G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

Distr,.
LIMITED

ID/WGe3, DP.3
Yy 1907

United Nations Industrial Development Organization

AD=HOC MEETING OF EXPERTS ON THE ROLE
(F ADVANCED SKILLS AMD TECHNOLOGIES IN
IVDUSTRIAL DEVELOPMENT

Yew Tork, 2229 May 1967

CLASSIFICATION AND ANALYSIS OF INDUSTRIES
BASED ON KNOW-HOW AND SKILLS

by

Jénos Timar

National Plannirg Office
Hungary

The opirions expressed in this paper =re thcse of the authcrs and not necessarily
those of tne United 1:tions Industrizl Development urganization. This paper is
not to be reproduced or quoted without tte permission of the United lations
Inaustricl Developriant grganization.

67-1C01L
N




N

P






;

1. Introduct.cr

Indugtrial development is in the center of ncdern vecnomi~ developrent.
The development of up-to-date larce-scale industrial roductior, requires a4 loins
time and important investments. Icne tine a-o 1t geered thut the main til-
ference between the developing and the tndustrially developed countrie. con=
rigted of the modern machinery, equipment, facterv-buildinTe existing iu the
latier. lore comprehensive investimation, as well ar (ractical exjerience
proved, however, that althouzh the creation cf the reterial basis, (the scarcity
of capital) certainly hampers rapid development, the lack of enrineers, techri-
cians, skilled workers and other qualified persorrel, who are able tu use the
modern technical methods is an even more important hinirance to develorment.
vachinery and equipment, and for a certain time also ieading personnel and
instructors, can be imported; the masses of the productive mun-pover can be
composed only of the nationals of the country and it is an exi;ence of the
national interest to form and employ rationale also as leading specialists.

The training and education of the {ndustrial man-power tukes a long time.
This creates - because of the rapid scientific and technical development -
{ncreasing problems even in the developed countries. The problems are even
greater in the developing countries. These situations have been recornized by
the governments of the developed countries which make - also because of other
social and cultural reasons - great efforts for the development of educatiocn.
Appreciable help is given in this by the UN, UNESCO, other international organi=-
zations and also by the developed countries,

The preparation of the labour force for industrisl development and the
acceleration of this development require a clear view concernin the structural
changes of the labour force, which are a precondition as well as a consequence
of industrial development. This !s particularly important for the developing
countries, vhich can import industrial machinery, equirment and technologies,
but cannot take over without changes in either the structure of the labour force
or their education - and training - systems,

The aim of this study is to give information on the structural change of
the labour force which goes together with industrial development, on the possible
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classification of industries based on the quality and structure of the labour
force, as well as on the change of this latter, and on some main cunclusions
which can be based on the analysis of the changing man-power structures.

2. Industrial Development and Strueturgl change of the Labowr Force

Industry is in the heart of contemporary social and econcmic develorment,
The developed countries, that is the majority of the European countries, the
U.S. and some other countries all have developed industries. The rest of the
world, and in particular, the previously colonial countries are Just beginning
to build modern industries, which are considered essential to economic and
social development. It is generally admitted, that one of the erucial problems
of industrialization and perhaps even the most crucisl one is the development
of industrial manepower; such development takes nlace within the framevork of
the overall structural change of the whole working population.

Industrial development can certainly be accelerated if the interconnections
between industrialization and the structural change of the labor force are
recognized. The basic aspects of these interconnections are vell known (and
developed in detail in studies of Colin Clark, Jean Fourastier and others). A
brief survey of the whole development seems, hovever, useful in order to place
the more special man-power problems of the industry into the proper perspectives.

At the beginning of the era of modern econonic development, in the now
industrially developed countries, or perhaps more exactly st the beginning of
the (first) industrial revolution, 80-90 percent of the total vorking popula~
tion was occupied in agriculture. The rest of the labor force belonged to
industry (and construction) and the other service type sectors. Small-scale
enterprise connected with the family type of work organisation ves predominent.

Thies type of production, with mostly simple technologies, vas mainly
manual. The rate of illiteracy was very high. Skills were acquired by prac-
tical experience,

Industrijal development and its impact on the labor force can be charace
terized by the f>llowing main features:
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The productivity of agriculture increased faster than apricultural rTroduc-
tion. Employment in agriculture decreased. Unemployed and under emnloved
persons migrated from agriculture to the non-agricultural sectors.

Large-scele enterprises based on the use of machinery and mechanical
equipment appeared and became predominant in the industrial sector. The role
of small-scale and domestic industry decreased within total industrial produc-
tion (but conserved and even partly increased 1ts activity in the field of
services). Industrial production increased rapidly, the main source of the
increase being for a long time the increase of industrial employment. Towards
‘2 end of this extensive-type of industrial development, the share of indu:-
trial employment increased to about 30-40 percent, while agricultural employment
decreased to about 25-35 percent of the total. At the same time, the rapid
development of agricultural and industrial production also generated the develop-
ment of transports, of trade and of other service-type sectors; the employment
in these reached about 30 to 40O percent of the total.

Industrial development generated the structural change of total employment:
man-power shifted from agriculture to industry and services. The sexecomposition
of the labor-force (or more exactly of the labor force in non-family type enter-
prises) also changed, with women leaving households and taking jobs., The
increase of female mane-power was, together with the increase of the population,
the main source of the increase of total employment. The educational lievel of
the labor force increased substantially. This was required mainly by the
technological development of production and resulted in the elimination of
illiteracy through general primary education. As it will be discussed later,
nore in detail, the importance of all of forms of schooling increased in the
development of the labor force.

With the disappearance of the formerly prevailing abundancy of the labor force
the extensive-type industrial development came to an end. Less man=-power
became available out of the traditional sources, namely agriculture and house-
holds, and the service (tertiary) sectors absorbed a larger part of the total
increase. As a consequence, the increase of industrial production became more
and more & result of the increase of productivity, instead of the increase of
employment. This characterizes a new stage of economic development.

[oon
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In this new "intensive type" development period, machinery and new
scientific production methods are introduced algo into agricultural production
faster than previously. The share of agricultural employment continued to
decrease to (in the most developed countries) 4 to 14 nercent. In this period,
with large-scale production already predominant in industry, automation i3
beginning. The role of domestic and small-scale industrial production is
insignificant, and the increase of the industrial labor-force is being deter-
mined by the increase of the population (disregarding the case of foreign
labor-force in some couniries), its share within total employment is already
even decreasing in the most industrially developed countries., Employment in
some industrial sectors is stagnating or even regressing, furnishing one of
the sources of man-power for the dynamic, rapidly increasing industries.
Regional development with regard to man-pover resources is acquiring more and
more importance in total industrial development.

The further increase of material-goods production naturally also generates
the further development of transportation and trade. Up-to=date technical and
organizational methods also increase their role in these sectors. Education
and health services, as well as public administration, also absord an increasing
share of the labor force., The number of employed in these sectors increases
more rapidly than previously and their share in total employment surpasses
that of industrial employment; in the actually most developed countries, even
the share of employment in industry and agriculture are taken together.

Modern technolozical methods are becoming predominant in every field of
human activity, Automation is gradually expanding, and science APPears as a
direct productive force. zan : : gins
rele in the w_&mwm The Wimly
not fully recognized interconnections between education and the economy are
becoming more and more apparent. It is more and more admitted that the rate
of economic development is determined directly and largely by the educational
level of the labor-force.

This structural change of tne labor force within the three main economic
sectors is shown in T:ble 1, with the help of statistical data covering 24
countries &nd the period from the end of the last or the beginning of this
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century to up to the years 1960-1965. It is easy to recognize the clear tendency
of the decrease of agricultural and the increase of the share of employment in
services, as well as the connexion of these changes with the general level of
economic development. Table 2 covers more countries, also including the
developing countries and gives figures for a more recent year. This distribu-
tion of the labor force into the main economic sectors, and in particular, the
low participation in industrial activities in the developing countries is - as
1t is well known = a very characteristic feature. The distribution according
to occupational groups is showing the higher share of highly qualified gpeciale
ists, as well as of clerical, and sales workers, at higher levels of development,
Pinally, the increased share of salaried employees and wage earners in the
total labor force demonstrates the increased importance of large-scale enter-
prises in the more developed countries.

[ooe
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The development of the labor force of the individual industries - both
frcm the point of view of the number of employed and of the level of skills -
tal.es place and can be properly understood within this broad framework. Hcwever,
ir order to recognize the main causes for the differences in the skill-pattern
of the different industries, a brief survey of the different technologies used
in the different industrial sectors seems to be necessary.

snts

The different technologies used in individual industrial sectors, obviously,
largely determine the character of the required an-power. Investigated in full
detail, the different industrial technologies are very diverse. However, from a
more general point of view, the i{ndustrial sectors can be classified according
to the main characteristics of their technologies. These characteristics are
connected on the one hand with the product itself, and on the other hand with
the particular production techniques; the latter being of course largely deter-
mined by the chemicel, physical, etc. characteristics of the products.

(Table 3)

One part of the products serving final consumption or further industrial
use can be considered as homogeneous, having uniform physical and chemical
qualities. The overvhelming part of basic and auxiliary materials, the products
of mining, chemical and metallurgical products, textiles - in general the prod-
ucts of most of the industrial sectors - belong to this group. The products of
gsome - and very important - industries are composed of parts having different
physical and chemical qualities. These products which are fitted together by
sssembly processes can be called heterogeneoug. The most important of such
products are menufactured by the engineering industries like electrical
machinery, vehicles, instruments, etc., but clothing, shoes, furniture also
belong to this group. (Of course the above criterion - as well as the other
criteria which will be discussed belov - do not permit a very exact and unequivo-
cal classification in every case. In the case of printing, for example, it is
not easy to decide whether its products, namely books, newspapers, or reviewvs,
should be corsidered homogeneous, or heterogeneous. The material itself,
namely paper, has of course the same qualities. However, considering that the

[oos
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piroducts are diversified and that bookbinding is an assembly-tvpe operation,
it seems appropriate to consider printing as an industry procducins hetorosencoas

products, )

The production process is determined by the diversification of the preduct

mix of the industry in question, or more exactly of the single plant belonsing
to the industry. There is certairly some connection between technology and
the fact as to whether the plant produces a larger variety cf producis or a
narrover one. In the case of homogeneous preoducts, the diversilication is
generally narrover and with heterogenecous products usually wider; this,
however, is only the general tendency and not the absolute rule. If we dis-
regard by-products and less important products only one product is produced by
(electrical) power plants, by the plants of the building materials and (in
most cases) by the plants of the food industries, as well as by single mines

for which, as already mentioned, the character of the products is homogeneous.
A vide diversification of products characterizes in general the encineering
and the clothing industries, although there are some plants belonging to the
engineering industries which produce only a few, or in scme cases, even only
one product. (For example in the case of radio receivers, TVe-sets, or ras-
senger cars.) However, there are some industries, for example, the chemical
industry and in particular the production of drugs, with which, althoueh the
product itself is homogeneous, the variety of the products to be considered is
at least moderately wide,

The variety of the products (diversification) is also important because
this fact willlargely determine whether the products manufactured are changing
and with what frequency. This fact is closely connected with product develop~
ment and therefore with the requirement of highly qualified technical man-power.
It can be observed in this respect that there is no change or only a very slw
change in industries where the product is homogeneous and the diversification
rather narrow; for example, in the case of electricity or of builiding materials,
In the case of heterogeneous products and wide product diversification - for
example in the clothing industry or in several sectors of the engineerinz
industries - the change of products is very frequent. The rate of change of
the products has an impact on the amount of work to be devoted to product

[ooe



development, but it is not the only decisive factor. There are industries in
which, although there is & high frequency of change (for example the clothing
industry ard in the production of furniture), the amount of work going into
development {s not rarticularly important because the new products are similar
to the o0ld and change takes place rather to suit changing fashions. In addi-
tion, these products are not rarticularly complicated, oOf course, it may
happen that some changes require a more important development-work, for
example some new procedure of glueing (faztening) in the sice industry. However,
in these cases the change 18 mostly affecting the production process and anly
secondarily the product itself. The most important changes affecting the prod-
uct are primarily connected with the material used (for example, the introduc-
tion of synthetic fibres in the clothing industry or of the Corfam artificial
leather in the shoe industry); the actual development 1g concentreied in these
cases into the industry producing the basic materials in question.

The characteristics of the products mentioned above largely de*ermine the
characteristics of the me 8. Ye consider "main process"

to be such operations which contridbute to shaping the prcduct itself, distin-

guishing them from the auxiliary procegses, like material handling and main-
tenance. The main production processes can be classified - like the products -

into homogeneous and heterogeneous types. In the case of the homogeneous pro-
cesses, the same operation is continuously performed with the help of the same
nachinery or equipment: in the heterogeneocus case, operations are changing
with more or less frequency. There is a rather close connection between the
character of the products and the production processes. Industries having
homogeneous products have also homogeneous technologies. The case is similar
with the heterogeneous products fitted together by assembly operations; here
the main production processes are usually heterogeneous. For example, the
machine tools of the engineering industries usually serve to produce parts
having different shapes and being of different materia].

It seems appropriate to distinguish also the scientific - technological
principles of the technological processes. The process is either changing only

the shape of the material applying mmsmm or performing chemical
changes applying shemjcal technologies. The character of the technology

Joos
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influences the requirements in the highly qualified technical labor and, of
course, also the basic knowledge necessary for menual workers. Chemicul
technologies are obviously utilized in the chemical industries, Loth cl.emical
and mechanical technologies are utilized in metallurgy, in the building mate-
rials industries and in some sectors of the food industries and mairly
mechanical technologies in the other industrial sectors. Technological pro=-
cesses and, in particular, their organization is different according tc the
batch-size. 1In this respect, we distinguish jindividual, s:rial and mass-
Broduction. As a rule there is mass-production in the case of homogeneous
products and processes and serial production in the heterogeneous case, In
the engineering industries, all three cases, namely individual, serial and
mass productioﬁ can be found.

The skill requirements - mainly form the point of view of the skilled
workers - can be "traditional" or "scientific". The skills which require
mainly practical experience and know-how, and in the case of which the skills
of the large-scale industries are the organic continuation of the artisan
skills can be considered "traditional". 1In the case of the "scientific"
skills, manual dexterity has less importance, The essential thing is the
control of the processes with the help of instruments and regulation based on
the observation of these instruments. Long practical experience is not so
important to perform these jobs as is a higher educational level, the ccm-
prehension of the production processes, and of written instructions and the
aptitude to make the required written reports. Now, if we classify the
individual industries from the point of view of this last criterion,and if
wve disregard the cases of the total automation which are rather exceptional,
even in the most developed countries, the traditional skills are predominant
in the light industries (except perhaps paper production), and in the food
industries. Scientific skills are predominant in the chemical industries and
in electricity. The skills of the engineering industries and of metallurgy
are partly traditional and partly scientific.

From the point of view of the relationships of men performing the job
apd of the machinery the technological processes can be classified into the

following categories:

/oo
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1) Manual work performed without toolg or with the simplest tools;
2) Manual work performed with the help of Zechanical (power-driven) toolr;
3) ork performed with the help of machinery with a mw

work (for example the feeding of production machinery with material,
the feeding of material handling equipment ;

4) ‘vork performed with the help of machinery with the predominance of
the mechanical work, the operations performed concerning mostly (but
not exclusively) the direct control and regulating of the equipment;

5) Control of nore complex equipment, the whole Process taking place in
Principle without interference of the worker, the task of vhom cone
cerne mainly some corrections in the process or trouhlc«lhooting.

Actually the types of Jobs characterized under 3) and 4) above are the most
important in the majority of industries. Of course, manual work is still
necessary at least for maintenance. Automated processes mentioned under 5)

are important mainly in some chemical industries and in electricity production.
If we consider the cases 1isted under 1) - 5) as successive steps of mechaniza-
tion and automation, we can state that the introduction of . the higher techno-
lopical stages is facilitated by increasing homogenity of the Products, ine
creasing batch-sizes and decreasing frequency of Product-changes. The tendency
of technical development is to increase the role played by the higher techno-
logical stages and the regression of the lower stages in the main technological
Processes and in material handling. (The situation is different in the case of
maintenance.) The above stages - if ve disregard maintenance - require dif-
ferent types of skills, Lower skill levels, that is unskilled or semi-skilled
vorkers, are required by manual work and by the work on machinery with o pre-
dominance of manual tasks. The characteristic skilled worker of large-scale
industries, for example, the turners in the engineering industries, perform

the task described under i), The control of the equipment mentioned under 5)
requires a new type of skilled worker. In this case, aptitudes like attention,
thoroughness and reliability, as well as appropriate schooling is more important
than special professional skills., This type of skilled worker can therefore
shift more easily from one industry to the other in his particular field, while
such changes are much more difficult for the actually more characteristic type
of skilled workers in large-scale industry.

[oen
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Material handling and meintenance form, of course, an integral part or
the total technological process. The jobs connected with these are charicier-
ized by the fact that the skill requirements are not or not only connected with
the main technologies. To maintain buildings we need skilis of the bhuilding
industry and to maintain machinery mainly skills which characterize the engineer-
ing industries. Of course, the maintenance of textile-producing equipment or
of machinery in the food industry will also require special experience in
these industries. Skill requirements in material handling are generaily not
very high and connected mostly to the character of the material. (For example,
1iquids or solids, large and heavy or small and light pieces, etc.) The in-
fluence of these different technologies on manpower, in the case of individual
industries, vill be discussed in the following chapters more in detail,

of the Labour Force

Before the present era of large-scale industries, the production of
{ndustrial goods took place in artisanal and small-scale shops. Here the same
person generally performed the whole production process without division of
labor into intellectual or manual work or intc simple or more complex opera-
tions. Mechanization and large-scale production, to the contrary, is charac-
terized by detailed division of labor. Management, organizatlon and control
of the production are now the main task of technical and scientific, but also
of other highly qualified personnel.

The tasks of these highly qualified specialists are being differentiatec
further by technical development. This differentiation is taking place con-
cerning both: a) the special field of science or technology, (e.g., mechanical,
chemical, etc. engineers), and b) the educaticnal level. In this latter
respect there are in most countries technical specialists with full university
(academic) curricula and technicians having completed secondary type education,
In some countries there is a third type of technical education, intermediate
betveen the secondary and university level with two or three years courses
based on a previous secondary level curriculunm,

The tasks of the manual workers are also differentiated by technical
development. From the point of view of skill requirementc there are three

[oos
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maln levels. The more sophisticated operations are performed by skilled workers,
the education of whom requires a longer period (generally several years),
organized apprenticeship and education. A second group of workers perform
simpler tasks for which training periods of some weeks or at most of gome

months are sufficient. This group - for example, machine operators or personnel

Manual work !s also differentiated as to its technical content. A rether
important part of the artisanal skills 1s losing ground or even disappearing.
Cther crafts acquired new content conserving the o014 name. New technologies, in
Particular electronics, gave dbirth to practically completely new skills,

Av u result of the division of labour briefly described sbove on the one
hand and the special technologies characterizing individual industrial sectors
and discussed more in detail in Chapter 2 on the other hand, certain gkill-
iatterns became typical for the different industries. These skill-patterns can
be described from two different aspects, emphasizing either the leve] of educa-
tion of the labour force or its skill structure,

The particular industrial sectors are characterized by one or more of the
folloving three conditions: a) the use of the same (or of a similar) materials,
b) production of the same (or similar) type of products, and c) as a result of
the foregoing, the same or similar technology of production. It can be argued
on purely logicel ground that these similarities should require similar skill
patterns for plants belonging to the same industrial sector and similar skill
patterns for the same industrial sector even in different countries. Now, {f
there really are such similarities in the skill inputs of the individual indug~
tries, the clear recognition of the relevant interrelationships will be helpful
in planning and promoting industrial development , providing a better possibility
to gear industrial development to the existing (or forseeable) labour force, on
the one hand, and to develop a labour force according to existing (or possible)
industries.

Hovever, some remarks seem to be necessary in this respect,

[oos
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1) The labour force or more exactly its skill pattern - which is one of
the most important or even the most important input of industrial production -
is more flexible than other types of inputs, the possibilities of substitution
being much wider. To produce one given product, the materials to be used should
usually be exactly the same. In some cases a few different mater 'al mixes are
possible. As to the skill content of the labour force, there are always more
possibilities of substitution between adjoining categories, for example, between
engineers and technicians, skilled and semi-skilled or semi-skilled and unskilled
workers. The same is largely true concerning the special crafts, identical
operations being performed, for example, by mechanicians or fitters, etc.

2) The effective skill-content of the same profession or ecraft is not
always identical in different countries, or sometimes even in one and the same
country. Professional denominations are largely traditional and by no means
rational or based on scientific analysis. For example, engineers and technicians
can have formal schooling of very different levels in different countries. In
one and the same country, skilled workers in different industries can have dif-
ferent effective qualifications, having undergone different types of training.
(In Humeary, for example, practically all of the skilled workers of the engineer-
ing industries completed at least three years of organized apprenticeship after
leaving primary school. In the clothing industry, on the other hand, as well as
in the production of construction materials, about fifty percent of the skilled
workers are considered, as such, on the basie of practical experience and have
no formal school-type certificate.)

3) Data on the qualification of the labour force in national statistics
are very often scarce, especially concerning the subdivision into the different
i{ndustrial sectors. Such data are even often contradictory. In the
United Kingdom, for example, 1961 and 1965 data on the proportion of the skilled
workers in the clothing industry varied btetween 12 and T4 percent, Similar
variations are found for leather production, namely between 21 and 79 percent
and for wood products and furniture between 52 and 78 percent. One part of this
difference is of course explained by a difference of coverage, but even the
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differences between statistics having apparently the same coverage seem to be
quite large.l/

4) The international comparability of labour statistics concerning
qualifications is, in spite of some efforts made by international organisations,
very restricted,

Bearing in mind the foregoing, and within the limits of the available
information, it will be attempted in the following to investigate the dif=-
ferences in the skill requirements of individual industries in three respects,
namely concerning:

(A) the average skill content (or quality) of the labour force;

(B) the requirements of the highly qualified technical labour force

(engineers, scientists and technicians):

(C) the requirements of manual workers, mainly skilled and semi-gkilled

workers.

1/ Computed on the basis of:

Woed
Slothing Lsather Rrecegsing
&) 1961 Census, Industry Teble
Part I, Table 5 30 79 78

b) 1965 Annual Abstracts of
Statistics No. 102.
Tavle 131 Th 53 60

¢) 1965 Industries in G.B.
Ministry of Labour .
Gazette, Jan, 1966,
Table 2% T ST 63

d) 1965 Industries in G.B.
Ministry of Labour
Gazette, Jan. 1966.
Table 1-20. 12 21 52

The difference between c) and d) 1s caused by & different interpretation
of the "skilled worker" level; d) refers to "Skilled operatives" covering
also semi-skilled workers, while c) only to workers having undergone
apprenticeship or equivalent training.

[eo.
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A) Classification of industries based on the average skill content
of the labour force

As already mentioned above, the principal method of transmitting the hnow-
ledge and skills necessary for production was, before the industrial ciru, Lhe
direct passing on of working experiance. Formel education in schools did not

play a major role as far as the training for production was concerned. The

knowledge necessary to perform certain operations - at iimes even complex cpera=
tions and accordingly requiring sophisticated knovledge - was transmitted orally
and by practical experience from generation to generation. As a contrast in the
now industrially developed societies the, by far, overvhelming part of technical
knowledge and experience is 1aid down in written form. Formal education in

schools plays the central role in the training and development of skills. This

of course does not mean that the direct handing over of wnrking experience, in
general on-the=job training does not have an important role in industrial
societies, but it is rather a continuation and completion of formal schooling
and very largely based on this latter.

The quality of the labour force is therefore largely determined by the
1evels of schooling. There is, however, no exact and internationally accepted

method to measure and compare the quality end complexity of labour. Several
methode have been proposed in this respect, based essentially on three types of
consideration.

Some economists suggest measuring the quality and complexity of labour on
the basis of the wages earned by the given cetegory of man-power. This method
presupposes a perfect market mechanism under which every good - including labour -
will be bought and sold at the most "rational” price. As 1t is necessary to have
more schooling in ofder to perform more complex tasks the investment in schooling
is repaid, even with a certain rate of interest, by the higher wages earned by
jabour of higher quality. Although this type of reasoning may have some Justifi-
cation, it does not seem to be appropriate to measure the differences in the
quality of labour according to this method. As it is well known occupational
wage differences are also influenced by various factors other than the effective
skill content, as occasional scarcities, traditional status, the physical effort
required, working conditions, etc. It can even be observed, in industrial

[ooe
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countries, that the wage-differentials betwveen the simple and the more complex
tasks have u tendency to decrease, while the differences in the required qualf.
fication are rather increasing.

Anotrer method of measuring the quality of iabour is based on the length ¢
the educational curriculum (number of years spent in school or in formal train.
ing). This method eliminates the distortions due to accidental wage differen-
tials. However, the costs of education, both from the point of view of the
society and the individual, are very different on the different stages of
schooling; lower at the beginning and higher later on. This is so, not only
because the costs of education are higher at the secondary than at the primary
level and even higher at the university or post graduate level, but also becaus
the "opportunity cost" of keeping a person away from the working population, th
loss of national income for the society and the loes of earnings for the indivi
dual being higher for persons more aged and having more education.

The method which is propoged herefr the measure of the quality and come~
plexity of labour takes into account not only the time spent in school (or in
other formal training), but also the total costs of education at the different
educational levels. These costs comprise (1) investment, personnel and materia
cost of educational institutions, (2) costs of living of the students; (mainly
borne by the families); (3) other costs connected with the students, borne by
the society (grants, scholarships, etc.), and (L) the opportunity cost of
education for the society, namely the loss in national income because of the
delay to enter the working population.

The relative levels of the quality and complexity of labour based on this
reasoning and on actual Hungarian data are the following:




s »MM

:_number of years : ending level : Level of

Occupation of gchooling : complexity of labour
Unskilled worker 8 elementary 1.00
Skilled worker 11 apprentice- 1.33

: : ship :
Technician : 12 | secondary  : 1.92
ngineer : 17 | miversity 3.81

Source: J. Kovdes: RBlucation and investment.
Review Econczique, No. T-8. 1966.

On the basis of this or some other appropriate system of weights, the
average level of qualification of the labour force can be computed for the
individual industrial sectors, provided that the scholarity level or more
exactly the number of years spent in school be known. This method will give
petter results than taking into account only the number of yeers spent 1in
school, because the importance of the more highly qualified man-power vill be
more appropriately reflected. Sufficiently detailed data vere available only for
two countries, namely for the United States and Hungary. Consequently, the
comperison and analysis vas vorked out for these countries and based on effective

length of education and treining, dut on Hungarian costs.

(It tas to be noted, that international comperisons are never accurste from
every point of view. mmww.owmiaumummmuuﬂve
mummammmm,unuummmcuu
of living. American costs would be of course different. However, as the aim of
the comparison uwlytomnumlwmtu, this system of coeffi~-
cients can be accepted.

mﬁmmnmmmmydnmmmuuwnmmm
Americen industries, as well as the deviation of the industrial aversge in bdboth
cases. Smiwtcmlmimmbemmmau.

The comparison deals with countries being on very different levels of
economic and industrial development. Accordingly, the resulting coefficients

[oos
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are higher in the American industry doth for the individual sectors and for the
industry as a whole. However, in spite of this difference and in spite of the
difference in the size and other circumstances of the two industries, the devia-
tions of the individual scctora from the industrial average are similar in the
two countries. The differences in the distance from this average are of 30
points in one case (precision engineering) and of 8-12 points in further cases
€henical industry, mining, electric machinery, wood processing) with no appre-
ciable difference being shown vith the 10 other sectors. It is even more charac-
teristic, that - with two exceptions - the complexity of labour can be classified
as high, Mimwlwinmmeorth-umindwm sectors, compared to
the average of the industry as a vhole. As 1t is shown on Table 5, this coefii-
cient is medium, for bLoth countries that is vithin 3+ 3 percent of the indus:rial
average, inthomoetthoimmdmluu production. We have an average
complexity level in sining and metallurgy in Hungary, while according to the data
the level is high in nining and low in netallurgy for the United States. The
difference for mining can probadly be explained by the fact that share of less
qualified labour decreased in the United States because of the favoursble
geological conditions and the high level of mechanisation. In Hungary, to the
contrary, geological conditions in mining and, in particular, in coal mining are
such less favourable and production is - partly also becsuse of the former reason
= considerably less mechanized, the share of less qualified labour being there-
fore higher. It is more difficult to find an explanation for the difference in
metallurgy. (Long term statistics shov that the absolute number of skilled
vorkers decreased in the United States since 1920. This is perhaps connected
with a type of technical develoment reducing particularly the number of skilled
workers. )

At any rate ihe conclusion can be drewn that the relative qualification-
level of the labour force erployed in individual industries is determined hggic-
\ pY. e _industrisl technology, more or less independently from the sige of

the country or from the actual level of development of the industry.

[eoo
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Table 5
Comparison of Industries in the U.S, and Hungary According to the
Average Complexity of Lahor
United States '  Both countries ; Hungary
I. High
Mining . Chemical & rubber
: industry
: Engineering industries
: Machinery except elec~
: trical
: Electrical machinery
: and appliances
: Precision engineering
: Printing

11. Medium

products

g
Z |

]
4
:
.
*
&

111. Low

Metallurgy Building t;;mm.s
Wood processing industry:
Faper industry

t
d
t
:
:
t
:

Textile industry
Leather and fur industry
FPood industry

- e e ew e
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» Clessitication of sndustrisl “ectors Based on the chare of Highly
~z31:tled Technical Man-Power (Engineers . Sclentists, Technicians ;

he incrcase of the number of vhite ccllar workers, in particular the
ircrease of the number of highly qualified technical Specialists, is a well
nown phencucnon < 2ing vith economic and technical development. It iz less
£a0Wn new the share of this highly qualified ran=power compared tn thre total
tabour “rree ie qiztribuled ériony the main sectors of the economy and among the
Inaividual sectors of the industry. e are interested here in this last agrect
¢f the problen. Lppropriately detailed data are available for the United -tateg
and Huneary and contaired in Table €. As can be expected, the number of tech-
nical specialists rer 1,000 of employed i3 substantially higher in the induct.
or the U,Z,, nanely, 70 against LO in the Hungarian industry.g/

The deviations of individual sectors from the industrial avera:e can bhe
very important. The range is between 11 and 257 per cent in the U.S. and between
33 and 205 per cent in the case of Hungary. Compared with this wide range, the
difference between the technical skill-intengities concerning the same individual
industries of the two countries are not very congiderable, If we group the
individual industries in three categories, having high, medium and low skille
intensities (chares of highly qualified technical man-power) - as it was done in
Table 7 - we find a difference only for metallurgy, which shows high intensity

in Hungary anc low intensity in the U.S. Consequently, industrial technology

again is found dominant in dgtermining' the relative requirements in highly
gualified technical man-powver.,

2/ The real difference is probably less important. Hungarian data refer to
the number of persons having obtained the appropriate diplomas while the
American data concern persons working ag engineers, technicians or as
scientists. Now, according to the U.S, Census of Population 1960, only
a little more than 50 per cent of Fersons working as engineers and only
about 75 per cent of persons working as scientists had completed university
education of 4 years or more, and only 80 per cent of persons working as
technicians had at least 12 years of schooling, Adequate corrections would
bring the U.S. figure substantially down, or alternatively raise somewhat
the Hungarian figures.

fooe
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/e can go one step further in the analysis. As technical specialists
belong to different categories, concerning the narrower professions, it can be
investigated which kind of profesesionals are working in the individual industries
Some aggresation is indicated at the outset because the number of gpecialities
1s very great. As about T0-80 per cent of engineers belong to the categories of
mechanical, electrical or chemical engineers - at least in the industrially
developed countries - we can narrow down the closer investigation to these pro=
fessions. In some industrial sectors the characteristic professions of the
sector pluy an important role, for example, mining engineers or metallurgical
engineers. Tsble 8 was worked out based on Hungarian data to show the distri-

buticn of engineers according to these professiona and according to the indivie
dual industries.

As the table shows clearly = with the exception of 3 sectors - at least
75 per cent, but in gome cages even 90 per cent of the engineers belong to the
three leading categories already mentioned, namely Lo the categories of
mechanica), electrical or chemiecsl engineers. The special professions of the
sector play an important yole only in mining and in metallurgy. The dominant
profession is determined by the character of the industrial technology, which
can be mainly mechanical or mainly chemical technology. Accordingly, chemical
enginecers forn the leading professional group in the chemical industry, in the
leather and fur industry, as well as in food processing, while the importance
of chemicel and mechanical engineers is about the same in the building materials
Industry. The importaice of mechanical engineers is appreciable in every induge
try, this is even the leading profession in 7 out of 14 industrial sectors.
Exceptions are - i{n addition to the sectors already mentioned = telecomunica-~
tion engineering and electricity production, where electrical engineers play
the domanant rolec.

The intensity of highly qualified technical men-power utilisation is highest
in the engineering and the chemical industries. This circumstance is also con-
nected with the characteristics of industrial technologies used in these sectors,
which have, as shown in Tadle 3, rerticularly important amount of product
development., As it is well known, highly qualified technical specialists are
rarticularly needed for this type of work. In addition, the preparation of
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the production process is also important in the engineering industries,
requiring 2 great amount of technical work.

C) Classification of

Because of the lack of detailed and internationally comparable labour
statistics, a realistic comparison is particularly difficult in the field »?
blue-collar workers of different skills. It is hardly possible to distinguish
the real differences in the man-povwer structure from the differences in the
statistical system or in the denomination of the different categories,

Table 9 shows the share of skilled workers in the industrial labour force
of four countries, namely of the United States, the United Kingdom, France and
Hungary. The pattern is less uniform here than in the case of the previous
comparisons. In order to facilitate the comparison, we distinguished only two
groups of industrial sectors in Table 10. The share of the skilled workers in
the first group is higher and in the second group lower than the industrial
average. As it can be seen in Table 10, industries are ranked in the same group
only in the case of 8 gectors for all countries, even from the point of view of
this not very narrow condition. There are differcnces in the case of metallurgy,
wood processing and the clothing industry which belong to different groups for
the different countries.

The clothing industry belongs to- the group of low skill intensity in the
U.S. and U.K., while to the group- of high skill intensity in France and Hungary.
For this, the following tentative explanation can be given, Large-scale clothing
industry has been developed out of small-scale industry, the latter being suce
cessively absorbed and replaced Sy large plants. In this process, workers who
acquired skills in small-scale industry, for example, tailors, dressmakers, and
seamstresses, are entering large-scale enterprigses where the work, of at least
part of them, is more a semi =gkilled than e gkilled Job. Because of reacons
connected with this artisanal tradition, vorkers coming from small-scale indus-
tries, and even newly trained workers, can be considered as skilled although the
level of the job is mpre likely to be on the semi-skilled level. It can bde
clearly established, that the high proportion of skilled workers in the

[one
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Hungarian clothing industry can be linked to this circumstance and not t s
technology. It can be supposed that the situation is similar i tie Feenel
clothing industry. In addition, in this latter, the sreat importance of the
"haute couture" can play a part. In the United Kingdom and particularl- ‘-

the United “tates, on the other hand, large-scale clothing industry bas been
developed for a long time and the importance of traditions mentioned earlioer

is less important. (However, we were not able to find a convincing reasor for
the differences concerning metallurgy where the share of skilled labour is

high in the United States and low in the other countries and tor wood processing
where this share is high only in the United Kingdom,)

The engineering industries employ a high proportion (%6~h8 per cent) of
skilled labour in the countries we consider here. As it is shown in Table 9
the proportion of skilled labour is in every country higher in the mgineering
sector then the industrial average. The engineering sectors therefore strongly
influence the industrial average and compared to engineering the skill intensity
is low - except for printing - in other sectors.

Because of the above circumstances, it is rather difficult to discover the
direct connections between skill composition and technologies. It seeus, how-
ever, that the gkill intensity is high or at least near the average in sectors
with heterogeneous products, high product diversification, and with a high rate
of change of the products. To thc contrary, the skill intensity is low in sec-
tors having homogeneous products and production processes, less product diversi-
fication, and a low rate of product change.

There is a clear tendency concerning the structural change of the skill
composition within the group of skilled workers. This tendency consists in
the increase of such trades which are closely connected to mechanisation and
automation, in general, to new techniques and to large-scale production, while
the share of trades connected to small-scale and domestic industry decreases.
Cata showing this tendency are contained in Table 11 for the United States in
1900-1960 and on Table 12 for Hungary in 1930-1965. The American data covering
more than half a century show that skills connected with the operation and
particularly with maintenance of machinery and equirment, the number of
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electricians, foremen and machine-operators in the engineering industries
increased within the total skilled industrial labour force to more than the
double. The shure of the second group, with skills based on traditional small-
scale production decreased. The decrease was most important for the tirades of
tallors and shoemakers, here not only the percentage in the whole but alsc the
absolute number of skilled workers consistently decreased from the beginning
of the century. Hungarian data in Table 12 show the same tendency which can
be found also for France. In the latter case, the skills connected with the
engineering and chemical industries and with metallur'gy increased from 42 to
L8 per cent of the total in the period 1954-1962, while the share of the other

skills connected mainly with the 1ight industries decreased from 58 to 52
per cent.

D) Composition of the Skilled Labour Force by Industrial Sectors

The skill composition of the industrial labour force can be differentiated
unot only according to the skilled, semi-skilled and non-skilled categories,
but also according to the different trades, These trades can have very dife
ferent denominations and skill=-content in individual countries depending on
traditions, the system of education and the level of development of the
industry. In Hungary, for example, there ieg actually regular apprenticeship
of three years for 315 different trades. The majority of skilled workers is,
however, concentrated into much less categories, More than 2/3 of the skilled
labour force belong to 35 professions out of the total 315 and 42 per cent of
the skilled industrial labour force is concentrated into only six professions.
As the manpower statistics broken down by industries and by skills vere avail-
able again  only for Hungary, the analysis of the skill composition i{s being
made on the statistical data of only one country.

Table 13 contains the share of skilled workers for these six trades, and,
in addition, for the trades characteristic of some of the sectors given in
detail in footnotes of the table. The six trades in question appear in every
industrial sector and account for more than 50 per cent in 5 out of the 13
sectors and for 11-31 per cent in 4 additional sectors. The basic trades of
the engineering industry, namely fitters, mechanics, skilled machine tool
operators electricians give four out of the six leading skills., This fact is
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sLviously conrected with reiair and maintenance of mechinery. The same holds
for bricklarers and joiners (cabinetmakers) who are also needed for rerpair
Jobe in every sector. sccordin;; to the Hungarian data 43 per cent of Lhe
skilled labour force belong to some gpecial] trade or the individual sectors.
cuch trades are for example that »f miners, printers, etc.

As it can be seen the characteristic trades of the engineering industry
play an important role in every industrial sector.

5. Summnrv, Conclusions, Recormendations

1. Economic and social development is going together with a structural
change of the labour=force and consequently there is a characteristic structur.
of the labour force corresponding to a given level of economic development. [hre
mein feature of this structural change in the course of dcvelopment is & shift
in the sectoral distribution of the labour force and, in particular, a decrease
of agricultural man-power. There is, first, a substantial increase of employ-
ment in industry, which is slowing down or even stabilizing, later to give way
to a more accelerated expansion of the share of employment in the service sec-
tors. In addition, the shere of white-collar workers increases to the expense
of blue=collar worker; there is an accentuated grewth in the first category
mainly of technical specialists and in the second mainly of well-qualified
okilled workers. The educational levels are generally growing, school educe-
tion i{s playing an increasing role in training and skill-formation for practical
Jobs.

2., Manepower employed in industry, or more exactly, in individual indus-
trial sectors, is in the center of interest of this study. The most important
characteristics of man-power are its educational level, the share of technical
specialists (engineers, scientists, technicians) and of skilled workers in the
total and the occupational composition of the qualified labour-force. Man-power
of the individual industrial sectors has a characteristic structure as to the
educational levels and the occupational composition. This structure is mainly
determined by the industrial technology used in the sector, more closely by
the homogeneous or heterogeneous character of the products and production
processes, by the diversity of the product mix and the rate of change of the
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products, the batch sizes of production, the amount of work necessary for
product development and by the mechanical or chemical character of the technology
in the main production process.

The average complexity (educationsl level) of labour can be appropriately
neasured by a system of coefficients, which alsc takes into account, in addition
to the length of time necessary to attain the different levels, the direct
and indirect costs of education and training. This method makes perceptible
the importance of the more highly qualified labour-force. The complexity of
labour measured vith such a method (or with any other method) is higher in
countries with more developed industries. The complexity of labour in the
individual industrial sectors differs from the industrial average, and the
difference is characteristic for the sectors, having the same tendency in
industries on very dissembladble levels of development. This fact can be
traced back to the circumstance mentioned above, namely to the influence of
technology on the composition of labour in the industrial sectors,

3+ The flow of the labour-force among sectors and occupations shows
some fairly regular characteristics. Non-skilled agricultural man-power is
transferred minly to non-skilled occupations of the industry and of other
economic sectors. Part of it then goes over rather slowly into occupstions
requiring semi-skilled and skilled workers. Sectoral and regional mobility
can be relatively high, particularly for the non-skilled ladbour force.
Occupational mobility towards work places requiring higher qualifications is
onﬂnothorhndmtmuwbmmofthomblmortniningandoducc-
tion; bothmmmoofth.up-mdingormlumdinthomcottm
training of the nev generation. Man-pover planning and the prevision of
requirements to be expected is important because it can facilitate the slow
and difficult process in question through plamning and preparing formal educa-
tion and other methods of training and through harmonizing the structure of
the educational and training output with the structure of real requirements.
There are locses connected with the non-concordance of these structures and
also with educational outputs which are higher than vhat is needed, especially
in developing countries where relatively important resources have to be devoted
to education.
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L. As the skill and educational structure of the labour-force can be
medified onl - slowly, it is very important to take into account appropriately
the existing resources of man-power. In this respect, small-scaie industries
can represent an important basis foreranpower development, in particular wvhen
skills requircd in small-scale indu:tries can be well utilized in large=-scale
plants, uas in the case of the clothing, leather and fur industries, printing
ete. Fngineering industries, which play a particulerly important role in
development and which employ about 1/3 of the industrial labour-force in
developed countries deserve special attention in this respect. lian-power of
tha mechanical maintenance and repair workshops, which are established earlier
or are already existing in developing countries, can be used a3 & nucleus *:
form the man-power of the engineering industries proper. On the other ha.i,
as the typical skills of the angineering industries are aleo necessary in every
other industrial sector, the former can be used as & basis in forming the repair
and maintenance labour force of the other sectors.

5. The comparison and analysis of international man-power data is likely
to give valuable information for man-power planning and development and is
therefore essential to solve the problems in this field, in particular, of
developing countries. Lessons drewn from internaticnal data can reflect,
however, only the main interconnexions and tendencies. The hopes seem to be
exaggerated, according to which there are possibilities to build on the basis
of such data general and universal mathematical models for men-power planning
or to establish man-power utilization coefficients, which would permit to
transpose - taking into account the relative productivity levels - the propor-
tions prevailing in one country into the plans of some other. This is hardly
possible, on the one hand, because of the fact that actual man-pover utiliza-
tion is influence, in addition to technology, by historical and social circum-
stances, vhich - reinforced by the substitutability of different labour inputs -
can produce man-power structures in one country vhich are by far not appro-
priate in some other, and on the other hand, because of the very restricted
international comparability of labour statistics.
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This, of course, does not mean that international man-power statistics
are useless; on the contrary, that steps should be taken to improve the date
and increase their comparability. This mainl means the improvement of occura-
tional stetistics. Efforts are being nade in this direction ty the
International Labour Organieation, with the help of experts and some other
international organizations, principally in order to modernize the International
Standard Classification of Occupations. In this latter respect, there is
actually some conflict between the requirements of historical statistics
(comparability with previcus censuses) and the requirements of planning., In
the present statistical system the points of view of occupations, spheres of
activity, skills and educational achievements are intermingled. For man-power
planning the number of persons workinz "as..." (for example engineers) and the
number of persons educated for these occurations are the most important aspects.
The knowledge of these data is 8180 necessary in order to know the number of
persons educated for and employed in individual occupetions and the social
loss resulting from the possible differences. It has to be trten into account
“hat school-type formal education has an increasing role, especially for more
highly qualified man-power.

Statistics should therefore be directed to report mainly the levels and
main types of skills and education, as well as the actusl requirements of jobs
in those respects., From the practical point of view ¢f collecting statistical
data, experience seems to prove that only census data can be sufficiently come
plete, taken at regular intervals and on the basis of the same or at least
similar methodology, to really permit international comparison. The
International Standard Classification of Occupations is also used meinly in
l censuses, vhich should be considered as the main source of internationally
compareble data. Special surveys can, of course, play an auxiliary role, It
should therefore be attempted to reconcile the traditional requirements of
censuses and the new requirement of man-power planning. The United Nations
could play an important role in ensuring that these new requirements, which are
important in particular for the developing countries, be taken into account at
the occasion of the world census of 1970.
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