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PREFACE AND INTRODUCTION

FAST AND CEDEFOP

CHIH:  COMPUTER AND HUMAN INTIGRATED MANUFACTURING

1. The aim of the TWe 7 FAST/CEDEFOP research activity on "New
Technical Production Syst:ms: Work in the Factory of the Future -
Vocational Training Implications and Policies™ was to study
future aspects of advanced manufacturing. The research has
focused on innovetion in terms of technoloay, organisation and
human factors and its inplications for science and technoloagy
nolicies, as well as 1its impact on vocational training.
Therefore the FA_ST1 Programme, Brussels and the European
Vocational Trainina Centre, CEDEFOP, Berlin, Launched a

cospnnsored research activity in 1984.

2. The point of departures was the assumption that progress in
nicroelectronics and the development in information technologies
would give rise to a new future of production facilities, working
Life and manufacturing me:hocds. On a lona term basis, the design
and plannine offices, together with manufacturing and quality
control  might be  hervily affected by new information
technologies. In particular, the energence of Yintegrated and
flexible production systenas™ (with its elements of CAD, CAM, FMS,
CIM) as opposed to the old, "stand atone™, rigid automation
facilities might lead to 1 new phase ¢f manufacturing. In order
to throw some Llight on this future prcduction trend, the research

activity was organised into 3 phases.

(At

. The first phase focused on "Flexible tanufacturing Systems" (FMS)
which 1s the most advanced part of the traditional factory
autcmation concepts, but now use:s the advantages of new

information technologies (NIT). Stuiy has mainly heen directed

forecasting and Assessnent in Science anc Technology

N i
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at the diffusion of FMS and FMC (flecible manufacturing cells),

work oraanisation and skills, together with the analysis of forms

of flexible production based on new organisational concepts.

The research was carried out by
IREP Grenoble (France)
ISI Karlsruhe /ISF tiunich (Germany)

Rostilde University (Denmark).

Attached to these three main teams :as the Vrije Universiteit
Grussels, which carried out a separat2 study of Belgian flexible

, . 2
production approaches .

L. In u second phase, the results of the studies ware presented and
distcussed at a conference in Turin i+ July 1986, involving the
narvicipation of around 15C experts ir the field, 45 of whom gave
written contributions. n brief, the main conclusions were that

orginisation is a key irsue of the 2conomic success of future

production which 1is at Lleast equal to technology, and the

I

"econcept of production™ ¢r the "prodiztion culture™ is important
for usage and the kind cf technology applied, organisation of
wor's and demand for skilvs.3 This ¢ n be statzd because of the
apnronach of the compar-son taken 1y the conference towards
tecnnology, organisatior, wvocation.l training and small and

medium production units.

"See renearch reports:

P.H. K-istensen: Industrial #odels in the Melting Pot of History,
FOP fio. 109, Brussels, August 1936

1. Hollard, G. Margirier, A. Rosanvallon: L'Autonomisation avancée de
La production dans les activités d'usinage, FOP No. 124, Brussels,
fMovember 1586

ISI-ISF: Flexible manufacturing systems ard cells in the scope of new
product ‘on systems in Germany, FOP No. 13!, Brussels, January 1987

P. Kool et al: The 1Impect of new technologies and flexible
manufac:uring in a Belgian coatext, FOP Nkc. 154, Brussels, March 1987

3 . ,
See u.3. A. Sorces' Conf:rence Repor:- in CEDEFOP Flash 6/1986,
Berlin " 986
4 ) . .
W. Uobbe (Ed.): Flexible mawfacturing in Europe — State of the Art
of Aporoaches and Ddiffusion Patterns, FOP No. 155, Orussels,
March 1987

. 5 i
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5. The third phase - the results of which are embodied in this
volume - has tried to take a step forward by giving
recommendations to the European kommunities concluded from the
research results. FAST organised a working barty of selected
experts chaired by P. Gtrodner from the German "Projekttrager
Fertigungstechnik® of the Kernforschungsanlage, Karlsruhe. The
observed strategic option in future manufacturing could be

concluded in the CHIM concept (computer and human integrated

manufacturing) which tries to put forward ideas which are lacking

in the discussion on the technologically oriented (or
technocentric) concept of computer integrated manufacturing
(CIM). The working party has not put forward a closed concept of
CHI!, but has collected ‘ots of elements which could be arranged
and used for new Science and Technology (S & T) orientation,

vocational training measuces and European production policies.

6. After meeting and agreeing on basic lines, the experts of the
workino party have drawn up papers which were discussed in a
highly intensive workshon on 8th-10th December, 1986 in Brussels.
These contributions were revised as the result of the discussion
and resubmitted for publication in this document. In general,

they all reflect the following views:

The future of European menufacturing in competition with the US,

Japan and the Pacific region seems to Llie 1in (a) complex,
customer tailored, aquality products, (b) efficient maintenance
services and (c) high flexibility and time regulated production.
This type of production can be built on human resources and
knowledge which already exist in the dindustrialised European

Member countries, but whizh has to be promoted more specifically.

7. The assumptions qo in the same direction as proposed by the
Danish TWE 7 research wo-~k which underlined the possiblz end of
Fordism (or traditional wmass production) and its replacement by
forms of "flexible specialisation®. The old and new types of
production could be contrasted in an ideal type of way as

follows:

5 7
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Fordistic Production

Flexible Specialisation

standard mass production

fewer product variants
single purpose technology
low skilled workers

poor working conditions
Large production units
bureaucratic orcanisation
structure

restricted level of R & D
activities

price competitiveness

- gophisticated quality

products

- broad range of variants
- small production units
- nrogrammable techniques
- low division of labour
- skilled workers

- intensive development

inputs

- high wage levels
- quality competitiveness

- intelligent organisation

8. The scheme does not mean that no mass production will survive in
Europe in the future, but this type of manufacturing has to
change. In 2 matrix of different production strategies and
types, it 1is emphasised that the challenging future form of
manufacturing is sketchec 1in the right hand column which relies
on quality competitive oproducts 1in contrast to the price

competitive products and i1ts old manufacturing philosophy.

ISFMUNCHEN
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Classification of Production Strategies

standardised price customised quality
competitive products competitive products
Low specialised component craft production
volume production
catalogue skill based automated | )flexible
production manufacturing )
)
& )
)
high mass production diversified guality Jspecialisation
volume ("Fordism™) production 1)
In particular, the segments of "skill - based automated

manufacturing" and "diversified quality production™ are concepts f
of "flexible specialisation™, but they operate on different

scales.

9. In relation to the orientation of public Research and Development
(R & D) funding, it was stated that traditional high volume mass
procuction, together with the price competitivity aspect, has

fostered a "technocentric production concept®. This aims at the

fully automated or manless factory. Development is seen in a

higiier degree of technique application. Man has been considered
implicitly as a temporary factor to fill in gaps which would
later be replaced by technology. Organisations had to follow the
production flow of continuous manufacturing with less production

chariges and demands on skills and organisation have been routine

. 5 i
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functions. This could also be called the tayloristic model. The
CIn (computer inteqgrated manufacturinc) factory seemed to be the
new approach of the technocentric ideals. However, it has become
avident that the CIN factory (when it cventually exists) will not
be an unmannec factory. Contrary to earlier automation
technologies which try to substituts shop floor personnel with
machinery, CIM 1dis & communication tool uvhich influences the
orcanisation and cooperation inside 1l outsids the enterprise.

It provokes chances in skills and manaserial competence.

1. These facts orove that "new praduction concepts"™ have to be
developed  which, hesiuzs  technolory, includes skills and
orginisational factors. be call this CHIM (computer and human
inteqrated manufacturinag). This corcept focuses on production

processes as a resoonse to rapidly cianging market demands and
coit-lex praducts, as waell as on smal er production units. The
investment qoods industry, the engin.erine sector, the garment
industry are good =zxamples for this tyore of production. in this

economic sector, snall and medium sizedl enterprises dominate.

1. Unt L now, the orientation of large firms towards the development

of new technologies and the direction they should take has

dominated R & b fundina. Because »f their Llow mechanisation

Levi:l and small scale production, it was considerec that small
producticn units were his orically obsylete, and should be phased
out in the foreseeable future. However, the trend towards
flexible specialisation has shown that there i3 an increasing
rol- for small oproduction wunits in the futurs economy.
Tharefore, it 1s very important to face this reality and the
snacific production modas of small marufacturine units and

- doevelop adecuate technologies
- oraanisational pattern

- stiltling schenes

=~ mnagenent schemes

. In terms of the science and technolcay and vocational training
policy priorities, concepts for nanufacturing have to be

supnorted which are bascd on low o vision of work, <changing

Y 5
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ordznisation, fLexib[e technology) considering skills as an
" dmportant -element to master highly different demands in changing

production requirements. Therefore, the following elements need

to be developed:

- antronpocentric technoLogz_A(human centred). This means that

machines should not jus: bhe built t produce in article, with

man to compensate fcr what . the machine cannot achieve

(Restarbeit). fMachines have to be cdeveloped as a modern tool
of man's competencea. Comnuter programmes will aid the
decisions ancd actions made by mén. Examples are to be

ceveloped for CNC machines, PPS systems, rchots, CAP, CIM
svstems.

- The organisational knowledge and the organisation itself has to

b¢ developed. It can no longer b2 a routine and hierarchic
tvne. By contrast, it has to ccnsider quick responses and
changing demands. Therefore, orgcaisational technologies and

£

the firm's structure have to fit ir. This nowledge and its
application have to be diffused (irgknow) and the tools by
which to do it have to e examined.

- Stills from the management side as w:ll as from the worker have

te be developed to meet the demanis of flexible response of
s exrcdily chanaing production. Wit! regard to the shop floor,
the concept of the German “Facharb:iter™ dis a starting point

for this demand.

In conclusion, this concent couled be called CHINM: a core of small

production units with a ocuick resporn;e to the market producing

high quality products. it demands flz2xible technology, Orgknow
and hybrid skills. It 3s a conce:t which uses organisation
integraetina adequate te:hnoloay anc human resources as its

starting point.

1%2. The TWE 7 working party commenced w.th a plan of producing a
strategic document for the orieniation of & science and
techrology policy and that of vocatio.al training. It contains

different levels for tackling the subjact.

» s
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L.17. Options for computer integrated nanufacturing

"Unmanned factory vs. skill b.sed manufacturing (CIM or

CHIM)

. abilities of man and aroperties of machines
(Mcontrasting® work desicn)

. control of production

. economics of production

. rule based versus tacit knowle !ge

. triad trends (global competition)

. Incustrial structure

L.2. Education and training

. vocational training
. social skills
. engineering education

. distribution of skills and kncaledge

L.3. Interrelationships bhetween firms

. subcontracting
. regicnal develonmant

. precompetitive collaboration

..4. Integration of production process at firm Level

. organisational concepts
- division of Labour vs. "holistic" systems
. organisaticnal development
. power relationshins
(central/decentral, degree of autonomy)
decision makinc (participatior)
. technological concepts
system architecture
(openness of systems)
T> be discussed for types of troduction (hich volume vs.
small batch) and functional interfaces (design, oroduction,

planning).

5
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and !SFMUN CHEN
Vocational Training stan i Sesdnfosbiticns sy



—12-g‘

H

L.5. . Man-machine relations

. division of functions
. interaction
(e.o. direct cobject manip.ilation, "computer aided

craftsman®)

The arrangement of contrisutions by t'e author has followed this

plan, as the Chairman, P. Brodner, surmarises.

14. Tnanvy elements for elabore¢ting the CHI#l concept and orientations
for research and develonm nt can be faund in the experts' papers
compilec in this book. In particulsar, recommendations for the
orientation of new man/:achine/organisation relationships have

heen put forward, taking the viewpoirt of organisational demands

cr  the wusers' <demand s a starting point for developing
technological facilities to assist th: production process. In
the field of dnitial and continurus training, a broader

orientation is recommende ! for assurirg human resources in future

procuction.,

Werper Wobbe = FAST Georges Dupont = CEDEFOP

Burknart Sellin - CEDEFOP

Brussels, February 1947

4 i
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PART 1

SUMMARY
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2

1. Options for computer integrated manufacturing (CIM)

2. Education
3. Interrelationships between firms
4. Integration of the production process at firm level

5. Man-machine relations.

At level one, P. Brddner argues that, due to the shift from steady ex-
pansion to tendencial stagnation on the world markets, traditional pro-
duction systems (1ike small batch production or Fordism) have to be

adapted to the new market requirements in some way or other. Regarding the

different product and production strategies coping with the triad trends

of global competition, the European industrial core seems to have a

comparably stronger competence for the strategies of "flexible specializ-

ation" and "diversified quality production" than other industrial areas.

‘Since namely the first strategic option'is of particular importance with

Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and

Vocational Training

respect to competition by displacement, it will mainly be brought into the
focus throughout this volume (although other types of production will co-

exist for a long time).

The manifold production concepts considered for future manufacturing pro-
ceséeS can be located between two poles characterized by the key words "un-
manne€ factory" versus gkill based manufacturing. Whereas the technology
centred approach regards humans as a source of failure rather than a pro-
ductive force and consequently attempts to deepen the division of labour,
to replace humén abilities by computer programs and to reduce skill re-
quirements, the opposing human centred appfoach claims to Jjoin the unique
human abilities with machine performance productively, to reintegrate
planning and operating tasks in working groups and to acquire appropriate

gkills.

ISFMUNCHEN
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Due to the growing awareness of the deeo dilemmatiz the technology centred
approach is going to run iato that can be circumvented, however, by the
human centred alternative, the latter se:ms to gain more and more attrac-
tivity. In order to make productive use of human skills and to actually
enable the workers to use ccmputers as tcols rather than being replaced by
them, work design (i.e. the determinatis>n of the division of labour, of
the partition of functions between human and machine, and of the modes of
human-machine interaction) has to be dine in such a way, that a wide
margin of action is being preserved leaving initiative, evaluation and
decisions up to the worker. On the other hand, functions and behaviour of

the computer have to be completely transparent.

Furthermore, altered politics of production and alternative forms of con-
trolling its processes are being develoded within the new production co-
ncepts. In contrast to traditional forms, where control used to be exer-
cised by objectifying knowledge, by the detailed working instructions
derived from that, and by the machine system used, it is now exerted
through computer assisted central planning and supervising of production
in its entirety, but leaviag much wider margins for local planning and
execution. It is additionally supportedl by a performance policy chal-

lenging the workers’ competence, autonomy and responsibility.

Despite its clear economic and social advantages over the technology
centred production‘concept, the human c2ntred one faces strong forces of
inertia, however. They result from a firm’s hardware, software, social
system and prevailing ideol»gy, the latter two offering the by far harder
resistances against change. The new procuction systems cannot disseminate

widely unless these barriers have been surmounted.

At level two, R. Schultz-Wild stresses, to begin with, the differences

with respect to basic conditions and developmental perspectives between
regions, countries and branches, which fike it appear rather doubtful that
questions of technology utilization, work organization and skill formation
will be solved according to an uniform pattern. Nevertheless, a variety of
factory structures is being advocated tiat are all aiming for a combina-
tion of technology and labour preserving production competence on the shop
floor, and for a process-related utilization of skills and qualifications

rather than following the lines of using computers for maximum automation.

b A
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The process-related utilization of skills and qualifications offers a
number of benefits such as saving planning and implementation costs,
reducing training expenses or increasing .the availabilify of complex and
expensive manufacturing systems. They make this approach attractive for a
company vregardless of the specific s:ructures in which it might be
realized. These new forms of manufacturing structures and work or-
ganization depend, however, on a numb:r of preconditions such as the
market supply for manufacturing computer systems, the implementation pro-
cesses of new manufacturirg technology, the availability of different

skills and qualifikations, gratification systems and career patterns.

Several problem constellations in the field of education and training re-
lated with future factory structures are outlined.

First, there is the issue of +the e¢ducation and +training systen’ s
capability of securing adequate manpower reserves being closely related
with the attractivity of industrial work itself.

While, second, knowledge anl skills related to products and manufacturing
methods remain important, new knowledge zoncerning the use of EDP and con-
trol technology is becoming increasingly important.

Third, there is the probler of adequately combining theoretical knowledge
with the practical aspects cf work.

Fourth, the form in which advanced technical knowledge is taught has an
important impact on future industrial structures, since technicians and
engineers form a growing part of the workforce and the teaching and
research traditions they grow up with tend to prejudice the company’s
decisions on technological innovation.

Pifth, the capacity and efficiency of vocational retraining is becoming
crucial as soon as new industrial structires spread widely.

Sixéh, new forms of process-related ut:lization of skills and qualifica-
tions within complex manufacturing systems require a high capability. and
willingness for cooperatior. which partly contradict traditional forms of
individual learning and work performance. New forms of collective learning
must, therefore, be supported by adequate wage systems and career

patterns.

At level three, F. Prakke “considers interrelelationships between firms in

terms of economic and technical trends of subcontacting (being the most

4
important aspect), regional cooperation and precompetitive collaboration.

* Final paper not received within scheduled time limit

5 2
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The fact that customers under duress t2nd to pass on their short term
production requirements to the subcontraztors make long term improvements
of their manufacturing technology mearly impossible. In general, hence,
quality and flexibility requirements in subcontracting are rising quite
rapidly, while customers are reducing the number of their contractors.
Firms confining themselves to their ccre production processes, on the
other hand, are causing further specialization and, therefore, more

subcontracting.

OEM s increasingly try to share the deve .opment risks with their component
suppliers, while at the same time desigi cycles tend to be shortened by
competitive pressure. Thus, contractor relationships are increasingly
requiring much closer technical contacts bvetween the partners, which, in
turn, makes standardization of data exchange interfaces and software

necessary.

Regional cooperation seems to be enforzed by the requirements of con-
sequent just-in-time production and the :Increased use of services by manu-
facturers. Regional developument, therefore, must be based on specializ-

ation.

Precompetitive collaboration offers benefits in particular for small and
medium gized firms. Since it is especially hard for them to cope with
rapid technological and organizational change, they can draw specific
advantages from precompetitive programs for training, retraining and con-

sulting.

At 1e§e1 four, B. Haywood and J. Bessan: argue that, due to internal and
externai pressures, firms are being forced to reduce costs and complexity,
but also to improve quality, reduce lead times and the overall uncertainty
of the production process. The tools nostly considered to tackle this

problem (e.g. CAD, CAM, FMS etc.) are purely technological in nature and

constitute the issue of techaical integration.

5 5
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But even when that can be sufficiénfly golved by standardization, the full
benefits expected from such gystems do not materialize because this techni-
cal view overloOksithe necessity of'édequaté organizational integration by
structural and meth&dological meaéures like changes in patterns of task
and work organization, ’new skill profiles or group technology,
just-in-time, total quality control Arespectively. Evidence suggests that
far more than half of the benefits of innovation come before the tech-

nology (in this case FMS) itself is implemented.

In order to achieve an integrated teclhinology embedded in an integrated
organization, a manufacturing strategy is needed being itself linked to an
overall business strategy. Such a strategy has to take all parts of the
manufacturing process into account rather than to focus on the production

area alone.

In a more specific view G. Lay outlines the basic components and data ex-
change interfaces for impleunenting CIM considering the islands of computer
applications already grown within +tre borders of firm departments.
Although the trend towards technical integration of differnt computer
systems is inevitable, it nevertheless appears possible to combine this
technical potential of CIM with orgarizational structures that favour

holistic Jjob structures and qualification processes.

Such human centred CIM concepts have to meet certain requirements,
however. These are, briefly mentioned, ¢ decentralized system architecture
with a distributed data bas: and with scftware modules that support humans
to take initiative and make decisions 1l>ycally where the real working pro—
cess is going on. Furthermore, such integrated systems have to be equipbed
witf\@ common human-machine interface. This kind of system architecture
promises to be compatible with a work crganization that provides holistic
job structures (e.g. in the form of sc-called design, planning and pro-

duction islands).

Looking at the state of the art, the market supply of computer systems for
manufacturing particularly suffers from unsufficient common data struc-
tures, inappropriate human-nachine interfaces and inflexible data exchange
interfaces. For human CIM concepts, thii has to be overcome by additional

R&D as illustrated in more detail by she example of geometric data ex-

change between CAD and shop floor programming.

4 7
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Looking at production planning and control in small batch production , F.
Manske points out that the use of computers in this area allows for the
first time a centralistic control over production, but as compared with
Taylorism (that never succeeded in this type of production) in a rather
indirect approach without prescribing detailed instructions for the work
process itself. This still being hidden from the p.anners’ eyes, the
allocation of smaller volumes of work, uwore exactly determined completion
times together with comprehensive data collection and less disruption by
better planning of peripheral activiti:s have now become possible con-

stricting the workers’ autonomy.

There are, however, different types of production planning and control
systems in use: centralistic planning and job sequencing versus shop floor
planning within the frame of centrally :ontrolled order pools. The latter
recognizes that many details of the froduction process (above all the
disturbances) are inaccessible to central planning and, therefore, regards
the workers as necessary actors in the system. In this view, management
leaves them a limited margin for disposiition without losing control over
production as a whole. It also appears (o be compatible with new forms of

skilled work (like production islands etc.).

H.-J. Braczyk explains, based on inqui‘:ies of the garment industry, the

need for a differentiated consideration of strategic options in the use of
technology. Manufacturing technology im»licitly contains prescriptions on
how to use them. Although all system configurations aim at gaining more
flexibility in production, some types do provide opportunities for task
definitions on higher qualification levels and with more room for
disppsition, while others do not (i.e. "some technologies are more equal

than ‘others").

In the garment industry no communicaticn at all exists between the supp-
liers and the users on what kind of technology should be developed. Con-
sequently, suppliers develop manufacturing technology according to their
own imagination about the most suitable means to meet market requirements.
Therefore, the technically embedded options for work design depend on the
supplier’s view: the more he believes in Taylorism the more he will design
the technology in favour of technically provided flexibility at the ex~

pense of organizational flexibility.

N 2
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At‘ level five, M. Corbett pointa out that despite the vision of

"people-less" prdductidn systems, as a concequence of which the

1ncorportatlon of human factors in the design of production technology is
' becomlng 1ncrea31ng1y redundant this will remain an important task of
system design. All "technocentric" attempts to design reliable systems
without human operation cannot but fail, since they overlook three basic
ironies of system design: firstly, that the human element regarded as the
major source of uncertainty and, hence, to be eliminated is still needed
to cope with the uncertainty caused.by unforeseen disturbances, secoundly,
that the disigner trying to eliminate the operator still needs him to do
the tasks which he cannot think how to automate, and thirdly, that getting
rid of unreliable humans means, due to the incomprehensibly complex soft-

ware needed, becoming dependent on unreliable systems.

The alternative, "anthropocentric" approach to system design recognizes
the incomparable, but possibly complementary abilities of the computer and
the human mind (e.g. formal analysis and storage and computation capacity
versus synthesis and intuitive reasoning). It identifies three key choice
& points in design: the allocation of functions between human and machine,
the control characteristics of the human-machine interface, and the in-

formational characteristics of the human-machine interface.

In order to design the interaction between human and computer in a way
that humans can activate their specific abilities, it must be viewed as a
social interaction between operator and designer, in which the designer
sets the conditions for the operator’s acting. Therefore, it turns ouq to
be a key issue to develop collaborative design methods, where workers}can

bring in their practical experience from the working process.

{
I
i

A number of recommendations for further actions, mainly in the field of

R&D have been drawn from all these papers. They are listed as part three

of this volume in the order of the same levels of consideration.

Karlsruhe, January 1987 Peter Brddner

5 5
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and !SFN!UN CHE-N
Vocational Training 1 SelmiperuNIER: el



21

PART 2

CONTRIBUTIONS FROM MEMBERS
OF THZ WORKING PARTY
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1. Global Competition: Triad Trends

During the last two decades we witnessad drematic changes on the world

markets.
those for capital goods too,
stagnation.

enforced,

The markets

For some capital goods,

for industrial consumer goods

and, consequently,

shifted from steady expansion to tendencial
this tendency mnay appear to be even

as the example of the machine tool industry demonstrates, by the

circumstance that the performance per unit of their products increases

faster than their functionality by value.

This lasting global trend will not be affected by the large potential of

unsatisfied needs in the developing countries,

since the terms of trade in

general and their immense indebtedness in particular hinder them to turn

the needs into spending power for industrial goods for a long time to

come.

Thus,

the world markets are anc

will remain constrained to the

highly industrialised areas and so called threshold countries comprising

the areas of North America,

Western BEurope

end South-East Asia (the

Comecon countries being only slightly ticed up, see Fig. 1).

Fig.
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- The_ overall low growth rates on these iimited markets indicating the

change from ‘expansion to sta‘gnation.havebtheb effect that coinpetition also

changes its character from supplying expénding market shares, where the

suppliers were able to set the conditions to a large extent, over ¢to
displacing competitors, whereby costumers gain the power for bying pro-
ducts adapted to their needs. Under these new market conditions of com-
petition by displacement, price and quality of unified products are no
longer the only assets to win the race. The abilities to adapt the pro-
ducts to customer requirements with increasing variety and yet to guaran-
tee short delivery times are becoming rather more important competitive
factors. This has, in turn, great impact on the internal conditions of

operation of the entire manufacturing process, as to be shown below.

The triad regions of competition happen to have considerably different
industrial structures. With respect to productivity, product mix, pro-
duction processes, skill profiles and industrial relations, these differ-

encesa can be briefly characterized as follows.

The region of Northern America, predominantly formed by the rapid in-
dustrialization process in the North-East, developed a most sophisticated
mass production due to the huge and rapidly expanding home market. Hand in
hand with this,. a most effective machinery and machine +tool industry
delivering capital goods of high performance arose and developed. Since
the majority of the workforce was unskilled or at least not used to metal
working (many workers had been recruited among the black from the South or
among the immigrants from EurOpe), but showed the more willfulness, strbng
methods to get and keep control over production and to achieve pertinent
and -timely work had to be established. Thus, it is with necessity ratﬁer
than:by chance that Taylorism and Fordism originated in the USA, spread
widely\in this region and became the prevailing paradigm of production for
the industrial world. In recent years, the pattern changed considerably,
however. The decline of productivity (the annual growti rates of productiv-
ity in industry decreased from an average level of 2,8 in the sixties to
0.7 in the eighties, Dumas 1986) indicates that - for a variety of reasons
- there is a process of deindustrialization going on in favor of the ser-
vice sector and that production loses competitiveness (cameras, cars, com-
puterchips, machinery, machine tools, recorders being well known examples

for this).

5 F
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In the region of South-East Asia economically dominated by Japan, the in-
dustrial rise occurred substantially la:er and, in Japan, became relevant
for global competition not before the recomstruction phase after World War
II. In recent years it was followed by threshold countries like Korea cr
Taiwan with similar development patterns. Driven by the relatively large
home markets, it was also based on mass production principles, but devel-
oped in a different industrial structur: modified by its own specific in-
dustrial relations (Toyotism instead of Fordism, Dohse and others 1984).
With well targeted campaigns, the huge advanced multibusiness companies
from this region attacked their well established competitors in Burope and
the USA. They normally had two economi: assets at hand: lower costs and
higher productivity of their production processes due to a work organiz-
ation with much less division of labour and highly skilled work force, but
still using economies of scale (e.g. cameras, cars low cost standard NC
lathes and machining centers). Very recently, however, their succésses
seem to lose momentum, since the economics of production they -are based on
get in conflict with the requirements of competition on stagnating mar-
kets.

Although the economic region of Western Burope is very heterogeneocus with
respect to industrial structures, skill profiles and industrial relations,
at least some general statements can he made. Its industrial core (i.=.
England, FRG, Northern Italy, Sweden, Switzerland with the exception of
Benelux and France being extremely different) developed along the lines of
a different production paradigm. Since in this area the industrial rise
was tied to manufacturing capital goods rather than consumer goods, the
order bound manufacturing processes with small batch production have been
dominant from +the very beginning (e.2. Germany “s industrial rise was
four;&ed on machinery, including machine tools, and on chemical industry;
even today the production of capital goods with appr. 25 % is much more im-
portant than the already huge car industry with 17 % of total industrial
production). The home markets being eplit among the nationalities, che
core of the Buropean industry, thus, developed a specific ability for
adapting its products to the requirenents of its users ("tailor made

machinery") and accordingly established flexible manufacturing processes,

! i
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i pro L n rauglng halfway between that of USA
- and Japan (see Table 1) Hand in hand ‘with this European industrial evol-
utlon, regardless of a11 national dlfferences, a more or less highly
skllled work force emerged together w1th industrial relations setting in
one way or another favourable conditions for handling the technological

change in socially suitable forms. -

Table 1: Annual increase of manufacturing productivity (in annual output
of manufacturing per employee-hour) in USA, Japan and FRG from
1965 to 1979

UsSA 2.3 percent
Japan 13.7 percent
FRG 7.3 percent

(Source: Melman, 1983 p. 164)

Considering the specific strengths and weaknesses of the industrial sgtruc-
tures in these roughly sketched triad economic regions with respect %o
future market requirements, the competitiveness of the Japanese industry
appears to be clearly ahead of that of the USA. The much smaller extent of
division of labour combined with the higher level of skill profiles keeps
produétivity~increasas comparatively high and makes it easier to cope with
rapid innovation. This, at 1least, is valid so far as high volume pro-
duction with its economies of scale is concerned and so long as this type
of manufacturing will still correspond to market requirements. On the
other hand, the Japanese industrial system has (yet?) only relatively
little experience with highly flexible order bound manufacturing (eyen

their machine tool industry being no exception).

© With this respect, the European industrial core might potentially even be
better off at least as far as those parts of it are concerned that have
long experience with "flexible specialization" (Piore and Sabel 1984), an
appropriate flexible production system and a skilled work force at their
disposal. To the extent to which the stagnation trends on the world
markets and, hence, competition by dis»placement prevail, Burope s com-
paratively favourable position tends to become even more superior, while
the industrial system of the USA will be further losing production com-

petence due to a misled technology and wasted human resources (Melman

1983).
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The potential superiority can be transformed, however, into real competi-
tive power, if and only if the decision makers at all levels become aware
of this situation and realize that they have to develop future manufac-
turing technology, work orzanization ard skill profiles according fto the
specific requirements of 'flexible spacialization" or, looking at high
volume production, to those of "diversified quality production" (this
being a hard 1lesson to learn for some countries and industries, of
course). Instead of merely imitating Japan, it is necessary for survival
to develop EBurope’s own mawmfacturing technology suited to its own needs.
The factory of the future is at a cross~roads. (Brodner 1986, Piore and

Sabel 1984, Sorge and Streeck 1986).

2. BEconomics of Production

- —— - —— . S - in - - — - ——

2.1 Internal Conditions of Operation:

The substantial shift on the world markets from expansion to stagnation
has a gtrong impact on the internal conditions of operation in production

processes. They now have

0 to become highly flexible with both respects alterations of products
and process innovations,

0 to insure at the same time high performance of the machinery and
high productivity, and to cut down lead times and work in progress,

o to enable enlarged quality and functionality of the products.

However, the existing production structures as they have developed until

today contradict these new requirements in one way or another.

Accofding to recent results of a more systematic analysis of the relation-
ship between technical change, work organization, skill profiles and the
impact of product markets, these are loosely coupled only by some degree
of affinity rather than being completely determined by each other. Neither

does a given product and its market determine the technology to produce it

Y . ;
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nor does technology determine wak organization or skill profiles. Hence,
ﬂ_lere alir,a»ys is room for stratégic chcices for products, technology and
work organization. The underlying decision space for alternative product
stravteAgies can be descfibed by mainly two variables: the +type of
competition to which they are exposed and the volume in which they are
produced. These divide production into standardized price-competitive and
customized quality-competitive production on one side, and low and high

volume production on the other side (see Fig. 2, Sorge and Streeck 1986).

Styraized » l - Custamzed
Free—Caonpedilive ! Quafly—Campetiiive
Podwess Froduess

vasme | Specialized Component - Craft
R Production Production

S 3 P
//-97 : Mass Production Diversified
Vatine ~ ("Fordism”) Quality, Production

Fig. 2: A simple classification of product strategies

With respect to this scheme, traditional production concepts either fall
into the cell of low-volume productior. of customized quality-competitive
goods (order bound production) or into the cell of high-volume production
of  standardized price-competitive gocds (Fordism Toyotism). With the
adv‘ént of high performance EDP the rangs of options for product strategies
was considerably widened. Its most important impact is that the new type
of high-volume production of customiz:d quality-competitive goods (e.g-
German or Swedish car industry), cr in short ™"diversified quality
production" with the potential of economies of scope has been made pos-
sible, let alone that the strategy of "flexible specialization" experi-
ences a quantum leap towards improved rentability and competitiveness or
that traditional mass production can move towards smaller batches.

Although these different types of proluction will most probably coexist

for a long time to come, the main focus of this and the following papers

is on small batch production for the st-ategic reasons discussed above.

5 *
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Past development of small batch producticn can be briefly characterized by
three stages: In the first step labor was horizontally divided according
to the concepts of Smith and Babbage malting it possible to gradually use
machines. In the second step Taylor’s principles provided planning to be
separated from executing. The third step deepened this vertical division
of labour by introducing NC-machines and making programming an additional
subtask of planning. Each of these have been caused by the political-
economic prospects of better control of production, higher productivity

and lower cosats rather than by technical anecessities.

The result of this is the highly differentiated job shop manufacturing
process with very complex design, planning, and control tasks that we now
have. This way of organizing batch production shows serious drawbacks,
however, such as long and variant throughput times, an unfavourable ratio
of indirectly to directly productive workers, and low quality of work

(being far better than in mass production, however).

In particular, there are three substantial economic difficulties the

factory of today has to contend with 1).

Firstly, there is the continual increasc of the capital intensity of the
factory equipment which compels the maragement to make better use of it

(see Fig. 3).

Secondly, the very long and variant lead times caused by the functional
principle of job shop manufacturing give rise to high expenses for work in

progress (see Fig. 4).

Thirdly, the misled ratio of 144 indirect to 100 direct workers in the ave-
ragekin the German machine industry caises too high personnel expenses,
gince well organized firms with comparable products demonstrate that the

ratioc of 90 to 100 is largely sufficient.

In order to surmount these difficulties, basicly two opposing production

concepts have emerged being briefly charuacterized below (Brodner 1985).

1) Cum grano salis, the following data from the German machine industry

seen to apply for other Buropean couniries as well.
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2.2 The Technology Centred Approach ~ The "Unmanned Factory":

This approach leaves the basic job shop structure of the production pro-
cess unchanged and follows the same fundamental objectives as in the pesti:
to reduce direct labour costs and to gain better control over the pro-

duction process (Sigismund 1982).

Applied to the shop floor, management attempts to almost completely
automate setting and operating functions for the machine tools and hand-
ling systems. The activities focus on automatic part and tool change,
measuring devices and monitoring systems. They are, of course, limitec by
the rapidly growing costs for this equipment. Although fully automatic
operation might be temporarily possible, there still remain gaps to be

filled by human operators.

The largest potential of rationalization lies in the technical office,
though, where many but more or less separated attempts have already been
made to automate parts of the immense information processing work (which
can easily exceed half of the total amount of labour). Since the use of
computers requires analytical models of the process in question, by means
of which objects and sequences of work can be described as datastructures
and algorithms, their application started in areas being easiest ac-
cessible or promising the largest economic effects, e.g. drafting, process
planning, inventory control, and scheduling. All these systems helped a
little to save time and costs, but did not improve the situation fundamen-
tally, particularly as their seperated development and application make it

very costly, if at all possible, to integrate them (Sigismund 1982).

Coinéiding with the broad dissimination of +this kind of CAD and CAM
systems, a new polarization of qualification occurs. In order to use them
effectively, objects and sequences of work become extremely formalized and
at the lower end the user’ s work loses important parts of its former
competences finding new constraints by the system’s formalism, while at
the upper end the work of only few planning and maintaining the gystem’ s
use requires broad qualification. In addition, functional differentiation
leads to further division of mental labour with similar effects (Beitsz
1983, Benz-Overhage and others 1984, Hirsch-Kreinsen 1984, Wingert and
others 1984).
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i-’ The repeated and fault 1nten31ve input of the same data in different

functlons demands 1ntegration of computer assistance. Due to the high

degree of formalized and concreted knowledge, more functione of mental

work have become accessible for computers. Thus, the present state shows

the necessity as well as it holds the prerequisite to create a computer

integrated manufacturing (CIM) system. It has to comprise at least three

basic devices:

- a common data base with which all functional programs may interact,

since most data are used in several functional areas,

- a data highway to link subsystems, since a CIM system will be widely
distributed,

- data exchange interfaces, since both users’ and suppliers’ demands

require to be able to link subsystems of different origin.

Integration is not the only issue of the technology centered strategy,
though. Others are to create knowledge based and expert systems for use in
all key areas of production in perspective of the coming of fifth gen-
eration computers. There are mainly two motives behind this: one is the
management ‘s fear that - as most human labor has been reduced to low grade
functions except for a few high grade experts - conventional programs
might not be able to cope with complex and changing situations; the other
one is its wish to have the expensive human experts’ knowledge at its own
disposal. Although +this development is accompanied with great hopes
stirred up by the Martificial intelligence" community (Feigenbaum gnd
McCorduck 1985), it is rather questionable whether it will ever achieve

what it promises (Dreyfus 1979).

At the end of this far reaching development an integrated computer system
on the one hand and a dismembered work structure on the other will, be
found. Most of the production knowledge will then be incorporated in the
computer asystem, while the workers’ qualifications will waste away, since

they are not used any longer.
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The concept of the "unmanned factory"™ runs into several severe difficul-

ties, however, letting its success appear to be rather questionable.

Firstly, the extremely high expenses and risks, especially caused by the
software needed, get in conflict with the financial power of the many
small and medium sized firms. Despite tneir growing economic importance,
they would be bypassed by the development.

Secondly, firms following this strategy would suffer from relative in-
flexibility with bYoth respects alteration of batches and process innova-
tion. This is due to the fact that every change of a customer order or of
a piece of production equipment has first to be modelled in the computer
system. In the long run the firm might =ven lose its innovative capabil-
ity, since production knowledge and creativity on the human side have been
wasting away over time. All this is in contrast to market requirements.
Thirdly, existing skills (especially in Germany a very important resource)
would be rejected, while gkills which do not exist would be required. In
order to avoid these difficulties, it seems necessary to look for an alter-

native approach.

2.3 The Human Centred Approach - Skill Based Manufacturing

The human centred approach is based on completely different principies of
organizing small batch production. By splitting orders instead of dividing
labour, Jjob shop manufacturing with its fundamental drawbacks can be
changed into group manufacturing where part families are manufactured in

their entirety.

Group technology principles can be implemented in four major stages accord-
ing fo the main organizational aspects chown in Fig. 5 (Ahlmann 1980, Mi-

trofanow 1980, Warnecke and others 1980, Williamson 1972).

In many cases management feels content with structuring the firm’s entire .
part spectrum into part families (first stage) only in order to gain more
transparency and better classification for the geometric and manufacturing
data pools (drawings, part lists, process plans). However, the idea of
group technology obviously denotes a gereral organizational concept rather

than a single technique.
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‘If the organizational :dhanges are restricted to the application of the
firét'prihciple aldne;;tﬁe econdmié effects that can be achieved at all
are by far not eihauste&. On the ¢ontrar§, it can bé‘expected from ex-
perience with realized cases that major advantages are achieved but by
advancing to the higher stages of group technology. As compared to job
shop manufacturing, these advantages can be characterized as follows (Ham

1977, Spinas and Kuhn 1980, Warnecke and others 1979, Williamson 1972)

- short throughput times (time reduction by 60 to 88 percent and
benefits of 44 to 60 percent for in-process inventory have been

reported),

- rich job content and wide margins of action (reducing stress and

challenging the worker’s skills),

- easy production planning and control (since each production insula

can be regarded as a single uncoupled unit).

The main deficiency is the unbalanced utiligation of machining capacity.
However, this can be nitigated in its economic effects if capacity re-
quirements are oriented at full load of the most expensive piece of equip-
ment and if limited cross utilization of idle capacities between produc-
tion insulas is allowed. The extra costs for higher qualification of the
whole working team as compared to speciaslized workefs is easily compensa-
ted by the other benefits of group manufacturing. Beside of these main
advantages considerable reductions of set-up times and improvements in

overall engineering and productivity give rise to further benefits.

In aXSimilar way as it has been demonstrated for the manufacturing process
on the 'shop floor (where the knowledge exists how to make machines), these
organizing principles can also be applied to the design office (where the
knowlédge exists how to invent machines). The design process being split
up according to families of products, or their modules, the designers
(single or in team work) perform the whole design process comprising tasks
as finding the functional structures and the dimensions, calculating,
single part design or geometric modellinz. Thus, mainly two skill centered
production subsystems equipped with local computer assistance and connec-
ted by electronic data exchange will be formed: production and design

insulas.
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In order to work efficiently, these widely autonomous subsystems still
need some data exchange and so they have to be interlinked by the basic
components of the CIM architecture, i.e. a common data base, a data high-
way, and data exchange interfaces (Fig. 6). However, the way how computer
assistance is implemented differs completely from the technocentric ap-
proach. Instead of concreting and incorporating almost all knowledge and
the sequences of work as far as possible in the computer system, in this
case the computer serves as a general, actual, and consistent information
system also performing routine operations, but leaves the planning of work-
ing actions to the workers” and designers” skill (these might even im-

plement there own tools).

Although lacking room for more detailed analysis, a substantial increase
of productivity being expected from bYoth production concepts must De
stated. Many indications suggest that productivity grows even faster when
following the human centred development path. Paradoxically, production
requires the less quantity of labour, the more it uses its quality. This
implies & strong impact on employment in general and on the structure of
labour markets in particular, especially since the required high level of
skill profiles tends to further segmentation trends. Therefore, combined
counteractions on both firm and society level have to be developed (ap-
propriate skill formation for all, reduction of working hours, etc.) in

order to avoid a segmented work force and unemployment (Brddmer 1985).

3. Knowledge of Production

——— - > - - B T . A - - - -

Independant of the type of production, it is peculiar to a working subject
to hgve a conception of acting in mind before actually doing something.
This changeaﬁle acting scheme, in turn, is generated from the worker’s
internal representations of both his acting and the effects on the object

he created. It thus becomes concreted exrerience.
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During his active engagement in the world surrounding him, the worker per-
ceives those objectg and, by seizing them and acting with them, he con-
ceives their function and realizes the mode of action, in short, he forms
their conception. By acting repeatedly in similar situations, he way
happen to abstract from the specific reality and to recognize the general
in the specific. Thus, he is able to generalize his acting scheme and to
objectify his experience in the form of language, tools and machines (Vol-
pert 1984).

By conceptual analysis of his acting, the worker is able to comstruct an
abstract model of his generalized actions comprising the objects and the
rules to change them. Hence, machines are nothing else than implemented
theory. However, the prerequisite for being able to do so 1is that he
recognises the recurring factors in the changing situations. Unless he
realizes the general in the specific, the experience he has gained is pri-
vate to him. Due to this "tacit knowledge" (Polanyi 1966), there exists a
barrier to objectifying the production knowledge, which cannot be surmoun-
ted but by empirical and theoretical analysis within certain limits, i. e.

production processes can in principle not be completely modelled.

On the other hand, the acting subject perceives, due to his sensitive
body, in the situation he is in any change of his surrounding world, that
has been growing with him while being engaged in it, as a whole and not as
elements that have to be fitted by rules. He, therefore, knows to act goal
orientiedly even in uncertain or in unstructured situations. His con-
creted experience or "tacit knowledge", which is much more comprehensive
than the rule based or objectified knowledge being the only one that can
be ;mplemented in machines, forms the basis for the unique human strength
to békable to conceive and evaluate complex situations, to make adequate

decisions and to take appropriate actions.

i While humans, thus, can act creatively in an unknown surrounding, proceed-
ing unsystematicly and inconsistently, however, owning & not very impress-
ing information processing capability, machines are bound to programs made
by humans in order to change their state and to operate on data structures
working rule based and consistantly, of course. In order to join these
opposing attributes of humans and machines productively, some basic prin-

ciples have to be regarded corresponding to the hierarchical system of

design criteria shown in Fig. 7 (Hacker 1978).

) i
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and ]SFMUNCHEN
Vocational Training e e re R 5



..4'0..

Work design, i. e. the determination of the division of labour, of the
partition of functioné between man and machine and of the modes of man-
machine interaction (see the layers in.Fig. 8) has to be done in such a
way, that in the working situatioh e wide margin of action is being
preserved leaving initiative, evaluation and decisions up to the worker
and that his work comprehends planning and executing tasks. So that in
this situation the computer can be used as a tool, its functions and its
behaviour have to be completely transparent. Particularly, its reactions
have to be self explaining and adapted to the actual working situation. In
interaction it is extremely important that the worker can perceive the
connection between his own intention or action and the effects it pro-

duces.

Accordingly, an appropriate user surface of the technical equipment is
needed. The man-machine interaction therefore has to be designed in a way

that it is

- transparent and self explaining (by use of direct object manipulation),
- adjustable to different degrees of user’s experience (presenting
flexible dialogue procedures),

- reliable (following the principle "what you see is what you have got").

Besides this, the terminals and screen masks have to show correct ergono-
mic shape. Looking at existing CADCAM systems, most of these conditions

are not fulfilled or to an unsatisfactory little extent only.
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4. Politics of Production

History of induéfrial ﬁfodﬁction is, at the same time, a history of the
manifold attempts of the management to get control over production pro-
cesses. At the very beginning of the first industrial revolution, when
craftsmen were hired to work under the unified command of a capitalist
owner, they still worked in exactly the same manner as they were used to.
Since all knowledge of production was at their disposal alone, the owner
completely depended on their good will to produce something with the re-

quired quality.

Seen with the owner’s eyes, this was a very unsatisfying situation estab-
lishing a substantial problem in capitalistic production, however. It is
true that, by force of the working contract, he owned the working capa-
city, but that did not determine the material form, in which the work was
actually being done or the working capacity was productively used. Since
the productive forces, the abilities to produce or create something are
not separable from the working subject, whose gbilities are not alienable,
the owner is compelled to cooperate with the worker. This is the basic

reason for the issue of politics of production.

The owner’s situation could only be improved by modifying the modes of
manufacturing. The first big attempt to get more control over production
was the horizontal division of labour proposed by Adam Smith. Besides the
economic benefits of more output with “ess costs he had in mind as basis
for the "wealth of nations", the worker:’ specialization on specific tasks
within the working process had the effect that they lost, as time went by,
most of their production knowledge in favour of the entrepreneur, who;was

now\gble to set the basic manufacturing structure (Marglin 1977).

In general, the horizontal division al.so was the basis for introduéing
machines in manufacturing. The always -ecurring same operations the wor-
kers had to perform could be easily analysed and conceptually modelled
and, thus, be objectified in machines. Besides the increased work perfor-
mance caused by the use of machines, tiey again contributed to solve the
issue of better control over production "One great advantage which we may
derive from machinery is from the check which it affords against the in-

attention, the idleness, or the dishonesty of human agents" (Babbage

1835).
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In spite of the horizontal division of labour and the limited use of

umachinery, control over production still rewained full of gaps, since
within the frame of divided labour the workers could act autonomously.
This was the edge where Taylor stepped in and established his "principles
of scientific management". By profound empirical analysis of the workers’

operations and of cutting metals, he became able to objectify essential
parts of the production knowledge and, thus, to seperate planning from
executing +tasks. Managers were now able to plan working processes in-
dependently from the workers and to prescribe them, how and in what time
they had to perform their operating tasks. Later on, the introduction of
partly automated machinery and of couputer systems in manufacturing
(Fordism in mass production, NC technclogy in small batch production,
CADCAM systems) even enlarged the potential of comtrol over production in

the hands of managers.

This development has its price, howerer. Manufacturing processes are
becoming more and more inflexible to the extent to which the workers’
autonomy and production experience are declining. This sappears obvionsly
in mass prodction that has been explic.tly designed for single products
with few variants, eventually. But it also holds for small batch pro-
duction, where Taylor s principles could be applied only halfway and pro-
duced its unfavourable structures (job shop manufacturing with a skilled
work force despite of central planning) considered earlier. Both types of
manufacturing processes, the inflexible mass production and the hybrid
small batch production being partly Tarlorized, partly based on skilled
work, are getting into conflict with the new requirements of global com-
petition. High flexibility of manufacturing is incompatible with deskil-
1ingn and constraining autonomy of the workers. Hence, new production con-
cepté‘\,_with altered politics of production and alternative forms of con-

trolling production are needed.

The principles of group technology and autonomous working groups provide

such a production concept. Yet, the sutonomy of production and design

insulas can only be developed within ‘he limits leaving the management
without fear to lose control over prodiction as a whole. Control changes

its form, of course. According to the technology centred production con-
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cept it used to be exercised by‘objectifying knowledge, by the detailed
'iorking instructions derived from it, and by the machine system. In con-
trast, it is now exerted through coméuter assisted central planning and
supervising of production in its entirety, but leaving much wider margirs
of action to 1local planning and execution, and through a performance
po}icy challenging the workers’ competence, autonomy and responsibility es
weil (Kern and Schumann 1984). Controlling autonomy instead of defeatirg

independence is the issue.

5. Conclusion: The Superior Choice

Taking all these considerations together, it becomes obvious that we are
in a situation of choice. Different strategic options for computer inte-
grated manufacturing are at hand. Taiey deliver different economic

benefits, of course.

Taking the problems into account the tecanology centred approach is going
to run into, the human centred one clearly shows its superiority with both
economic and human respects, especially under disturbant market con-
ditions. It reduces throughput times drematically (with a huge potential
- for saving costs and gaining market strensth) and it is less capital inten-
gsive above all on the software side, since existing qualifications are
essentially preserved and not replaced by programs causing high expenses.
For the same reason production gets vary flexible, particularly since
changes of orders or processes can be :onsidered without being modelled
first. Working conditions allow for wide margins of action and enhancement
of skills, thus preserving the innovative capability. It can be imgle-
menté@istepwise and hence also be followel by smaller firms.

There are strong forces of inertia, thcugh, hindering the human centred
approach to disseminate fastly. They result from a firm’s hardware, soft-
ware, social system, and prevailing ideology. While hardware seems to ﬁave
the weakest inertia and software already needs fundamental changes, Ehe
social system and ideology establish the highest barriers. Since the tran-
gition to group manufacturing deeply influences social positions and
relations, it can only be performed on tte basis of a bargained and agreed

strategy. To establish such a strategy, the prevailing thinking has first
to be overcome that cannot imagine any other improvements of production
than replacing human capabilities by machine artefacts.
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1. Future Factory Structures and Interests in Process-Related
Utilization of Skills and Qualifications

In all likelihood uniform factory structures will not exist in
Europe in the near future: Too great are the differences with
regards to basic conditions and developmental perspectives be-
tween regions, countries, economical branches and market condi-
tions, as well as the differences concerning the problems and
potential solutions in the area of production technology and
also the workforce and skill availability etc. Even if the pro-
duction technology offered does tend to become more uniform due
to market conditions and/or international standardization ef-
forts, and differing working conditions begin to converge due to
government and international compensation policies, and lastly
even if perhaps certain adaptation processes will take place
within education and training systems, it nevertheless remains
highly doubtful that questions of technology wutilization, work
organization and the division of labour within companies and
between companies will in all regions be solved according to a
uniform structural pattern, regardless of whether it is the case
of a small company with a narrow regional market in one of the
industrially developing countries of the Common Market or that
of a large scale mass production enterprise in one of Europe's

industrial centres.

It is widely agreed upon among experts that the concept of the
so-called unmanned factory has only very limited chances within
the near future and that this concept 1is, at best, suitable only
for certain marginal areas of highly standardized manufacturing.
Secondly, there are also numerous voices stressing the limita-
tions of the long prevailing Tayloristic or Fordistic model of
manufacturing organization and work structuring, strongly cen-
tralized and based on a strong division of labour, particularly
within the context of the utilization of modern computer-aided
rationalization technologies and the necessity for adapting to
rapidly changing market conditions (compare for example Brédner
1985; Piore, Sabel 1984; Warnecke 1985).
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In view of these factors, particularly with regards to European
industry, factory structures are being advocated which make use
of the existing wealth of skills and gualifications and which
seek to secure the potential for innovation and the capability
to adapt, particularly in the case of the often smaller and
medium size companies, by preserving the scope for taking action
and decision making in proximity to the basis of the manufactur-
ing process, on the shop floor. Such concepts are less oriented
towards maximum utilization of computer-based automation techno-
logy up to the total exclusion of human labour, but on the con-
trary aim for a combination of technology and labour, whereby
the production knowledge and experience held by workers closely
involved in the manufacturing process is systematically inte-

grated.

The process-related wutilization of skills and qualifications
offers companies a number of advantagesi), particularly when
strategies of so-called "hard" automation with their standardi-
zation requirements concerning the product and remaining human
labour meet with restrictions and therefore strategies of flexi-

ble automation are to be pursued instead:

0 Process-related utilization of skills and qualifications can
save planning costs and other investments for complex and
extremely expensive automation technologies in the areas of
hard- and software when workers are able to bridge gaps in the

process sequence.

0 Process-related utilization of skills and qualifications per-
mits saving implementation costs as well as a comparatively
rapid introduction of technological-organizational innovations
to the manufacturing process. When extensive basic skills

already exist on the shop floor level, the introduction of new

1} On the advantages of the vutilization of qualified skilled

workers in complex manufacturing systems compare Asendorf,
Nuber 1986.
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technology components will lead to less qualification defi-
cits, thereby resulting in a considerable reduction of train-
ing expenditures on the one hand, while on the other the im-
plementation work performed by the user company's workforce
shortens the running-in period of the new facilities and will
make them operating productively at an earlier date than oth-

erwise.

o0 In view of the continuously high costs for components of com-
puter-aided flexible automation the fact that the process-
related utilization of skilled labour can reduce the risks and
duration of system failures is of particular significance. The
utilization of qualified, skilled workers familiar with the
specific manufacturing equipment increases the latter's avail-
ability and reliability. Such personnel can not only prevent
disturbances by 1intervening and correcting the ongoing manu-
facturing process, but also shorten breakdown times by per-
forming repairs faster due to the fact that specialized main-

tenance personnel need not be called upon and waited for.

o Moreover, the process-related use aof skills can also permit a
better utilization of manufacturing equipment, not only with
regards to the extent of operational flexibility for various
products or product variants within the framework of the given
technical corridor, but also in terms of coordinating machine
schedules and/or production capacity with the requirements of

the ongoing production flow.

o Finally, the process-related use of skilled personnel in the
production process can also result in lower labour costs. On
the one hand this refers to the savings in costs arising out-
side of the immediate area of manufacturing for technical
services like work planning, programming, manufacturing con-
trol, maintenance and quality assurance, when a more central-
istic manufacturing organization is given. On the other hand,
the number of workers can be reduced compared to highly speci-

alized forms of ..ork organization, or those aiming for a mini-
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mization of the use of skills, because broadly skilled workers
are able to replace each other and fill vacancies caused by

illness or other reasons.

All of these reasons point to a company interest in making use
of a skilled and qualified workforce who is familiar with the
special requirements of flexible automation and in employing
these workers in the immediate proximity of the manufacturing
process and of the mostly complex manufacturing equipment. In
terms of manufacturing organization widely differing solutions
are conceivable with this strategy, starting with more tradi-
tional workshops specialized in certain manufacturing technolo-
gies, up to production islands for the complete processing of
products or components of a final product. The forms of work
organization and the division of labour can also vary, for exam-

ple between the following two basic models:

o In the first case the traditional forms of job classification
and hierarchical division of labour are dispensed with to a
large extent and instead, a homogenous group of equally quali-
fied production workers are emplcyed who share the various and
changing work tasks within a given manufacturing area accord-
ing to internal agreements and who also share the responsibi-
lity for the fulfillment of the assigned jobs. For example,
employees of the type of the Serman skilled worker, having
practical and theoretical production knowledge and experience
and having had further training in the field of information
systems and control technology are suitable for this form of

group work.

o The second model adheres more to the traditional forms of
functional and hierarchical division of labour and the differ-
ent specialized jobs thereby resulting. Accordingly the work-
force structure is differentiat:d depending on the areas and
also the extent to which individuJal workers are qualified, and
the utilization of persannel is more strongly arranged accord-
ing to forms of cooperation between differently specialized

workers. In this case a mixed staffing of a production team 1is
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conceivable, with semi-skilled and skilled workers, techni-
cians and even engineers, and associated with a more strongly
hierarchical distribution of responsibility as well as - com-
pared to the other model - a considerably restricted capacity

for employees to replace one another if need be.

Both models, between which various graduations and numerous
concrete design forms are 1imaginable, are in varying degrees
suited to different forms of technoclogy utilization and require-
ments of manufacturing processes. The first model, for example,
makes far greater use of the scope for the design of work organ-
ization given within modern manufacturing technology when the
binding of work tasks to the machine's operational cycle 1is
largely reduced due to the automation of workpiece handling and
transport. The second mocdel seems to possess more advantages in
those cases where automation gaps must be bridged by routine
activities or where the deployment of specialists is imperative
for one reason or the other. These latter forms of organization,
however, also hold higher risks of a polarization of skills and
the creation of permanent barriers between different employee

groups.

2. Preconditions for a Process-Related Utilizatien of Skills

and Qualifications

A common characteristic of the two models of work structuring
previously described 1s the fact that they both increase "shop
floor autonomy" by means of process-related use of qualified
employees and reduce the significance of planning, control and
supervising departments outside of the manufacturing area as
opposed to the more centralistically oriented Tayloristic/ Ford-
istic factory structures. Both models correspond to a develop-

ment concept which 1is currently being discussed not only in
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Europe but also in the U.S.A. unier the heading of "The Fac-
1), the intention of which is underlined
by the demand "CIM only with HIM"2),

tory within the Factory"
The realization of such
forms of manufacturing structures iind work organization depends,
however, on a number of preconditions. We shall briefly mention
the market developments with regard to the computer-aided compo-
nents of manufacturing presently offered (1), the implementation
processes of new manufacturing technologies taking place within
the companies (2), the availability of different qualifications
and skills for manufacturing work as well as the question of

gratification systems, career patterns etc. (3).

(1) In the past years the spectrum of components for computer-
aided integration offered by the market has expanded considera-
bly. This holds true for production planning functions (CAD,
CAP) as well as for production scheduling and control (PSC) and
manufacturing-technological functions of machine control, tool
management, workpiece handling and transport and also quality
assurance (compare the individual CAM-components: CNC, DNC, FMC,
FMS, CAQ etc.)).

In many cases the use of computer-aided integration technology
is characterized by a kind of pioneer situation in which the
manufacturers adapt the systems' actual design to meet specific

customer requirements to a considerable degree. However, there

1) Compare, for example, the paper by Peter R. Everitt 1985: The
Manufacturing Cell "A Plant Within A Plant".

2) "Computer Integrated Manufacturing only with Human Integrated
Manufacturing" - was how, at the international CIM-congress
during the Systec '86 in Munich, a leading executive of a
German machine building company paraphrased the demand pres-
ently being voiced to give more consideration than previously
to the changes in the working situation of the employees af-
fected when planning and introducing new technical systems
(compare Hummel 1986).

3) Unfortunately the use of terminology is by no means uniform
with regards to the individual CIM-components. See AWF 1985
for an attempted clarification relating computer use to cer-
tain process functions. See also Lay's paper on CIM-strate-
gies in this volume.
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is an increased development of marketable, more standardized
offers requiring the system users themselves to adapt to a cer-
tain extent if considerable costs for "tailor made" solutions
are to be avoided. Moreover, in many areas in which computer-
aided integration technologies are applied one can safely state
that the manufacturers control the market, this having to do
with specific aspects of information-technological products, the
expensive development of the generally very complex software
solutions as well as the lack of competency in information tech-
nology on the part of the users.l) Thus it is of particular im-
portance which organizaticonal concepts are quasi passed on to
the user companies in terms of manufacturing and work organiza-

tion.z)

Complete offers of factories with fully integrated computer
technology hardly exist to date. But the CIM-components on the
market can be classed as those which are more open in terms of
manufacturing organization and work structuring, or those which
contain strongly centralistic concepts which aim for a definite
division between work executed on the shop floor and the func-

tions of planning, control and supervision elsewhere.

o In many cases:ﬁomputer—aided production scheduling and control
systems (PSC) follow a strongly centralistic-deterministic
design as far as their inner logic is concerned and they aim
for the most exact short term detailed planning of shop floor
activities possible. On the other hand, there are PSC-concepts
which dispense with detailed work guidelines and regulations
from th%J start and instead provide only central framework
planning which is then to be worked out 1in detail on the
shop floor level and carried out there subsequently. This
second concept is more strongly based on process-related deci-
sions in the shop floor area and thereby permits a greater

1) Compare for this and in the following, Hirsch-Kreinsen 1986
particuvlarly p. 31 ff.

2) See also Brazyk's argument in this volume about "prescrip-
tions" on work organization and skills embodied in production
technologies.

3) Also refered %o as computer-aided production management
(CAPM) -~ see Lay within this volume.

’ .
Schultz-\ily (1887 PransfermbltiamGokdiiérs ofFatpre Factbry Sttubtdres: Techbaog Organization, Education and ISFMUNCHEN

Vocational Training Vit i Sedinamtallb oot Forselning e



58

scope for the design of work organization - from the use of a
central control post for the execution of planning processes
up to the management of manufacturing control functions by
workers employed in the actual area of manufacturing.

o The concepts according to which DNC-systems are layed out can
be based on a strong division of labour and result in a con-
centration of informing and supervising data in the work plan-
ning department, or else concepts can be realized according to
which the DNC-computer acts more as a data bank for NC-con-
trolling and programming systems, which also allows shop floor
programming to be carried out.

o Also in the case of CAD/CAP or CAD/CAM systems one can differ-
entiate between concepts which from the start are either of-
fice oriented and aim for more efficiency in the area of pre-
planning, including office programming, or such concepts which
are more shop floor oriented whereby construction data are
transmitted to a workshop computer or individual CNC-control
system, in order to facilitate or accelerate the programming
process there.

The results of our analysis point to a present market dominance
of CIM-components of a centralistic-deterministic nature which
are exerting a strong influence towards a consolidation or an
increase of the hierarchical-functional division of labour be-
tween the areas of planning and execution. Such solutions are
usually developed and offered by large computer manufacturers
who have a strong market position and are backed by many years
of cooperation with the users of tieir systems. But it is doubt-
ful if these solutions meet the special needs of smaller and

medium sized companies.

In opposition to this stand the offers usually coming from smal-
ler software or machine building companies which are more open
in terms of work organization and do not restrict their users so
strongly to pursuing certain solutions of technology integration
as far as manufacturing and work »>rganization are concerned and
which ar therefore more compatible with forms of process-related

planning, control and supervision.
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Although even in the cases of more strongly centralistic-deter-
ministic solutions one cannot say that the user companies are
being definitely bound to certain forms of manufacturing organ-
ization and work organization, it 1is nevertheless wundeniable
that the logic inherent in such solutions will influence the
decisions concerning the implementation process within the com-
pany. A process-related utilization of skills and qualifications
is easier to realize or maintain, when hardware and software
components are designed so as to grant access from the shop
floor. In this context it is interesting to note that recently
there are indications that the development of systems which
started out with different basic concepts is beginning to con-
verge. However this is 1likely to prove to be a very longterm

1)

developmental process.

(2) In spite of the factors of influence built in the preformed
market offers of CIM-components, there undoubtedly still remains
considerable scope for the design of manufacturing organization
and work organization which is at the disposal of the user com-
panies. The qguestion remains however, as to whether and in what

way this scope for decision making 1is actually made use of dur-

2)

ing the course of implementation processes. In spite of the

fact that the discussion among managers and engineers concerning
the importance of "human factors" for the successful introduc-

tion of new technologies has been given more emphasis during

1) This can be observed in the development of NC-programming
methods. It can be assumed that due to the further develop-
ment of interactive-graphic programming methods a standardi-
zation of operator modi will take place between systems orig-
inally based more strongly on office programming and thaose
oriented on workshop programming. Compare v. Behr, Hirsch-
Kreinsen 1987. Generally the concepts of open system archi-
tecture seem to suit better to the manifold technical and
crganizational <conditions of different wusers and open up
market opportunities specially for smaller supplier compa-
nies.

2) For a more detailed report of the relevant constellations «nd
interests in the course of company implementation proces:ces
see Hirsch-Xreinsen, Schultz-Wild 1986b. Compare also

Schultz-Wild 1986a. ) A
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the past years, it can, on the basis of present experience,
hardly be assumed that work organization and manpower utiliza-
tion will enjoy the same careful preplanning as is the case with
the technical and economical factors on which decisions are
based. Many implementation processes are characterized by a step
by step introduction of new technology components whereby the
existing manufacturing structures and forms of organization are
retained to the greatest degree possible. For the most part
changes remain limited to what is absolutely imperative from a
technological point of view. Such tendencies towards a sort of
structural conservatism stand in opposition to the experience
that especially technical innovations often initiate or are the
medium of a reorganization of work processes, the extent of
which can be of a more far-reaching nature beyond the actual
individual innovation case. Changes of a slower and more subtle
kind may possibly occur which lead to a gradual undermining of
forms of work dominant so far, while radical structural changes

may also be brought about. The probability of the latter arises

o with the size of the automation leap of a given technological
innovation, thereby necessitating a reorganization and exten-

sive redistribution of work between machinery and manpower;

0o with the degree in which the previously dominant forms of
modernization by small steps is deviated from or must be aban-
doned, for example due to the more system oriented character

of the new integration technologies being installed;

0 according to the extent in which the new technologies contain
concepts of work organization which contradict the principles

having so far prevailed.

Process-related wutilization of skills and qualifications can
thus hardly be expected in those cases where control and produc-
tion systems of a more strongly centralistic-deterministic type
are integrated into centralistic company structures based on a
strong division of labour. A process of this kind strengthens

the control and supervision departments outs:de of the actual
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manufacturing area and leads to a further reduction of autonomy
still existing on the shop floor. The introduction of similar
technologies in companies where qualified shop floor personnel
still enjoy a considerable scope for decision making can result
in a gradual undermining of shop floor autonomy and will there-
by, in the long run at least, jeopardize the wutilization of
skills.

On the other hand, however, it is also conceivable that, due to
the functional deficiency of centralistic control systems, al-
ternative concepts will be employed from the start and that the
preconditions in terms of organization and skills for successful
operating will be systematically planned and subsequently reali-
zed during the implementation process.l) Therefore it 1is of
decisive dimportance which in-plant groups plan and implement
technological innovations and what the former's interests and
specific aims are. The realization of company structures accord-
ing to the model of process-related vutilization of qualifica-
tions 1is, for example, more 1likely to occur when the (shop
floor) managers directly responsible for the manufacturing
process have more influence on the latter than members of cen-
tral departments for work planning or manufacturing control for

example.

(3) Apart from the structures of the technology offers and the
specific dinterests which come into play in the course of the
user's implementation process, the guantitative and qualitative
availability of personnel is certainly of considerable signifi-
cance for shaping and designing manufacturing organization and
work structures. Forms of process-related qualification utiliza-
tion are easier to realize or malintain in those companies which
already have a workforce with broad and relevant skills at their
disposal cr where qualification deficits can be made up for at

relatively low training expenditures.

1) See No. 2.1 of the recommendations concerning education and
vocational training further below.
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In cases of stagnating or sinking employee numbers it is partic-
ularly the qualification structure of the personnel employed
within the company which 1is decisive, due to the fact that an
extensive exchange of personnel via the extermal labour market
(dismissal of insufficiently qualified employees on the one
hand, recruitment of adequately queslified personnel on the
other) would certainly meet with the resistance of the represen-
tatives o0of employee interests and therefore is hardly to be

realized.

Those companies who have previously established their organiza-
tion on centralistic, Tayloristic structures and who have mainly
employed the type of the specialized semi-skilled worker 1in
their production departments, will most likely have more diffi-
culties and higher expenditures in carrying through a reorgani-
zation process tc permit process-related utilization of qualifi-
cations and skills than companies whose manufacturing work has
traditionally been largely in the hands of qualified, skilled
workers. This not only holds true in regard to homogenous quali-
fied group work, but also for structures in the shop floor area
based on a certain degree of division of labour. Returning cer-
tain planning, control and monitoring functions to the vicinity
of manufacturing work when computer-aided integration technology
is vutilized results in new types of jobs and job requirements
which cannot readily be fulfilled by personnel previously em-
ployed within more centralistic structures based on a high de-

gree of division of labour.

Although the gualification structure of the given workforce will
certainly have an effect on the choice and introduction of new
technologies and the resulting reocrganization of work processes,
this factor can only be regarded as invariable from a short term
perspective. Changes can be broucht about more or less rapidly
by further training and retrainirg measures carried out by the
companies themselves for example, or also - over medium and
longer periods of time - by alterations occurring on the company
external labour market and withir the education and vocational
training system.
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3. The Part Played by Education and Training in the Development
of Future Factory Structures

Presently the tendencies in industry towards technological-or-
ganizational change are meeting with workforce structures with
varying degrees of affinity for a process-relatzd utilization of
skills and qualifications. While there are certain deviations
within the national framework, between different branches, com-
panies with different manufacturing, organizational and person-
nel utilization structures etc., these deviatians are likely to
be considerably greater on a European level. [ue to their cen-
tral mediating function in the determining of the quantity and
the qualifiction structure of the workforce available for indus-
trial work the education and training systems, which are strong-
ly conditioned by specific national norms and traditions, are of

considerable significance.

As a systematic, comparative analysis of the different European
education and vocational training systems is naturally not the
intent of this paper, we will restrict ourselves in the follow-
ing to point out several problem constellations which are impor-

tant for the question of future factory structures.

(1) An initial point is concerned with the question as to the
education and training system's capability of securing adequate
manpower reserves in terms of quantity and quality for industri-
al employment and particularly for work in the area of manufac-
turing. At least in the long-term a definite affirmative answer
to this guestion can by no means be taken for granted. It has
been particularly the expansion of educational opportunities and
the opening of schools, universities and colleges for sections
of the population previously following other courses of educa-
tion which has encouraged many young people to remain as long as
possible within the education system and to then strive for
positions outside of industry, particularly those outside of the
actual manufacturing area with all its adverse working condi-

tions such as noise, dirt, shift work etc. This problem can
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training offers and functioning control mechanisms in the area
0of schools and training, but points most clearly to the condi-
tions of working life and career chances offered by industrial
work itself. The chances for rectruiting employees for industri-
al work must, in the long run, be viewed in comparison with the
working conditions, earnings and career patterns etc. offered

elsewhere.

(2) The question as to the necessary reform of the trades and
the contents of vocational training must be regarded in terms of
education and training policies. There are many indications that
in the course of computer-aided rationalization processes the
lines traditonally drawn between existing trades and occupations
will become obsolete and that new qualifications and skills will
become significant. It is particularly the work forms of pro-
cess-related uvtilization of skills and qualifications which seem
advantageous to the companies from many points of view and which
push strongly towards a dissolution of traditional job classifi-
cations and demarcation lines between trades. While technical
knowledge and skills related to specific products and manufac-
turing methods which are necessary for coping with manufacturing
processes obviously remain important, on the other hand a know-
how concerning EDP, control technology and related technological
knowledge necessary for monitoring, controlling and maintaining
more complex manufacturing systems is becoming increasingly
important. At present no general solution exists to how such
gqualification requirements are to be grouped and combined to
form new jobs and trades. Apart from the very lengthy periods of
time required for establishing reforms within the education and
vocational training systems, this certainly also has to do with
the fact that in many cases the application of modern control
and manufacturing technologies has not yet advanced beyond the
pioneer stage and therefore company experiments concentrate on

the reorganization of the remaining work tasks.

In the Federal Republic of Germany for example a bill concerning
the reorganization of the industrial metal working trades was
passed at the end of 1984 whereby the number of recognized
trades was strongly cut back (from 42 to 6 trades) while the
commonly required basic technical knowledge of variow- €i-'--
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was increased and knowledge of EDP, system control and general
process engineering is more strongly integrated (compare Busch-
haus, Gartner et al. 1884).

(3) A similar ecudactional problem exists concerning the combi-
nation of knowledge and skills more theoretically oriented and
those more concerned with practical aspects. Not all European
countries have a tradition of a worker type similar to the Ger-
man industrial skilled worker who combines theoretical and prac-
tical skills as well as a considerable potential for adapting
and learning in a specific manner. This type of qualification
profile certainly offers favorable conditions for the realiza-
tion of work structures according to the model of work groups
with homogenous skills. specially if there is a wider range of
common technical knowledge compared to a more differentiated
structure of jobs and trades. However, when theoretical and
practical knowledge and skills are taught in different educatio-
nal and training courses and in different places (such as school
and company) then more differentiated forms of work structuring

and utilization of qualifications are far more likely to occur.

(4) The form in which higher and advanced technical knowledge is
taught at institutions such as technical colleges and universi-
ties as well as the training patterns and the subjects empha-
sized will certainly be significant for the development of futu-

re industrial structures. There are several reasons for this:

o First of all, technicians and engineers have a considerable
influence on the developmental process of new control, moni-
toring and manufacturing technology; the research tradition
and forms of logic followed here will surely have an effect -
perhaps indirectly in many cases - on certain hardware and

software solutions.

o Secondly the presence or atsence of technicians and engineers
from different professional fields and with differing orienta-
tions within company management will be reflected in the de-

finition of company problems and in the technical solutions
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made on product variations, for example) will call for differ-
ent reactions, so that solutions will be sought in the area of
production and control technology in one instance or in the

field of work organization in another.

o Finally, the engineers and technicians themselves constitute
an important part of the company's total workforce and their
varying availability and involvement in certain work sitia-
tions 1s not without effect on the development of the stric-

tures of in-plant division of labour.

A comparison of the utilization of flexible manufacturing sys-
tems in France and in Germany, for example, indicates that cer-
tain variations of system-concepts and layout (greater signifi-
cance of the central computer and software programs in France;
stronger concentration on processing machines, handling facili-
ties and transport systems in Germany) definitely have something
to do with the difference between both countries with regards to
the supply situation and the professional orientation of engi-
neers in the user companies and that these factors also have an
effect on division of labour and job design within these manu-
facturing systems (compare Schultz-Wild 1986b).

In this context the problem is alsoc to mention how to distribute
the relevant technological, organizational and managerial knowl-
edge concerning the use of modern computer-aided technologies
specially 1in smaller &and medium sized companies and 1in less
industrially developed areas of Europe. In the past the vendors
0f CIM-components have made some efforts to offer not only hérd-
and software but also the relevant so called teachware. Aléo -
at least in the FRG - a great number of intermediate, more or
less 1independent institutions for knowledge distribution and
retraining in this field have emerged. But there still seems to
be a broad field of action, specially on an European level of
policy in research, development, education and vocational train-

ing.

(5) When the introduction of modern control and manufacturing
technologies evolves from the pioneer phase and becomes
considerably more widespread and particularly when forms of
process-related wutilization of skills and qualifications are
realized in the process, then +the problem of

adap) -
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existing workforce in *the companies in terms of qualifications
must be dealt with. When the initial introduction of new tech-
nologies only affects a few employees directly, then qualifica-
tion problems can be avoided and training expenditures reduced
by creaming off the best suited workers for the new jobs. Such a
policy of creaming off cannot, however, solve the problems aris-
ing when larger sectors are affected by technological-organiza-
tional innovations. The capacity and efficiency of in-plant and
public training institutions and/or vocational retraining is now
decisive. Particularly those companies With a large number of
un-skilled and semi-skilled workers will be confronted with the
necessity of considerable expenditures and training capacities
(in-plant and/or company external) in order to achieve adequate
further training suited to adult and already experienced work-
ers. The fact that further training measures can lead to consid-
erable qualificatory achievements when certain preconditions are

1)

paid attention to has bucen proved in numerous cases.

(6) Finally it must be pointed out that forms of process-related
utilization of skills and gqualifications within the complex
manufacturing systems necessitate new forms of cooperation,
particularly when a hierarchical distribution of responsibility
is refuted and more open and less rigid forms of task distribu-
tion are practised. The capability and willingness to cooperate
are specific requirements, which partially contradict the tradi-
tional forms of individual learning and individual work perform-
ance. As far as this issue 1s concerned, it does not suffice to
merely formulate the demand made on the education and vocational
training systems to place a stronger emphasis on collective
learning processes, but it must be stated that new forms of
cooperation require the support of adequate wage and gratifica-
tion systems within 1industrial companies. Particularly when
group work 1is more strongly favored this also means that new

career patterns must be developed or other ways and means must

1) Compare for example Schultz-Wild, Asendorf et al. 1986; see
also the releva.t recommendations further below in this volu-
me.
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be found of ensuring that manufacturing work will, also in the
‘long run, continue to offer sufficiently attractive chances of

earning and reasonable working conditions.

Surely more differentiated observation and analysis would be
necessary in order to establish in detail how the problems men-
tioned here could be solved in the light of the different tradi-
tions and conditions in education and employment prevailing in
the various European countries so that favorable conditions
would be created for the development of future factory struc-

tures.
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1. INTRODUCTION

There is ample evidence that the availability of computer technol-
ogy combined with fierce global competition is presently revolu-
tionizing manufacturing firms in the European Community.

Several chapters in this report bear witness to the growing body
of research on this topic. Man-machine relations, the nature of
work, the production-organization and the educational system, all
are rapidly being transformed. As the technology, economics and
organizational rules of manufacturing are changing, it must equal-
ly be clear that the interrelationships between firms must also
change. There has been quite some speculation on this issue in
industrial circles, but very little adequate empirical evidence on
how industrial structure is chinging due to the introduction of
new production systems. This an. lysis will therefore be necessar-
ily lacking in results of empirical research. Nevertheless it
seems worthwhile to structure the issues that have been brought
forward. We will focus our attention in section 2 on the changes
presently taking place in subcontracting relationships. Changes in
the area of regional clustering of firms and technology oriented
collaborative networks between firms in general will be briefly

looked at separately in section 3.
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SUBCONTRACTING RELATIONSHIPS

The landscape of subcontracting; is more complex than often as-
sumed. When analyzing changes ‘n subcontracting relationships it
is useful to keep the following typologyv in mind of roles played
by firms in that landscape.

1. Original Equipment Manufactu-ers (OEM's). These are the firms
that develop, design, produce and market products under their
own brandname. Their in-~hous2 manufacturing may in some cases
be restricted to only the vital or core processes, on which the
exclusive nature of the product on the market is based. Final
assembly is almost always ore of these. Simpler functions and
special subsystems and comoonents can be subcontracted to
others.

2. System Suppliers are firms . hat supply complex systems to be
integrated in the final proluct of the OEM's, based on their
own specialized technical krowledge. Classic examples are jet
engines, brakes and transmis: ions for automocbiles, and catering
to airlines. Note that service sector firms can increasingly be
seen as System Suppliers.

3. Component Manufacturers sup;ly parts to OEM's or to Systems
Suppliers which can be techiologically complex, but which are
not to any great extent acapted to the special demands of
different customers. Fxamples are automobile tires, lamps and
standard microprocessors.

4. Material Suppliers produce " elatively simple, multi-user mass
goods such as wire, paint ind steel, generally at commodity
prices. They are dependent (n economies of scale. Very little
individual service or adapt:tion of the product is offered to
the customer. Materials Sup) liers and Component Manufacturers
who want to increase their rargins and exploit technical know-
how by offering technical se vice and individual adaptations in
a sense become Systems Supjliers. We see this strategy, for
example, among chemical firms that will go to great lengths to
support technologically thei customers in the plastic products
industry.

5. Jobbers form the category of firms that produce parts or, more

generally, perform manufactiring functions, based on speci-
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fications drawn up by their customers. They are specialized in
particular standardized manufacturing processes, for example

cutting, galvanizing, machining.

Figure 1 gives a simplified viw of the subcontracting inter-e-
lationships between firms. The core-periphery hierarchy refle:ts
different degrees of technological independence with respect to
product dinnovation, which can also be referred to as design
leadership. Jobbers of course may be highly technically advan:ed
and even have exclusive knowlecge of the production process. No

value-judgment is intended by tha design leadership hierarchy.

The percentages in figure 1 at O to 360 degrees of the circle
allow the indication of value .dded for a particular machine or
piece of equipment by each of the five types of firms. A total
of 360° in the circles adds up to 100% of value added. Changes
in these percentages are a measire of change in industrial struc-

ture.

There is a very pervasive trend in which industrial firms are
turning away from vertical iJntegration of their activities.
This is a logical consequence (f the shift since the post World
War II reconstruction period to a period of full supply and
liberal international trade. lower has shifted from producers
to buyers. Make or buy decisicns in firms are increasingly re-
sulting in the latter option. Firms are retreating to théir
core business in which they have some exclusivity. The Japanése
economy is a leading example in this. This trend results %in

an increase in the wvolume o! subcontractors relative to élJ

production in industry. A recent Dutch study found that fufly
80% of 500 surveyed firms reported that their subcontractfng
had increased sharply in the part few years.

At the same firms demand more 'rom their subcontractors in terms
of quality and flexibility. Sibcontractors that lag behind 1in
introducing 'new production systems' risk losing their market,
A complicating factor is that :ustomer firms (e.g. OEM's) under
pressure of restructuring oftcn stress shor-term relationships

with subcontractors, expecially jobbers, based on price and
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Figure 1: Subcontracting typology.

106% | 0% of value adeed

)

75% 4

Lb

SYSTEM SUPPLIERS

OMPONENT MANUFACTURIERS

IATERTAL SUPPLIERS

JOBBER{_-”////////

Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and
Vocational Training

ISFMUNCHEN

bl fiw Secialmiertathallb e Foselning 3



time pressure. This can be a barrier to long term improvement
in the subcontractor's manufactiring technology. A negative vicious
cirkel of dependency and low investment in manufacturing capa-
bility can be the result, The quality of labor is then also
likely to suffer. More competit-ve OEM's are moving in a different
direction. They are moving tcward contracts based on periods
of time rather than on quanti:ies of products. Such strategies
allow the subcontractor to improve his manufacturing technology,
including human recource man:gement. The tendency to reduce
the number of subcontractors me:ns a shake-out, which is presently
taking place. For example, O0:&-van der OGCrinten has recently

reduced its number of subcontractors from 5.000 to 350.

When design capability enters ir to the subcontracting relationship
customers demand technical anc financial risk taking by their
subcontractor 'partners'. It i: logical that, as vertical inte-
gration in industry is decreased, more sensitive relations are
required between subcontracting partners. This is also referred to
as co-makership. Again, we sec a more intensive management of
relations with fewer sub-contr:ctors. lLarge firms in Europe are
talking of reducing the total number of subcontractors, at differ-
ent levels of the hierarly in ligure 1, by 30 to 40 percent. The
result in terms of industrial s:ructure could be fewer but larger

subcontracting firms.

Exporting products to global markets, expecialy the U.S., exposes a
firm to demands from 1iability insurance companies which force
quality accounting systems to be set up. Every manufacturing error
must be traceable. Therefor sibcontractors must adapt to these

systems, if they want to survive.

5 %
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and ]..SFMUNFHEN
Vocational Training AR eI e o



79

2.3. Technological trends

The 'new production systems' result by way of computer integrated

manufacturing (CIM) in a high degree of intergration of productive

activities within the firm. The new f:ictory can be characterized

as follows:

- production in respose to demand; machines wait for products
rather than the other way arcund; just-in-time production

~ product oriented rather tha: functional organisation of the
production

- minimum changeover costs

-~ maximum flexibility and quicl turnaround capability

—~ minimum downtime for unantic:ipated maintenance, but continuous main-
tenance attention.

- maximum product-family range

- the ability to handle incressingly complex product design and
technology

- maximum respronsiveness to sirges in demand.

Such internal integration and flexibilisation of production leads,
at least hypothetically, but alco based on signals from industry, to
the following technical trends. These are generally reinforced by
some of the economic trends indicated above. It should be kept in
mind that more empirical research is needed to assess the precise

extent and speed of these technical trends.

Increased use of flexible autumation is leading toward pulling
back of some smaller series ‘rom subcontractors. This is due
not only to the flexibility of the new systems but also due to

the jump in capacity they often represent.

New subcontracting relationslips are 1iIncreasingly requiring
much closer technical contact: between personnel of the part-
ners. Cultural barriers can hecome a hindrance in Europe to
fully exploiting the possibilities of subcontracting and true
co-makership. There are too fcw technicians in Europe with the
experience and attitude to bridge such barriers. Early experiences

in the ESPRIT program seem to attest to this.
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Adopéing the software standards of the customer is increasingly
a requirement for subcontracting, alsoc for previously very in-
dependent jobbers. The Manufacturing Automation Protocol (MAP)
is quickly being diffused at present, perhaps whilly nilly.
For example, Austin-Rover subcontractors are reported to be
quite unhappy about being requ red to adopt the Computer-Vision
CAD system. New technology to inprove the compatibility of soft-
ware, while perhaps not in the iaterest of any one producer, would

act to redress the presently thraatening software dependencies.

J.I1.T. production management ard quality assurance are becoming
more and more important at a ‘ast pace. This 1is putting great
pressure on many firms to impro/e their technological competence.
The following levels of manufa«turing technology can be distin-
guished.

1. leading edge technology

2. state-of-the-art technology

3. commo practice technology
4

. backward technolcgy

As manufacturing technology is ceveloping rapidly on the critical
dimensions of J.T.7T. and quality assurance, the great majority
of subcontracting firms at levels three and four are in acute
danger of being left behind. Especialy technologically
isolated firms are in danger of not surviving the coming shake-out,
This can do lasting damage to the European industrial structure

and to particular sectors and regions.
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3. OTHER INTERRELATIONSHIPS

3.1. REGIONAL EFFECTS

The economic and technical trends presented above may also have
effects on the regional clustering of firms. Trends in the nature
of the process of the developiient of new products as well as
in the nature of manufacturing are leading in the direction of
closer ties between firms. In s me cases this has already resul-
ted in the re-location of sus-contracting and services to a
particular region. Production is called back from distant countries
and peripheral regions that only offer low costs of labour or
government subsidies. Just-in~time manufacturing favours shorter
distances to subcontractors and therefor geographical concentration.
Co-makership and joint development of products favours firms
from the same culture and even from the same region. The increasing
dependency of industrial firms on service firms also encourages
the trend of geograpliical concentration. It can therefore be stated
that regional development must increasingly be based on specialisa~
tion. This specialisation will not so much be based on traditional
comparative advantages in terms of the price of the production
factors, but based on historically and culturally inbedded ad-
vantages in terms of human rescources. This trend can be seen as
a threat to the aspirations of non-industrial peripheral regions
of Europe wishing to base their economic development on the

import of high technology branch plants.

3.2. TECHNOLOGICAL CALLOBORATION AND NETWORKS

The new trends in industry mean that large numbers of firms
are 1in danger of becoming technologically isolated at a time
of rapid technological change, for many this could be fatal.
The succesful firms of the future will need to be part of tech-
nological networks, in which information exchange and learning
about the Jatest techniques takes place. Such networks can be
based on single very large OEM's. Japanese automobile manufacturers

in the U.K. have been seen actualy creating such networks, very
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tightly managed, out of a previously incoherent and '"backward
technology" group of local subcontractors. But networks can also
be based on programmes of: pre-competitive research, on university
institutes or on branch institutes, for example a brewery insti-
tute, often with a strong regional orientation. Such networks are
created and can perform a very useful function in a situation of
rapidly developing technologies and isolated producers. The
stormy introduction of new systems of production certainly seems
to represent such a situation and should therefore be the object
of interfirm network building by local, regional, national or

supra~national initiatives.
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4.1 THE INTEGRATION OF PRODUCTION PROCESSES AT FIRM LEVEL,

Abstract.

Considerable interest is currently being expressed 1in the
concept of Computer Integrated Manufacturing (CIM). In its
broadest sense, CIM refers to the integration of all aspects of
manufacturing within a networked computer system, offering the
posssibility of controlling and optimising the performance of a

factory as if it were a single complex machine (1).

Some interesting conclusions regardiag the diffusiton and
implementation of Flexible Manufacturiag Systems (FM3) as an
example of the early stages of CIM, are beginning to appear from
studies being carried out at Brighton Polytechnic 1n the
United Kingdom (2}, In more than seventy 1interviews with

manufacturing engineering companies, suppliers of software and

hardware, and other trade, research, and government wdies -
supported by an exhaustive literature survey - two major
characteristics emerge. First, the n2ed for all aspects of

manufacturing to be integrated, and seco>nd, the need to consider
not just FMS, but more importantly, flexibil ity in
manufacturing and in 1its organisational and methodological

interfaces.

The main aim of the research was to see how far the diffaision of

automated manufacturing technologies had progressed in :-he U.K.

ISFMUNCHEN
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and FMS (and Flexible Manufacturing Cells) were seen as the
first major step towards full Computer Integrated Manufacturing

(CIM). The first part of this paper, which 1is concerned mainly

with the metal removal industries, (FMS, 1is of course,
applicable to a wide range of other industries such as
furniture, rubber and plastics, foundries, etc,) and gives a

brief outline of the research and its findings, and the latter

sections deal with a number of policy 1ssues.

Although the research was mostly concerned with the technical
aspects of FMS, it became increasingly clear to us that in many
instances a re-evaluation of the organisation of production
and the methods employed was at least as important for the

companies that we interviewed.

4.1.1 ;ntroduction: The Trend to Computer Integrated

Manufacturing.

As in all other countries, the introduction of computers in the
UK has tended to be rather fragmented in the past. There was
little of 1t, 1t was expensive, physically energy and space
consuming, few people who knew how to run it effectively, and 1t
was devoted to specific functions, such as, salaries or tool
stocks. All these factors are now rapidly changing and the
integration of all of aspects of manufacturing 1is growing from
the receipt of orders through design, planning, production,

assembly, desratch, etc. This can be visualised by reference to
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a model offered by Kaplinsky (3).

-l
He suggests that manufacturing can be divided 1into threé
distinct spheres of activity - design, manufacturing, and
coordination, (Figure One). Historically these activities tended
20 be discrete and the process has been one of technological and
organisational change leading first to integration within
spheres and later to integration between spheres. A good examplg
»f this process can be seen in the case of machine tools; in the
early factories, each operation was carried out by a single
special purpose machine. Gradually there was an integration,
first of the functions which a single machine tool could perform
and later, with the advent of numerical control, of the skilled
operator input. Later still came the principles of direct
numerical control whereby a set of multi-function machine tools

can be controlled within a production cell by a master computer.

Current interest is focussed on FMS which permit handling and

transport to be automated (via robots, automatic donveyors,

{

automated guided vehicles, etc,), production sche&uling and
overall operations control all under computer control. This 1s a
clear example of integration between spheres, bringing together
the coordination and production activities; other exanmples :
include conputer aided design and manufacturing (CAD/CAM), and

CAD links into computer-based inventory control and purchasing’
systems. Facilitated by the fact that electronics provides thg

common language necessary for inter-sphere communicationsuch

ISFMUNCHEN
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convergance inevitably leads to

computer-integrated manufacturing 1in

manufacturing are linked.

Figure One.
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Figure Two.

COMMUNICATIONS

OPEN SYSTEMS INTERCONNECTION
LG.E.S.

KEY

M.A.P. Manufacturing Automation Protecol
{.G.E.S. Initial Graphics Exchange Specification
C.A.D. Computer Aided Design

C.A.E. Computer Aided Engineering

8.p.C. Statistical Process Control

F.M.S. Flexible Manufacturing Systems

A.G.V.s Automatic Guided Vehicles

T.Q.C. Total Quality Control

M.R.P. Materiat Requirements Planning

J.L.T. Just-in-Time

C.I.M. Computer Integrated Manufacturing

In the Kaplinsky model we are offered a picture of 1ntegration
within the firm. Here we anticipate growing links between firms
as well. If this is the case then there will also be a growing
need to establish an overall communications system which would

allow common standards within Open Systems Interconnection
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networks eg, the General Motors initiative - Manufacturingj

:

Automated Protocol (MAP) -, or the Initial Graphics Exchange
|

Specification IGES).

4.1.2 The Benefits of Flexible Manufacturing Systems.

Flexible manufacturing systems offer a number of solutions to

both the internal and external competitive pressures being

increasingly felt by companies. Internally, of particular
importance are the wide range range of problems associatedkwith
batch manufacture. Such problems 1include:
- Long production lead times
- High inventory levels of raw materials, wor< 1in
progress and finished goods
- Low machine utilisation due to long set-up times and
product changes
- Low machine utilisation downstream of bottlenecksj

- Queuing problems at bottleneck operations

- Problems in introducing new products

- Poor delivery performance

- Poor quality control

- High scrap levels

- Poor production <control, leading to high overheads -
for example, in progress chasing, etc,.

i

One 1indication of the extent to which such manufacturing§

+
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conditions represent a threat to efficiency 1is the fact that in
many firms a product will spend up to 95% of its time in the
factory moving around or queueng, with value adding operations

often accounting for only 2% or so of the time spent 1in the

factory.
The potential benefits of FMS style technologies are
considerable. In our study we discovered guite dramatic changes

in a whole series of important manufacturing criteria, such as:

Lead Times, reduced on average by -74%

Work in Progress, reduced on average by -68%

Stock Turnover, increased on average by 350%

Machine Utilisation, increased on average by +63%

(Up from say 50% with CNC to more than 80% with FMS)
Given that an estimated £23B is currently held in materials and
components in U.K manufacturing engineering the benefits for the
average company are obviously very considerable. Data on FMS is
still fairly limited since such systems are in the early stages
of diffusion and most have only recently been 1installed.
However, one of the key points which is emerging from this early
experience 1is a need for significant organisational change to
obtain the full benefits from new technology. It appears that
this factor is likely to be an important determinant of how well
firms are able to appropriate the benefits of CIM; at present
there is considerable lag between the adoption of technology
adoption and that of organisational adaptation. As Perez (9)

1t

suggests there is a serious mismatch between the
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socio-instutional sphere and the new dynamics in the

techno-economic sphere".

These moves towards highly-integrated technology for the%

"factory of the future" will require a major rethink abouti
production organisation and management. Tradional "bestg
practice” 1in production engineering will have to be combined

with new management techniques and organisational forms -

including a re-examination of the relationships between the

workforce and the technology, and the political and social

objectives of management. Following Dosi (10), such a pattern

might represent a new production paradigm. As Perez suggests:
"When the full constellation of a new techno-economic
paradigm tends to take over the bulk of production
within a society, it will not vyield 1its full growth
potential until the socio-institutional framework is
transformed to adapt to its requirements".

Externally firms are being forced to respond much more closely

to customer demand. This means shorter lead times on delivery,

better delivery performance, high and consistent gquality, and

particularly, the ability to meet an increasingly customised

product specification. With many markets becoming much more |

fashion-like with shortening product lifecycles, this putsg

severe pressure on firms to develop more flexibility and

responsiveness characteristics which have been termed
"manufacturing agility". It 1is significant to note that these
pressures for agility are confronting even firms in the mass and
flow line sectors, where traditional patterns of scale economny

are being replaced by growing demand for smaller quantities of
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more customer specific production and variety - what have ©»Leen

termed "economies of scope" (11)

It is in response to these trends that the various elements of
CIM have begun to evolve and converge, and FMSs are cne of the

major innovations in this area.

4,.1.3 CIM or C/HIM?.

Much of the current discussion of integration has centred on
Computer Integrated Manufacturing (CIM). However, our research
convinces us of the need to think more in terms of Conmputer/
Human Integrated Manufacturing. Although many benefits can ke
obtained and give support to the <claims for the potential of
advanced manufacturing technologles, getting the best
performance from them involved considerably more than simply
taking the decision to adopt the technology. This confirms the
findings of other workers (such as, Senker (12), Fleck (13), and
Voss (14) ), who point out that getting up to best practice
performance, or achieving the kind of benefits which suppliers
offer, can take months or even years. In particular, as Voss
suggests, what 1s needed 1in successful implementation 1is

simultaneous technological and organtisational change.

In terms of skill, theories based on the division of labour and
economies of scale seem to be becoming supplanted by multi

skilling and economies of scope. These are much more relevant to

| i
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production requirements where in batch manufacturing, for
example, around 70% of output in metal manufacturing lies 1in
batches of less than fifty. FMSs and Cells, which answer many
of these production problems, call for multiplicity of skills
(eq, setting, programming, simple maintenance, diagnostic
skills, etc,) rather than employing a wide range of spec:fically
skilled people. This <can be seen in a recent study of
Messerschmidt-Bolkow-Blum (M.M.B) (one of the largest F.M.S
installations) which needed exceptionally high levels of highly
skilled maintenance personnel in order to keep 1t running

effectively (15).

Attempts to develop a fully automatic factory with nc¢  human
intervention whatsoever are unlikely to meet with much success
because of the enormous risks and costs associated with
developing suitable software to control such systems. As Brodner
states:
"Most managers and production planners follow a

strategy to replace human work still further by enforced

use of computers on the shop floor and in the technical

office in an integrated manner. Since this strategv 1is

in danger of creating new problems, the growing minority

seek to avoid them by reorganising production and

rearranging the division of functions between man and

machine 1n a way that makes use of the worker's skills

instead of reducing them to operating servants" (16).
Research by Wall, et al, (17), for example, has begun to
demonstrate the importance of rethinking operator roles within
advanced manufacturing systems. In their work on small flexible

cells they found that in addition to a deskilling machine

minding role, there was a need for a highly skilled "operator

5 . ‘
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midwife" role which involved intervening when problems with the
largely automated control system emerged. It 1s 1important to
note that the objective in such systems moves from one in which
labour is seen as a necessary evil and a cost item to be reduced
or eliminated wherever possible, to one in which 1t is seen as
being an important aid to keeping the utilisation of the system

high -~ and thus to recovering its high capital costs.

There has also been some debate regarding the erosion of
distinctions between "direct"” and "indirect" labour, with
increasing dependance on the traditionally defined indirect
workers to keep such systems running. Perhaps of cgreatest
importance is in the fields of maintenance where there is a need
to examine the pattern of skill availability and 1its
development. Technological integration 1is bringing a number of
new demands 1n the skills required of an 1individual,
particularly in the areas of more flexibility and breadth.
Senker (18), and Senker & Arnold (19), identifies this need in a
number of applications and industries; pointing out that the
major influence which provision of, or lack of suitable skills
and training can have on the speed with which firms are able to
achieve best practice performance with CAD systems. Hancke (20)
has also observed in his study of M.B.B in Augsburg, the extent
to which maintenance skills, especially the newer ones such as
systems analysis and diagnostics, contribute to the utilisation
of advanced manufacturing systems - and hence, to the rapid

repayment of their initial costs.

5 2
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The "indirect" element is harder to gquantify, but most firms
appear to have used increased levels. For example, in Japan,
Driscoll (21) found that, while only six people were employed

directly on running the now well known Yamazaki installation,

ten times more were employed in support of it (eg, for
programming, for swarf removal or parts movement, button
pushers, etc,). While direct labour saving might be gquite

high, overall levels of employment were much less dramatically
affected. 1In fact, more recently, Konosuke Matsushita when
talking about competition with the industrialised West said:

"We are going to win and they are going to lose. We

are beyond the Taylor model....the survival of
firms....depends on the day-to-day mobilisation of
every ounce of intelligence. For wus the core of

management 1is precisely this art of mobilising and
pulling together the intellectual resources of all
employees in the service of the firm....The
intelligence of a handful of technocrats is not enough
to take up (the technological and economic challenges)

with a real chance of success". (22).
However, as far as the U.K 1is concerned it may still be
appropriate to employ these distinctions of direct and

indirect labour. We have found that while there may be less
"direct" skilled labourkrequired as a result of the introduction
of FMS, manpower demand in the U.K has tended to be for a higher

quality of labour.

Our study shows job-loss amongst direct labour as a general
trend, but that job-growth and quality of life improvements have

probably occurred in the three other quadrants shown below. In

9 it
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the past, most emphasis has been put on this direct labour
impact - with good reason given the social implications. However
we define "quality of life" (eg, less division of labour, health
and safety improvements, enlarged job opportunities or skills,
etc), it appears that at this stage of the diffusion process.
the impact in the U.K has tended to be positive. We should keep
in mind though, that quality of life changes within a group
might well vary considerably. It 1is also likely that the
diffusion process will dramatically change these early findings
and that as such systems proliferate, there will greater job
loss if we fail to re-define the relationships between the

worker and the computer.

LABOUR
Direct Indirect
Employment = +
Quality of Life + +
b s
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4.1.4 Organisational Factors.

‘Much of the preceeding discussion has been in respect of the

technological problems and opportunities posed, but the
importance of méthodological routes to improved efficiency were
also stressed. When accounting for overall improvenents in
efficiency, estimates of the importance of organisationa change
varied between 40% and 70% of the total improvement. Clearly
around half of the improvement tended to come from these types
of change. One company which had not introduced FMS,/FMC had
reduced the level of stocks held by 60% and increased output by
30%5 just by adopting "good management and methodological
practices”. This together with investment in standalone Computer
Numerically Contolled machine tools led to a trebling of
turnover, from 20m to 60m, in the period 1981-4 when most U.K

engineering companies were in deep recession. During the period
enployment was declining in our sample companies by an average
by over 30%; yet employment grew in this non-FMS company by some
14%. In other words what was important here was not so much the
technology but the adoption of good management and production

practices.

The move to FMS and other integrated automation technologies
also poses questions about the traditional pattern of
functional specialisation. For example, there 1s the need for
the design and production departments to work together to

develop products which are suitable for manufacture on an FMS.
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Such a "design for manufacture" philosophy 1s of particular
significance in the flexible assembly automation field where
small modifications to the design of an item can eliminate the
need for complex manipulation or operations within an automated
system. In one case, redesign of the product led to a reduct:ion
in the number of operations (handling and machining) from 47 to
15 with significant implications for <cost and lead time
savings. As one manager put it "FMS is going to drive the shop -
but it's also going to drive the people who design the product,

and production engineering."”

The essence of such functional integration 1s not to eliminate
specialist skills but to bring them to bear 1in a co-ordinated
fashion on the problems of designing, producing and selling
products - creating a single system view of the process rather
than one with many parochial boundaries and little interchange
across them. A good example of this can be found in the area of
financial appraisal of FMS. Given the high costs of such

systems - often running into millions of pounds - conventional
accounting methods are often 1nappropriate since they would
reject projects which were unable to show a payback of within

two years or so.

FMS is not, however, only a production technology but also a
strategic one and the guestion of whether or not the firm has
such flexibility in the future might determine whether and what

share it has of future markets. In many of the cases we examined

b A
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firms commeﬁted that the actual justification for their projects
was little more than "an act of faith" - confirming the view
that gqualitative Jjudgements were at least as important as
quantitative appraisal techniques. Thus the question of whether

or not to invest needs to be a mixture of quantitative

techniques and qualitative judgements expressed by those with

different perspectives, such as, marketting, proiluction
engineering and corporate planning, in addition to the cost
accountants.

In the same way as integrating technologies require closer
functional integration, so they 1imply shorter hierarchies and
greater vertical 1integration in organisational structure., In
order to exploit the full benefits of a rapidly responsive and
flexible system it is necessary to create a managerial decision
making structure which is closely involved with the shop-floor
and which has a high degree of delegated autonomy. As ﬁet our
i
experiences of the U.K sector displays almost twice the d%pth of
managerial hierarchies as that found in Sweden, and % lower

i
i

liklihood of shop-floor autonomy developing in compariso& with

similar enterprises i1n Sweden.

At the level of the shop-floor, considerable changes are 1mplied
for the pattern of work organisation. With greater relian:e on a
small group of workers and managers comes the need to look for
models of production organisation which have less to 1o with

task fragmentation, division of labour and control by external

\ -
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regulatory systems of sanctions and rewards and to evolve
alternatives based on small autonomous working groups, with high
flexibility and internal control. There appears to be a growing
awareness of the inappropriateness of Tayloristic approaches
which are based on a fundamental dis-integration of work for

activities surrounding a fundamentally integrating set of

technologies (23).

The rethink required encompasses both the hardware and the
software elements of production, right through to the
organisationally efficient management of production. Perhaps
therefore, we should consider the following figure. This offers,
in fairly simplistic terms two options for approaching scme

concept of the "factory of the future".

5 &
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Figure Three.

VOLUME

/

FACTORY OF
, THE FUTURE?

METHODOLOGY VARIETY —» TECHNO.OGY
Just In Time DNC
Total Quality Control Robotics

'Group Technology Computers
Value Analysis AGV's

etec.. ‘ etc

0000
0000

%
%

It is becoming increasingly clear that factors such as Just—in

-time production, total quality control, supplier and customer

relationships, etc, are all extremely important in improving

efficiency, and that it is not merely the technology that we

should consider. Significantly, it is precisely in these areas

of organisational and methodological techniques that the

5 i
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Japanese are strongest, and which are somewhat belatedly
attracting the attention of th: West. There has been growing
interest in these areas in Austrailia (24), America (25), and the
UK (26). No doubt there are man; similar experiences that could

be highlighted from other countr .es.

Such aspects of organisational ciange comes with the adoption of
different approaches to the lay ut and methods of production.
Here the influence of Japanese manufacturing techniques can be
clearly seen, with emphasis on simplification and planning to
achieve smooth flow tarougyr manufacturing; making batch
processing resemble flow produc:ion as closely as possible. The
precise configuration of (ayout and the range of techniques
adopted vary. However, in many of the firms we sroke to
technological change involving FMS was taking place in parallel
with programmes for quality improvement, changing supplier and
purchasing policies and moving towards implement ing a
just-in-time philosophy, both in purchasing and within the

production process as a whole.

Many people have talked of the cultural reasons why such
"Japanese" style methodological developments are inappropriate
for Western countries. However, it would be difficult to think
of many "Japanese" production nethods which do not have their

roots in Western ideas, taken and developed by the Japanese in

the: 19508, 60s and 70s. Tlkeorists such as Sloan, and
particularly Deming and Juran, have been extra-ordinarily
5 .
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important to the Japanese, and as Schonberger (27) has pointed

out.

ol

"The Japanese have had little trouble learning
our techniques, and we will have little trouble
learning theirs.”

4.1.5 The Policy Implications of Production Process Integration.

In very broad terms it can be arqued that although there exist
fundamental differences in the nature of manufacturiﬁg\
processes, the demands placed upon enterprises 1in the
manufacturing sector are becoming increasingly similar. Although
high volume flow process production (eg, petrochemicals or food
processing) involves very different basic processes to batch
engineering work, both sectors are now facing pressures from

their environment such as:

- Increasing competition, especially on a world-wide basis,
with emphasis not only on price factors but . also on
non-price variables like design, delivery times and quality
of product.

- Increasing demands for smaller batches tailored to suit

customer needs; even 1n petrochemicals, flexibility 1in

meeting a wider spread of needs 1s a high priority.
- Increasing demands for high quality products.
- Increasing demand for better customer service, delivery :
performance, after-sales support, etc,.

- Increasing demand for new products on a decreasing life

cycle basis.

ISFMUNCHEN |
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- Increasing demand for improved linkages with suppliers fo
facilitate Just-in-Time deliveries, reduced componza2nt costs

and improved quality of parts.

A direct consequence of this is that firms are being forced tn
examine their 1internal environment closely to try aid reduce
costs. Labour costs are, usually mistakenly, given the highest
priority (28), followed by materials, energy, and other factor
inputs. In addition firms were also trying to improve quality,
reduce lead times, reduce the overall uncertainty in the

production process, and so on.

Thus it 1is, within an admittedly c¢rude frame, possible to
consider all factories as "black box" systems - such as shown in
Figure Four - which are under considerable pressure to adapt and

innovate in order to survive.

Figure Four.

INTERNAL PRESSURES EXTERNAL PRESSURES

- demand for quality
-demand for delivery

Rising costs & . FACTORY| —> -demand for flexibility
complexity AN - shorter lead times

- greater competition

- etc
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The tools with which firms choose to tackle this problam can be

drawn from a large toolbox. Most commonly wusel are the |

new, largely computer based technologies largely computer based

with which we have become familiar. See Figure Five.

Figure Five

CAD
CAM \
FMS M .

—_— EACTORY Meeting external and
Robots > internal demands
ATE e
etc

}

The trends associated with these are essentially integﬁative at =

the purely technical level, bringing together physical and

1
H

control functions into systems and complex machines. In the
!

longer term these are also converging towards what tas been

wl

termed Computer Integrated Manufacturing (CIM) aad which

represents a full exploitation of the possibilities opened up by

convergance of physical and control functions enabled by

information technology. Further, this process does not stop at
the boundary of the firm but moves on outwards, 1integrating

along both the supply and distribution chains - as we noted

b} v
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earlier and displayed in Figure Two.

The point about this is that it is the product of extrapolating
one kind of integration at the technical/physical/control
function level. Whilst it is easy to make projections of this
kind, there is growing evidence that achieving such integration
in practice is much more difficult. First there are technical
problems at this level, such as the urgent need for suitable
standards and protocols to establish the rules for systems
interconnection. Second there is growing evidence that even when
the technical systems can be integrated, the full benefits whicu
might be expected from such systems do not materialise because
of a lack of integration at other levels in the organisatio:.
This experience varies across the industrial spectrum and with

firm size.

This suggests that other tools must also be used to support, or
in some cases to substitue for, the new technologies. Probably
the most significant group are those new methods of production
organisation and management which have been exploited by
Japanese industry (29). Examples here 1include Total Quality
Control and Just-in-Time scheduling and inventory management,
which have strong Japanese roots, and group technology and value
analysis which have been tried 1in a much wider context. The
point about all these is that they represent proven production
engineering practices which can contribute to solving the

problems outlined at the beginning of this section. These can be

Y i
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achieved at relatively low cost and involving a much lower level

of risk for the organisation (30). Figure Three can then be_

-l

R Sivion

expanded by adding structural considerations. (see Figure Six). .

It also affords the opportunity of examining the role that the
workforce can play 1in interacting with new technologies. Recent
experience suggests in very many cases of pre-installation

justification for, and post-~installation experiences of F.M.Ss, .

that firms who had wished to eliminate labour from the
production process found the use of skilled workers a profound

contributory factor in its efficient use.

Figure Six.

Technological: - FMS
-CAD

- ATE
-AGVs

- Robots

- ete 3
Outputs: - flexibility

/ - continuity
w—— | EACTORY OF THE - quality
o | FUTURE . precision

\ - rapid response

- etc

Structural: - vertical integration
- functional integration
- ete

Methodological: - just-in-time
- Total quality control
- Design for manufacture
- Group technology
- Supplier links
- ete
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Evidence suggests that implementing either changes in methods or
technology in organisations requires some adaptation on the part
of the organisation if the benefits expected are to be realised.
The importance of this adaptation can be gauged from a variety
of reports which suggest that 50% (31), 60% (32), or even 30%
(33) of the benefits of technologies like FMS come before the
technology itself is implemented - in other words from the
organisational changes which it forces the firm to make. The
nature of these changes is beginning to be documentel, though
its detailed mapping remains an important research task for the

future. They include:

- c¢hanges 1in organisation structures, especially functional
integration, eg, closer coordination of the activities of the
research, marketting, and manufacturing engineering departments.

- hierarchical integration, eg, i1n the structure of task and
work organisation.

- changes in the linkage between manufacturing and business
strategy, eg, what 1s to be made, for which markets, ard how
it is to be made.

- changes 1in the basic culture of organisations.

Characteristic of these 1s the 1dea of organisational
integration to match the pattern of technological integration in
the move towards CIM. Thus progress towards the futur=s factory
could be represented on a simple matrix (Figure Sevea), which
has as its axes increasing technological and organisational

» s
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integration. The goal - in which the full benefits of integrated

systems are to be realised - involves integrated technology iﬁf
an integrated organisation. The starting point for many firms i;
a basically dis-integrated pattern in both the use of discreté
items of production equipnent and in the ext.ent of
organisational integration. The question posed is how to get té
the goal - and thesuggestion is that, although pressure is
strongly on for firms to choose the "technology first" route{
their chances of successful implementation may be enhanced bﬁ

following an organisations and technology route, or at east one

in which organisations and technology are adopted in paralleﬁ

with one another.

Figure Seven.
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One final point concerns the strategic dimenéion. Much of the
research, whether into the design and implementation of advanced
systems or the organisational consequences of such innovations,
has focused very narrowly on the production area. At worst
systems are measured against purely technical and svstem
specific performance criteria such as machine speeds and
flexibility. Fora few systems some form of performance .ppraisal
pre and post installation takes into account some of -he wider
benefits to the manufacturing system(such as 1improvements in
lead times, 1inventory levels or machine utilisation); although
even here many benefits were unanticipated whils: other,
expected benefits failed to materialise. But very Iew firms
extend their appraisal to the strategic domain and loolt at the
contribution of such new technologies to a manu.’acturing
strategy which 1is also linked to an overall business :trategy.
As Voss (34) points out, there 1is an wurgent need to plan
investments at this level, to appraise their inancial
implications with this length and breadth of a strategic
overview rather than a narrowly short-term one, and to assess
the effectiveness or otherwise of the investment post

installation against these strategic criteria.
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STRATEGIC OPTIONS FOR THE INTEGRATION CF

PRODUCTION PROCESSES ON FIRM 1EVEL (CIM)

1. What is ‘'Computer Integrated Manufacturing'?
2. Different CIM-strategies and alternatives to CIM
3. Demands on human-oriented CIM concepts

4. Is it possible to establish human CIM concepts with

today's technical means?

5. An example for the need for additional technical

developments to realize human CIM concepts

Contribution to the December 1986 meeting of the
CEC~-FAST working group on

'New Production Systems'

by

Gunter Lay

Fraunhofer-Institut fir Systemtechnik

und Innovationsforschung (ISI)

Karlsruhe, January 1987

Y 2
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and ]SFMUN CHEN
Vocational Training Vet e Sed o R e



120
1. What is 'Computer Integrated Manufacturing'?

Computer application in production planning and production departments of
the plants themselves have increased continuously during the last few
years. Using the keyword "computer aided manufacturing", the firms in-
stalled computer numerically controlled (CNC) machine tools and flexib e
manufacturing systems on their shop floors. Computer aided production ;ana-
gement systems were introduced to assist material requirements plamnin: and
capacity planning. Furthermore, in the planning departments the work pian-—
ning, especially the programming of CNC-machine tools, is rnowadays eguipped
with computer aided s/stems. In product design and development processe s

the firms increasingl; use computer aided design (CAD) systems.

These kinds of computer aided systems have until now been more or less
limited to the porders of firm departments. The exchange of informatio:
betweon the departments and thelr computer systems was organized in a (on-
ventional way: drawings, bills of material, work plans, etc. were prod ced
with omputer assistance and then harded to the places vhere they were to
be uscd.

The idea of computer integrated manufacturing (CIM) is to bridge these gaps
between departments working with computer aid by linking hardware and :oft-
ware. The aim is to link grown islands of computer application in the
firms. Chart 1 shows this in detail. It is rnoticeable that CIM is not ¢ne
software system but a variety of single elements designed in a specific: way

to link already installed systems. Such elavents are for example:

- Interfaces between CAD systems and systems for the programming of CNC-

machine tools for geometric data exchange:

~ exchange interfaces for geometric data between design systems and cal'cu-

lation systemns;

- transfer links from CAD systems to material requirements planning sy:tems
for bills of material or for using parts from a computer aided inveniory

control in the desijn process;

- interfaces between shop floor data oollection systems and capacity p:an—
ning systems;
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- direct numerically control systems to interlink computer numerically con-
trolled machine tools with programming and program managing systems.

All these interlinks follow two principal ideas:

- Creating an uninterrupted digital information flow between all compu:er

assisted technical and administrative departments of a plant.

- Avoiding multi-programming and milti-Keeping of the same data in the

memories of the computer systems in different departments.

Chart 1: Information exchange interfaces in CIM-concepts
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2. Different CIM-strategies and alternatives to CIM

The realization of computer integration between the different computer sys—
tems installed in all departments of a firm brings economic benefits for
the enterprises by reaching the aims characterized above. For example, the
interlink between computer aided design and computer aided programming ot
nuerically controlled machine tools shortens the programning times, re-
duces the possibilities of making mistakes 1n the programming orocess &
accelerates the throughput times by using the geometric definitions out
the CAD systems. An additioaal programming of the same geometric data of

the workpiece in the NC-system can be avoided.
Raving this background information and remembering

- the economic potential that therefore can be realized in future by the

integration of computer systems,

-~ the enormous amount of subsidies that the individual ocountries and the

European Commission invest in this technical development and
~ realizing the state of diffusion reached so rfar

it is not realistic to bel.eve that a now started discussion on the desir-
ability of CIM in society would have effects on industrial practice. Even
if such a discussion proces: lead to a broad agreement in social sclence
that CIM concepts should be demied, the decentralized decisions on CM in-—
vestment ard the different definitions of CIM would prevent any effect: in

restraining the further diffusion of CIM.

But CIM does not look like a technical trend that is necessarily connec ted
in every case with bal effects on human work. Like nost of the new tectni-
cal developments computer integration in manufacturing can bring out oo
pletely different effects: On the one hand, the technical concepts and the
organisational implem:ntaticn of CIM in firms can e formed 1n a way the

the computer integration over the korderlines of firwm departments is ar —

other step towards cestralization, increasing division of labor, degua’ ifi-
cation, etc. But this scenario is not the conly one possible.
5 ’
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On the other hand, it is also a realistic scenario that the CIM potent:al
is used in a way that combiies economic benefits for the firms with techni-
cal and organizational structures that favor qualification processes, lo-—
listic job structures, the ibility to make decisions in the different ‘work-
places, etc. In the focllowing chapter some principles are described fo-
designing CIM concepts of the secornd scenaric. Out of these principles
needs for additional technical developments will be printed out.

Up to this point, one thing in my opinion should be stressed: The disc :s-
sion on old and new concepts of production to which many people contriiute
with different terms Jor the different concepts is not a discussion about
the yes or no on computer integration. CIM is not the same as the "tecino-
centric production concept'. On the other hand, the "anthropocentric
method" of organizing production does not necessarily mean a productio .
without computer integration. The "anthropocentric production aoncept" has
to use the chances of computer integration in supporting its aims by te«ch-
nical means. It has to form the principle concept of computer integratoed
manufacturing by bringing in its requests in development and implement..-—

tion.

3. Demands on hhman-oriented CIM Concepts

In the following chapter several elements that should be part of such (IM
concepts which are not only economically centered but which also favor
human aspects will be described. Some of these aspects, I believe, can at
last be put into reality because the possibilities of CIM enable organiza-
tional structures which the traditional forms of computer application pre-
vent. The elements listed are not really grouped systematically and dis-
tinguished in definit.on. They are the results of a brainstorming procsss
and should be used as input for further discussions.

- The architecture of the computer system in CIM snould not be a mainf -ame
concept. Decentrali zed computers linked in a local area network brinc a
lot of advantages for the people working with the system. Some of the:sse
are the possibility of tailor the decentralized computers exactly to the
needs of the differ:nt users, the shorter times of computer reaction. the

independence from ¢ ntral computer maintenance staff, etc.
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- The data base in CIM concepts that is created, administrated, distrituted
and used by different departments in the firms should have only one for-
mat. If this is not the case, there is the necessity for processing the
date structures so that the data created in one department can be us¢d in
another. Such processing hinders commnication in CIM. By processing of
dat:. structures the technical concept often «reates one-way connecticns
betvieen the CIM components. That means the px dple working with the CIv
components in the individual departments have closer limitations for de-

cisron making.

- The different components of CIM, that is the software modules for di: fer-
ent tasks in CIM, should have a common "human interface". The structire
of commands, the dialogues, the reactions of the system and so on shculd
be standardized. Holistic job structures often request that the emplcyees
use more than one CIM component. Thus differences in the software di:-

logues hinder such structures of job design.

- The software architecture in CIM is to be formed so that decentralized
decision-making is supported. Decisions aided by CIM should be made :n
the workplace where the effects resulting out of the decision can be
judged best. Realizing that principle, it is possible to adjust compe¢ -
tence and responsibility.

- The work organization in CIM and therefore the CIM architecture, too, is
to be formed in such a way that individual qualifications of the em—
ployees can further be used in the same departments. Task shifting by CIM
architecture from one department with qualified people to do these t.sks
to another department should be avoided. Otherwise, this would lead io
dequalification.

~ In structuring the CIM da:za base an attempt should not be made to oo. lect
and centralize all information of a plant in one big memory. In oontréry,
it s to be assured that from the single CIM workstation only that part
of the information which is actually needed by others to do their work is
harkled to the higher level in CIM architecture. The benefit of such a
tree-like concept is dual: the amount of data that is to be kept in cen-
tral memories remains in a form that can be handled. Besides, the indivi-

dual employee on his CIM workstation is not kept under permanent conixrol.
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- The possibilities of CIM should be used to create holistic job structu-
res. Within the framework of integrated systems adequate competence
structures are best to be established by regrouping the departments i
vertical organization. For each product or group of products in a firn
the people working in design, planning and production should be linkeid
closer together.

- More than in the past CIM offers the possibility to support the so-czllea
concept of design, planniig and production islands.

- Training programs arce nec3ssary to give the employees transparence of in-
formation processing in CIM. Only this transparence enables workforce to

fully use the scope they have in decision-making.

- CIM concepts should have a form in which the decision-making by humars is
supported, not the automated. This means, for example, that CIM systems
offer simulations oI the consequences of different decision alternatives

to aid the decision-maker.

4. Is it possible to establish huran CIM concepts with today's technical

means?

The realization of th: demands listed above on human CIM concepts requires

several preconditions:

- On the one hand the CIM components which are offered on the hard- and
software market have to have certain options. The technical standard of
these products mast reach a level that makes it gossible to realize in
industrial practice what is possible to do with CIM in principle.

- On the other hand himan CIM concepts, which can be established in princi-
pal and after speci iic technical developments for industrial practice,
too, are an object of bargaining processes in firms. In these bargaining
processes power balance, goodwill, thinking in short or long terms ard

other factors play a role.
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On the part of the technical preconditions the following of the above
listed demands can be realized in industrial practice because of the
"state of the art" of the market sﬁpply:

- It is possible to decentralize computers. There is a tendency towards
work-stations or even to the increasingly powerful personal computers.
Mainframe computers are used rmore and nore for data keeping and network

managing.

-~ There is a supply side on the software market that offers software m -~
dules for CIM concepts by which the process of aggregate planning is
aided on a central level and the process of shop scheduling is assisted

on a decentralized level.

- The market offers ot only software that tries to automate decision jro-
cesses by mathematical algorithms but also software products which sima-

late the consequences of decision raking alternatives for the user.

With this background on the market situation the "state of the art" suffers
in the following areas. In these fields the present software supply of CIM

components hinders the realization of human CIM structures:

- Common data structures, especially between CAD-systems and for examp..e

material requirements planning systems, are not available.

- Common "human interfaces", i.e. "man-machine dialogue", etc., have not
yet been developed for the CIM components. Even within one CIM component

there is a broad variety of dialogues which different vendors offer.

~ Certain interfaces for data exchange which would allow to realize alter-
native forms of CIM are rot available. The vendors partly offer software
solutions for CIM concepts which are interconnected with specific organi-

zational solutions.

In the following last chapter an example shall be ocutlined in which a
human-oriented CIM concept oould be realized if additional technical devel-
opments were started.
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5. BAn example for the need for additional technical developments to reali-
ze human CIM concepts

In the last few years "shop floor programming" of CNC machine tools has
established itself in Germany to a reasonable percentage beside the certral
computer aided programming. Under the aspect of keeping a high level of
qualification on the shop floor and under economic aspects, too, shop flor

prograuning is regarded in some cases as superior.

For the future it is (quite doubtful whether the economic advantage of shop
floor programming wil . remain. By an integration of CAD and computer ajded
programming of CNC machine tools in CIM concepts the programming times will
become shorter. Until now the integration interfaces are available for CAD
systems and central NC programming systems only. Therefore there will ;rob-
ably ke a stressed trend to central NC programming. The limited importence

which shop floor programming has reached will diminish.

This trend is, however, not inevitable. The following consideration may
point it out: in Chart 2, two alternative concepts are shown which enal le
the exchange of geometric data of workpieces between CAD systems and tle
shop floor. To realize these interfaces additional work in developing is
required. The task is to transfer geometric data out of CAD systems int>
shop 1loor terminals or computer namerically oontrol units of machine

tools.

If we are successful in the technical realization of such concepts and in
provirg the economic advantages of such concepts in industrial practice,
shop floor programming even in CIM ocould have a chance in the future. The
requirement is that the lead which central NC-programming systems have

gainec, is made up as quickly as possible.
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Chart 2: Concepts for exchange of geometric data between CAD and shop--
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1. 014 and new ways of controlling production in the engineering
industry (1)

skrinking markets andnew technology seem to be leading to a new
orientation in production strategies - the "end of mass production"
appears to herald the "end of Tayloriem" (cif. Piore/Sabel 1984).

If this is true, then the factory orgenisation of the future can pos-
sibly be prognosed from the present situation in the engineering in-
dustry. For the engineering industry produces by the “"classic" method
of small-batch prodiction (most firms are in addition relatively
small). The degree cf division of labcocur is therefore also re atively
small in engineerinc: This increases the chances that here the
"human-centered approach" (cif. Br&dners contribution) can be conti-
nued further so to say as a development of the current rationalisi-
tion practice. Fertaps even to the extent that it can serve as a
model for the mass production industries which are heaving to adjust
to the markets.

It is true that this will not happen automat:cally: The well Xnown
computer-aided technclogies (CAD, CNC, CAP etc.) can especially in
engineering be used in a tayloristic way - to some extent in this
case the mass production industries would provide a {(bad) example
for engineering. This contribution is intended to show that also
in connection with PPC-systems (2) there are obviously two possibi-
lities for use: One is more tayloristic, it concerns the manage-
ment concept of "centralistic total planning and control". The
other concept ist that of "framework planning and control"; this
concept can be harmonised with the human-centered approach.

1.1. The "foreman organisation" and the "piecework system" as
"classical" planning and control systens in engineering
firms

It's necessary to deal first with the "classical" concept of
"Production Planning and Control" in the engineering industry.

It is true that Taylorism, as a particular road towards the centra-
listic control of the work process, forms the centre of gravitation
for all approaches to rationalisation in industrial production and
was (perhaps still is) the general "ideology of rationalisation".
However, as a concrete recipe for reationalisation and basically
measured from its effect only in mass production, particularly

the automative industry, Taylorism has been able to win through.
The Taylorism however has not in pracitce been able to win through
in the engineering industry (which is one of the fundamental sec-
tors of industry in Western Germany and in Europe).

1) This contribution is based on the results of an empirical investigation
into the use of computer aided PPC-Systems in mechanical engineering firms
in West Germany. The research projekt was financed by the Federal Minister
forResearch and Technology (Cif: Manske/Wobbe 1984; Manske/Wobbe 1986;
Manske 1986 a,b).

2) Chart 1 in Lay's paper shows "islands of computer application", his CAPM is
more or less identically with PPC.
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Why was Taylorism not able to succeed in engineering?

- It failed already from the obviously absurdly high costs which
would have been required to organise effective job-planning
departments (as well as various control points in manufacture).

- Perhaps a more theoretical reason is more important. As an expert
in metal-cutting, Taylor himself investigited how many variables
the "best" method of processing a workpiece depended on, and
emphasised that each change in a variable would also alter the
"best"” method. Such changes however occur continually in the
complex small-batch method of mechanical imanufacture. And an
essential variable -- which Taylor failed to see plainly --
ist the worker himself, or his knowledge, which in principle 1is
expanded continuously through his work. The failure of Taylori:i..
to succeed is due finally to the continually changing precondi-
tions of production. They cause what can be designated as the
specifically empirical or experimental character of engineering
work.

In engineering therefore the activity of work planning departments
was basically limited to a precalculation, i.e., to a rough esti-
mate of the costs of processing a workpiece on a machine.

The traditional form of organisation of work in engineering firms
was the so-called "foreman organisation" (Meisterwirtschaft). It
gave the control of production to the foreman and the workers.

The process of production, that is , which machines would be used
in which sequences in processing the components, was only roughly
pre-planned. The way of working at the individual machines has
hardly been prescribed for the machine operator, who is usually

an experienced skilled worker. Job planning was limited to fixing
the "allowed" time, the operator worked "from the blueprint".

Under this system the foremen in the machine shops had to allct
work which, to a large extent, ist the reason for their strong
position in relation to the workers. For the most part the workers
were given parcels of tasks which - unless more urgent jobs came

up - they were able to carry out relatively independently. They

were more or less indirectly "guided" by the piecework system: This
r ecwork system was the essential "steering system". It implies

a sequence of carrying out individual jobs in which, to save re-
tooling time, the individual machine would be "optimally" organised
by the operator. Workers (and foremen) acted according to their

own strategies. The total process of manufacture was in principle
of no interest to them, althouwgh of course there had to be a certain
amount of coordination between assembly and machine production.
There was, however, always a certain amount of "chaos" present in
this method of control. It was, for instance, typical that some
parts were constantly unavailable when they were urgently needed
for assembly; an integral part of this system is therefore the
"component tracer" who has to "track down" the missing components.

The firm profited in this control system form a relatively high
utilisation of machines and relatively low machine and work costs

per production unit. On the other hand, from the point of view of
management considerable disadvantages resulted form the fact that the
piecework system stood in the way of the desired integration of the
total process. For the management in the final analysis manufacture
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was a black box. Production knowhow mainly lay with the worke:s as
the "foremen" of tha2ir own workplaces. The piecework system was
therfore a "steering system"” in the sense that it represented a
compromise in the question of the wage/output regulation, and was
at the same time a substitute solution for the centralistic con-
trol of work which would in the final analysis not be attained.

All in all, there exist in "classical" engineering firms cons :nsual
relationships between management and workers or the employees
altogether. This ist the consequence of the management's beinjy
dependent, because of the particular form of practical-experinen-
tal work in engineering, on the cooperative readines of the 1libour
force - the work cannot be preplanned without any hiatuses. Tae
plannirg and the carrying out of an activity to a considerabl:
extent form a singl2 unit.

1.2. Computer-aideidl PPC-Systems as the new way to organise p:o-
duction

Computer-aided prodiaction control permits for the first time :he
promise of success for a centralistic command grip, and at the
same time means a ciange of form in the appoach to control. Com-~
pared with Taylorisn, the new aspect of this command grip con-
sists in the fact that no attempt is made to lay bare the cor: of
the work process. Sich a direct command grip is found in Taylorism
(Manske 1986 a). In comparison, computer-aided production con:.rol
is to be seen rather as an indirect approach to the control o:
production or the work process. The application of this control
takes place so to say around the "core of the work process". (1)

1) A note on the expression "core of the work process":
It is usual to emphasise the separation of the planning and controllinc
activities from those of the actual carrying-out of the work as beeing the
central component of Taylorism (Bravermann 1974). However the specific
point about Taylorism is perceived as a whole only when the "atomistic';
method of proceeding contained in this approach is seen in the planning and
control of the production process: every detail of this process is supjosed
to be analysed and "scientifically prepared", in order subsequently to§
synthesise a plan out of the individual elements. So far as the analys:s
of the work of the direct producer is concerned, Taylorism aims througb
this at making the production knowledge of the workers availabel centr<lly,
so that each minute particle of this knowledge is "expropriated" - the !
"secret" of how the work is carried out is to be totally exposed. Work<rs
however continually build up additional and important production knowlodge
as pracitcal know how, "tacit nowledge". The expropriation of producticn
knowledge thus involves a continuous storage of ongoing new "zones of
uncertainty" (Crozier, Friedberg 1979) - or laying open the core of the
work process.
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The essential components of the new approach are:

~ the allocation of very small volumes of work to the workers;
they are given stocks of work which can be accomplished inx
one or at most two days. In extreme cases they are allocatzad
only one task at a time.

- There is a tendency, by means of data collection in the firm,
to make the times necessary for each task more precise through
immediate registration of the start and finish of the jobs.

- In addition, important events, such as defects in material,
lack of material, machine stoppages and the reasons for them,
absence of workers and the reasons, etc., can be registered
by means of the firm's data collection, above all for the pur-
pose of eliminating disruption.

- The piecework wage system is replaced by a mixture of time-
wage systems and bonus schemes. Apart frcm other reasons, the
change in wage form is good from the point of view of manaje-
ment because the more exact centralistic control of the pro-
duction process in this way becomes more consensual, since in
principle small allotments of tasks and stricter controls are
not able to be combined with the piecework wage system.

These are the contours of the new approach for the planning aad
control of the production processes. Besides the fact, that pPPC-
Systems can be used in different ways - cif. the next chapter -
all computer-aided PPC-Systems have the following effects: With
PPC it is for the first time possible to undertake extensive
plans for capacity use,sales order processing, inventory control
and to plan sequences of work in detail.

Market conditions and deficits in autonomisation of the produ:-
tion process from the workers are responsible for the fact that

as previously the workers still possess some own relevant "con:rol
zones". But those control zones have been ¢greatly reduced in :om-
parison with earlier periods. In brief: With PPC-Systems a hijhly
effective control over the process - and over men! - as inteniled
by management is achieved by better planning, organising, ste:ring
2 :d control of the preceding and surrounding areas of produc-

vion (i.e.: the core of the work process).

2. Alternative Strategies in the use of PPC-Systems: Total
planning versus framework planning

With the introduction of PPC-systems the following economic
results are in particular expected by management:

- reduction of throughput times;

- better observance of delivery dates;

- reduction in stocks of semi-finished products and bought-in
components;

- increase in the capacity utilization of machines.
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The Question is: How can we achieve those results, how can we
utilize the enormous new potential for planning and control pro-
duction.

Is it possible to schedule production by computer so accurately
that this schedule only needs to be executed? This seems to be
the outstanding problem for many software developers and firm
managemz2nt. Such an approach amounts to reducing production con-
trol to a technical problem. I wish to demonstrate that such a
technical view of control problems in mechanical engineering :.s
inadequate; production planning and control cannot be separatead
from the "social relationships" within the firm (just mentioned
above), and if technocratic solutions lead to less than optimal
results, this is not entirely due to computing problems. In order
to show this I will now outline the two different concepts of PPC:
The centralistic total planning and the framework planning,
coupled with decentralised responsibilities.

If we look at the control concept of centralised total planning,
we can designate it as an attempt to organise complex small-batch
-production in a way similar to large-batch production. To the ad-
vocates of this concept it is precisely the new computing potential
which appears to be appropriate for producing the transparency
which in mass prduction can be achieved by the norrowly presc:ribed
production methods, by extreme division of labour in assembly, by
an exact scheduling and by the strictly specified organisatior of
the processing sequence. There was, however, a demand to go beyond
this and to "depersonalise" control. The central know how which is
already present in production (with foremen and machine operators
just as much as with workshop management) and which was alreacy
partially available centrally, was to be computerized. It was ex-
pected that this would contain adequate planning possibilities to
make individual machine production centrally controllable.

However, in most firm where attempts were made at such an approach,
it very soon appeared that precise sequence planning was only appli-
cable to a very limited extent. The reason for this lies not with
computing itself but very often with programmes which are usuzlly
unable to cope with production requirements. Standard programns, at
least, too closely copy the structure of mass production.

In spite of such deficiencies, centralised total planning is ¢till
a prevalent orientation. "At least make a start' is the motto of
the advocates of this philosophy. The recognisable deficiencies of
deterministic scheduling were to be balanced by more planning. By
the expansion of production data collection (PDC) and a changeover
to a realtime processing of collected data, it is believed that
planning can adequately be adapted to changed conditions. The claim
*is maintained that the workshop should not carry any orders unless
a precise planning has previously been undertaken. With PDC, every
event in the workshop was, as far as possible, to be planned .n
respect of time and without any errors. Only in this way can
planning be kept up to date.

At the level of the employee, this concept leads to a detailed
scheduling of single tasks. Total planning also implies of neces-
sity a strict control of workshop employees, not only workers but

5 9
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and ]..SFMUNFHEN
Vocational Training 1 Seidnis T



137

also foremen and even control personnel., It is no exaggeration
to say that "even the allotment of work is predetermined,so that
the functions which remain consist only of carrying out work and
reporting it back" (Bechte 1980).

The centralised total planning concept stands in contrast to one
which links a central framework planning with decentralised, per-
sonal detail planning and not only execution of plans. It can be
described as a "search for the middle road". In this case, produc-
tion conitrol only offers a loose framework plan which is to be de-
tailed in the workshop. Central framework planning means that
dates for execution of jobs are calculated, optimised and centra-
lised by means of basic computing routines. In contrast to the
foremen system, this means in particualar the use of the integra-
tion potential of ccomputers. The sequence of deadlines becomes
more reliable for the foremen and more transparent for the central
station. In this concept certain planning barriers of mechanical
production are accepted and no attempt is made to produce a com-
plete pre-planning of the production process. If the attitude of
total planning is in principle an attempt to adapt production of
planning, then the attitude of framework planning is an attempt to
maintain existing advantages of the structure already present and
includes it as an element of the planning concept.

This approach differs fundamentally from total planning. The philo-
sophy of total planning implies a central plan, prepared prior to
manufacture, and also that the production plan is strictly enforced.
According to the decentralised approach, planning is a process which
must include the skills on the shop floor. The plan is not completely
prepared before production; it rather mergers successively, and never
so completely that is represents full and detailed instructions to
the workshop on how to proceed. Production control is a synthesis

of computing capacity and personnel capacity.

3. Total planning or framework planning - which will prevail?

If the observations made in the course of the survey are correct,
then the first phase of the almost euphoric introduction of computer
control systems in mechanical engineering firms has today been re-

. .aces by a phase of sobering up. The contrasted concepts point to
two paths which further development could follow. Which is the more
likely? We can get nearer an answer to this question if we remember
that rationalisation barriers in mechanical engineering are, on the
increase. Machine production can be only to a degree planned in ad-
vance, since

- the sequence of operations for mechanical processing cannot al-
ways be exactly and in detail predetermined;

- allowed times cannot be exactly determined, and "actually re-
quired" times can differ from the guidelines in incalculable
ways:;

- markz2t demands can have their effect, so that manufacture may be
begur even though the product has not been thoroughly designed in
detail and/or only rough plans or none at all have been prepared;
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- market demands make subsequent changes unavoidable;

- market demands continually create urgent orders - for instance
for :he delivery of spare parts - which cannot be postponed and
for which only a limited stock can be kept;

- technical problems, such as the breakdown of a machine, can be
reckoned only as an average but not calculated in detail; if one
particular machine 1is out of piroduction for a couple of days,
there 1s no point in the breal.down having been correctly calcu-
lated as "average" in the long term;

- errors in planning (for examplc, wrong designs) and deficiencies
in orsganisation (for instance, materials not being available
when they are required) cannot be excluded in the complexity
of machines or sequences of operations, nor can they be anticipa-
ted with precision;

- planaing of sequences can take no account of the state of the
work2rs or of known attitudes or accepted claims. The state a
workz:r is in can affect his productivity; he is not a machine
whicnh can go on working continmiously and at the same level.
Attitudes include such facts tlat, for instance, workers often
need a certain time first thinc¢ in the morning before they get
going, and it is unfortunate ii the first job in a deterministi-
cally planned scequence turns oitt to be a "problem case". One com-
ponent of accep:ed claims is fcr example that after completing a
"bad task a worier is given a "cood" one;

- only to a limi:ed extent can vorkers be moved around to different
machines. The michines usually require a certain time for fami-
liarisation which is the found:tion of efficient use, The use of
stand-ins, now on one machine, now on another, has its limita-
tions in small-batch production in mechanical engineering, which
means that for econcomic reasons staff can be adapted to an in-
flexible sequence plan only to a limited extent.

What remains as an argument in favour of total planning? The barriers
to planning which have been outlined rather contribute to the con-
clusion that mechanical production can in general not be forced into
the bed of Procrustes represented by a deterministic total planning.

Basically it is technical reasons (the complexity of the product and
the limits of technical automatior) and market conditions (the:
trend towards production which follows the solution of individual
problems) which restrict the abil:ty of mechanical production to be
planned. The complexity of production leads to the firm remaining
dependent upon the technical skil's of the workers and the foremen,
and upon their motivation: The workers must be taken seriously as
"producers" by the firm, their dedication is essentail for produc-
tion to function.

With this inclusion of the skills of formen and workers, with the
conscious recogniton of the "producer role" of the workers under

the aspect of increasing production efficiency, the "social charac-
ter" of mechanical production is fully appreciated. Our investi-
gation shows that a rigid planning concept which does not officially
envisage the contr:bution by workers and foremen as well as control
personnel from the start, is liable to provoke negative reactions.

As a consequence, planning can quickly turn into a "world of unreali-
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ty" which differs considerably from the actual scheduling in force.
In addition, where the social nceds of the workshop are insufficient-
ly taken into consideration, bureaucratic behaviour and working-to-
rule are provoked. The "social character" of mechanical production
has therefore the same basic roots as its limited plannability; it
indicates that the technical and organisational problems of machine
production lead the mechanical engineering firms to having to onter
upon compromises with the workshop in a specific way, which must

also be considered as a precondition in devising control system:.
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engineering industry which responded to the challenging changes of
market conditions with the introduction of flexible automation technolo-
gies, becoming increasingly capital intensive and having shrinked the
ratio of labour in terms of value as well as in terms of numbers
(SORGE et.al. 1982; KERN u. SCHUMANN 1984; PIORE u. SABEL 1985) the
clothing industry tentatively made use of the choice of organizational
and skill resources to obtain a higher degree of flexibility, product

quality, shortage of lead time and so on (KNESEBECK 1983).

As far as the German situation of the clothing industry is concerned
most enterprises only could survive in a hard contested market by a
shift from standardized mass production towards specialized customer
taylored quality production. In conjunction with this new market stra-

tegy the clothing producers are faced with:

Smaller and smallest batch sizes;
Uncertain availability of materials (fabrics and others);

Increased variety of products (various colours, patterns, sha-

pes);

Changed order beshaviour of customers (wholesale and retail),
careful pre-orders are followed by several and in both {
respect qualitatively and quantitatively different post-orders
including modest alterations of wvarious characteristics of the

products; i

High level quality standards are to be reached whereas an
increasing variety of fabricse and other materials makes it
much more difficult to meet quality atandards within given

piecework times.

These new market requirements enormously influence the production
process. Because of specific obstacles the technical automation and in-

tegration of different functions is -~ at least ~ behind the state of the
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art in most other industries (Neue Arbeitsstrukturen ...1983; BRACZYK

et.al. 1984a). Clothing industry remains labour intensive.

In recent years most of the leading firms of the clothing industry in-
troduced new types of work organization, such as working groups, in
order to obtain more flexibility by organizational means. This way ne-
cessitates relatively high level of skills and improvements of working
conditions. The design of work which has taken place during the last
decade indicated different types of job enrichment and semi-
autonomous groups. Shop floor workers’ capability became a strategic
key resource to several enterprises when they attempted to adjust
work organization and skills of shop floor personnel to the new market
requirements. Theses attempts included considerable enhancements of
task elements of both horizontal and vertical functions. Labour force
remained as the most significant source flexibility could derived from.
The way the clothing producers had chosen, of course, was determined
by a remarkably lagged technological development in terms of both

process and organizational integration compared to other industries.

However, with the help of microelectronics production equipment beco-
mes more flexible. Because of its capability microelectronically based
technology will affect the new forms of work organizatidn in the
clothing industry. As far as the assembling and finishing sections of -
the production process (sewing, presssing, inspection) are concerned,
more and more engineering manufacturers provide computerized unit
production systems (UPS) in conjunction with conveyors having han-
gers with clamps or bundles in order to facilitate the integration of in-
creased number and variety of product criteria - stemming from actual
market requirements - into the production process. This leads to a
certain extent to a renaissance of the so-called hanging manufacturing
which means the connection of each work station by conveyors with
hangers which according to the schedule provide the work stations

with piece goods appropriately.
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According to a supplier survey we recently conducted, in which eight
out of ten responded, computerized UPS are designed to make the pro-
duction process more suitable to increased flexibility demands due to
new market condilions (BRACZYK et.al. 1987). Besides typical aims of ra-
tionalization, such as reduction of labour and capital costs, suppliers
consider different needs of clothing producers in order to obtain much

more flexibility in the manufacturing process, especially

¥ improved insight, information, and control
¥ reduction of throughput time
X optimizing management of the sewing floor, e.g. balancing

the line.

With the help of computers (in most cases different kinds of PC appli-
cations) different work stations will be provided automatically only with
those materials actually needed and the entire sewing line will be coor-
dinated properly including high priority throughput of urgent orders,

at leasl according to responses of the suppliers.

Our analysis of the systems under study focused on implications for
work organization and skills. We looked at the extent to which :the sy-
stem configurations contain options and constraints, respectively, re-%
garding different utilization patterns covering task definition, skilfl
requirements, and autonomy of sewing personnel. In addition matters of
data and information management including access to data related Lc;

the individuals have been considered. %

The findings in general are impressive and have certain theoretical
significance. Deapite the overall accepted rejection of the technological
determinism hypothesis there is no doubt that production technologies
- at least those under study! - implicitly contain "prescriptions" on

how to use them. We consider it important to clarify the - possible -

1 “H"éwevér, we have further reason to support this hypothesis in the
light of previous research results. Cf. BRACZYK 1985b, p. 262 - 277,
BRACZYK et.al. 1984b.
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impact of those prescriptions on work organization and skillas. Although
all system configurations under study aim at the same objective: to
gai:1 and to facilitate higher flexibility of the production process at
sewing floor, as a result of our analysis we can clearly distinguish
between types providing opportunities for task definitions on higher
skil level as well as for extended disposition for the individual sewing
wor ker and those which do not. It appears that there are options and
constraints already embedded in system configurations of technology

by suppliers.

Obviously, the design of work depends to a certain extent on the sy-
stem lay out of the technology. But where do the points of reference

for system lay out come from?

Referring to additional interviews with members of the technical staff
of the suppliers included in the survey we can point out that there is
very little technological dialogue between suppliers and users, as far
as the clothing industry is concerned. Regarding the computerized
conveyors in conjunction with UPS in several cases they have been
created and developed by different clothing producers themselves be-
cause of a lack of appropriate machinery supply in the market. After
having made positive experiences some of those clothing prodqcers eit-
her changed business or became additionally an engineering manufac-
turer and brought their self-made systems into the market, suggesting
tha! they will fit into almosl every production line. This is one signifi-
can'. resource where concepts for the design of technology are derived
frori. Specific user experiences are generalized as if they are irue for

the whole industry.

Another resource for technological concepts, and this we consider as
mor: important, is the market. In order to say it more precisely: The
expectations suppliers have of users’ expeciations of how the market
might be structured and on how an appropriate technology should look
like. Tn this view technological concepts on the side of suppliers to a
certfain degree rely on interpretations of interpretations of interpreta-

tions.
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For the moment I neglect the inherent vagueness of such technological
coricepts. First of all I pay attertion to the mediating part of the mar-

ket in the context of development and design of technology.

Rather simplifying it could be argued that the lay out of production
technology is related to the dominating factors of the market. Of
course, this argument is trivial as long as it relates to demand and
supply relationships between engineering manufacturers and clothing
producers. However, this argument seems to be true also with respect
to strategic options in the use of technology. There is evidence that
engineering manufacturers develop technology according to their own
imagination about the most suitable means to meet actual market
requirements the clothing producer is confronted with. To a certain
extent the user becomes dependent on a hidden prescription about ap-
propriate work organization and level of skills on shop floor. The sup-
plier restricts the range of strategic options for the use of technolo-
gies on users’ side. This must not be confused with technological de-
terminism in the common sense. What is meant is that technology will
be designed in the line with principals of work organization, division
of labour, skill requirements etc. designers and/or suppliers refer to.
This doés not exclude necessarily the installation of such a technology
within an organizational environment due to different or even opposing
principals. But an adjustment of one of each to the other becomes

rather probable.

Precisely with respect to technically embedded organizational principals
the production technologies under study can be distinguished reaso-

nably. The key criteria of distinction are:

Sufficient facilities for the sewing worker (o interact with
the system itself and with other work staticns of the system

as well according to his/her own disposal.
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Ability, in general and for the worker in particular, of the
computerized management control system for change of tasks
at the same work station and change of work station for the

same worker at any time.

System provided abilities for workers to arrange work by

themselves at each work station.

Referring to the resulis given above and taking the two most contra-

sting types of supplied system configurations into account:

The first Lype by design permits both the use in a rigid Taylorian as-
gembling line and in a restructured work organization consisting of
different semi~autonomous working groups which perform at relatively
high level of skill. In this case the real use depends on the choice the

user is taking on how to use the system.

The second type is strictly designed according to the principals of a

Taylorian assembling line without admitting any alternative.

In the interviews it came out that the system configurationg of the
supplied technologies have been designed correspondingly to the orga-
nizational concepts the suppliers would prefer if they were in the po-
sition of the users. In so far one can state: The more an engineering
manufacturer believes in Taylorism at least in the sense that Taylorism
might be the best way for the user to organize a rational production
process the more the supplier will design technology in favour of
technically provided flexibility at the expense of organizational flexibi-
lity. In fact, systems under study belonging to the second type are
the expression of the belief Tayloristic production concepts can be
further applied even under deeply changed market conditions of the
clothing industry, if the work stations in the line are addressed more
flexibly by technical means. On the other hand, systems belonging to

the first type express uncertainty in this respect.
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Uncertainty that means leaving the choice to the user. It is up to the
user to take his selection out of the given, say incorporated, options
the system configuration provides. This, of course, determines not at
all which decision the user eventually will take. Again, it depends on
his interpretation of the market conditions his enterprise is related to
and on its organizational asnvironment, including given labour force, as

well.

2. Strategic options ~ how to use them?

In the case of our supplier survey there is no doubt that the market
plays an important part in the systems lay out of new production
technologies. Using strategic options in technological development the-
refore means the design of technology to a certain extent will remain
within the context of those market conditions which are true or
respectively considered as true for ihe products that will be manufac-
tured with the help of these technologies. Engineering manufacturers,
however, rarely are awarec of the actual and‘ the foreseeable market
structure. They must rely on 'long distance interpretations’. This beco-
mes even more significant if it is considered that suppliers must tend
to provide technologies fitting to future market conditions users will

be faced to.

The shape of market conditions may change. AL present they, at least
partly, support the use of strategic options in the design of system
lay out which come close to the concept of human centred technology
(BRODNER 1985). However, nobody knows whether the present conditi-

ons will remain unchanged.

Considering the inevitable vagueness interpretations of market requi-
rements will contain one could ask which technological lay out by de-
sign would be the most suitable one. It could be stated: The more a
technology by design is in the line with the user’s concept of utiliza-
tion, the less the user’s organizational system will be restricted to
technically ’predetermined’ decisions on work organization, qualificatio-
nal structure and skill level (BRACZYK 1985a). We draw the conclusion

‘hat, from the point of wview of the rationality of social systems, the
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decision on the alternative between ‘’technocentric’ and ‘’human
centered’ technology should not be taken on the design stage. This
only would change the content of technically embedded prescriptions to
the user as to how to utilize technology but would not eliminate the
prescription itself. Since we believe that the realization of the concept
of human centred technology necessitates consent of those who will
actually use the technology in every day working life, we consider two

alternatives to technically embedded prescriptions:

Design of technology in a way that the full range of different
options for utilization with respect to work organization, qua-
lificational structure, and skill level will be built in. It should
not be the designer but the user who takes the final decision
on how to utilize the technology. The user will take this deci-
sion in accordance with his own perceptions of market condi-
tions and necessities of the manufactu-ing process as well,

This alternative could be called pre-deciiion-type.

The user conceptualizes previously tc the design of new
technology the organizational framework, qualificational
structure and skill levels. The technoloyy then will be desi-
gned in accordance with the taken <(ecision of the user
which, in turn, corresponds to a specific consent constellation
among actors and groups within the user’s firm. This could

be called the post-decision-type.

The user, of course, no. at all is a single man - only by neglectable
exception. The user rather represents an organization - a social system
embedded in internal and external environments. The social aystem has
its own dynamics (LUHMANN 1984;). Regarding the rationality of social
systems the main question of technological development i3 whether
technology should automize social systems or support further evolution

and differentiation of social systemas.
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3. Human centred technology

Coming back to the concept of strategic cptions in the use of techno-
logy. In the light of our own empirical results and research experien-

ces we would like to stress:

There are indeed different oplions in the use of technology. For eco-
nomic, social and humsn reassons it is highly recommendable to take use

of then.

it is, however, more rationale to leave ithe decision cn the use of diffe~
rent options to the user’s sysiem instead of imposing a unique alterna-
tive technological concept on ithe design departments of the supplier’s

system.

Justl for the very reason that ihere are differenl options in the use of
technology it is up to the users getting aware of the fact that there
are choices to be taken. Criteris of selecticn must be tied up with the

rationality of the user’s organizationsal system.

Referring to the available knowledge on the relationship between tech-
nological change, work organization, and skills the following seem to
form almost a rule: The more complex the technology is in terms of or-
ganizational integration, the more social prerequisites in terms of con-
seni among the different actors, groups and institutions involved play
a decisive part in the utilization of technology. Consequently, growing
dependence on extra-technical prerequisiltes parallels the use of tech-
nology with increasing risks originated outside the technology itself.
Obviocusly, on the design stage consent hardly can be anticipated. This
consideration leads to the conclusion that development and design of
technology musi be based upon consent among the users and different

actors concerned.

Users, in the meaning of social systems, must develop an adequate un-
derstanding of the function of social systems and should accordingly
deploy appropriate technological concepts. il is ithe social system tech-
nology should fit to, and not the other way round. Most members of
social systems obviously need help and support in obtaining this ade-

quate understanding.
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Additionally, the user consists of different social actors following diffe-
rent interesis. It is important to employ consent among theses actors.
Thus, development and design of new technologies should become a
genuine social process involving different members of a firm’s organi-
zation and other relevant social actors related to the organization of

work as well.

Since there is no longer a1y doubt about the fact that new, computeri-
zed, technology that share the property of being, at least partly, or-
ganizational technology, it is important to realize that there is an in-
creasing need to tie up the use of technology with consent among

users.

Obtain'ng consent will have the best chance, by empirical evidence,
when the most significant actors that are anyhow involved will be
coordinately related alreacy to the conceptual work either previously
to the technical design or to the user’s decision on utilization. In other
words: The new technology needs a new design in the sense that the
conceptual work will be organized socially. It does not make sense to
have a complex organization technology designed by technical concepts
or, let us say, philosophies. The more organizational integration is em-
phasized the more even the designing part of the whole process of
technological development needs a proper guidance as to how the tech-
nology would respectively could fit best into either the existing. or ai-

med work organization, quslificational structure, and skill level.
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1. State-of-the-art and future trends in production systems

Within the engineering community in Europe (and elsewhere) there
persists a vision of "people-less” production systems of the future. In
this view, the explicit incorporation of human factors in the design of
production technology is a temporary and rather short term problem becoming

increasingly redundant.

Such a claim for the future of producticon systems should be taken
seriously, although it is hard to answer since it is probably the case that
the evolution of such systems will be somewhat haphazard and unpredictable.
In part this is due to the uncertain nature of technical innovation during
rapid periods of change. But it is also due to the inevitable
uncertailnties concerning the diffusion of such technical changes.
Nevertheless, onz can make some reasonable predictions about the nature of
change and specualate on whether or not, in the foreseeable future, the

design of human-imachine interfaces will remain relevant,

A number of trends can be discerned from the current pattern of
change. Firstly, all commentators agree that the introduction of stand-
alone CNC machiae tools, CAD work stations and industrial robots will
continue to accelerate. But at the same time, more and more companies
will experiment with, and introduce, integrated systems such as FMS and
CADCAM. Considerable effort will also go into developing Computer
Integrated Manufacturing systems but, except in research and development
cases and in some instances of highly predictabie production environments,
these will not extend to fully automated "people-less" factories on any
widespread basis. In large part this 1is because reliable enabling
technologies are not yet in place, and furthermore, most companies are
simply unable to address the complexities involved, to say nothing of the
expense, particularly in the field of systems integration. Overall, such
systems as do evolve will get larger and, so far as both the designer and

the user are concerned, more complex.

These opportunities will probably be greatest in small and medium
batch production firms, which account for around 70% of British engineering

optput.  Such inovations as are implemented will be operated in the midst
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of relatively old technologies such that there will be "islands of

production" amongst traditional technologies.

Human aspects of systems technology will thus remain important for the
foreseeable future. In particular, as production systems get larger, more
sophisticated and complex, they will need well trained personnel to run
them. They will also need to be designed so that they are comprehensible
to the operators if performance levels are to be satisfactory. We are now
hearing talk of the "multi-skilled craftsman" in relation to new production
technologies - craftsman capable of operating and maintaining complex

electro-mechanical systems.

State-of-the-art production systems are Flexible Manufacturing Systems
(FMS) which combine the benefits of a highly productive, but inflexible
transfer line and a flexible, but relatively inefficient, job shop. An
FMS is a system dealing with high level distributed data processing and
automated material flow using computer controlled machines, assembly cells,
industrial robots, inspection machines and so forth, together with computer
integrated materials handling and storage systems. Such systems are
typically centrally programmed with little or no part programming

facilities available on the shopfloor.

The next generation of production system is the Computer Integrated
Manufacturing (CIM) system. These systems extend integrated computer
control to the ordering and re-supply of parts and materials and work

scheduling.

2. Major problem areas

There are three, interrelated problem areas associated with the human-
machine relationship which stem from the technical trends discussed above.

These are:~

(1) the reliability of new production technologies,
(i1) the effect of these technologies on the design of jobs, and

(111) the design of appropriate human-machine interfaces.
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(i) Reliability and New Production Technologies

The historical trend in the design of shopfloor production work has
been toward the incorporation of human skills into automatic machinery.
The development of the digital computer and the microprocessor offers the
potential to extend this skill incorporation to both physical and mental
capabilities. The operators of state-of-the-art FMS technology are
typically required to carry out those functions which are not yet
automated. The current lack of technical sophistication in sensing
devices and error recovery software has led to a concentration of human
operators in monitoring and error recovery tasks. As such, individual
vigilanc: and responsiveness is critical to overall system performance and

the wealth of craft skills available in Europe remains under-utilised.

It is one of the great ironies of technological design that the human
element is regarded as the major source of uncertainty in system
performance (and therefore one to be eliminated whenever possible), whilst
at the same time it is generally accepted that the operators' ability to
cope with uncertainties and unforeseen disturbances during system
functioning, is the factor governing system reliability. A further irony
stems from the fact that, when software is developed to replace certain
operator functions, this software itself tends to create uncertainties

which are more difficult to control because they are less "visible'.

The historical development of manual to automatic control of shopfloor
machines therefore has an important consequence for the overall efficiency
of production systems. In all realisable systems there will be some
undesirable disturbance or noise which may enter the system at one or mofe
points during the production process (e.g. poor castings, worn tooling).

These disturbances can be eliminated in one of three ways.

1. Remove all disturbances at source (e.g. reject all sub-standard

materials before they go on the shopfloor).

2. Predict all possible disturbances and develop software and

hardware mechanisms to control them.
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3. Utilise a skilled operator who, with an almost completely open-
ended repertoire of skills and behaviour, will drive the production system

to its goal despite unforeseen disturbances.

Tte predominant trend in engineering design, fuelled by the dream of
the "people-less" factory, is to take the second option. This trend stems
from a techrology centred or 'technocentric' approach to technological

design.

The develcpment of solid modelling in CAD systems, which permits
simulated metal cutting and the direct generation of part programs from
geometric data, is widely heralded as an important key to the success of
this strategy. However, the failure to design and develop a "people-less"
factory at the present time bears witness to the complexities (and expense)
involved in pursuing the totally predictable (reliable) production system.
Indeed. many commentators are now fostering the belief that, as the
complexities of production technology increase, the role of the human
operatcr will become more, rather than less, important for efficient system
functioning. In this view the design of operator jobs becomes a critical

factor for system reliability.

A 'technocentric' approach to design, therefore, overlocks two
factors. Firstly, that designer errors can be a major source of opcrating
problems, and secondly, the designer who tries to eliminate the operator
still leaves the operator to do the tasks which the designer cannot think

now to autamate.

The legacy of 'technocentric' design can bhe stated as follows: Having
fragmented the job of the New Production System operator and removed a
large part of his/her skilled control of the system, the designer then
relies on him or her to deal with all unforeseen {(unprogrammed)
disturbances. However, a technical system that does not provide the
experience out of which operating skills can develop will be vulnerable in

those circumstances where human intervention becomes necessary.

Take, for example, the Direct Numerically Controlled (DNC) machine
tool which is a basic building block of second and third generation

'technocentric' systems. Here, almost all uncertainty and discriminatory
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choice is removed from the operator because the program that controls all
the machine functions is written away from the machine by an office
programmer. The high cost of such machines and the subsequent high value
of the finished product are such that it is important to keep the machine
running and to avoid scrappage. As virtually all disturbance occurs at
the machine (Corbett, 1985) the operator sometimes has to override the
, program. But a DNC lathe is designed primarily as a machine-workpiece
system rather than a human-machine system and it is more difficult to avoid
making control errors because shopfloor intervention was not explicitly

designed for.

(ii) New Production Technology and the Design of Jobs

Whereas traditional manual and semi-automatic production technologies
enabled manual skills to be incorporated into the design of machines, the
development of the digital computer and the microprocessor enables human
cognitive and decision—making skills to be complemented or replaced by
machines. It is the historical trend towards this incorporation of human
manual and cognitive skills into machines which is equated, by many writers
(e.g. Braverman, 1974), with the historical tendency towards the

simplification and fragmentation of manufacturing shopfloor jobs.

Empirical research on the impact of new production technology on the
design of jobs has not lent support to this deskilling theory, but it is
important to note that studies which offer counter evidence are
predominantly case studies of jobs with stand-alone CNC machine tocls.
Although CNC machines are the basic building blocks of new production
systems, they are not integrated together by computer control systems or
automatic materials handling machines as are the next generation FMS and
CAD/CAM systems. Hence the CNC case studies "are all sampling
organisations/firms at a particular historical point, one in which the form
of the technology has not been closed off by a series of decisions and
technical developments which, in combination, constitute sunk costs such
that unwinding them, making a series of different choices, becomes an
impossible cost burden" (Littler, 1983: 144).
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There is growing awareness that the designers of the second and third
generation technical system designers are the job designers of the future
and there is therefore an urgent need for occupational psychologists and
other personnel experts to become involved in the design of such systems at

the earliest possible stage.

There are two distinct options open to systems designers at this point
in time. One which is currently dominating design thinking can be termed
the 'technocentric' approach to design. In this perspective, the aim of
automation is to displiece human skill and place it within the technology.
Typically, the allocation of functions between human and machine is based
on the idea of comparability - functional requirements being realised with
respect to the technological stage of the art, where the human takes over
those functions that are not yet solved. But, as Rasmussen (1979) has
argued, "The fact that all control functions which can be formally
described also can be automated by means of computers, leads to the danger
that the role of the system operator will be to plug the gaps in the
thoroughness of the designer's work. On the one hand, as a convenient,
movable manipulator, he will have a category of trivial, infrequent actions
for which automation is unfeasible; on the other hand, as an intelligent
data processor he will be expected to respond to ill-structured and

unforeseen tasks" (p.2).

The impact of 'technocentric' production technology on the design of
jobs is one in which human operators are increasingly becoming subordinate
Lo machines: humans become passive as machinery takes a more active
controlling role in the production process. The development of 'Fifth
Generation' Intelligent Knowledge Based Systems (IKBS) enables this impact

to be all the more pervasive.

In the occupational psychology literature there is now mounting
evidence that this automation of discretionary skills traditionally
exercisad by manufacturing shopfloor personnel has a detrimental effect on
both the physical and mental health of these personnel (e.g. Karasek,
1979). Furthermore, research in cognitive and developmental psychology
suggests that th2 loss of control that is experienced by many operators of

second and third gene ration production systems may well spill over into
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their nome and social lives to create a state akin to 'learned
helplessness’'.

The alternative, ‘'anthropocentric' approach to systems design rejects
the idea of human-machine comparability and focuses instead on how they may
complement each other. The computer and the human mind have different but
complementary abilities. The computer excels in analysis and 'number
crunching' computation, whilst the human mind excels in pattern
recognition, synthesis and intuitive reasoning. By combining these
different abilities in technological design it is possible for humans and
machines to help each other achieve an effect of which each is separately
incapable. It is to this endeavour that the human sciences need to
contrikbute through involvement in technological design. Present and

future strategies for this endeavour are discussed later in the paper.

(iii) The Design of Appropriate Human Machine Interfaces

One of the problems associated with 'technology-centred' systems is
that their operation often requires skills that are unrelated to existing
skills, with the resultant problems of poor transfer of training and the
under—-utilisation of the rich seam of machining skills to be found in
Europe.

The development of CNC technology has produced a shift in decision
competence from human to machine, whereby the operator of a machine tooé,
for example, is not alone in the control of the machine but, owing to the
decisions and choices taken by the designer and stored in the computer, be

or she is now forced to co-operate intimately with the designer. l

The number of design decisions and choices open to the designer is
almost infinite, but research in the field of ergonomics points to three
key choice points in design which have the most impact on operator skill

and control. These are:

1. the allocaticn of function between human and machine,
2. the control characteristics of the human-machine interface, and

3. the informat:onal characteristics of the human-machine interface.
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With regard to the first of these choice points - the allocation of
functions - ergonomists stress that there are choices over what humans do
and over what machines do in any automated system. The conventional
'technocentric' approach to this choice is to leave the operators only
those tasks which cannot be automated. The irony of this approach has

been discussed in the previous section.

This approach to the allocation of functions typically leads to the
concentration of operator tasks in monitoring and error recovery functions.
Where an automatic control system has been put in because it can do the job
better than an operator, the operator is also asked to monitor that it is
working effectively. In complex modes of operation the operator will need
to know what the correct behaviour of the production system should be.
Such knowledge requires either special training or special information

displays.

The alternative 'anthropocentric' approach to function allocation
needs to be based on the idea of human-machine complementarity as discussed
above.

A second key choice point in technological design concerns the control
characteristics of the human-machine interface. Design decisions here
concern how the control of the production system is to be shared between
human and machine. For example, CNC machine tool control software can be
designed to enable operators to interrogate data bases in order for them to
take important controlling decisions (such as determining toecl path
geometric, work scheduling and pacing). On the other hand, the software
may contain complex algorithms which enable the computer to take all the
controlling decisions, thereby restricting the operator's role to that of

machine minding.

Rosenbrock sees two paths open to designers in respect of the control
characteristics of New Production Systems technology, corresponding to the
'anthropocentric' and 'technocentric' distinction made above. Using the
example of Computer Aided Design (CAD) technology, Rosenbrock describes one
approach (the 'anthropocentric') as involving the acceptance of the skill
and knowledge of the designer and attempting to give the designer improved

techniques and facilities for expressing that skill and knowledge. Such a
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system would amount to a truly interactive use of computer technology that
allows the very different capabilities of the computer and the human mind
to interact to the full. The alternative, 'technocentric' approach, to
this is "to sub-divide and codify the existing design process incorporating
the knowledge of the existing designers so as to reduce it to a segquence of
simple choices” (Rosenbrock, 1977). The 'anthropocentric' approach
therefore places the human in control of the system, whereas the.
'technocentric' approacht reverses this and leaves the human subordinate to

the system.

The third key choice point in systems design concerns the
informational characteristics of the human-machine interface. The
invisibility of many soitware functions in complex production systems means
that the operators must rely heavily on information and data :zhat is
transmitted or generated by computer in order to structure their work
behaviour. Software which only presents machine-specific information to
an operator in the event of system malfunction, for instance, will not
enable the operator to see the overall consequences of his or her actions
for overall system performance. Restricting information in this matter
inevitably restricts operator control as one can never fully control a

system without understanding it.

The interaction b2tween human and computer may thus be viewed as a
social interaction between operator and designer, in which the designer
predefines the situation through the type and scope of the information
given to the operator. Because of this, the designer has a further means
to restrict or enhance operators' control of a production system. One has
only to recall Milgram's (1974) dictum: "Control the manner in which a man
interprets the world, and you have gone a long way toward controlling his

behaviour".

An operator will cnly be able to generate successful new strategies to
control disturbances if s/he has an adequate knowledge of the production
system functioning during the production process. Bainbridge (1983)
points out two problems this creates for 'machine-minding' operators. Ona
is that effective retrieval of knowledge from long-term memory depends on
frequency of use. The other is that this type of knowledge develops only
through use and feedback about its effectiveness. Theoretical knowledge
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of a production system is not enough - even relatively simple 'unskilled'
production work requires the vital input and use of operators' tacit
knowled¢e and skills (Kusterer, 1978).

The relationship between the three key design choice points discussed
above and the design of shopflcor werk may be summarised as in the table
below. This table compares 'technocentric' and ‘anthropocentric’
approaches to the design of New Production technology. This table
illustrates that the design of an 'anthropocentric' human-machine interface

involves both software and hardware considerations.

DESIGN CHOICE : TECHNOCENTRIC : ANTHROPOCENTRIC
" POINT : DESIGN : DESTIGN

Allocation of : Humans do that which can : Machines do that which is

functions : not be automated. : routine and uncreative.
: Choice determined by . Choice determined by
: analysis of human- :  analysis of human-
: machine comparability. : machine complementarity.
+ Rigid allocation of - Flexible allocation of
: functions. functions.

‘e

Control

.

Computer in control of : Human in control of machine

characteristics

ve

machines through the use : through the use of varied

of human-machine : of formalised programmed : repertoire of skilled

interface : actions and strategies. : actions and strategies.

: Human limited to : Computer limited to

: monitoring and error : decision support functions,

recovery tasks. : such as simulation of

: : alternative strategies.
Informational : Information exchange : Information exchange
characieristics : restricted by design. : maximised by design.
of humin-machine : Predominance of VDU as : Tacit knowledge and skills
interface : medium of interaction. : a fundamental aspect of

: :  interaction.
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3. Strategic Options for Research and Development

Given the technical and social advantages of 'anthropocentric' New
Production- Systems technology, there are now two main areas of R & D that
need to be addressed. I'irstly, there is a growing need for these
advantages to be communicated to engineering designers, production
engineers and organisational decision-makers. Although the intransigent
conservatism of many of these job holders is, undoubtedly, one factor which
has contributed to the present failure of such a communication,
organisational and occupaticnal scientists themselves must shoulder some of
the blame.

At present in the UK, and other European countries, there is little
social science research taking place into the human and social aspects of
New Production System technology. This is probably due to three inter-
related factors, namely a shortage of funding for social science research
generally, the lack of recognition amongst social scientists of its

importance, and a shortage of skills in this area.

Within individual conpanies, the picture is scarcely any better.
Many engineers are loath to adopt more organisational and psychological
views in their work, especially when these extend to areas which are
difficult to quantify. At the same time, other professional groups, such
as line managers, general managers and personnel/industrial relations
specialists, are reluctant to adopt a more proactive role in the design,
development and implementation of technology, preferring to leave these
issues to the technical specialists. Similarly, eventual users and their
representatives rarely put. these items high on their agendas, perhaps
because their interest in new technology is dominated by whether or not it

affects their job security and job prospects.

The second area of R & D that needs to be addressed is the need for
the ‘anthropometric' perspective to snift from its theoretical and
philosophical critigue of current practice, towards a more practical and
proactive role in technological progress. One of the most productive ways
of making this shift may be through the design, development and

implementation of alternative ‘anthropocentric' technology in the 'real
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world' of manufacturing. Through the implementation of exemplary
'anthropocentric' systems, the benefits of such technology can be
demonstrated to all.

Such a shift will not be made without difficulties, and there is
therefore an urgent need for research and development into the process of
designing these alternative systems. Rhetoric needs to be backed up by

constructive example.

Proactive Research and Development Work

This method of working involves the explicit consideration of the
human aspects of New Production technology from the beginning of design.
Whilst work scientists have had very little involvement in work of this
kind, some notable efforts have been made in some areas and virtually none

in others. Some examples are offered below.

Collaborative Design Methods

Overall research intc designing ‘'anthropocentric' New Production
Systems is on a minute scale compared to the amount of research being
carried out on their 'technocentric' counterparts. There are, however,
notable attempts to develop collaborative design methods, which need to be
developed and extended. [Recommendation 5.11.

A pioneering example is the UTOPIA project which was based at the
Swedish Centre for the Quality of Working Life in Stockholm (Ehn, Kyng and
Sundblad, 1982). UTOPIA is an acronym in the Scandinavian languages for
Training, Technology and Products from the Quality of Work Perspective.
This project involved the design of powerful computer-based tools for
skilled graphic workers in the newspaper industry, and utilised a radical
new approach to the design process. This approach was essentially
experimental and involved experienced end-users, i.e. skilled graphic
workers, in the design process. The emphasis was on 'designing by doing'

using mock-ups and rapid prototyping.
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In the U.K., the best known example of this kind of proactive R & D
work is that based at the Uriversity of Manchester Institute of Science and
Technology (UMIST) under the leadership of Rosenbrock (1983). This
project. involved the development of a flexible manufacturing system in
which operators are not subordinate to machine, although in practice much
of the work focused on developing human-centred software for a CNC lathe.
This wcrk is now being extended by funding from ESPRIT to incorporate the
wider iield of Computer Integrated Manufacturing systems. As in the
UTOPIA oroject, the research team undertaking this work comprised work and
social scientists collaborating with computer scientists, skilled workers

and en¢ineers.

Experiences within these projects suggest that social scientists
should not concentrate solely on the drawing up of human-centred work
design criteria in the hope that engineers can and will use them in the way
that is desired. Design is not merely the application and trading-off of
design criteria: intuition and aesthetic considerations play an important
role ir the design process. Accordingly, the use of scenarios, rapid
prototyping and design mock-ups may prove particularly useful in
counteracting the dominant. technology-centred approach to engineering

design.

Control System Design

The field of human faccors engineering (ergonomics) potentially has a
major input to make to 'anthropocentric' control system design, but, at the
present time, the predominant emphasis in ergonomics research has been at
the informational level of systems design (the third key design choice
point identified in the previous section). The output from such work is
‘user friendly' software and it is rare that the more fundamental control
aspects of the human-machinz interface are studied. It is also unlikely
that such research will be funded from the normal human factors funding
bodies. Hence R & D work on the control aspects of human-machine
interaction, such as the direct manipulation of New Production System

machinery, has progressed little since the pioneering work on Record-
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Playback machine tools cortrol systems and analogic part programming

techniques at the M.I.T.

R & D work on the desijyn of control system technology is important
because, although CNC machine tools generally have some provision for
shopfloor part programming eénd editing, the development of DNC is liable to
push these functions back to the office (as they were with NC).  This push
will receive further impetus; as CAD solid modelling techniques are refined
and developed. [Recommendzaition 5.21.

Information System Design

The highly integrated systems architectures associated with FMS and
CIM technologies necessitate research effort in the area of distributive
information networks as well as decentralised control systems (q.v. chapter
by Gunter Iay). We have alieady stressed the impact of system complexity
on the design of shopfloor work, and it seems likely that a
decentralisation of information and control will be a crucial element in
the usability and flexibilitv of New Production Systems.

The UMIST project illustrates how information that has traditionally
been kept in the hands of the production department may be presented to
shopfloor personnel via terminals located at the machines in a way that is
compatible with traditional machining skills and decision making. In this
example, the emphasis was on information concerning the determination of
cutting parameters and sequences, but there seems to be no reason why this
principle should not be extexded to include information on overall system
performance, targets, scheduling priorities, tool path geometry and so
forth. [Recommendation 5.3].

The development of expert systems and artificial intelligence
techniques is another crucial element in the design of future production
‘systems. The announcement from Japan of the Fifth Generation initiative
created a response in Eurcpe based on the perceived need to compete, rather
than a critical evaluation of whether such technology was suitable for
European needs. Certainly, in the manufacturing arena, much of Japan's

New Production Systems technology is designed to incorporate human
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machining skills because of the chronic shortage of skilled craftsmen.
Europe, on the other hand, has a wealth of craft experience and expertise
to tap. It makes sound economic sense for technology to be developed in
Europe which allows this important human resource to be expressed and not
displaced.

Design of human-machine dialogue structures

The continuing trend in 'technocentric' design towards the
centralisation of programming activities means that very little research
and development effort has b:en concentrated on the design of human-machine
dialogue structures for shopfloor programming and decision-making. Many
such designs impose a fixed sequence of actions and strategies on the user
which may be inappropriate: to cater for actual, rather than normative,

production demands.

Work on direct object manipulation and on user—definable macros offers
encouraging signs that flerible and reliable dialogue structures can be
designed which allow skilled machinists to follow their own preferred

methods and sequence of working. [Recommendation 5.4].

References

Bainbridge, L. (1983). Iroiies of autamation. Automatica, 19,775-779.
Braverman, H. (1974). Lakbor and Monopoly Capital. WNew York: Monthly

Review Press.

Corbett, J. M. (1985). Prospective work design of a human-centred CNC
lathe. Behaviour and [nformation Technology, 4, 201-214.

Ehn, P., Kyng, M. & Sundblad, Y. (1982). The UTOPIA Project. In Briefs,
Ciborra and Schneider (Eds.), System design with, for, and by the
users. Amsterdam: North Holland.

Karasek, R. A. (1979). Job demands, job decision latitude and mental

strain: Implications for job design. Administrative Science
Quarterly, 24, 285-308.

Rusterer, K. (1978). Know-how on the job: The important working knowledge
of unskilled workers. London: MacMillan.

\' .
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and !IS”FMQNFHEN
Vocational Training



Littler, C. (1983). A history of new technology. In G. Winch (Ed.),
Information technology in manufacturing processes.London: Rossendale.
Milgram, S. (1974). Obedience to Authority. London: Tavistock.

Rasmussen, J. (1979). Notes on System Design Criteria. mimeo. RISO:
Danish Atomic Energy Cammission.

Rosenbrock, H. H. (1977). The future of control. Autamatica, 13.

Rosenbrock, H. H. (1983). Social and engineering design of an FMS. In
E. A. Warman (Ed.), CAPE '83, Part one. Amsterdam: North-Holland.

5 7
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and !?FMUNFHEN
Vocational Training i e ot P



174

; ) . 5 5
Schul@z-Wlld (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 1SFMUNCHEN
Vocational Training Vil i SesidmineruehilliEne Fosdning €



- 175-

PART 3

RE (OMIENDATIONS

Schultz-Wild (1987): Transformation Conditions of F : i ati : ) i
Vooational Training uture Factory Structures: Technology, Organization, Education and !%EMQMN"CHEN



176

RECOMMENDATIONS P. Brodner: Recommendations for Human Centred Options
in Computer Integrated Manufacturing

LEVEL. ONE: OPTIONS FOR CIM

1. Profoundly changed market requirements due to the shift from steady
expansion to tendencial stagnation have a strong impact on production
processes. While adapting them, the specific conditions, strengths
and weaknesses of the European industrial structures must be con-
sidered. They indicate that future manuf cturing technology, work
organization and skill profiles have to be . eveloped according to the
requirements of "flexible specialization" or "diversified quality
production", where Europe appears %to be superior. Instead of merely
imitating Japaneie production systems, it is a question of survival
for the Buropean industry to develop its owr. manufacturing technology

suited to its specific conditions and needs.

2. In order to make productive use of human skills and to efficiently
organize production along the 1lines of "flexible specialization",
group technology principles -~ i.e. grouping parts in families,
grouping machinery and personnel for complete manufacture or design
of these families, integrating design, planning and controlling tasks
with operating - have to be applied to the shop floor and the techni-
cal office. In this context integrated computer assistance has to be
implemented in a new way, however. Instead of concreting and incor-
porating almost all knowledge and the sequences of work as far as pos-
sible in the computer system, in this case the computer serves as a
general, actual and consistent information system also performing
'routine operations, leaving the planning of working actions %o the‘

workers’ and designers’ skills.
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3. Work design -~ i.e. the determination of the division of labour, of
the allocation of functions between human and machine and of the
modes of human-machine interaction - has to be done in such a way,
that in the working situation a wide margin of action is being pre-
served leaving initiative, evaluation and decisions up to the worker,
and that his work comprehends planning and executing tasks. So that
in this situation the computer can be used as a tool, its functions
and its behaviour have to be completely transparent. Particularly,
its reactions have to be self explaining and adapted to the actual
working situation. In interaction it is extremely important that the
worker can perceive the connection between his own intention or

action and the effects it produces.

Accordingly, an appropriate user surface of the technical equipment
is needed. The human-machine interaction therefore has to be designed
in a way that it is

- transparent anl gself explaining
(by use of dirzact object manipulation),

- adjustable to different degrees of user’s experience
(presenting floxible dialogue procedures),

- reliable (following the principle
"yhat you see :.s what you have got").

4. There are manifo..d resistances against change resulting from the hard-
ware and softwar: installed, the social system with its positions and
privileges, the industrial relations, and the prevailing ideology.
Therefore, the transition to new production systems can only be
achieved, if, fi~st, the traditional thinking that the replacement of
humans by machines be the only improvement of production is sur-
ﬁounted by thorough analysis and assessment of alternative production
coﬁcepts, and if, second, a strategic plan for the transition com-
prising the development of work organization, sgkill profiles and tech-
nology 1is worked’ out, bargained between and agreed upon by all

interest groups affected.
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M. Corbett

Recomendations for R & D Action in Human-Machine Interface Design

5. Research into alternative design methods involving the incorporation
of human and social fractors right from the beginning of design, and
not only at the implementation stage (as at present). Meclanisms
whereby end~users and their representative bodies can collaborate
with design engineers require particular study. Such mechanisms may
include the use of scenarios, design 'mock-ups', rapid prototyping

and 'brainstorming'.

6. R & D work on the construction of technological control systems which
enable the user to us= his or her skills and allow them to develop.
These skills include both manual and decision-making components.
Ways in which software may be used to support human decision-making,
through the utilisation of simulation and fast feedback, merit

particular attention.

7. Research into the design of information displays and interactive
graphics which enable skilled craftspersons to see and understand the
workings of the overall system. The should be interactive, and part
of a lateral (as opposed to hierarchical) information network to

maximise shopfloor intervention and involvement.

8. Research into the design and use of human-computer/human-machine
dialogue structures which do not impose a fixed, sequential method of
data exchange between human and computer/machine, but allow the user
to follow his or her own methods of working. Work on direct object
manipulation and usar-definable macros appears to be the most

promising approach to this problem.
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G. Lay

Recommendations

10.

1.

13.
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The architecture of the computer system in CI should mot be a mainframe
ooncept. Decentralized computers linked in a .ocal area network bring a
lot of advantages for the people working with the system. Some of these
are the possibility of tailor the decentralizod computers exactly to the
needs of the different users, the shorter times of computer reaction, the

independence from central computer maintenance: staff, etc.

The data base in CIM concepts that is created, administrated, distributed
and used by different departments in the firm: should have only one for—
mat. If this is not the case, there is the necessity for processing the
data structures so that the data created in one department can be used in
another. Such processirg hinders commanication in CIM. By processing of
data structures the technical concept often creates one-way connections
between the CIM components. That means the people working with the CIM
components in the individual departments have closer limitations for de-

cision making.

The different components of CIM, that is the software modules for differ-
ent tasks in CIM, should have a commn 'human interface". The structure
of commands, the dialogues, the reactions of the system and so on should
be standardized. Holist:.c job structures often request that the ewployees
use nmore than one CIM component. Thus differences in the software dia-

logues hinder such structures of job design.

The software architecture in CIM is to be formed so that decentralized
decision—making is suppcrted. Decisions aided py CIM should be made in
the workplace where the effects resulting out of the decision can be
judged best. Realizing that principle, it is possible to adjust compe-
tence and responsibility.

The work organizat.ion ir: CIM and therefore the CIM architecture, too, 1is
to be formed in such a vay that individual qualifications of the em—
ployees can further be tsed in the same departments. Task shifting by CIM
architecture from one de partment with qualified people to do these tasks
to another departieent stould be avoided. Otherwise, this would lead to

dequalification.
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14. -~ In structuring the CIM data base an attempt should not be made to collect
and centralize all information of a plant in one big memory. In contrary,
it is to be assured that from the single CIM workstation only that part
of the information which is actually needed by others to do their work is
handed to the higher level in CIM architecture. The benefit of such a
tree—like ooncept is dual: the amount of data that is to be kept in cen-
tral menories remains in a form that can be handled. Besides, the indivi-

dual employee on his CIM workstation is not kept under permanent control.

15. - The possibilities of CIM should be used to create holistic job structu-
res. Within the framework of integrated systems adequate competence
structures are best to be established by regrouping the departments in
vertical organization. For each product or group of products in a firm
the people working in design, planning and production should be linked

closer together.

16. - More than in the past CMM offers the possibility to support the so-called

concept of design, planning and production islands.

17. - Training programs are necessary to give the employees transparence of in-
formation processing in CIM. Only this transparence enables workforce to

fully use the scope they have in decision-making.

18. - CIM concepts should have a form in which the decision-making by humans is
supported, not the automated. This means, for example, that CIM systems
offer simalations of the consequences of different decision alternatives

to aid the decision-maker.

19. In the following fields the present software supply of CIM components

hinders the realization of human CIM structures:

- Common data structures, especially between CAD-systems and for example

material requirements pianning systems, are not available.

- Common "human interfaces", i.e. "man-machine dialogue", etc., have rot
yet been developed for the CIM components. Even within one CIM component
there is a broad variety of dialogues which different vendors offer.
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- Certain interfaces for data exchange which would allow to realize alter-
native forms of CIM are not available. The vendors partly offer software

solutions for CIM concepts which are interconnected with specific organi-
zational solutions.
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F. Manske
Recommendations

20. The development of framework planning requires research

Computer aided PPC-Systems are necessary for general planning of
deadline and capacity over longer periods. In the meantime a number
of things have happened in this field, but the problems have by no
means. all been solved. Here further research appears absolutely
essential., It should and must be oriented on the specific problems
of small-batch production and those of small firms.

The reason for this orientation on the specific problems of smaller
firms and of small-batch production lies in the fact that many of
the well known systems (total planning systems) are either not at
all or only partially suited to aid planning and steering of the
production processes in firms with individual or small-batch produc-
tion.

21. Shop floor planning within the frame of centrally controlled
order pools

Workers should be regarded as actors in the PPC-system at their
workplace. They should be given (or retain) the right to complete
the "final detailed planning" over a set period of time, which
should be at least one day and preferably two.

This so-called shop floor planning is compatible with the workers

- being given urgent ord:rs, by the production steering department,
which need to be given priority in processing following aggree-
ment, and

- Dbeing given directions concerning priority or suquence by the

firm as a request.

The final right of disposition must however - for priority or se-
quence directions - remain with the worker.

It is important to bear in mind that this form of shop floor plan-
ning (with worker as actors of the PPC~System) is in the first place a
question of organisation and not of PPC hard-core software.

But there are some developments of PPC-systems which use the "tacit
knowledge" of the foremen and the workers by leaving to them de-
cisions about the sequence of work within limited periods of time.
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- These systems are intended to make information available in oirder
to support decisions by the users (for instance by showing guick-
ly and unambiguously on the terminal the consequences of postpo-
ning a task).

~ The decision and planning responsibility remains with the users,
e.g. foremen and/or workers: algorithms are no more included in
the system which "automatically" provide a decision.

These new systems make high demends on the creation of software
ergonomy, amongst other things because they should be only sporadi-
cally used in addition to their "actual"” tasks by the users.

22. "Lenient"controls as a compromise in data collection and proces-
sing in firm

The coupling of personal data and productivity data should be ex-
cluded. The individual registration of the beginning and end of c:ach
task should be replaced by the registration of finished packages of
tasks. That means: Datails are in general not automatically collected
via terminals but ar e reported by the workcr at the end of the shift.
Such relatively loose controls are sufficient for the completion of
orders on time and also for cost-accounting.

23. Production islands as a concept for shop floor planning

The idea of (autonomous) production islands goes far beyond the sug-
gestions presented up till now. It has been considered as a model
for a far-reaching self-organisation of work in industrial produc-
tion (and assembly).

In our opinion this concept is particularly applicable to small
firms in the engineering branch, where it is not so much a matter
Tas it is in larger firms) of undertaking a reorganisation of pro-
duction means from the aspect of technological groups. In small
firms the whole mechanical production (and the assembly), with per-
haps 10 to 20 workers, can basically be regarded as an "island"
(Manske 1986 b). (1)

24. The economic advantages of framework planning

In the pointsa. - b. indications were given both for the research as well
as for organisation of PPC-~use in a factory. The question remains
of the economic efficiency of the concept framework planning for
the use and the further development of PPC - and not least as an
important example for the human centered use and development of
computer-aided technologies.

1) when dealing with research and development it should be taken far more into
consideration than vp till now that the greater number of firms in industry
(at least in the FRG) are small firms with less hierarchical structures than
large firms. It is rowever the major firms which to a great extent decisi-
vely influence the software development (for instance in the PPC field).
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In chapter 3 arguments were presented for the economic superiority
of framework planning over total planning. A recent case study in
an engineering factory has again shown concretely the deficits of
total planning in mechanical engineering. The author, the head of
the planning department of that factory, arrives at the conclusion
that framework planning is to be economically preferred to total
planning. This is of course no final prove of the superiority of
framework planning - but regarded in connection with the increase
in support for framework planning it goes some way towards showing
that the human centerd path is the right one (cif. Pabst 1985).
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Recommendations

25.

26.

2r7.

28.
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In order to realize the concept of human centred technology the
need for user’s consent must be considered. For that reason two
types of technological development and design should enjoy privile-
ged support ir terms of financial aid by national and EEC authori-

ties:

pre-decision-type, that means the development and design of
technology (including steering systems, lata and information
management and software in particular) which provides the
full range of options in the use of technology, leaving the fi-
nal decision on utilization with respect to work organization,
qualificational structure and skill levels to the users;

post-decision-type, that means the development and design of
technology in accordance with a specific user’s conception of
utilization based upon consent among different user groups.

Advantages and disadvantages of each Lype should be investigated

in the course of appropriate experiments.

Recognizing the functlional relationship between user’s consent and
human centred use of technology development and design of new
technology should be organized as a social process. it is recommen-
ded that user groups first of all shpuld determine the kingl of work
organization (including horizontal and vertical task definitions) qua-
lificational structure and skill levels prior to the design of techno-
logy. From theses determinations the key criteria for the develop-

ment and design of technology should derived from.

User groups should consist of different status groups (shop floor
workers, technical staff etc.), members of the industrial relations
system. External expert should give support on both levels concep-

tual and design work.

Research and development should consider different types of user
systems with respect to industrial branches, firm's structures and
sizes. In particular, experiments should exemplify ways of realization
of human centred technologies under conditions of small and medium

sized enterprises.
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B. Haywood, J. Bessant

RECOMMENDATI INS.

29. The above analysis opens up a range of research questions and

issues. First 1s the need for much more documentatior of the

range of choice available under particular circumstances and the

costs/benefits assoyciated with each. This might highiight, tor

example, the kind »f point made by Ingersoll

Engineers (35),

which suggests that low risk, low cost changes in production

methods, such as g -oup technology or JIT, can bring significant

benefits more rapidly and reliably than high risk technological

investments like FM3 or CAD/CAM. For smaller

this may

represent a more viable option than full scale technology based

factory renewal. Alternatively, some large manufacturers believe

"the only way we v11ll beat the Japanese is with technology",

justifying extersive and sophisticated

investments in

technology. We wculd refer them to the statement of Konosuke

Matsushita quoted earlier, and to problematic

major technology investments such as General

project.

30. A second, related point, concerns the strategy
may be on the basis of "islands of automation"

change or dguantuas leaps 1n technology or

experiences with

Motors Saturn

for change. This
or organisational

simultaneous

organisation and :echnology change - or even a no technology

approach. Options .nd consequences need to

examined nmnore

thoroughly. Here touo some indication of practical experience 1in

incremental strateg es would be valuable information to collate

Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and
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and organise. This could also be achieved through the type of
simulation exercises conducted by the U.Ks National Economic
Development Office (36) project which suggested how each level

of investment couli be used to fund the next.

31. Third is the need to identify and describe the different kinds
of integration raquired. This should clarify the issues and to
set them in the :ontext of different firm size and sector. For
example, we have listed above some 'of the areas such as
functional 1iitegration, though we should discover which
functions will be affected most . In the field of work
organisation design, traditional Tayloristic approaches may be
less than appropriate for integrated tasks and the skills
required in the fa:tory of the future. In particular, there 1is
considerable discussion around the options for devolving power
and autonomy back to the shop floor - by using skilled labour as

a key integrative interface (37).

32. Fourth, analysis and research needs to be developed in several
other areas; for example, a consequence of traditional patterns
of organisation has been the need for long vertical hierarchies
in the firm but this is likely to be challenged by integrated
technologies. Similarly, traditional linkages between suppliers
and users have f>cussed on price negotiation, yet evidence 1s
growing of the neel for radically changing this pattern. Lastly,
in the field of fuactional integration, which areas/functions
are particularly affected and how (eg, in links between design

and manufacturing, or accounting and marketing).
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Finally, although there is growinj evidence in the literature
about the problems posed by integrat:d technologies and the need
for organisational adaptation, there 1s relatively little we
know about how to make those changes. Input might include
education and trzgining, job desigr: or full scale organisation
development interventions. What may be needed is not so much the
development of tctally new methodslogies, but adapting and
transferring those already proven :n other areas, such as,

socio-technical systems design.
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Burkart Sellin 12 January 1987
CEDEFOP

New Manufacturing Systems:

Implications for Initial and Continuig Training

Although it is not yet possible to fo ecast the contours
of future manufacturing systems insof: r as these will be
influenced by various factors, our pr:sent-day knowledge
already suffices to make a number of ecommendations
regarding the development of initial . nd continuing voca-
tional training. Of course, it will i.e necessary to take
account of the situation prevailing i:: each Member State
concerned: some Membar States are alrcady in a very
favourable position for adjusting to i1.ew developments on
the strength of their existing trainirg potential; others
will have to address themselves to torally revising their
vocational training »olicy if they iniend to continue to

play a major role in this field.

33. Provision for retraining or contint ing training
schemes for existing personnel and for the training or
induction of new »ersonnel should (ommence prior to
the introduction >f new manufactur ng systems or at

the latest with tAheir installation.

This calls for a stock-taking of tle existing or
available trainingj potential and tle definition of the
ideal situation for the new manufac turing system in
the light of the :ype of work orgarization envisaged.
Although manufactirers can assume 1esponsibility for
providing some of the induction or continuing train-
ing, the major part has to be covered by the company
itself or by inte--company, group training centres.

Without a compreh:nsive training effort, it is seldom

Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and
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possible to expleoit to the full th: possibilities
offered by moderr manufacturing sy ;tems: sensitivity
and downtimes are likely to increa:e, thereby cutting
down productivity. A number of fi ms have already
gone bankrupt as a result of the concomitant low
return on their capital investment others have relied

unduly on the marufacturers of suc: new systems.

34. The skilled manpcwer directly enga-:ed in the manufac-
turing process -~ turners, millers, planers - are
trained to work ¢s experts in meta -cutting techniques
who can master tle full range of m chanical, elec-
tronic, hydraulic and sensorimotor techniques involv-
ed. In addition to carrying out s .raightforward ser-
vicing operations, they should be .:ble to cope with
maintenance work and also repair tie system in the
event of breakdown. These abilitics are particularly
necessary where the programming wo 'k is particularly
customized. Under certain circums .ances, however,
such skilled work can acquire a ne:; dimension of
autonomy, quite different from the conventional con-

cepts of piccework or hourly wage systems.

35. More intensive efforts should be made to train unskil-
led and semi-skilled workers to be‘:ome skilled workers
of the modern type, this presuppos .ng new forms of
combined in-compény and external continuing training.
New forms of alternance training linking in-company
work experience v ith theory instru.:tion outside the
company and lead:ng to recognized ualifications
should also be developed for older workers. Temporary
release for educ:tétion and training purposes is of
increasing advantage to both the company and the indi-
vidual insofar a: hitherto unused <—reativity and
learning potenti:ls can be harnessd for revitalizing

production end work organization ad the workforce can
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be actively involved in shaping this process with a
view tc upgrading their own working conditions. Col-
lective bargaining and cofporate agreements should pay
increasing attention to such training components in

future.

36. A change is taking place in the corporate hierarchical
structure of the core workforce in industry. There is
a possibility here that the gap between the highest
and lowest levels will be narrowed and that the number
of intermediate levels will decline: the skilled work-
er will become his own shop-floor foreman, he will
move away from manual, operative tasks and be more of
a techn1c1an with monitoring and programmlng duties
who organizes the manual operation of the plant and
machinery. Initial vocational training has hardly
taken account of this development; it still makes a
rigid distinction between manual and operative train-
ing on the one hand and more advanced training re-

guiring greater individual initiative on the other.

37. As initial vocational training systems oriented to-
wards providing a training to last a lifetime are
increasingly losing ground in the race with techno-
logical advance, the continuing training field is
currently experiencing a renaissance which is finding
expression in both the "training campaigns" and new
training initiatives launched by governmental insti-
tutions and also in the increasing effort being in-
vested in this field by private agencies and com-
panies. Initial and continuing vocational training is
once again edging closer to the corporate sphere, but
this time without necessarily being company-specific
in the conventional manner. On the contrary, it is
becoming ever broader and ever more comprehensive, but

at the same time remaining in line with company needs
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in order to raise skilled workforce loyalty to cor-
porate goals. To some extent, European firms are
being influenced by the Japanese model, for in-company
continuing training has long served in Japan as an
important instrument in keeping the workforce with the
firm and at the same time utilizing previously wasting

potential.

The Taylorist/Forl process whereby skilled work has
been broken down into a large number of strictly
delineated sub-occupations could find itself not only
stopped but even switched into reverse by the new

1) However, it would be mis-

manufacturing systems.
guided to believe that this would render specializa-
tion superflucus, as conly by means of specialization
and consolidated know-how is it possible to create the
necessary sensitivity for high-quality work and to
apply the coirespconding skills to other situations,
fields of mainufacturing and activities: a tool-maker
is able to acjust more rapidly to timber or plastics
p;ocessing than an industrial fitter who has no train-
ing in the basic techniques of cutting, forging and
moulding. A graduated approach to training providing
for basic occupational/technical training, skilled

training and specialization will therefore remain an

important corsideration.

1. This trend dces not necessarily preclude the emergence
of new, perheps even more rigid forms of labour
division witl use being made of the greater control

possibilities offered by modern manufacturing systems.
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40.

None of the highly developed industrial societies will
be able to a ford to allow up to 50% or even more of
their young generation to enter working life without a
skilled training. Training as a skilled worker or
skilled employee to level 2 of the training structure
proposed by =the EC Commission as a reference framework
{see Council Decision of July 1985), appears to be a
minimum requirement for anyone striving for - or hav-

ing to strive for - stable employment.

At the same :ime, corporate needs for continuing
training and the continuing training demand forthcom-
ing from bot1 the employed and the unemployed will
call for the establishment and consolidation of a
fcurth field of government-controlled and government-
organized edication provision alongside the existing
primary, secondary and tertiary fields, i.e. continu-
irg training provision, if the many demands placed on

ccntinuing training today are to be met satisfactori-

ly.
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