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CYBERNETICS IN REILATION TC IMPROVED
EDUCATION AND TRAINING

AN
\

{Following is a tramslation of &n article
by Wilfried Lange in Paedagogik (Pedagogy).
5272 Berlin, February s pagea 159-

In the last decade cybernetics has become incress-
ingly important tarough the rapidly developed dialectical
processes of differentiavion and specializaticn of sci-
ences, on one hand, and the unification, integration, and
universality of fundemental principles in the sciences,
along with the rise of many peripheral zciences, c¢n the
other hand. A4s the product of the lntersctiom of many
sclences and as the reflection of certain common funda-
mentals for all sciences, it is au iwpercant general aa-
pect and point of departure for methodologiczl investiga~
tion, evaluation, and representation of specific probleme
of fields. Cybernetic formulation ¢f troblems and ques-
tions has proven feasible in industry, technology, sci-
ence, planning and directicn of the eccaomy, and in meny
other spheres of life, thus showlng the individual sci-
ences completely new and especially effective ways to
solve special problems. This apolies to pedagogical re-
search, too.

We as teachers must not expect cybernetics to solve
all problems simply and surely, meking unnecessary sny
further investigations or experiments specific to the
field, COCybernetics' usefulness 1s not in replacing par-
ticular scientific research and generalization, but in
suggesting all-around generalization and thus indicating
a basic way.

Pedagogical and didactic investigaticns based on
cybernetics or using its basic precents and its __J



u;;fhodological mathopsticelly exsat alds are heing inst£:1
tuted at present in the Hoviet Inion &ud in other snolalist
countries, ia addition to capitalist states sush ae Franoce,
West Germany, and the U9k, Without doubt Uthe application
of cybernetics in yedagog*uaa resssrch will sontridutce to
ucienxhiica¢1v pracize determination and establishment of
a series of hitnerto warely eaypirically obtained expari-
euces snd metnoda,

*The wewrpo of scientlifie development lo incrassing;
differentiaticn and specleailratvion aleo grow... ifanking ap-
proschos the momsnt ab wliszh 1t osxn uo longey ccmplately
'dizest’ ann use accupulasted knowledge. o prevent thie,
the classification of knowledge and the sep&rXtiou of the
superflusus maut s contiavally worked at. XKuowlodge must
be uniaterruptodly ﬂompreqaed. figuratively aoeaking."
’(“ote}.u. Stecuedrovizki, "The Technology of Tnougat,” iu

Prans the Soviet "niwn, no 146, u961, page 350? ) This
lends ?ﬁ thigenters g a Qgggban 08 and %6
‘anew system of sonsyroction Sar ¥ 1) ea.

hc groaviments of kFxrof, hanaa, Wi Devydor,

snd otners show that wore osn bhe acrieved than noere mezuqry
of thw insvrustion meterial in shoxver time snd 1sa mors
intenaive fzsghion, They have shown rather trhat 15 is even
peg3ible to master in shorter time a greater rangs of ine
struction muterdial with far h1§her sducatiocal perfermunce
by the studentr than dbefore., The problenm, B0 acuLe nov
and in the future, of attainipy higher qualivy o education
in relatively snorter tlne, will therefore he eonguered
not only *hrough imvrovemsnt an’ intenalification of ine
svruction (for axsmple, sccoriicg to the Lipezk axample),
but slico throvgh a new scientificelly bLased sstablishment
and sheping of basic knowiedge and its . lassxfica*ﬂon in
centers of knowledge and underztanding.,

. Using publications of the Hoviet press we will in-
dicate ir thia sarticle some consequences resulting from
application cf the aspects and methods of cybernetiecs to
pedagogy. We will thereby deal with sll three padagogic
probleme that concera us, ssgesiaslly at uresent and in
the near future, in the farereashing construotian of 8d=
clalism in our repudlie, in the closer connestion of .
school with life, and in the perfection of the urifori ‘
syetem of educaticn:

Thc problcm of basic knowledge and basic akills,
vedagogic problem of the systen of centers '
of knowle g understanding.

The prokler of the teghunology of thought, ss the
didsctical and wvinciclogical problem of .the
student's intonsiva}tnﬁ effective jequping .

i
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r- The problem of unity of physical snd mental activid
ty, as the pedagogical problem of overcoring a one-
sided polytechnic training directed toward hand-
work techniques, skills, and habits, and an occu-
pational education just as narrowly orientsed.

THE PROBLEM OF BASIC KNOWLEDGE

The further development of the material asnd tech-
nical bases of socialism, the rapid rice in work producti-
vity because of the highest possible state of science and
technology, the production of better quality gonode able to
compete more favorably in world msrkets, all cause sclience
to become increasingly a direct productive force. The
waxing importance of mathematics, neaturdl and techrical
sciences, cybernstice, automation, and electronics to the
growth of the productive forces of society necessitatszs
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 schoodl
the students are "to be giver all the highest{ mathematical
and scientific knowledge: this is the task of subsequent
specialized education" (tNobe}: Address of wWalter
Ulbricht at the 17th congress of the Central Committee of
the Socialist Unity Party of German% in: "Toward the
g%gg ?arty Congress,” pages 63-64, 1etz Yerlag, Berlin,

In the general-education school it is particularly
important ¢o insure that all students assimilate the
fug@ggentg;s of knowledme and understandina that make pos-
gsipie a further g;tins op_snd development of educa o,

s involves the highest state of knowledge ana 8 i in
fundamentals, and presupposes that the basic knowledge and
basic skills are separated and established, with sci-
entifically founded methods, mathematicelly exact deter-
minations, and analysis based oa logic of form and content,
out of the totanl 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 e%uggtigg. They replace
the Principle, used previously in our curricula, of Jjoin-
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 collection of individual educational
'material took vlace according to the traditional methodﬁ_J



[;f enpirical 3ehoul practice: some of tha chsolete ma..
tordal Aropa ouh, ant new educational nmatter is added -
all this la done lsrgely empirically according to the pere
tinent ahetraction atsgze. Hapiricism therefors decide:z
whether inatructions! meaterial is obsolete or whether it
will be used fop ipsvructica for a few mors veers.

Crrernetics, with its aspscts of informasniun thsory,
the study oY sigorithms and the methods cf logic of cone
tent, of gutely calculaticr., andl of Boolew:n algebrs can
help us here. L.3. Iteloon ([Hotel: "The Uae of Mathe~
matical and Cyhernetic iMlethodes in Frdagogics) Studies,” in
chnetska;a fedepoaiira (Sovidt Pedugory), no 4, 1982,
pages AC-5L; "ahe vsvzhelogical Peculliarities of the Task
of ? workerro? quf u?n?rin Conﬁizuogquhe%ical)Produgtion,"
in Voprosy Psichalos .l (Faeychological Questions), ne 5,
196T.) shoved Throu E"Ihdiv{du&l %nVestigations new the ume
of muthematliesl and cybernetic mwethods in pelagoglc re-
search, especially in dezermining the sork skills 4o bLe
loarned and = system of centsrs of the later gualified snd
et the same time avallable knowledgs, lezade t¢ new sci-~
entific pedogogizal findings.

Determinetion of bvasic knowledge and bvasic skilis
with 3cientific vrecisior is therefore necesssry, toc, be-
cause the scilentific fiadings whick the individusl nust
ude ip socisliat productivn and societly continuxally in-
crasse, Thev have now reached sn extent tl.at makesz it im-
poasible tce determine the bosic knowledse or the funda~-
méntals of knowladge, abilities, aad skills with the aid
of empiricsl selection and svaluation nethods,

In addition, many basic zcientifiec findinze pene-~
trate different fiolds of krowledge and scieatifle dis~
ciplines, are usad unifcrsly in many fleids ol life and
work, and sppear as cautvers of integration ¢f scientific
knowledge. In mnst cafes, hoawever, thess fundamerials
ot knowledge d¢ not coincide, &8s far as degrea of ab~
«tractness and zeneralization ia concerned, vith the
centers of knowledge and undersvardisg that sre to be
taught the gtudents in the general education achosl under
the oxisving conditions of development and education.

The problen of simplification appears here; DU. Hering
({dote] : TDietrich Hering, "The Comprohensivility of
Statsments in the Natur.l Zciences end Technology," Voik
and Wiseen Volkseigener Verlag, Beirlin, 195%9), who ex-
plained its imporsance for pedugogic regsarch and prac-
tice, zought to solve it with aome valuebls reforences
te vedzagoglic metheds.

™is problem of buric knowledge - troadened and
despenad knowledge « in not solely u question of didactic

iaimpliﬁution, however., 46 rust find eqpressioa in the __J

«
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rgﬁbory 6f the curriculum and educstional syetem, What is

;axg;ggd,ie the ney determination of furdauenta oWl -
edge ani undershandiaz that ¥aaagss e_yroper
cenliers. 1These properiies mighs De characte

rize
88 Jollowd: ‘

. l. & center of kngwlgdgg and understanding must
make possibie the process of trensfer Ifoom gne center to
Litiate 4 Bagle know 8 churac-

B

anokher and Tuss t ) nowledge 18 ¢
Terizad above all by the quslity of conmectibility and
combination intn new coumplexea of knowlsdge. Cybevrnstics
has establisheld the principal 1dea in informatlon theory
that good performance of an information recaziver ie to be
fouwad not in the mumber of its cosponents dbubl in the
quality of its abilities to selsct and conusct.

The treansriszion of xuowledge or urnderstsnd-
ing from one center to another dependy¥ upon the lews of
analogy. we uwuy zive an exemple of tow the cholee of cer-
tain centers of lknowledge end understancdiog make possible
analogous transferability: It ie kaown empirically that
8 student more eaelly learns the basic skilis of milling
1L he first secquires the firm anéd a3¢lid prineiples of
lathewerk., Thers 413 a gimiler probdlem in the choice and
proper didactia sequence of besle findings. 1t iz neces-
sary to aclva, among others, the juesticpsg: What nrust be
tavght firate What is the hest didactlic secuence of basgic
kncwledse to iusure analomous transferability ard thus
xexe ravlonal, easier, and zbove all, firner &aslgilation
of basic knowledge? '

This probiem occurs psrticularly in intreo-
duction of profecsional hasic education, where it 18 im-
rortant to determine scientifieslliy in what subjects -
edther in the nutursal seclencee, sencral %ecunical sub-
Jeets, or theoreticel pralessicrias subjscte - knowledge
can be lmparved meat effectively snd In nroper didactic
order.

2« A center of kncwlodye end understanding
pust_further nile tha process mf,:%;ﬁ_’fg{ﬂ”é}'rence E _qgsI'uq.e

5033 SEAMUinte Lh. New Cenvels Of Know.edge and LLGer-—
sZapding can be move rasionally, essily, and iapressively
develoned and obtained from two or more centers by super-
impoaing individual phases of educational naterial, Of-
tern thie hoppens by itaelfl duripg creative learning ef-
fort of the atudent; it originates as the result of in~
terfering centers that the student has previously Iimmly
asgimilated and rnow must use in new associations, Fer
ezemple, from the kuswledrne that direct current can not

be transformed, while alternatinz surrent can be cheanged
into direct current vy 2 rectifier, it is not possible

%to solve the problem' of changing aiternating current intOJ

Avvn | w - - . o—

%



r;nlow~volrage direct current without rectifler end trans- |
former. OUnly the knowiedse thet an altsroating-current
motor and a direct~current generatdr can be mechanically
pr ' med provides the solution to the aboeve problem, as it
is employed in nreducsviova practice (in are welding): ane
wlication of the motoregenerazor priuvciple to soluition of
the problem of transformation of alternating current and
genevation of direct currant witmout rectifier and trans-
former, Hare the ovrinciples c¢f reinforcemsnt, distridu-~-
tion, and ansiogy operate, Just as shown by crbevrnetics
in many other aimilarly werking interference phenomena in
nature technology, aad society.

In connection with the concept of creative
and coustructive human tiought sad behsevior, cvhernetics
nas added to the nonenslature of psychology the concepts
of "ouperyosition," transmission,” "interfersncs,” and
"eoupling" with the aid of newly 3atroduced concepts such
as "aralogy," "iaformation," end "feedduck," and has
raised it to a higher scilentific utage of peneralization.
The velationships hetweecn the wvaricasm fundzmantals of
rnoWlodge cun b shown by use of mathematical aymbolisn
end lawa. Ine fundsneatals ¢f knowledge can Ye 2lasaified
%8 centers with the ald of logic of content and anslysis
and synthesis of decicion caleculationg., The atudy of al-
gorithns finally 21ds in detarmining a 2cientificolly
based correctress of sequenna of guccession apd juxtapoesi-
tion of the centsrs found. :

3. Centers of kncwledee and inderstandir

must, from what Ghey encompass, be Tﬁr%ﬁé?'hgngggp e _and

nseful., orecial Knowledge, On the other nani, muet be
imperted in subeoequent elucationsl facilities, auch as
trade schools, techrical schoels, and urniversities., Thaia
third characteristic ~f 2 ~npter doen unt say tinat it
represents only knowledge on a higher lavel of abstract-
ness -~ accordirsg o quality of content, It must also
possess the characteristics telow if 1t¥ is %0 recoivas
recognition as true fundamental kicwledpns.

4, C(Centers ¢f krowledge and understandine
in the senss of bagis Knowiea§e and tacic skilis must o
capable of extension and gevelopment. 4<hey must contain

n them the transition t» speclalized and deevexr pene-
tretion into the scioentific subject. A center of this
e must sati he cojective requirermsents of trensi-

tion © earn.ng frcn tre general fo the SpecifiC and

from tha concre@e to the aEsErac%. Here Cycoernetics can
be especially nelprul, wita 1U8 manner of differentiation
of elementary and complicated forwms <f motion, lower and
higher forums of systers (and syitems of krowledwe), as

! well 88 the ebstract and coneraete stiges of knowiedge. __j

——




fi;'a;ro.npnt with the Marxian ideas of "ascent from the
abstraet to the comerete” ({Note): cf. Karl Marx, "Critique
of Pelitiocal Neonomy," pages 257-258, Berlin, 1947), cyber=
netics furuishes aevw inceatives for 81dactics, which must
solve with scisntific precision the problenr of correct
. sequense of asquisition of general and epecific aducation
and the learaing process as a dlalectio unit of the ab-
stract and conozete ({Note)}: Cf. Behrens, "Methods of .
- Folitical Esonuzy," page 25 ££, Aksdeale-Verlag, Berlin,
1952, and W.8. Fasakoviev, "Cybernetios and Relationships
between the Sciences,” in 3oviet Science, Sociali Sciences
Papers, no ég. 1962, pages 1060-1063.)

98- - 3¢ R4S VAR GORL2D O SAIRS
g \tion, centexs of knowledge apd undergtapding miyst &
roady qoptain tendencies or slements of the spesific.
eacn stage of our uniform educational system learnsrs must
be abla to return repeatedly to dasic knowledze so that
they car %izap the newly imparted subject matter ever more
deeply. 8 is poasillc: only when the students assimilate
those Ifundamentals in knowledge, abilities,. and skills
which already posseas terldaancies to the spesific and to
knowledge later to be expanded apecific to occupations. At
the same time, the specific tendencies contained in general
knowledge gqualify the atudents
a) to perfora simple practical activities
of life and productive work, and
b) tc penetrate deepsr into the subjects
and relationships of prastice through
- independent creative study.

In future, this problea will be of great
importance for scientilic determination of the relation-
ships of general, polytechnlc, and professional education
in the po yg ¢ secordary school.

. ea of their pedazogical selection .

principles of comprehensibiliity and systematic perfection
of the ability of the students to understsnd. vious
didactic concepts reduced the prodblem « oonzrohonsibility
only to the capacity, referred to development or educa-
tion, of reception and processing of information dy the
students of certain classes or age groups. Cybermatics
helps to overcome this one-sided viewpoint.

It has estadlished for animate and inani-
mate nature the bdasic theorem that the esaing capaocity
of information dces not depend primarily on the capacity
of the processing csnter but upron the process cagacity
of the connecting channels ( Notol: W. Ross Ash! -
troduction to Cybernetics," (Russian), Mosoow, 1 58). __J



he KoXe AL 81 T RATR a8 _Student SAn -:-.l
aloy 4n 1OArAlnR. and the Hlgher the sapacity of the @if-
et channels O CONRUNIOCASION, Geveloped By edusatios
%Y+ The capaoc 3 on 8%C

sopprehensibili Ok ¥y © . : !
nd PrOSes:; center in the consciousness of the learne
dependsn prhnimpon the capacity of the shannsls of
communioation. s nevw and scientific aspect of syber-
netios assists us to solve many still open guestions, es-
g«nlly probleas of comprehension. It also sontridbutea

0 scientifically exact preparation of curriculs for the
various classes and educational facilities. PFinally, the
cybernetic. viewpoint shows that the problem of compre- .
hension will rnot be solved exclusively by didactic simpli-
fication and corresponding choice of sudbject matter.

. CORRECT TECHNOLOGY OF THOUGHT
- BASIS OF IMPROVEMENT
IN LEARWING

We shall degin from the results of years of o -
nents of Soviet scientistis of the Institute for Preschool
Bducation of the Acedexy of Pedagogical Sciences: in the
1st grade, pupils solve an arithmetic Rmblu in a zanper
unusual for us. The 7-year 0ld pupil de¢signates the known
quantities by 2 and ©, and the unknown by x. He sets up
the equation and gets the result by substitution of mm-

bers. ‘ .

‘Even tho arithuetic and the four bdasis s of
calculation o ted first historically, and algebra
as the abstract of .the generality of computation laws was
not developed until later, this dces not mean that in
the 20th cen school this historical path of human
discovery must repeated in miniature, that is, in the

head of the pupil.
: The Soviet experiments, deginning as early as the
lst grade with a.l?bu and application of its laws, led
to the following findings, smong others:

a) In spite of initial difficulties, which can
be eliminated in subsequent riments by .
discovery and ap!tueo_.uon of best teashing
‘meshods, the puplils learn the mathematical
relations more easily in this way ani master -
calculation more thoroughly, firaly, and
s0lidly than through the continual concontutoil




f’ ropotitian_of basic caleulstion types during _‘
several s:Lcul years.

b) Because the generality, the algebraio
. relations between the vumbers, is lesrned
Lirat and is continually taken as $hs point
of departure for the spesific, wvhioch is
arithaetical caloulation, the pupils sarly
develop the firm ability to survey in e
self-reliant and creative menner any problem
. in arithesetic, ne matter how diverse, using
o the known laws, and to solve the predblem
- corresily after working out the method of
solution. This further emeblss the pupils
tn apply caiculation operations to practical
protieme. This overcomes tvhe cirocumstance
often observed with our pupils in the 8th
or 9th grade, vhers they cuddonlineo longer
‘know how to make & calsulation olving
fractions or to handle & proportion.

W.¥W. Davydov ([Note]: "Experimeatal Introduction
of Elements of Algebra into the Lower Grades,” in
P (Boviet Pedsgogy), mo 8, 1962,
mu n ng & detailed report or the px ss
results of the experiment, eaphasises that the appli-
cation of operative absence of content amd represent
relations between the genersl and the specific, particu-
larly proposed in :{’:ormtiol,, were the starting points
for conception ot riment. o
Analogous conclusicns wers derived from these ex-
periments for other subjects in whose specific systemiza-
tion, too, "there are unnecessarily coxplicated pro-
ce8808..., Which are traditionslly ocarried forward from
century to century but which could de discarded without
harm, or replaced others siapler and aore complete.
Geometry, for exsauple, it taught according to Kuclid to
She sent day, under the text that it promotes
development of reaso « Jf the abilities thet geome-
: ig aupposed to develop are analysed 1«,:«11:
( "logioally" is meant here not formal logio
is, but analysis logio of conteat, which is
the basis of mathematical logic and is used og:ratinly
by oybernetics.), it is seen that they could he devel-
oped in other consideradly shorter and more effective
ways; or in any case with a smaller amount of the geome-
try learned today" ({Note] : G. Stsohedroviski, l.s.,
pages 3310-3311), ’ .
: ’ Our experiences show that logisal analysis, separa
Xion of the dross, und arrangement ¢ basic Xxnowledge _J



!;hcording to the latesat scientific algorithms apply to sucp
subjects as engineering drawing end desoripvive geometry;
the latter subject is creferably conzidecred the basis for
the former. 4an analysis by logle of content weuld show
that descriptive geometry, like Euclidean geometyy, cap

bs learned bettser and more retionally than throughk the
structure o the antiquated subject material, lcng rigid

in coatent ana form, ‘

ihe new didsetio cousiderations oxn the learniug
and knew.edg: process of studente led to ti:e basis of the
modérn viewpoint of cycermetics and, usine mathematical
wethoda of analyeis sarnd synthesis, tc deeprer understanding
of the laws of thought end perception. C(une speaks c¢f the
technology of thought 2nd the learning rroecess -~ analogous
to the processes which technical cybernetics investimetes
ar & natter of course,

Information thecry furnishes new viewpolinte ané
ieciaved facts for the basic proposition that it i»n neces-~
sery to differentiate between systematic and indiract
knowledge and that obtained oy chance and directly. The
cichotomy "indirect and direct leavning" can be anslogous-
iy established. Witheut clalming or being able to clsinm
to develop & mew theory for teaching and learning methods
in instruction, cybernscice presents aome important sug~
geations for remarkably simple and effective scoluiticns
in didaetic problems.

Interastigg ways of scqguisition, storags, process-
ing, and rotrieval of information are foundi in the design
and testing of "self-learnirg" automatic machines. Since
this path of information sorresponds to tesching and learn-
ing in school ipstruction, it occurred to use the common
didactical way of learning ¢f events ia the "self-learn-
ing" of automatic machines. The mackine was $o be
"ingtructed” to remember five different numbters (0, 1,
2, 3, 5). It was to be able not oanly to recognigze the
prototypes ip wriLtten or printed flgures tut to percelve
the correct figures in every case from a multiplicity of
very differently written, printed, and artistically por-
trayed figures.

School instruction often is conducted so that
from the many different forms of a given phenomenon only
the dical and genarally valid form is differentiated
and the essential characteristics that constitute the
content of the phenomenon to be explained are taught
about it as the so-called prototype. This is done in
grammar instruction and in diology instruction, or for
example, in discumsion of machine elemsnts in polytech-
nical instruction. A rachine sloment is first shown
then the esmeatial characteristics are traced out an&

np———.



explained - and in conclusion the specific verietiss and |

articulars of a few special desigue are desoridbeld as
eviants from the prototype.

This "characteristics method" was also used in
training the automatic zashine for tha five numders. After
the machiue had vepsatedly reviewed the characteristics
of 40 different writtem, printed, amnd illustrated figures,
and it could be assumed that “its "memory" possessed the
pictures of the five figuras accurately differentiasted

T

from each other, it was asupposed to recognize 160 different-

ly written sampies of ench figure (4in total, five figures
times 160 = 800 cases) as the figures in queation. ere
were many mistakes, however - up tc 25% of the cases.

. Another type of tezching was then uged, one which
had not previously besn emgloyed %0 any extent in 4idac~
tics. The wsrkers at the Inatitute for Autoration and
Telemachanics in Moscow 2slled it the "o6o :ance method"
((Notﬂgz W. Trepesnikov, "Cybernetics arnd Automatic Con-
trol," 4in Press of the écviot Union, no 38, 1962).

This type of teaching is based on the following
concepts: to emable a student to comprehend a phenomencn
in its essential characteriastice, content, and features
and to assimilate it 80lidly as new knowledge, it is not
enough t¢ show ths characteristics and essen$111 aspects
of the paenomena with corroborative repetition for a few
specific cases. It is better, instead of analyeinz chear-
acteriatics, with subsequent repetition for aspecial csases
and examples of application, to show immediately the
congruence cf various representatives of the phencwenon
in question. The pupil - an sutomatic learning systea
in our examfle - comprehends from the congruence of the
various optical images of the phenomens wherein lies the
essenftiial and how the essential and general chLaracter-
istics differ from the specific and non-essential.

In the experiment with the "learning®™ machiue iy
was found that the learning process could be conducted
incomparably faster through this "coxngruernce methed" than
through the "characteristic methed." VWhen the 800 4dif-
ferently exscuted figure images were then givon %o the
machine nearly all figures were correctly dsciphered
and identified, with only four errors this time.

Even though the result using the "congruence
method" turned out so coavincingly, it does not yet fol-
low that this process would necessarily de as success-
ful in every case in the humen brain, or with the student
under instruction. It ia undeniable, however, that
these new oybernetic methods of teaching and learning
with automatic systems are partly transferadble to higher
forms of living control sratems and to the coatrolling ..J
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{5;0003333 of teaching and learning in 2chool 1nszructioﬂr]

as well.

whoever considers this conclusion sverdrawn will
at least be convinced that it ie obviocus even today in
many subjects of instruction how the narrow teaching
methods, orisnted to formel loglce, especially the analytic
cha~ cteristic method,can not reproduce the sctually ex-
isting transformations and specific relationships., This
cheracteristic method often results in inability of the
students to comprehend aad understand complex phanoxzens
sppearing in concrete reality, as exemplified in practical
golution of application tasks, in experiments, and above
all in the productive work of the students. On the other
hand it must be stated that, for exumple, in the poly-
technic curriculum the increasingly mcre often used type
of teaching of knowledge~transmitting work (:zssembly work,
switching and wmeasuring exercises, and comparative tests)
is analogous to the "cougruence methodld."

We now finaily turn to a pedagogic and didactic
problem that is galning importance, especially with the
introduction of professionsl basic education.

CREATIVE MENTAL WORK - 4 PRIMAHY PREREQUISITE
FOR MASTERING MODERN PRCDUCTION

The progressive pedagoglsc ideas, particularl
the experiences of Soviet pedagogues and the generalized
results of school practice in the socialist countries say
that development of supevior skills and the general sci.-
entific and technical knowledge necessary for practical

wgrk a§e botg important. lé_atggent wilih hiég genersl "
education and good Eeg;rs technice]l kaowliedge more easi-
Yy and guickly ass stes the work tecaniques to be ac-
quired.

Cybernetics reaches similar cornclusions from an~
other aspect. In several work analyeez, for exanple, .
L.B. Itelson ((Note]: "The Paychological Peculiarities
of the Task of a Worker on E%uipment irn Continuous Chemi-
cal Production,” in Voprosy Fsichologii (Psychological
questions), no 5, 1981), FProl. A.A. LJapunov and G.A.
Schestopal ([Rote): "Algorithmic Description of Control
Yrocesses, in Natematitscheskode Prosveschtschenija
(Mathematical Instruction), no 2, )y Showed how the
iptellectual sbilities cf the worker in modern mechanized

and sutomated productiorn markedly enlarge and improve
the radius of effect of his physical work ekills, 7 __J




r“' The basle idea i3 contained in the following:
Mechanized and automated production processes
run at especlally great syeed. To make the correct de-
cisions at a given instant, the worker mpust react quickly
afte: reception and mentel processing of the corresponding
info:rmation signals from The measuring snd indicating in-
strunents, sounds, or other signal sources, Thiz applies
analogously to the maintenance man (plant wschenric, plant
electrician, and technleian), who in troubls-shooting must
decide as quickly as posszible in sccordence with a ration.
ally devised system of algorithms (rulea for finding a
solution). Incresse in reaction speed is subject to phy-
sical limits, however. Dexterity differs, for exampls;
it can be imnroved by exercise as well as by long-term
discontinuous repetition of practical operstions. It is

advantageous to rely primarily upon discontincue repeti-
tion of work operstions, as they ceceur in vlant operation,
and not solely upon HIEactIcaII§ orgenized practice (pos-
sibly in the training skop).

Perception, decipherment, aad conversion of the
signale, as well as their applicatior to the cbjest ¢f
control, represent.a feries of physical, sgzchia, and
biozechanical processes that span time, 8 results in
an ohjectivaly caussd ¢elsy in the action of the workex
vhich can not be compensated for by dexterity or work
skill, no matter how well-trained he ie. In ths time in-
terval the parameters of the relatively rapidly moving
productioz process have changed. The motor activity oc~
curring, vith ite delay of a fow tenths of a second, no
‘longer ocsurs at the right time, and often ¢sn covjure
up unexpested conseguences. What should be dore then?

ro & N athought, judement, and
conclusion can ge mErove ntellactua, ra.n%ﬁﬁ. The
worker becomes more llexiblé mentally, perceives informa-
tiorn more quickly, uaderstanis its content faster, and
thus imparga tggieontrol 8ignels to the nmachine sooger.

n addition, the worker can hecsme trained %o

" n in readinéss various commupicatione caa 5 _for
qultinle Incoming ¢ignals. ~<hia presumes & capa-

: y in knowledge of various laws and pheznomena fLor
complex production processes. The worker must not only
know machinery, messuremeant, and natural sciencesr, but

in addition his sensory organs must be well-developed.,

This abili%z to increase the handling casgcigx of the
channe.s of communicaticn can NPYOVe v_systematic
q ﬁIver © OXercist.,
The statements abcve show that work carried out

in an orderly manner rresupposes a certain lavel of devel-
!Opod physice. and mental skills. ‘this is not enougn, __J
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r;;wever. The degisive 1 e -
1ati%§ gystenm lcr industrial nrocesses be gggg_ig zhe
¢reative mental abliit of an, t+he chial requiremant
¥or mastary snd Clroction of eodern Industrial piccaszes

ashion.

3oviet scientists are engaged in investigation of
these complicated relationships betwsen thought snd opera-
tive reaction speed, and betwaen high gquality of worker
education and the improvezent of his work techniques, The
question involved is the "laws of discovery of algorithms
of control by humans on the basis of comssious planning,
eveluation of the situation,and the course of ths process,
oo« ([Note}: L.B. Itelson, l.c., page 52).

The worker whe ie educatad to s high degree, who
scientifically understands the technolosical process, and
who wag able to work cut in all-round scientiflic fashion
the problems spresring in practice, caa react faster and
thus does rescv in correspcudence with the modern indus-
trial process. He becores a geruine ruler ard director
of industrial orocesses. He does net merely dervend upon
the information received snd upon ite processing, tut
hie high education ard scientific abili<y allow him tec
survey witn scientific furesight process changes occurring,
to recognize varioug phases of the process in preper com-
binstion, and to preda2termine the effects to be expested.
He is mentaily creative inu his work -~ snd this countn
for more than a very rapidly rsactive work skill which is
limited physically ard causes delay.

With taese ideas we close the far-reachins loop
of thought that began wlith the proviem ¢of basic knowledres
and its propagation in the scope cof the unifcrm system
of education and now ends with the proof that a corstantly
improved high level of education, a coantinuvally broadened
qualification, and an impreved sraining for creative
mental work constitute the bases of development of the
future precducers of modern sccialist produstion. Sci-
entific and technical progress rejuires all workers, es-
pecially our students, tov be trained for creative work,
irdependent study, and utilization of the hizh valuass
of science ard culture.

The pedagogy of the socialist school must take
into account these requirements of broad construstion of
socialism, of successful scientific and technical vrogress,
and of elevaticn of the cultural accomplishments of the
worker., Armed with the philosophy and methodology of di-
tfiéctical materialism, relyipg upon the investigations giJ

-
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r& Soviat pedagogues and sclientigts azx well as upsn the
practicel experiercs of our cwn szhools, but also us
effoctive nev nolentific methods, we must further develop
‘pedagogy, didactics and rzthoda, Pedagopical resaarch
can no icngor regleat the sclentifically exact nethods

of wathametics, lsgic of conbtant, and oyvernetica,

u

oues
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CYBERNETICS - AUTCMATION - . 4
NATURE CF WORK N

{Following is a translaticn of an article
by Frof. G. Kiaus, National Frigze Winner,
Beriin, in gg;ggggaetitecgﬁik {Precision
g;cggiiogy) no 5, Berlin, Narsh 19563, pages

In connsction with the XXIInd party corgress, the
4th plenary meeting of the Certral Committee 5f the SED
Sozialistische Einheitspartei Deutschland; Socialist

Unity Party of Germany) has prepared a series oY doocuments
of great importance for the development of our Gerzan
Democratic Republic. The concepts of cyberuetics and
agtg*ation rust be emphasized in conncc%Ion iiiﬁ the view-
points discussed in the desliberations of the l4th plena-~
ry meeting, which took full account of the fact that sci-
ence is increasingly dbecoulng a dirsct productive force.
This ia nowhere more clearly shown than in the egphere of
the concepts designated by the two terms above, c¢ybernetics
and sutomation. :

" The precedence accorded cybermetice in the program
of the KPasu EKonmunietische Partei der Sowjetunion; Com-
munist Party of the Soviet Union], adopted by the XXIInd
par{y congress, should also be notec. 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 empluyed in production processes in indvatry,
construstion, trausportation, research, plsnning
and designing, accounting, and administration”

!_; (Note): Program of the Communist Farty of the Soviet
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’Egion, p. 67, Dietz Verlag, Berlin 1961.) . ..]

The sapecially interesting fact should be emphasized
hore that cyberzetics ls mentiocned in tlie same neriss with
2utomatic conﬁrol gystims. cgmputers} etg.,ithagfis. with

nstrunents ¢f production. Cybernetics is itself & pro-
ductive forcel Lo historicafzma srisilsm shows, howgver,
productive lorces finally devzermine the social aspect of
production. Therefore an ovaiuvation of the social changes
that accompany automation must begin with an asvaluaticn of
the techrical changes that this phanemsnon brings with

it. It sheuld accordingly first be stated that the con-
cept of sutomation has seversl aspects. Initially there
ig an automstien wiich we may call automation buzed on
rechanizal causzality ([Note): Mechanical causality:
linesx consequence of csusze and effect). This 1s the form
of nutomution that lesds to the av-called tranafer machine,
in which a given pro uct passes through & series of ma-
chines, each speclalusing in a zingie or ot most 2 faw
ovareilious, Lthis form of autopation therefore replaces
the worker's division of aber by the machine’s division
of la=bor. It is manifest that an automation fore of this
tyre is xational ounly l.exe maas production is iavolved,
«hat was previously valid at the level of division of la-
hor in manufacturing is valid at the machine level hers:
the degren of specislization depernds upon the extent of
proeduction. JRstablishment of evtomated factoriesz cn this
basls haa Lta peculier prodbiems, prinecipally to be viewed
as ipherent rigldity and inflexibility of the installation.
This is slau true %o gome exveny &t the machine level, sa
is well known to us from the development of iife, ke
pore spaclailzed is a living organism the smaller are lte
shances of sarviving a charge in its ambieatr conditions.
This means then thatv a one~sidsd speclalization is equi-~
valent to deficlent adaptabllity to possible chauges in
conditions; in terms of inductry, conxpictely autumated
factories consiazting of groups of units esch of wiieh is
specializad ip a highly definite type of preduction bvecome
worthless if sry social corditions require a basic change
in production. .

Production in these facilities can be compsred i
its method of operaticr to an electronic computer work-
ing on a rigid preselected program, that ias, a so-called
sequence machine,

We know, however, that even tolay there are higher-
type msichines, adaptive michines as they are called, that
| do not follow a rigid program but suit their hehuvior %o !

. wed
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f;EES events at any insvanv. Ihese are the varladls-proe- ]
gram alectronic computers., They have thnelir azalogy in
producsion, where the quustion arises of how automation is
to be latrsduced when arall lote of workpleces, devices,
or apparatus sre to bhe made, It is obvious that an as.-
gepbly line with 100 spzciel maohines can 1ot be built to
wake & ot of 10 ox 100 devices. In this cause the build-
ing of znx indietrisl analog to the variable-program elec-
trenie computer s & way out., As far as the operatiog
conponents are soncerned, the elsmeats of ihla new Yype

of suntcmation siready sxist - in machines sucn a8 the alle
purpose laths cr universal niller. 1f these machines were
grouped and controlled by a variasble-program elestronic
computer, it would be posaible to automate even “those
fsotories thai nust produce & mulbtiplieity of typee.

. This second f£orm of autometiocn 1s entirely realiz-
nbie today. '

The objecvisn agaivst universsl srpilcatinn ¢f
automaticn In industry, sxpressed gomewhat as follows:
avtomation 1s spplisabie only where ore or a very few
types are magss-produced, thsreby disappears.

In princizle, the zecond form of sutcmetion, based
on furdamental concepts of cydbermetics, can produce in-
dividual complicated workpleces. The Iirat form 5I auto-
mation mekes semi-skilled and unskilled workerns largely
unnecessary and reguircs s gqualified slthough nuwerically
very smail group of skilled workers in muintenance groups
and ir supervisory persomnel. Although this applies
equally to the second form of sutomebtion, the lavter has
an additlional effect that is brssent irn elemeantary fashion
in the first form but wnov aprearse fully for the Iirst
tima. This second form of automation requirez sa its
normael worker the quelifisd techuician, engineer, phyai-
¢iat, or mathenat ' 2ian. It requirees a nusber of ovaslic
resesarchers and < 9n wmore ressearchers who can creatively
apply the regults of basie ressarcik to praduction prac-
tice,

Of eapecial interest in this conmection is the
fact that modern aighly productive technology changes
the very nature of work, as Walter Ulbricht himself am-
phaslized in his sddress at the l4th plenary mesting:

"As a result of the changed sharacter ¢f work

and its incressingly technical aspect, the inner
need to work for the comnon grod, freely and in __J
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r—-‘ accordance with individusl abilities, will deve16;1
in ull members of socieCy, thanks to thelir bigh
conviction.”

( (Nnte): The ZXIInd Party ‘ongress of the Commynist
Party of the Zoviet Union and tue Taske in the DDR [Deutaschs
Demokratische Republik; Germen Democoratic Hepublic), p.
14, Dietz Verlag, Beriia, 1961.)

Since work determines the nature of men, this atave~
meat aigso means that the very nature of man ig changed.
ot only will the new teshnoclogy that 12 spoken of nere’
orovide us in the not too diatant futures with an abuundance
of maverial goods, but of equal importance wich this
change i3 the change in the nature of mawn, a change very
clagely coupled with the coucepte of eybernetics snd auto-
maticn.

in other words, the dynamics cf deveicpment of pro-
ductive forces now presses from the technical side toward
that which the classicists of Marxiax descrited in their
eerly 4ays as eliminatien of %“he alienation ¢f mankind.
The change of work into creative effort ¢an not be over-
estimated in its social effect. According to the cendept
of historical materialism, the nature of work at any time
determines the nature of man., Peovle who do only sterec-
typed, monotorous work during the workday are on the aver-
age not adle to turn tc a completely differant ani creative
world in their leisure time. Activity in the privste gar-
den, chess club, or elsewhera is but 3 poor substitute,

Karl ilarx and Friedrich Engels studied this prob-
lenm in detail in their early writings. Work that is
nonotonous and stereotyped in ita nubture readily csusee
humans who must perform it to think in morotoncus and
stereotyped fushion on all planes of life. These are
the very persons, however, who are relatively easily
duped by the enormously dsveloped ivformation machine of
their oppressors. It is mot toe &ifficult, with persons
of this type, to control & formally democra%ic capltsl-
ist atatse ian such fashioca that the capitalists cbtain all
that they seek. TFor this vary reason tho respoasibility
of the communist and workers' partiea in cepitalist coun-
tries has grown, and the task of brinzing social con-

sciousnegs to the working masses is more important than
ever.

The propaganda of the fascist dictatorships directs

itself largely t¢ *he worker who is shaped by stereo-
typed and monotonous work in monipoly capitalism, and igﬁﬂ
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l‘i&-'t‘tov~1nrlu-nbia; cateh phrases are continually
pounded. The techaisal and productive baeis ¢f a true
sosialiss damooreeyy on the other hand, requires oreative
work, in wvhick the worker is deeply involved with his
livi go-arqm; Only thies kind of work csn built the alle-
aroc armonalie personality of the sooialist man.

This nust be repealcdly emphagired when we sfoak
of the meaning of cybernetics and its technical appliioa~
tio:»{;; the furtier shapirg of the socialist arder of
socievya

A new 3oviet work on this states:

"Establistmunt of the material and technical
bazia cf commuiism, ocomplete mechamization ofngro—
cesses iavolving hi L expanditure of lador, a
extenasive meshanization and automation Hased upon
therough electrification of the asconmay will
change groductive culture coxpletely. Fodotonous
and wearisome work will gradually disappsar. Auto-
nated systems of machirery require (raining of
highly 1arlified labor forces adle %o sat up and
control the equipmeaty and to direct complicated
mactine operations. Mental fusnctions decows oOb-
vioualy predosinant ia the work of thees men.”

: ({Nots): Menewitsch, I.L., "Eliminatisn cf thae
DiZferences netwean Honxai and ﬁhysical stor," in Scviet
Science, no 12, 1981, puge 1340.) T

The;e affects munt be heeded im future technical
spd scientific education. Neither the technuicil schools
nor the achools of generali sdication ~ The lather are
cexrtainly exciuded -~ ¢an be given the task, in view of
the dynamism of our developmsent, of impartisg to tvheir
students aerely s limited ctpability of work and a limited
smount of factual material op subjesis. Although this
must certainly bde done, it can no longer be the chief
point. It is necessary to kesp in aind the difference
betwveen the evolution of the occupational work of a
qualified technical worker of a few decades ago and that
which will de a normal case shortly. - :

Several dscades ago it was cuatomary for a lathe
operator to learn latkhe work as an appreantice, Journey-
nan, and finally a2 a skilled worker, eventuaily beconing
a8 master workman. During nis lifetime his tool, the
lathe, continuaily changed, of coursa, but no matter
what the iadividual iLsprovements might be, the bdasic



[features of his work remained constant within relatively |
parrow limite, so that it was possible to retain -largely
the sducationsl forms for this calling, or to make only
slow and gradual changes. Kow, however, it will happen
increasingly more often thet certain trades will dissppear,
1.0., it will be quite common for & given skilled trade
to be coapletely antiquated only a few years after the
worker involved has become fully qualified as a scilled
worker in the ocalling. From the historical viewpsint the
iglloving qualitative stages can be eatablished for thie
ene: '

1. Learniag of a trade in the factory threough
gradual acoumulation of prastical 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 technical schools or simi-
lar fashion., This sscond stage is & higher stage
because it does not adhere to the specific instance
but to a certain degree includes the general case,
aud thus can follow within moderate limits e
change in productive forces.

3. Determination of a general method of autcsated
production (that ia, the elementary principles of
cybernetics, smong other things). This method is
more powerful than mere collection of faocts; it is
also elsstic and more than an accumulation of ex-
periences. Even more powerful than the method of
sxeoution of a given task is the ability to learn
new methods, or expressed mathematically ard approxi-
mated to our cirbemeic thene: the algorithm ((Notel:
exact deaorirtLon, instruction for solving a given
type of problea), which permits solution ¢of ¢
entire group of provlems, is more powerful than

the abiiity to solve individual problems. A ocom-
prehensive theory of algorithas, permitting not
only understanding of individual algorithms bub
also design of new algorithme de ing upon cir-
cumstances, is even more powver. than the in- ~
dividual algorithms.

‘ (To be continued)
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