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CYBEMnETICS IN RELATION TO ŽI!RROVED
EDUCATION AND TRAINING

(Following is a translation of an article
by Wilfried Lange in S (Pedagogy),
no 2 Berlin, February 1963, pages 159-1674.

In the last decade cybernetics has become increas-
ingly important through the rapidly developed dialectical
processes of differentiation and specialization of sci-
ences, or, one hand, and the unification, integration, and
universality of fundamental principles in the sciences,
along with the rise of many peripheral sciences, on the
other hand. As the product of the interaction of many
sciences and as the reflection of certain common funda-
mentals for all sciences, it is an ir-prczant genexral as-
pect and point of departure for methodological investiga-
tion, evaluation, and representation of specific problems
of fields. Cybernetic formulation cf probleme and ques-
tions has proven feasible in industry, technology, aci-
ence, planning and direction of the economy, and in many
other spheres of life, thus showing the individual sci-
ences completely new and especially effective ways to
solve special problems. This applies to pedagogical re-
search, too.

We as teachers must not expect cybernetics to solve
all problems simply and surely, making unnecessary any
further investigations or experiments specific to the
field. Oybernetics' usefulness is not in replacing par-
ticular scientific research and genera~lization, but in
suggesting all-around generalization and. thus indicating
a basic way.

Pedagogical and didactic investigations based on
I cybernetics or using its basic preceits ae, its J



Fmthodological naha.1yexaeot aids are being instijl
tuted at present in~ che 81oviot funion all in ot3jer C3ooialist
couintries, 1A 'Ad~iti.OA to eaPitalist stAto., euolh &a Prate*,
West Gervisr47, 9-na the' UJSA. Withiout dou~bt the app~lication
of eovberne1tics In p~edagog5.i,&l ressiaroh will. Oontribut to

eentiA. , preciae deta ~tti.on aiid entablishmont of
ai series of b~hfotoit ixrel~y on, btitd :r
ezoces and~ Methodasproll bans xai

AtThe rtee~po of ico.zltlft't .Lati1.o-aient ;
dif rentiz~t-io; &an. specialiration ;I1.2o grow. %%* I d ap-
IF rochie tho 1rox~nt at which It C~s no lonw*r ccr.ip1o~ttely

griest, an~i %1se acecmu1ated knowledge. To prVene.t this,
the sict or knowl.edge and t1~e sep&r.tiou of the
sulperl'tiuols b* coxttiz'ial2.y woerkd at. Saklýdre must
be uriiuterruptodJy -ýopra.ss~ed. soe±e~ akii~. Y

Thres; of Ithe Soviet tVn±.ozi nlo 146t 1961, pa~o 3509.) DhOS
211ýl _tjc, _Otes adud

.4aitez-of n~w-L

andi others rj,, chat morne oar be achieved thae moIEro me~t.-ry
of the iwvruation rnateria".I in shorter tiat6 st~t inmot
in~tensi~ve fa ebions. They hav'e shown rath~er thrat :'0; is ovon
P0831ble to master, in s-horer ý9ixl a greater rango or ini-
struct~ion xatrial with far Lither ftducatioEcal peorltMnee
by the zt-adarut.t- thani beforte. The prcob2.on so aotlco roýcf
and in the futures oat attatniwg higher' qixalivy of educ~tion
ina relativelI' shorter tize. will therefore be conquered
not only, through ±ixnrovfeen~t antl intensification of inlýh
struetion (for uxzmplej Qaocor~dit to the Lipezk axozp1e)t
but ai&ao tbrorgh1 a now seientifteelly Itased astablishne~v
and. shaping of basic knowl edge anti its qlssiicaticn In
aenters of Jrnowledgo aa~d iinderatax.diza.

Using publications of t-he Soviet preswe wl n
dioate in this article some oonsequeaess resulting from
application cf the aspects and ustbods of oybernetioz to
pedagogy.* We will thereby deal with all three podagogic
probleas thlat concern us.$ esapcially at present and iW,
the near future, in the - ax-rsaohimg construcotion of eb-
ciatl~iz in our republic, In the closer connecation of
school with life and in the perfection of the unfcirk
system of educatlcnt

Tho problem of basic knowle4ge Mnd basic akillsý,.
as a pedagogic roblem of the system of centers'
of knowleag U~en understanding6.
The probles of the teo~haology of thoughts as the
didactical and u~w~aiological gr*0b10M of.the
student' Ie intensive 4ai&4 Oftectzy e~~



The problem of urdny of physical %nd mental activi4
ty, as the pedagogical problem ot overcoming a one-
sided polytechnic training directed toward hand-
work techniques, skills and habits, and an occu-
pational education just as narrowly oriented.

THE PROBLEM O BASIC KNOWLLDGE

The further development of the material an4 tech-
nical bases of socialism, the rapid rise in work producti-
vity becauso of the highest possible state of science and
technology, t1be production of better quality goods able to
compete more favorabily ii, world markets, all cause science
to become increasingly a direct productive force. The
waxing importance of mathematics, natural and technical
sciences, cybernetics, automation, and electronics to the
growth of the productive forces of society necessitates
close attention to obtain more scientific types of in-
struction in the sphere of education. This does not mean,
however, that in the general polytechnic higher schooi
the students are "to be given all the highest mathematical
and scientific knowledge- this is the task of subsequent
specialized education" (INote): Address of Walter
Ulbricht at the 17th congress of the Central Committee of
the Socialist Unity Party of Germaey, in: "Toward the
VIth Party Congress,' pages 63-64, Dietz Verlag, Berlin,

,1962.)
In the general-education school it is particularly

important to insure that all students assimilate the
fundamentals of knowled.e and understandins that Niae Dos-
sible a further extension and development of educatio..
This involves the highest state of knowledge and skill in
fundamentals, and presupposes that the basic knowledge and
basic skills are separated and established, with aciý-
entifically founded methodsmathematically exact deter-
minations. and analysis based on logic of form and content,
out of the toal fund of advanced experiences and sci-
entific knowledge.

These fundamentals of knowledge and understanding,
as Soviet pedagogues (Skatkin, for example) demanded
years ago, must be certers of education. They replacethe principle, used previously in our curricula, of join-.
ing 'fragments of education" from all or nearly all fields
of a scientific discipline into a mosaic that we then
call the subject.

Previously, the oollection of individual educational
1material took Place according to the traditional methods 1

-•. ._s



F7,e-apirio3al aebQjl. pantitne. some. of tnvj obsolete ma-7
Vori~.J drp out,, ane newj adua..3itiOnal x~atteroin . added -
al~l this is eone 2.sxre3.y ein~~riea2lly according to the per.-
t'S.nent a,*)ýtra.o'ion et~ave. ftpirieisrn therefore deo14ez
whneth~er i3Vvuat ion&' material .9i obsol.ete or what er It
wŽ.21 boe )sed ýrj incvructi.cz forl a fer mAore *mers.

Of~erneti.081 with 16to aspect's of inforrtiý, theory,
the stud-' of al.goritbhms and, the aftvhods oftl~i of con-
tent, of at~rix cala.ulatierr.., etxx.of iBool .ýýi&.igebro oan
hslp Us heZ6. L.2. Italn~ ,M ( *iot) "The Vae of M.Athe-
matica3. and OCvbernet,.c, tUalhods in Pedagogical Studied;," in
SevAetakal ow (3ovi~t Peduigogy), no 4#

__ ac,,ez~a Peculiaritiee of the Tas
of a 'Jr1rer o;-. iEqu! uert 1:n C~oatinuous Chemica~l £Prod~uction,"'

915E1- d throug Tndividu&2. invw.testig n o h s
of mtliem'itic&. aind cybernetic. methods in pedagogia re8-
Ejearcht especially in deerozmining the ocork ski.lls to be

lernedi tnd fý system of ~entere of the latel- qtuaified &nd
at tlne seaie time avaiJ.abJe knowledge, leads to new soi-

Dete~rmination of basic knowledge aml basic skil.).a
with scientifio rnrecisior. is therefoa-e necea8ea.r, too., be-
cause the scient ific fi ln.4_g~c whieh the in4i-7tdual must
uae in aocialist. prodoctiort and society continually iA-
cre~ase. VTte7 have now reached aL extent that make;% it ln-
possible te datermirt th~e bpasie knxowledf,.,e or the fiinda-
mentaloi of kn~owledge, ab±J.itlesq and skCi211, with thre aid
Of epir!ios1 Selection a~d eva.u-atior' meth~ods,

1r, additlion, m~any *bas'ic scientific findings perne-
trate diff'erent fiolde of krnowlqdge and sciecutiltic die-
041--tane, are useod uuni r.-,ly in mv-ky fields oZ life anti
wourk ,4nd &ppsz~r an centev': of inteF~xa~ticou of sin~i
knowledge.' In most; cases$ bowovaik,s t'hesc, Itundarner~talPc
of~ knowJ.odge doc not coinv~ide, as far as degree of ab-'
ý,traetneas qnd f.ýeaera).ization iR corAr(.-rned, vith the
oonters of knowi.edge. and und~ars.;Pdi,:r. that.&x to be
t-aught the students i~n the general erduea~tion school under
the oxistIang c~,4nditions of dove lopiment and eduication.
The problem of simp~lification appears here; D. Hoerng
((I~ote) : ThIetrich Hering, "The Comprohens3ibilit;7 0.
Statsments in the Sai:,, `Z'cenoes eand seohnoloqy," Vol.k
and 'Viis sen Volkseigener VerlagI BevrAin, I99A w~in ex.-
plei~ned its Importance for ped,,Sogc re8e~kmh and prae-
tiace, zought to solve it wuith som~e Valuable ef~is
to peds'osic methods.

This p~lobl.en of lbt~sc k.nowlede-e - broadened and.
deepenci knowledge -- is ntilt soe-- a quoqtion of Jiftcti~c

?m iition, bhowe-r~e. -ýUzt7 xP1,i I-)~~i.~ theo



theo~ry rof the curr~icul.um and Pluestional system. Whilat ije1
y-iv~ed. is the o neviletm, al~ '0 nowl

tipar. Tes propo tle ihAbe charaoterizd somewhat
as 10OS

1. center of knowlexad unde~rstandin must
~__p Us OrIieW~F iferVm eeI2r o

terzedabve llby.th qn-1.'Iyof connect bt1l1ty amd
conbaination into rnew complexes of knoledge.. Cybernetics
hats establiahea. the principal idea in inform~ation theory
thav good parfovriance of an information recei-ver is to be
foiLid not in' the aimber of its eo-1-portent~s bulv ia thez
quality of its~ abiliti.es to eel-ict anti conneet.

Thý'e tra x:ýIbion of k~lowledge or uzde.rstarA-
ing from one center to aaother dependi upon the laws of
sanalog~y. *.e =L aie~n example of :.ow the ch~oice of ezer-
tain centers of knowl.ed~ge end understan~ling mak~e possible
analcogus traasferstbility: It ie known empiricallr that~
a stu~xent mhore eaeily learns the ba~ia ekilil; of millirng
If he firai zaurires the f~irm aneý so~id3 principles of
lacehoJcrk. Vail is a e:imilarx Problem in the ch'oice and
proper d~idactia neuen,.e~ of ba.sic Vndi s. It 13 neoes-
satr to aol1ve, aron(g othersi, thie qu.estionas: "Wha~t mu~j be
taught firat'? Axat iti the best didaettoc aieouence of basi~c
kacwlcd1ge 'tc Axiaure analogous tran~aferability ar'd thus
more~ rationn¾ ea3a4_r, zýn ..bove all, firner asst~ilati~or.
of basic 1ýnowrledg~e?

Thlis Problem ocauars part i ula ,,r' iii 'Intro-
dluc~tion of pofecsional basic aduaation, where it is m-4LM
paortant to detPii.mlna seier'tifically ±1: what subjects -
eit:her 4.n the natural sn.1-ncoe, a~ene.ýl teckýLca). sub-
jects, or theore~t-c& e eesora sub~ce - knowledgec
can be impart~ed moit. efte-lively- an :.r T~roper d'daetio
order.

2.. A center-of knwov duiid~e r stndin
Cu furt1ysr r.1':~es -,_tr errane_ OS- 0
_______ i~t it, ~ o i~n-w~c

';F-n1a1Eir ca moi:'e rationJaly, eas?.)-, a.-,d impr~iessively
deive'lnnd and obtained from two or more. aeaterz by super-
limposiýý individual phases olt educational wterial. -
ter, this brippens by itself dur:.ng oreative learning ef-
fort of the student; it originates as the result of in-'
terfering centers that the stua.ent bas previoi~sly firmly
assimilated and tow must use in now assoaiatijns, For'
ecitniple, from the that direct ourrerntt can not
be trfatnsi'ormed, whil~e alternating .-Uron't can bo ahanqLd
irto direct curreut; by a rectifier, it is not pos~ible
ito solve the Droblem-of ohanging ailternatiný; current intoj

5_



[a low-voltage. direct curre'nt witho-ut rear-1if1er and. trans-
"former. unly the k!aowledi-'e tb~at a.n altarrnat-.ri-*cUrrent

motor a~nd a. direct-current ganeratozr can be maechanically
:p5r * ý p ýc'v14e tp rolu'tion to the abocve probl(-n , as it
is emplo-ed 'tn oduc-zion pxactice (in are waldIng) ~
,11~cation of -the mto.gr-nerfttor printip'ie to solution of
the. probl.em of transf~ormation ot alternatirg curren~t and
aupnersLT.Ion of direct current, without rectifieA- and trans-
fo *rm;:.r. E~erc*, the principles cI' reinforeement, di~evr~rbu-
t~on, andc rio~ oper'ate, just as shown byr oybe-.neties
i-n manj other similarly wcr&kinq interference phenomena i~n
nature technolof.sy, and society .

ln connection with ~econcept of creative
and co-astructilre huiman V~zought and behavior, eyberneties
hris aidced to the' noTnenc~l'ture of pyco"OY the~ cncepts
of ",ýnpxr~positiot.," "ta~n~~en" Iateferrie an jd~
"coupling"' with, the aid olf nawly i ntroducstd concepts s~i'eh
as "Iatalogy," ý-nfoxrmation," and "faedbý_L-ck," and has
rtcistd I.t to a hiffber sc'ientifie !staj~e of geiralization.

7km~ ~ at c~shi$ etwerxi thco varioas fuudienrtals of
knciwlode e.ý be s",own by vsa of mte~tci '.oi
acnd law;E5. £2"e fundtamentale of knowled(Ig -,;n be 23.asified
ias centerat with ttI.e aid of logrio of rootent an~d analytsi
and .i yntthesis of docicion calculations. The s4tud.-y of al-
gorithmns £~rlyaids in detarmin-ing a sientifc~.l.ly
based Qorrectr.ess of sequenr.e of 2ucoessioiA h~cr. ut~oi
tion of the centers founid.

3. Cent*rs -of knowledoe aind ;endr,;`*ajndir_
Must. from w,.ha.t the e~ev~s, befrhrae nd
5se7 I tPcl: W1rowledge on th rh.atMk s
imparted irt subeequent educationa! facilities, ;uha
trade schools, teo~hrical echools, and univertities. This
third eharacter.i.iý'-c ý,f i. 'ýtnter doaný :ot say toat it
represents only knowledge on a higher level of absr~tact-
ness - accordirx, to qaality of content. Ir must alr:o
posases the char-acteristics bvlw if it: !a to recolvse
re~ognition at trae rVutdamen-ta& ki~cwedo.ýa

4.. Centers of krnowlgdge ane. Vun(-rsetnLdinA
e Serls St .i

in them the transition to secializd and deeper pene-
tration into the .scientific subject. k enerofthis
t:D must satisf-y the eco~ective raaieo enti f trniT-

from the concrete toteastat AM-7~r-Fetics c~in
Fe especlally Mepful, it its manner of differentiation
of elementary and com-licrited for~ns of motion, lower and
higher forias of systeims 0ý*nd s-:3,tams of krowledge), as

.e1.as tbe abstract a~nd concrete sti,7es of 1.nowlledge.



f -*r**eemet 'with 'the Ma=ais .,uvas, of "ascent from the
abstitast-to the oonorete0 ((otes at* Karl Maem, !Critique
of Pelitical Boonmys," pages 257-25& Ber'lins 1947)s cyber'-
netion furnishes new izicextives for elidactios, which must
solve with scientific preision the problem of correct
.sequence of aisquisition of general and specific education
and. the learning process as a dialeatic unit of the ab-
stract and concret io((Note): Of. Behrens,, wMethodsa of
.political Eeon~Ay, page 26 if , Akadenio-Vorla!g Berlins
1952, and W.B Wan koT~vsv "Cybernetics and Relationships
between the Sciesces," in a3oiet Scion**$ Social Sciences

* Papers, no 10, 1%62, a 1060-1063.)

each stage Of our U armr edMUM ucaUSI a s emerne~rs mUst
be able to return repeatedly to basio knowledge so that

they an grspt evnely Imparted sub ject matter ever more
deelyThi ispoasiVb1, onl.Jy when the students assimilate

those NZndsmenlzals In knoviedge, abilities.. and skills
which already possess Ue~ozios Letoa the specific and to
knowledige later to be expanded specific to occupations.. At
the same tine$ the specific tendencies contained in general
3mnowledge quality the students

a) to Defz sml practical activities
of ifeandproductive work, and

b) to penetrate deeperz into the stibJects
and relationships of practice through
indepen.dtnt creative study.

In fuiture., this problea will be of great
isportance for saiienti~rio detezmiznatiozL of the relation-
ships of general poly'technic, and professional education
in the polytechni secondar school. I

-a pr no r va irpeg PO Ial seectI onacorilng to the
* principlea Of comprehesib4K4,ity and systematic prfection

of teability of the students. -to understand. Prvous
didactic concepts reduced the problem ct copehensbility
only to the capacity, referred to development or educa-

* tions of reception and processing of information by the
students of certain olasees or age groups. Cybernetics
helps to overcome this one-sided viewpoint.

It has established for animate and nanu-
mate nature, the basic theorem that the maoessing capacity
of information dces not depend primarily on the capacity
of the processing esuter but*.upcn the processing caracity
of the connecting chanuoels (Lxotol: We Ross Ashb In-
jtroduction to Cybernetics," (Russian), Moscow, Ma~)"



oa a M
&51e-jteR in Gow c sioisness of the le&Sora

depideprlaim. h~pon ths capacity of tUe 0hsaunasm of
.0M~~ain 9*~ a.+ and boieatific aspeft of oyber..

A~tiG SA~~t8 Stolv ma1O OWStill open questions, *a.
ec ially problems of comprehension. It also eontributts
toolentifiaolly exact preparation of curricula for the

various classes and educat~ional facilities. Vinally, the
cybernetic. viewpoint shows that the problem of compre-
hension will. not be solved exclusively by didactic siapli-
fication and corresponding.ohoiae of subje~ot matter.

CORUOT TEORNOLOG! 0f TNOUGMR
B ASIS .07 IM IVMYEWT

IN LIEMRIG

We shall begin from the results of years of experi..
aeuits of Soviet scie-ntists of-the Institute, for Preschoo
Mducation of the -Academy of Pedagogical Sciences: In the
lot grade, pupils solve an aritbmetic problem in & zanner
unusual for us.* The ?-;year old puil dosignates the known
quantitieis by a and b, and the unknown by 20 He sets up
the, equation and gets the, result by substitution of mn
berne

Even though arithmetic and the four basic types of
calculation originated first historically, and *I'oraas the abstract of the generality 'of computation laws was
not veope4 Until later, this does not mean, that in
the, 2 0thcetu1 school this historical path of human
discovery must be repeated in miniature, that isq, in the
heat of the pupil.

The Soviet experimente, beginning as early as the
let grade with algebra and application of Its laws , led
to the following foindings, among others:

a) In spite of initial difficulties, which can
be eliminated in subsequent experiments b
discovery and application of the best tsa~ohng
methods , the pupil* learn the mathematical
relations more easily in this way anA nastel
calculation more thoroughly,, firmly, and
solidly. than -through the continual concientrat.8



repetitioa.of besio calculation "tpes during
several &s4boIol years.
b).Because the gonerality, the elgebraio
relations between the rnmbers, 14 leareed
first and is continually taken as the point
of de ebur* for the specific, which is
arithmetical calculation, *the pupils early
develop the firm ability to suxmey in a.•"+• self-re]iant anld creativ•e naerl~P any jproblem

in rithmetio, no matter how divoer-e, using
the known laws, and to solve the problem
correotly after working out the uethod of
solution. This furtheor enables the pupils
to calculation operations to practical
problems. This overtones -hoe eirevusttaoe
often observed with our pupils in the 8th
or 9th grade, where they guddenlt no longier
know. how to make a caloulation I nvolvgi
fractions or to handle a proportion.

W.. Davyov (Jot.): "wbperimeatal Introduction
of Blements of Agebra into the Lover G'ad.et" in

SF (Soviet Pedagogy), no 8, 1962,
ntqe 31a n nga detailed report or the
ia resuits of the experiment emphasises that theao]pli-
cation of operative absenae ol content and repreented
relations between the general and the specific! parti-u-
larly proposed in aybernetios, were the 1k ng points
for conception of tse exwriment.

Anal ogous conolticrine were delived from these ex-
periments for other subjects in whos, specific sstMemia-
tion, too, "there are unnecesearily omuplioated pro-
eseose..., hicbo are traditionally carried forward from

eea-tu7 to century but which could be discarded without
barq, or replaced ty others simpler and a*o" eomplete.
Geometry, for exapleo, in taught acoording to Zoelid to
the s•eont day, under the pretezt that it promoees
development of reasoniag. I the abilities that g•eome-

iq L n ed to develop are analysed logiall7
"(IE"logically" in meant here not tofnal logic

yin*, -t anal& ss by lOg16c of content which is
t asis of mathematical logic and is ;;;I operatively

by ybenetics.), it t seen that the7 could be devel-
oped in other consideably shorter and more effective
ways; or• n W canee with a smaller aount of the Seooe-try learned today ((NoteJ: G. Otsohedxvi, i.e.,
pages 3l0-3311).

lt.ion Our ezperiencee show that logical anal"ys, sewa.
of the drosa, and arrangement og bUs-1c knowledge



faccor-dix to the latest scientific alEoritbzs apply to sucýa
sub~jects as enp-in~ering drawing sand desoriptive geometry;
the latter' subj ect is ]preferably conuidered the basis for
the formier. Au analysis by logic of content would show
that descriptive eaometryt l.ike Euclidean geometry~, car
be learned better and more rationally than through the
structure of the antiquated subject material, loag rigid
in cottent and form,.The now didac tic counideraticias oza- the leainirig
and knciu.edg.;, pvocooss ofi students led. to '"Ile basis of -the
modern viewpoint of cy~beraetics and, unr mathematical
me-thods of analysis and synthesist to deerer uuderstegnding
of -the laws of thought and perception. One speakse of the
tochncoloG, of thought =nd the learning process - analogous
to the prooesses which technical cybernetion investigates
ar. & matter of course.

Information thecry furnishes newJ viewpoints and
icolated facts for tho basic proposition that it 14 fleces-
satrf to differentiate between systema-159c anxt indirect,
knowledge ane that obtained by chance and directly. The
dichotomy I' ndireat aLd direct 'learning" can be anaogous-
ly established. Without clalmi3ing or being able to claim
to develop a new theory for teaching and learning methods
in instruction, cyberasovics, presents zome important sug-
gestions for remarkably simple and effective sol-o.tions
in didact-ic Problemsu.

Intereatiwe wavs of acquisition, storage, process-
ing, and retrieval of information are found in the design
and testin~g of "self-learningp" automatic machines. Since
this path of information oorresponds to teaching and learn-
inig in school instruction, it occurred to use the common
didactical way of learning of *venta in the tbself-learn..
ing" of automatic machiuos. The machi.ne was to be
"instructed" to remember five different numbers (0, 1,
2, 3, 5). It was to be able not only to recognize the
prototype8 in written or printed figures but to perceive
the correct figures in every case from a multiplicity of
very differently, written, printed, and artistically pox'-
vrayed figures.

School instruction often is conduated so that
from the maan different forms of a given phenomenon only
tho typical and generally valid form is differentiated
and4 the essential characteristics that constitute the
cottent of the phewnmenon to be explained are taught
about it as the so-called prototype. 7hi3 is done in
grammar Instruction and in biology instruction, or for
example, in discussion of machine elements in polytech-
nical instruction. k m.aahine sloment is first shown,
(then the essentisl -,haracteristios are traced out and



f explarined - and in eonolueion the specitic Varieties and]XN aioulars or a few special desigus are doesribed as
ovintsfrom the prot~otype.

This "characteristies method" was also used in
training the automatic zachine for the five numbers. After
the maclhiue had repeatedly reviewed the charatteristios
of '40 different written, printed$ and ill.ustrated figures,,
and it could be assuimed that' 1 its "memory" posse ssed the
pictures of the five figures accurately differentiated
from each other, it was supposed to recognize 160 different-
ly written *amtpiesB of efri~h !fgurs (in total, rire figures
vimes 160 a 800 cases) as the figures I~n question . Chere
were many mistakes, however I up to 25% of the cases.

Another type of teaching was then ue.4, one which
had not pravl ously been employed to axW extent in didec.
tics. The workers at the In'Lstitute, for Automatoiou anmd
Telomeehanias In Moscow ,.%&lld it the "congruence method"
(INote,): W. Trapesnikov 00ybernetics and Automatic Con-
trol,'r in Press of the Aoriet union, no 38, 1962).

This type of teaching is based on the following
conoeptui to enable a stuadent to comprehend a ph.enomenont
in its sosential1 characteristics, content, and feature*
a~nd to assimilate it solidly as new knowledge, it Is not
enough to show the charooteristics azd essential aspects
of the phenomena with corroborative repetition for a few
specific cases, It is better$ instead of analyzing char-
actesriatics, with subsequent repetition for special cases
and examples of application, to show immediately the
congruence of various representatives of the phenoxenon
in question. The-pupil - an automatic learning system
in our example -comprehends from the congruenoe of the
various optical images-of the phenomena wherein lies the
essential and how the essential and general character-
istics differ from the specific and non-emmential.

In the experiment with the "learning' machiti. it
was found that 'the learning process could be conducted
incomparably faster through this "con~gruezn4e method" than
through the "1charsateristic method." When the 800 dif-
ferently executed figure images were then given to the
machine nearly all figu~res were correctly deciphered
and identified, with only four errors this time.

Even though the result using the "congruence
method" turned out so oonvinciagly, it does not yet fol-
low that this process would necessarily be as success-
ful in every case in the human brain, or with the student
under instruction, It in undeniable, however., that
these new cybernetic methods of teaching and learning
with automatic systems are partly transferable to higher

Ifrsof living control f.%'stoms and to-the controlling
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procasses of teaching and learigi colisrcin
as well.

Whoever considers bhis conclusion overdrawn will
at least be convinced th~at it is obvious even today in
ma~ny sub3sots of Instruction how the narrow teaching
methods, oriented to formal logic, especially the analytic
cha-'.oteristic method, can not reproduce the actually ex-
ist-ing transformations and specifi~c relationships. This
chl.t~acteristic method often reaults in inability of the
students to comnprehand azd understand complex p~~n
appearing in concrete reality, as exemplified in practical
solulljlon of application tasks, in experiments aod above
all in the produc~tive work of the students. 6n. the other
hand it aus-c be stated that, for example, in the poly-
technic curriculum the increasingly more oftet used type
of teaching of knowledge-transmitting work (:s-sembly workq
switching aud measuring exercises, and comparative tests)
is analogous to the "congruence method."

We now final.ly turn to a pedagogic and didactic
problemi that is gaining importance, especially with the
introdiuction of pr'ofesuional basic education.

CREA~TIVE ?MNTAL WORK - A PRIMlARY PREaRQUISITE
FOR MASTIERING MODEPRN PIRODUOTION

The progressive pedagogie ideas, particularly
the experiences of Soviet pedagogues and thsA generalized
results of school practice ini the socialist countries say
that development of supprior skills and the general sci-
entific and technical knowledge necessary for practical.
work are both important. A stud3ent wihhg eneral.
education and rod E -rl,~ ea i
T a cicklyas alate the work.~

Cybernetics reaches similar conclusions fr'om an-
other aspect. inl several work-analyses, for example,.
L.B. Itelson ((Note) : "The Psychological P'eculiarities
of the 'Task of a Worker on Biquipment in Continuous Chemi-
cal Production," in VorovPsicolooi (Psychological
'ýueations), no 5, 1961JP Fro 0 .. 7,unov arnd G*A.
Schestopal ((Note): "Algorithmic Descr~.Lption of C0ontrol.
Processes, in Platematitechesko e Proeveschtsch ni a
(Mlathematical na srue ion),_ n t 195*)1 sowed now the
intellectual abilities of the worker in modern mechanized
and automated production mzarkealy enlarge and. improve

ithe radius of effect of his physi(:al work Ekills.



'robasic idea is cntained in the followin..~
Mechanized &and automated productioai processes

run at efspecially great speed. To make the correot do-
oisions at a. given instant, the worker~ must react quickly
after reception and mental processing oi the corresponding
info=.ation signals fro~m ý he measuring cnd indicating in-
struzaeits, sounds, or other si~mal sources. This applies
analogously to the maintenance man (plant viseazinic, plant
elcriia and technl*:ian), who in trouble-shooting must

* decide as quickly as posaible in accordance with a ration-
ally devised system of algorithms (rul~ea for finding a
solut~ionk). Increase in reaction speedt is subject to phy-
sical limits, hogrever. Dexterity differs, forl excample;
it can be improved by exercise as well as by long-term
discontinuoun repetition of practical operations. It is
advsaitageous to rely primarily upon diseontinous reneti-
tion of wok koperatioas. as theyE occur In olant 222raticrnt
an 1fsoeyuo didactIoally organized pract~ice (pos-
sibW~ in the training shop).

P~erception, decipherment, azd rconversion of the
signals, as well as their application to the objeot cft
control, represent.a Peries of physical, pisychiic, and
biomeohanical processes that span time, This, results in
an objectively oaiuse,! delay, in the action of the worker
which can Dot be compensated for by dexterity or' work
skill, no matter how well-trained he is. In the9 time it.-
terval the parameters of the relatively rapidly moving
production process have changed. The motor activit-y ac-
.eurring, with. its delay of a ifow tenths of a secoad,, no
'longer onours at the right time, and, often c*en eooture
up unexpec3ted eonsequences. What should be done then?

conclusion "RTYj 2 rov %t .ctua. -13a~ h
worker beoomes more fexil me sri , perceives informa-
tion more quickly, understands its content faster, %nd

* thus imparts the control signals to the miachine sooner.
In addition. thue worker can become trained to,

painain 1nem o
nus20lgla inl* zal Prstwes a hihcapa-
bility in knowledge or various laws and. phenomena for
complex production processes. TDhe worker must not only
know machinery, measurement, and nat'ural sciencest, but
in addition Ui3 sensorty organs must be well-developed.
This abilit- to increase t , e handlingcapecil of the

o a erl a se,.c o cnerv vsseai
The rtaeme a tocve show tha±t work co.rried out

in at~ or4erly muanner prv-supposes a oertain l.evel. of devel-
1oped physice.1 szd mental skills. 'Ibis is~ _=-t enough,



jhowever. The decisiive rcl •e in ht conroali, n "d -
lating syatem for in dustria.l s b~lQne , he
creative mental ability of •..Thechief re xrement
for Master and 6TreETiOn of'odern industrial rocsses
is a high leve o eneral soentifc ciaaa
learn and work in Cr'eatlyely and responsily cj o-ns-cious
fasuhon.

Soviet scientists are engaged in inveztigation of
these complicated relationships between tbought and opera-
tive reaction speed, and between high quality of worker
education and the improvement of his work techniques. The
question involved is the "laws of discover-." of algorithms
of control by humans on the basis of conscious planning,
evaluation of the situation~and the course of the process.
... * ((Note): L.B. Itelson, l.o., page 52).

The worker who is educated to a higb degree, who
scientifically understands the technological process, and
who was able to work o"t in all-round scientific fashion
the problems appearing in practice, ca.a react fta3tr and
thus does reacv in correspouderce with the modern incdus-
trial process. He becomes a gero.Ine r.uler and director
of industrial processes. He does not merely denend upon
the information received and upon its processing, but
his high education and scientific ability allow him tc
surve.y witn scientific foresight process changes occurrinS
to recognize various phases of the process in p:cper com-
bination, and to pred-teni•ine the effects to be expezted.
He is mentally creative Jn his work - and this countn
for more ;han a very rapidly reactive work skill which is
limited physically and causes delay.

With tniese ideas we cloe the far-reachinz loop
of thought that began w.ith the probiem of basic knowledge
and its propagation in the scope of the uniform system
of education and Dow ends with the proof that a constantly
improved high level of education, a coatiuually broadened
qualification, and an improved tr,.ining for creative
mental work ,onstitute the bar-s of development of the
future producers of modern socialist produotion. Sci-
entific and technical progress requires all workers, es-
pecially our students, to be trained for creative work,
independent study, and utilization of the high values
of science and culture.

The pedagogy of the socialist school must take
into account these requirements of broad construction of
socialism, of successful scientific and technical progress,
and of elevation of the cultural accomplishments of the
worker. Armed with the philosophy and methodology of di-
lectical materialism, celying upon the investigations of

-:4-



3Of ovist ped~agogueB and se-± t~tsti, as veil~ as 1..por the -6a
praotic ~ ~ ~ ~ Ou exer*of O~t 1n sohoolst but also using~

effectivre new 1.eis~ifio zethlbdz, wo must further deveyop
p~f~~Ogvd~dactics and. mstloAs Pedagogical research

can no V~go n)eeecst the scientifically exact methods
of %iatem~atice~, lC-Se of ~oottent, and oybernetioat.
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CYBERNETICS - ATJTOMATION -

NATURE O7 WMOR

tFollowina is a translatien of an article
by Frof.G. Klaus, National Prise Winner,
Berlin, in •eio (Precision
Technology)noao ,berlin, March 1963, pages
97-98.)

In connection with the XXIlnd party oongress, the
4th plenary meeting of the Central Committee of the SED
Sozialistische Einheitspartei Deutschland; Socialist

Unity Party of Germany) has prepared a series of 4oouments
of great importance for the development of our GerLan
Democratic Republic. The concepts of cyboraotic and
automation must be emphasized in connection with the view-
points discussed in the deliberations of the 14th plena-
ry meeting, which took full account of the fact that soi-
ence is increasingly becoaing a direct prodactive force,
This is nowhere more clearly shown than in the aphere of
the concepts designated by the two terms above, cybernetics
and automation.

* The prgcedonce accorded cybernetics in the program
of the KPd6U IKommunietische Partai der Bowjetunion; Com-
munist Party of the Soviet Union), adopted by the XXI~nd

* party congress, should also be noted. It reads, for ex-
ample:

"The transition to completely automatic control
systems will be accelerated, cybernetics, elec-
tronic computera•, and control systems will be wide-
ly employed in production processes in industry,
construction, transportation, research, planning
and designing$, acnunting, and aditnistration"
Vote): Program of tb.e Communist Party ol the Sovieti
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IT-ninp. 67, Dlietz Verlag, Ber'lin 1961.)

The especially interesting fact should bo emphasized
here that c~yborn.etics Is aeationed in 'the same series with
automatio ooritxol systex, computers, etc., that in$ with
instru~ment~s of proauction. 0 role is itself 4 pro
duotive, forc~1 ke historicaF MaeiJ&~Ia&M P17s~however,
productie f cop tina~lly dezerrmin. the social aspect of
produetion. Therefore an ovalumtion o~f the soc~ial c~tSnges
zhat aieoimpany automation must begizi with an evaluation of
the technical ehanlg's that this phanomsnon brings with
it. It should acco'i'6ingly fit-st be stated thftt tho con-
cept of automation has several aspects. Initially there
Is au automstirci -Wich wo% ma. call automation based on

li.near conseqiueuee of causqe and effect). -Thin is the form
of rxutom,ýition that leals to the so-called transfer achin;ý,
in wb'ch a given p~ro .uat passes through a sez'ies of ma-
ehinee, each speoe.al.~zing in a single or ait most a few

~rc Ta *ris form .o: auzomavion thereforea replacet
the-orv'~ker'cs division of labor by the raachino's divi~lon
of *Lbor. 'At is manifest that an automati.on tort. of this
t~qe is rational. only -ilerf' mass production is involved,
*T}-at WaS p-6ViOiSiy Valid at the level of dj.VjS40n 04f 11-
bor in Manufacturing is valid at the machine-level here;
the degree o.0 specialization depends upon the extent, of
production. E~stablishment of automated factorios on this
basis has Ita pecnull&r problems, prinoipally to be viewed
as ix&herent rigidity' and ijL~exibility of the installation.
This Is3 Ut true to come exzenv SLi the Miachine l&V9l, aSo
is well known to us frox the development of lif*e. 12he
mxore speclaiize'I is a living organism the smaller are Its
OýhaTies of surviving a chanre in Its Sm"bienr cOQditions.
This Meaus. then that a arse-eiied speoclalizatiorn io oqui-
valent to deficient adaptability to posslblo cha~ges i~n
condit~lonal in terms of inductry, eoipl~etey a.utoated
factories eansivting of groups of u~nits eaeh of Which. is
specialized in a highly defirito tyO o: pr~oduction become
worthless if .iny social condit'ions r'equiire a basic ohange
in production.

Production in thesee facilities aan be compared in.
its method of oporatiern to an electronic computer work-

Igon a rigid preselected program, that is, a so-called
sequence machine.)

Wve know, however, that even today there are higher-
type maobines, adaptive mrsohinee as. they are called, that
Ido not follow a ri~id program but suit thei:: beh~vior to



raitevexits at WWy insvtan1. 'Ttkeie are the vaiable-pro-71
grama electronic ocaputere. 17hey have t'teir cana2.vp- in
produ'Aý;on, whie~e the qu*e3tion ariaas of' how waitomabian is
to be iatroduced w~heai mtall'ots of workpiaoes$ devices,
or apparatus a~r to be m~ade. It i.s obvious that an as.-
semably linei with 100 z.poie.1 zaahinas cart tiot be 'built to
make 6 , ot of 16 or' 400 dovioes. In thiq case the build-
ing of ax TinOutri~I analtog to the vari.ab2.e-program elec-
tron~io zompvter is a way out. As far as the optr-ting
coraponent3 are .-wterned, thle elomen'ts of tble rned type
of automiatior S2lready exist - in machines sucA an the all-
Puarpose lath^. cr unFvereral miller. If ttese machines were

* grouped and co~ntrolled b7- a varittile-program elie'tronie
computer, it would, be possible to automate even tlhose
'7actoriee that. m~ust produce a xt-tip~licity of typei#

This seconil fnr.- of &atomx.tion is entirel~v realiz-
r~ble today.

The objeerion againkst univa.:,*s8. applieatir,ýn of~
automaticn in indua-Ury, sxpressed eomeWhat au~ -f 1 1ow a

autor~ati on 1's :pplioa~blo only where one or a very few
ty7pes are as -pr~odueed., thereby diua~ppars.

In p¶i~nciple, t~he second foxm of automa-Vion,, based
on fur~daemtaJ. pconcepts of cyberneticet can produce in.-
dividual complicated woz'kpieees. The ftrit form .)f a~
maltion rna'ae, sexi-skilled and unskilled worke:rs "Mrsely

unr~eoes~4ar an rg ýcs % qualified although numerically
very Smali group of skilled woexers in maintenance groups
and in4 supervisory pe.-sonnel. Atougi this a*ý3,iee
equally to the seeond form of automactioxi, the l.atter baS
an additional ef fe.-t thtit is breFenil ir. alementary feahion
in the f'irst form but now~ .ppearvu fully for the firvt
tinma. This se~ond, form of autoimatiol2 rquiree s Ats
normal wo:rker the quallfiad teohniclan, angineer, pliysi-.
oi~st, or matheinat '.iian, It requives a number of basic

* ~researchers and. : -en wore researchers who c~an creatively
apply the reel2.cs of basic research t*,o produotion prac-
tice.

* ~Of especial itterost in thits c~onnection is the
fact thaet modern Jaibhly productive technology uhanges
the very nature of work, as Walter Ullbzioht himself em-
phasized in his addresq at the 14.th plenary meeting:

"IAs a result of -the changed o.haraotter of work
and its increasingly technical aispect, the inner
need to work for th%ý coazon giood, freely and in



ao oodazLýo with ludlvidual abilities, will develop]
in all members of society, thanks to their high
aopviction."

(tNote): The •XLlnd Party '.. i npess of the 0Cmm fhist
Part• of the Soviet Union and tL4 Tasks in the DD' L Deutasob
Demokratieohe Llepublilk; Germ&.n Demooratic Republic), p.
i4, Dietz Verlag, Se..lin, 1961.)

Since work determines the nature of man, this vtate-
ment also means that the very nature of man is changed.
Not only will the new teohnclogýr that is spoken of nero°
provide us in t•e not too distant future with an abundanco
of material goods, but of equal importance wdi.h this
change is the c.1mJxngO in the nature of mat, a ohange very
closely coupled with the concepts of cybernetics and. auto-
M•tic.

in other words, the dynamics of development of pro-
ductive foroes now presses from the technical side toward
that which the classicists of farxtsm described in their
early (Says as elimination of the a~i.nation of mankind.
The change of wortc into creative effort can not be over-
estimate-i in its social effect. According to the ccncept
of historical materiaiism, thle nature of work at any time
determines the nature of man. People who do onaly stereo-
typed, monotoroas work during the workday are on the aver-
age not able to turn to a completely different and creative
world in their leisure time. Activity in the private gar-
den, chess club, or elsewhere is but a poor substitute.

Karl 11arx and Priedrich Engels studied this prob-
lem in detail in their early writings. Work that is
monotonous and stereotyped in its nat-are readily oausev
humans who must perform it to think in ronotoncus and
stereotyped fashion on all planes of life. These are
the very persone, however, who are relatively easily
duped by the enormously developed information machine of
'1heir oppreseor. It is not too difficult, with persons
of this type, to control a formally dezocratlu capital-
ist state in such fashion that thi oapitallsts obtain all
that they seek. For this very reason the responsibility
of the communist and workerst partiea in capitalist coun-
tries has grown, and the task of bringing social con-
sciousness to the working masses is more important than
ever@

The propaganda of the fascist dictatorships directs
itself largely te +-he worker who is shaped by stereo.-

St.yped and monotonous work in nonopoly capitlism, and inj

fC



a fw faloziasaig Catek. j beee* are Continuall7
POWAd.A. The tesuleial 'am *oxtlve basis of a trio
aseialist d4nesxW on the, other %and# "equires creative
work.# in vhioh the Vorkeir Is deeply involveA with his
living power*,. Omy this kind of work can built the all.-

arond umoiapersonality of the socialist man.

This muist be repeatedly emphasized when we speak
of the meaning of eyberi.utIcs and its technical apprioa-
tio*Ator the furtber, shapixg of the soeialiet order of

* society*

k. now 3oviet work on thi~s s-tatest

Ostabli,.s1mnnt of the material and tech~nicali
basin of comiclans oaaplete, maehanizitiop of pro-
Ceases involving h expenditure of Labor,an
extensive uieshanLSa ion adautonation based upon
tborrough electrification of the Ocon=7n will
change productive culturs ooa:pletely. Mozotonoaxs
and wearisome work will. gradually d1isappear. Alto-
ia ted taysteas of machinery require t~raining of

hight1:y el' .Talii# labor forces ablo to set up azd.
control the equiapmeav and to direet complicited
mach~ine oper'ations. Mental functions becowe ob-
viously predoizinant in the work of c~heee men."
((Xote) i~amevittch I.L. "Eliminiation of VXie

Oze~ence.9 06itwoen ftantai and hLvia sbý, a~e
S~i*n21j no' l26 1.6., page, 1W4.) .

Theiie effects maust be heeded. ln futizre. tockrjical.
and scienvtifi education. !Telthor the technaical schoole
nior the achools; of general education *. ;he latter are
oortainly exclu.ied - can be* given the task, in view of
the dynaziss of our development of imparting to their
students sere2y a limited capabllity* of work andi a limit.&k
amount of factuasl waborial on subjects. klthough this
must aertaInly be done$ it "an no longer be 'the chief

* ~points It is neossM~ to keep in mind the dilfference
between the evolution of the occupational work of a
qts.lified tecbhnical worker of a tew decades ago and that
which will be a normal case shortl~y.

Several decades ago it was cua~tomary for a lathe
operator to learn lathe work as an apprentice journey-
man,, and finally1 &e a *killed worker, eyentudliy bcoming
a master workwman Dur'ing his lifetime his tool,, the
lathe, continually cWiangeds of coursa, but -no matter

1what the individual Ltprovoemeus night be, rate basicj
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fatures of his work remained constant within relativelyfl
narrow limits, so that it was possible to retai, lixgely
the educational forms for this calling, or to make only
slow and gradual changes. Now, however, it will happen
increasinglj more often that certain trades will disPa•oa,

e II be qIte coemon for a given skilled tre
to be completely antiquated only a few years after the
worker involved has become fully qualified as a skilled
worker in the callIng. Prom the historical viewpoint the
following qualitative stages can be established for this
theme:

1. oarning of a trade in the factory through
gradual aooumulation of proatical knowledge, mastery
of certain tricks of the trade, and constant ob-
servation of the behavior and method of work of the
older qualified fellow-workers.

2. Preparation for an occupation by learning
special work methods in teoAioal schools or Sifti
lar fasl•ion. This' second stage is a higher stage
because it does not adhere to the specific instance
but to a certain degree includes che general case,
and thus can folloi within moderate limits a
change in productive forces.

3. Determ.•nation of a general aethod of automated
produation (tbat is, the elementary principles of
cybernetics, among other things). his method is
more powerful than mere collection of facts; it is
also elastic and more than an accumulation of er--
perienoes. Even more powerful than the method of
execution of a given task is the ability zo learn
noew ethods, or expressed mattematically and+ aproxi--
aated to our cybernetic theme: the algoritbh ((Nctq:
exact descripion, instruction for solving a given
"type of problem), which permits solution of the
entire froup, of problems, is more powerful than
the ability to solve individual problems. A con-
prehensive theory of algoritbas, permitting not
only understanding of individual al o•bt s but
also design of new algoritbhs depending upon cir-
cumstances, is even nore powerfuglethan the in-
dividual algorithas.

(To be continued)

2464-
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