary sipgral system precent
in the brain? Ir other werds, waat 1s the structure of cur
speech cexnter?

Favines becone firmly cenvinced that a2ll brain furce
tions 2re more or less closely related to definite nortions
of the orain, I wanted to know where this notoricus smnaeech
center was to be found?

It *turned outn that there is ro such center in the
brain, "here are incividual portions scattered zil over the
cortex which are reliated *o speech 1n some way or ciher,
There Js 2 rmotor speecs center, an aural sveech center, and
2 visuzl steech certer, TEack of ther 1s ralated to the
recornition of ore of three verhal mulses e~ visuzl, sural,
and enunciatorv, In oral and wrlitter expressior as well as
in readino aloud or silentlv., *ha mest varled portions cf
tre srteech center come into rlay, ris vecomes very clear
wnen one of them falle <o function. Various sveech defects
ere calles by a common term == gpkasia, ‘They sare belns
studled at the :leurclory Institute dv the well-known
arvhasiologist Zsfir' Selomonovna Jeyn,

when vords rall to Come Off the Tonfue

Ioctor 3evn was recelving ner new rrtlents that
nerming,

"Sit nert to me and lisrten atventively to sll my
guestions”, EaTir' Solemoncvra offered me a chalr ant went
10 fetch her ratlent,

After meveral monents, thev came in togethar, "he
Doctor seated the patient in frornt of ner and rezan relatincs
the rase historv., 'he vetient entered the Institute several
gays agos prior to that dayv she was heline carefully examined
by the cliniciars., A1 analyses were carrie? out and relatives
questionecd as to “he events lezding up to ithe natient's loss
of speecn,

"cdaay *sfir' Solomonovna planned to determine +hne
structure ol speech defects and to find out the extent of
sypeech impalirment,



"Well, let's zet acquainted Zoya Petrovna", she said,
looking deeply into the patient's vacant eyes, "I'm going
to treat you now... S0, tell me what happened?"

The woman made some attempt at a reply, but with no
success, She reached into her pocket for a handkerchief,

"Alright, alright", the Doctor gently patted her on
the knee, "but what are we to do? We have to get out of this
situation somehow, But +to help you I must talk to you, Tell
me, what's the name of the doctor in charge of your case?"

"Mm,., ma Ni,,, kola,."

"So, very well", Paying no attention to the patient's
anxiety, the Doctor continued to pose questions, "What's the
number of yrour ward? Are your comfortable there? Are you
alright here?"

After listening to the unrelated fragments of words,
she mede a note in her flle,

“The first step in the investigation are the answers
to questions, the check of word sounding and the functioning
of the motor speech center", said the Doctor scftly turning
to me,

"sow tell me, Zoya Petrovna, which sentence is right
in 1ts meaning', she turned to the patient once again, "'The
earth 1s 11t by the Sun' or ' the Sun is 1it by the earth'?'

while the patient wss thinking, tortuously contorting
her bdrow, Doctor Beyn slowly and clearly reveated both senten=
ces,

She received no reply.

"VMyabe the patient simply doesn't know the answer?"
I asked quietly,

"No", Esfir' Solomonovna replied quietliy, "she is
suffering from an impalrment of understanding of certaln
grammatical structures, Let us take an analogous case ==
function,.." .

"Try to tell me which is right: 'The hunter shot the
bear' or 'The bear shot the hunter'?"® -

Once ageln a2 vecant stare showing -lack of understanding,

"You see? Look ..." she offere’ the patient a book and
2 pencil, "Zoya Petrovna, please put the pencil orn the book,
Put the pencil 0 the book", she repeated, emphasizing the
preposition, And seeing how the patient helplessly shifted
the objlects from place to place, once asgain repeated softly
over and over, ",..pencil 0 the book". .

After several attempts, the patient succeeding in
doing what was asked, .

"And now, please put the pencil UNEER the book..,"

Once agaln, unsuccessful attempts ending with a
nearly accidental proper gesture,

The Doctor recorded the results of the session in
her notebook and proceeded,



"Zays “nfﬂov"u, write down on this plece of paner
what I dictate to you'

Awrwardly, as 1f for ire first time in her 1lire, tLhe
pailert toek up *“lie Matell. The first letters, sl+thourh
erooked and shaky, could neverthnlags be made out, Then the
ratient's hand olﬂbned wlthout finlshine, dropnine the pencil,

I harried to pisk Lt ap,,.

"“lease don't", Esfir! Solowonovna said wearily, "She
won't be able to write onvway. By all in010ﬁ**onu, the patlent
has logt the ability of r*itrpn speach "

’Tisfen to what I'm soing to tpll vou'", she sald to
her patievt: "vyou will scon bhe able to speak, ‘ha*’b a promise;
but it's poine to take some hard work and I will need your
cooperation. I ean't do 1t alone.s. ¥ill vou “elp? Coeod,
go that's settled,.."

. Wnen the ratlent left, I asked dublousliy:

"Is she really soling to speak?"

"Yes, 1n ore and a half monthz she'll be speakinz
apain,,, it's a mild case", %Wsfir' Solaomonovna replied ns
she ro3e tc fetch the next natlen-,

T apect the whole day 2t the Neurology Institute
exzmlining the warda, lookinz at patlents returning from their
sp2ech lessons happy with thelr first successes, as well asg
thase ot11l unntle to leave thelr beds and whose dlsorders

had not yet tegun to he corrected, Frem all of these axtremely
varied syeech impalrments T eraduslly bepan tn sece what a
complex and intricate mesale of inhibited rnd exclited portions
of the braln lay at the basls of artleunlate? and meanin-ful
speech,

When this pattern 1s dlgrusted, the intepruted process
falls apart and we clearly see the component partz of that
narvellous property of the humszn r~gsyche c¢alled sreech,

How the "fpeeoch Center" Works

In the speech process, the2 *we nsererrsl hemlspheraes
play different roles. As Is kaoown, the Left kemlaphere 1s more
hiehly develoned in man, For thi: reason, incidentally, oar
rircht hand which is con*tmolled by the left hemiarkere 1s
gstroneser and more dextrous, after all «~~ this is the hand we
write with., If the left henlsphere 1s damaged, suveach and
writine are lwmpaired mere seriounlv,

Sveech 1s first of rll the renwroduction of words and
individual sounds which make them ur. The main role in this
procenss 1s played by the rear sectlon of the lower frontal
convolution ~- areas 44 and 45, Here 1g the motor speech
coanter whose impairment oral speechu impossible. The patient
loses the ability to pronounce words al+hou~* he hears and
understands them quite well, If this vnortion of the brain is
only slirhtly affected, words ocome out with diffienlty.
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It is the same in such cases with the writing of
words, 1.,e,, the analysls of hand motlions and the related
motions of the head and eyes,

When we learn to write, we mentally build up a plan
of motion as a result of which the representation of the
letter 1s formed. This plan, as all work skills, is formed
with the participation of area 40, If it is damaged, the
patient likewise loses the ability to write, but for another
reagon =« his loss of the hand manipulation plan,

Orel speech, juast as the Work skills which it asccome
paniea, 18 also buiit up according to a definite plan. After
each action which producea a sound there follows the analysis
of the results of this action in the aural speech center
somevhat in the nature of an internal playthrough, This is
followed by the construction of the next sound. Such a check
of the word structuring plan is performed by the froat part
of area 22.

If this part is impaired, the word cannot be formed,
although some of i1ts components are pronounced correctly,

If there i1s a dlsruption of the link between the
motor and aural centers, s?eech becomes incorrect: word
syllables are juxtaposzed ("mosavar" inszead of "samovar"),
extra letters are sounded, etc.

Area 22 is located in the tempcral region, Both 22
and the nelghboring 218t area constitute the aural speech
ocenter, This 1s where perception of oral speech takes place,
Upon damage to this part of the brain, the patient ceases to
recognize words he hears, Just ax with damage to the visual
center he loses the ability to understand written words,
Betwean the aural and visual speech centers are intermediate
areas ~~ 37 and the famillar 39. With damege to the former,
the patient first of all loses the adllity to name well known
objects, When shown a knife he is likely to ssy "the thing
which cuts", a glass is "the thing to drink from", a comd
is "the thing to fix the hair with",

The names of objects are "forgotten" not only when
area 37 is damaged, but also upon impairment of the coordinated
functioning of varlous speech centera or the motion of neural
processes from the primary signal system into the aecondary one,

Similerly, the recognition of written words and their
combinations 1s based not only on the im?roper functioning of
the 39th area as the "recognition center" in general, Very
frequently 1t is the result of the disruption of time links
between the visual, aural, and motor speech centera, (In
reading, we mentally transform the visusl representation of
words into internsl unsounded speech, The aural and motor
speech centers must also be operative in order for us to be
able to do this),

Our consciousness reflects not simply piotures of the
outside world; we apprehend the essence of nonens and their
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dependence on guch entitiecs as space and time, Speech must
convey the pecullar Intarrelatiosnships of objleetls and phence
mena in time and srace, This Ls dene by mesns of grammatical
structure -« word endings and speclal z2uxiliary words «-
prepositicons, corntunctions, a&to,

ilth darmaxe Yo area 46 in. the frontal region, wman cane
not structure his speecn with srammaticsl correctness, i.,e,,
he cannot represent the relatiors tetwesn objlects In time and
spsace by means of lanenage,

In listeniny to others spesk or reading a beok, we
rust be able to analyze sentences from the same sisndpolnt,
™1ls hecomes impossible unon disraptlor of areas 37, 9, aad
40, Tha ratient cannot tell ithe d4fverence beatween th
expressions "the father of the son' and "the sin of the
father" (er, as you reesll, "the Soxn is 1ii by tue earih"),

The time sesuence in the declarative scntence: "T
went for a welk aftar werk" is taken by the patiernt irn the
secuence of word occurrence, i,.,e., first "went for 2 walk"
and then "Finished work"., In raesporse to draw a cross undar
2 circle (or to nlace = pencil on a boek), he will first
draw the cross and then place a clrcle wnder 1t, perfoqmiag
the command in the crder o word occurrence, elc,

You can see from all ithis the complexity of tie
secondary signal svstem in our brains, In all of the lntere
relationsning of indivisual speech cazaters and ths visusl,
aural, and o*her centers of *the rrimary system sclentists
as yet see no clear-cut pattern, YNothing anglogous 12 all
tnils exists in the fleld of cyvberneties,

3ut tha f=¢% that at the basls of the psychle hirher
brain sctivity there lies the transmission ¢f simaals, albelit
more corplex ones, of the secord order as it were, allews us
to study it from the standpoint of information theory, jus
as the functioninsz of *the nervous syvstem in gsnersl.

"hig mathemntlcoal discirpline studlies the nrocesses
of information transmissiorn =lonez the most varied lines of
communicaticn, lhese include not only technical devices such
as the telephone, telzsraph, or radio, Mt alsoc the "living
telegraph” = our orsanism,

After 211, the nerves and even the bloodstream corvey
information., These information messages enter the brain which
processes them and responds bty emitting new signal commands,
Information enters the secondary slasnal system in a similar
way.

The Cptimum "Communications System”

Le+t us assume that a man 1s askKed +¢ arrance s thoroughe
ly shuffled deck of cards by suits, Or let us say and exreri=
enced typist is nsked to rress down on the required key upon
hearins any letter from a random selsction of letters,

10



T A P

R A

?f“! R

In bsth cases the person must mentelly analyze the
nature of the sisnal and seleet the prorer response reaction.
The +ime required to understand what 1s happening and to
properly respond to the stimulus i1s taken up by the brain
in processing the information on the type of signal received.

Already in the 1880's psychologists had established
that this time increases evenly as the number of signals is
increased. Thls shows that the time required for the nrocesse
ine of the received information is proportional to its quane
tity. In other words, the brein operates like a communica=-
tions system with an optimal regime, 1,e., the most ratione
ally adjusted system,

Experiments which help confirm this are devised in
such a way that they simulate the vrocess of information
transfer along technical communications lines, Here man is
included in the overall scheme of the transmission chain,
This 1s why 1t is possible to study the pecullarities of
human information processing and to determine ite differences
from technical communicatlons systems,

I once had an opportunity to take part in such an
experiment myself,,. :

It happened rather unexpectedly, I visited the
psychology department of Yoscow University in order to
£ind out something about modern psycholegical research,

The room which I was invited to enter bore little
resenblance to the "humanities" laboratory I had come to
expect, The tables were covered with apparatus, blts of
wire were lying on the floor, and there were the familiar
oscilloscopes, rheostats, and btlinker lights. In the corner
of the room was a2 windowvless cabin lined with metal plates.

The laboratory heads, associates of Professor A.X,
Leon%'yvev opened the small, thick door to the cabin:'"please
get ‘n and take a seat at the table",

On the small table there were just two oblects ==
some thing like telegraph keys which had to be depressed with
the right or left hand upon the flashing of sipnal lights,
The aignal display was mounted on the wall op?osite the
teble, There was nothing else to distract one's attention.

Durinz the evperiment the door was tightly shut,
cutting off the subjlect from the outside world, This was
much like the silence chamber in which astronauts undergo
tests lasting many days,

Here, however, the voluntary isolation was of much
shor-er duration, And no wonder: here the object of the tests
was 10t to determine the abllity to withstand silence dut the
ability to respond to an intricate set of signals vprepared in
advance by the psychologists., It would be impossible to take
more tinan an hour of such concentrated work.

It was not always & simple matter ¢f depressing the
righ~ key; more often , the response required to a certein
signal would be to say out loud some words, or more correctly,
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certain speciallv devised saournd combinations, et us sav the
upper light flashes: you nust say qulckly: "ben'", If the lower
one flashes, you say 'mas” into the microrhone, etc.

The researcher conducting the experiment is sicttine
outside, He doesn't see you, out merely hears your voice, He
commmnicates with you by means of predetermined signals,

The probabiliiy of any given sisnal varies from cy=
perimen* to experiment, "he experi enter krows ‘Yis, but the
sublect does no+t YHe worrles abcur *ust ore trirp: *o resrond
to the signal correc*ly, i.e., men tdliv select *he yroper ace
tion. And the sclentis%t, since he knows evactly which sionals
were given and in what sequence, is able 0 determine tne
derendence between veaction time and the armount of 1rforwaticn
contalned In a piven sipgnal and consequentiy recelved by the
brain,

The PBritish psychologlst Hick, one of the first tc
carry ou*t such experirments, established that the rate ¢f
information vnrocessine by our brain 1s five blts per second
on an average, But he ugsed Just a few signals emitted at
equal 1nuerva1s. He Jjudeed the resul's ornly according to the
sublect's rhysical or verbal respvonse, without taXire intc
account reactior time,

But sifnals c¢an be glven at varying intervals ratrer
than at a constant rate, In other words, it 1s not enough to
take into a2ccount the average informatior from ten sisnals;
1t 1s necessary to know how much infeormaticn each individual
sisnal contains,

Nor are the slenals equivelent to one anotrer, Let us
say an operstor of ar automates procduction process is obser=
virg instrument readings., In this case an lnfrequent unususl
8imal might require the most actlve resporse or even active
intervention, C~n an alarm signal for example be processecr
as fast as an ordinary sienal: temneraturc =- £00°, rressure
we 2 ntmospheres? It 15 clear tha* the brein must ret simnly
resrond 1o sienals but to pieck cut the important ones, 1i,e.,
select and analvze both importent and unimportant sirnals,

T™he paychologlsts at Yosccw University are enrmgred ir
the studvy of these purely human peculiarities of informztion
rrocessing.

One of two sienals was flven an emersency sirnificance.
"Me sublect 1r *the evyrerimentzl chamber was *tcld that 2 nare
ticularly fasi reanctlon wes reoguired ‘o the emerrency simnal,
If tre reaction *time to the emerrercy sirfnal was lonrnr *han
the one snecified, *he signal svsten mould "preak down" (the
orneralor 1nconspicuously shnut off the irstrumerts), "he ey=
rerirmert would end and not be crealted,

Such 2 differentistlon of simals had ar immecia®t
effect orn the resul+*s, The sublect was vreparei a+ nll tines
for the aprearance of an emerrency signal, And when 11{ Aid
aprear, the bdrain resvonded in the fastest possible tire,
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The rate of porcessing of important information increased
rapidly. ' )
It turns out that the meaning of the sisnal makesn

a difference to the subjlect, He stimulates the recertion of
information by the dbralr and raises the efficiency of the
process, But accordirg to information theory the meanine

of the transferred informetion 1is irrelevant, The only

thing which matters is the number of"letiers" used in the
message.

In technlecal communications systems this is indeed
the case, But our braln operates on a Gifferent principle:
inportant mweesages are conveyed to the hands, feet, or the
syeech appraratus much more rapldly than ordirary messages.,
This once mcre indicatee the difference bYetween the living
braln and the most perfect automaton,

Our brain aslso reacte differently to rapid angd
infrequent signels, It turns ou® that man elther conscicusly
or unconsclously in the course of experierce magters the prine-
ciple of signal structure probabilities ~« the regularity of
thelr arpearance, Arparently, it mentally constructs a model
of the complex of signals devised by the experimenter, Cn this
basis, 1t loocks zhead and guesses at fuiure everts., Now the
verson expects the forthcoming signals. Because of thls, the
reaction time to =n unexpectad sighal grows smeller than
micht otherwise be the case.

0f course, thils 1s not dore without some expense
to the time required for the response {0 freguent signals,
Noretheless, such an internal restructurlng of the organism
is benefliclal to 1t.

If the brain 414 not adapt to expeciatlion, the reac-
tion time would be distributed in another way: the response to
infrequent sigrals weuld be slowexr than the response *o
frequent ones, Thus, the brain would have to react according
to the classic laws of information theory.

How Much Inform=tion Do We Held?

From these experimetns it follows that the rate of
information prccessinﬁ differs in each case., Hovwever, 1t is
much higher then the "a2verage"” value, If we take twenty=five
rather than five bits of information per second (as was
supposed by Elck) this would de a closer figure in the
selection situation. As regards the "capacity" of the brain
in general, 1t 1s hard to quote a single figure, Various
“communications channels" of the organiem have differing
capacitlies, .

In order to represent this more clearly, we might
recall that the television set standing in your room passes
one misslion bits of information per second., This about the
amount of information our eyes can send on to the brain,
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Computers "direst" a thousand times less information, iust
like our other "communications channel', the sense of touch,

The radlo and telephone are thousnads of times less
powerful, They are rouchly equivalent to cur hearins organs
in their "technicel specifications", In the brain itself,
information is processed twice as slowly as by telecraph
eoulpment, which handles one hundred informatior units ver
gsecord, .

Everythineg which the hrazir rerceives remains in our
consciousness, as was shown by the Cerman psvchologist Helmer
Frark, for a verled of ten seconds, Thls !s clearly apparent
from the followines example: s roneg is sounded, anc vou cohe
tinue abou* vour business wltheout listexning, If you teccme
aware of 1t sfter it has gtruck five times, you are still
able to say how many times 1t sounded -= the first five are
$t11) retalned in the brain,

7hls led Frank to comnare our active memory whiech
retains arlsine images in the consciousress, echoes o< sic-
rais, with 2 shortememory device, in contirast toc the srchive
of memory, where information is retained indefinitely.

Ve calculated the enproylmete ceraclity of cur shcriae
ranee memory, First of all, he had to <etermine the lower
threshold of the brain's "eerrving capacity". Por this pure
rose, he =sked students to wrlte dowr everythive “Xev saw
0N A scree, where a series ¢f letters arnrvesrsed nt an interval
of n tenth of a second,

It seemed that 1f ore 1necrersed ire wrclectlion *irve,
1t mieht be expected thAt twice *the inforration wouls be
retained ‘n twice the time., Actually, this wae not 30. %ach
second weuld allow the retentiorn of 16 units of additional
infermation: such 1e the lower thresheld of “nran corsclousress,

3ince we retein not less +nan 1€ information uni+s
ner second, our shorterarnze remory == the "shortetearr sccumue
lator", as Prank called 1t, contains aboutr 17C¢ informe<ion
units,

Cf this number, only 0,7 of a2 unls ernters *he lonre
revse mMe1ory, In other words, 1/25 of what we vercelve s
stores in the memory, (And » sirmlilar amourt sach senen? is
lost by our brain, eiving way to nevw inforratiom).

4 rart of the informatiorn rces into renderins megye
in~ful that which we percelve, Let us say <ha+ 7 unite are
exnenied on *he infermation about the stimslus Ltself: then
the remainine eight z2re used for recornlzin- the rmennir- of
the werd Lf thils wes wnat the screen revealed,

vany regearchers are of the ovinlcrn thet ¢f the 1€ units
onlv cne *alf are taker in by the brain, wrhile the remainire
alrshnt are uzed to ¢211 ur *he anrrorriaze Inforr=tlor from tne
Temory,

Howaver that mey he, 1%t 1t clear that the amount
of Information simultaneously nasgsed by the brain is verv smell,
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But even this small flow 1s enough “c actuate the entire
hure prorram c¢f onur aetion and thoursht,

As we gee, cybermetlics zetively alds in the invectis
gation of the secondary sipnal system and huran peycholoay
in cereral, However, cybernctics itself is in a poorer stateg
the newly-discovered facts ebout human speech apperception
and information proceseisn no% only do nct simplify the
tasks of ergineers who intend to prroduce talkine machines,
but on:the contrary comrlicate them somewaat,

How we can be sure that we are merely sceratchine thre
surface, If we want machines to really understand sreech and
be able to speak themselves, wo must equip then with something
in the nature of the human secondery aienal system, In other
words, we must create a model of human rsychic activity,
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