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Preface

Two major changes have characterised science in the twenticth
century. Firstly, there has been its extremely rapid growth.
Indeed most of the scientists who have ever lived are alive
today. Secondly-—and central to the theme of this book—
science is no longer mainly an academic activity carried on in
universities. Industry will soon be the largest single employer
of scientists.

Such changes have generated a series of problems and given
rise to much anxiety. There is growing concern lest the bureau-
cratisation of science shall threaten creativity. A substantial
literature in America argues that scientists in industry experience
particular strains and conflicts, centring round the limitations
on their autonomy and restrictions on publication. And,
during the period of the rescarches reported in this study,
there has been a growing concern about the failure of industry
to recruit the ‘best’ graduates, and the need to modify university
courses to bring them closer to the needs of industry. It is such
issues that this book is about.

We found less evidence of strain and conflict among indus-
trial scientists than we had been led to expect. But this we
discovered was partly explained by the kinds of scientists
recruited. Indeed, a major contribution of this study is an
attempt to distinguish between types of scientist; between
academics on the one hand dedicated to the advancement of
knowledge, and ‘organisational’ scientists on the other hand,
who are more likely to find rewarding the application of
science in the development of new products. It is the academic
scientist who experiences most strains and conflicts in industry,
but industry recruits relatively fewer of these, and is, in any
case, more likely to employ them on basic research.

But if industry recruits relatively fewer of the academic
scientists, it also recruits few of the most ‘able’. However, we
would put much less emphasis, than many recent reports, on
the influence of the universities in producing ‘academics’
who, when the time comes to look for a job, find industry
uncongenial. Our evidence indicates that it may be because
academic research is seen to be more attractive than industry
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to the good honours graduate, that some undergraduates
become academics. It is identification with a future occupation,
and not the injection of academic values, which is the key. In
short, just as the medical student becomes a doctor at medical
school, so the scientist who is attracted to university research
is more likely to become an academic. The crucial problem is,
how can industry be made more attractive as a career for
scientists? And we would argue that this will involve more
than a public relations job.

If we found less evidence of strain among industrial scientists
than we expected, we did find considerable evidence to suggest
that industry is failing to use the skills and capacities of many of
its scientists to the full—a major factor in the failure of industry
to attract the best graduates. Moreover, we found considerable
differences between laboratories. Some have succeeded in
accommodating scientists in such a way that they are well
satisfied. Others, partly because of the kinds of scientists they
have recruited, but partly, too, because of their managerial
policies, may well be failing to do their best not only for their
scientists but also for themselves.

This book is written in the hope that it will make a construc-
tive contribution to the problems of relating the two worlds of
science and industry. But it is also offered as a contribution to
sociology. The more technical aspects, however, have been
dealt with in extended chapter-end notes and appendices.
Thus, after a preliminary chapter, which places the problem in
the broad context of the growth of science and its increasing
application to industry and growing bureaucratisation, Chapter
2 explores more deeply the nature of science as a social system,
the meaning of science to the scientist, and the different types
of scientist and his relation to the values of science. Chapters 3
and 4 examine the making of a scientist and throw new light on
the sociology of occupational socialisation and selection.
Chapters 5, 6 and 7 explore the interactions between individuals
and organisation in the industrial research setting. Chapters 5
and 6 investigate the career problems of scientists in industrial
research, including problems of role strain and conflict. Chapter
7 probes the relative significance of individual and organisational
variables in role performance, as measured by the productive-
ness of scientists.
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The book is the joint effort of the authors, but Chapters 3
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Chapter 1

Science and Industry

Between 80 and 90 per cent of all scientists who have ever
lived are alive today. And nearly 90 per cent of the current
stock of scientific knowledge has been discovered within the
last fifty years. Indeed, ever since the cighteenth century, the
number of scientists, of publications and of abstracting journals
have been doubling every ten to fifteen years.!

Size alone will inevitably raise problems. And there are a
number of ways in which Big Science is likely to differ from
Little Science.? The publications explosion and the growing
problem of communication is an obvious example. One man
can monitor only a small fraction of the 30,000 journals. Indeed,
it is estimated that the half-life of papers in physics in the usa,
is now about two and a half years.

THE CHANGING ROLES OF SCIENTISTS

But it is not with the problems of size with which we are mainly
concerned here. The growth of Big Science has been accom-
panied by changes in the sources of scientific patronage.
Consequently, there have been major changes in the roles
which scientists perform. Science is no longer mainly an
academic activity. Particularly since the first World War,
governments and industry have become the big employers.
Industry will soon be the main single employer of scientists.
Already in the United Kingdom 28 per cent of all scientists are
employed in industry,® and about 70 per cent of all chemists
engaged in research and development work are to be found in
industrial laboratories. And it is this increasing industrial
application, and the resulting growing demand for scientists
to work in industry, which is generating a series of problems
and difficulties. Such problems stem in part from the essential
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differences between universities and university science, and
industrial science. The objectives of universities and industry
are basically different. The universities are concerned with the
advancement and dissemination of knowledge. It is not sur-
prising, therefore, that those who work in university science
attach the greatest importance to free inquiry and to the
disinterested pursuit of knowledge, regardless of any possible
practical application. By contrast, industry is interested in
scientific knowledge only in so far as it can be applied to the
development of new or improved products.

CAREERS: ACADEMIC VERSUS INDUSTRIAL

It is hardly surprising then, that, when industry comes to
employ science graduates fresh from university, there are
complaints about their lack of awareness of industry’s needs—
they are not cost-conscious; are preoccupied with academic
scientific solutions rather than practical ones, and lack a sense
of urgency. More recently, there has been growing anxiety over
the reluctance of the majority of the most highly qualified
graduates to choose a career in industry. The report of the
Swann Committee* drew attention to the fact that 79 per cent
of the “firsts’ in chemistry went on to research or further aca-
demic study. For all disciplines, above average proportions of
all “firsts’ and ‘upper seconds’ are found in universities, and a
below average proportion of scientists (nof technologists)
with good honours degrees choose industry.® Subsequently,
a high proportion (40 per cent) of those with higher degrees
in chemistry gain employment in higher education and research,
compared with 18 per cent in industry, although the propor-
tions recruited to industry in other science subjects are higher.®

Now, one point of very considerable significance to which the
Swann Report drew attention is the fact that 52 per cent of
those who achieved ‘“firsts’ or ‘upper seconds’ had not made up
their minds about their future jobs on entering university,
while 13 per cent were aiming at a university career. But
before taking finals, 47 per cent had already decided on a
university career, while the proportions making other choices
had remained roughly constant. The inference drawn by the
Swann Committee is that these findings ‘confirm our views on
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the importance of the role of education in influencing patterns
of employment’. But the problem is clearly complex, There
are other factors at work besides the influence of education.
Both good honours and pass degree students are exposed to
the infiuence of education. And although the Swann Report
shows marked differences in the characteristics of jobs as seen
by scientists in the various sectors, this information by itself
is not sufficient to explain the reasons for choice. For example,
79 per cent of scientists in universities, compared with 21
per cent in industry, saw their jobs as providing opportunities
for intellectual development.? But this does not tell us how
important it is to such scientists to enjoy such opportunities,
and therefore how much such factors influenced their choice of
job. In short, as Swann recognises, we need more information
on the motivations of scientists. As the report emphasises, we
know little about the complex process of occupational choice
at this level, and it is to an exploration of this process that we
turn in Chapters 3 and 4.

But anxieties about present trends are not confined to those
who are alarmed about the reluctance of able graduates to
enter industry, and the unsuitability of undergraduate courses
for future industrial employment. There are others who are
equally alarmed about the possible implications for science
of the increasing employment of scientists in large scale
organisations.

THE BUREAUCRATISATION OF SCIENCE

From Weber onwards, many leading sociologists have looked
on the growth and proliferation of bureaucracies with despair
and disenchantment, some writers even attributing all the
‘ills’ of modern civilisation to the increased size and scope of
organisations. The resulting increase in the division of labour,
epitomised in work on the assembly-line, results in the growing
alienation of man, expressed in such terms as powerlessness,
meaninglessness, isolation and self-estrangement®. Thus man
is prevented from realising his full potentialities through
self-actualisation in work.® Moreover, outside work, man has
been increasingly separated from membership in voluntary
associations and communities, and is left isolated and
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unprotected against manipulation in the atomised world of ‘mass
society’.’® Nor are these dominant themes confined to some
sociological writers—they can also be readily seen as influential
lines of thought in the visual arts, particularly films and theatre,
and also in literature, notably the ‘existentialist’ novel of
western Europe.

The bureaucratisation of science, it is argued, 1s now facing
scientists with threats to their autonomy, to loss of control
over the goals and methods of research, and loss of control
over the products of their intellectual activity, and with a
consequent loss of meaning in their daily lives. In short,
those who have been among the most autonomous, whose
lives have been among the most meaningful and have provided
the greatest opportunities for self-actualisation, these too are
threatened with alienation—with separation from control
over the processes and products of their work.?

Much of the earlier discussion of this theme has centred
around the assertion that there are potential tensions and
conflicts wherever professionals are employed in bureaucratic-
ally-structured organisations.’? Any organisation is faced with
the basic problem of allocating specific areas of activity to
individuals and of co-ordinating the activities of large numbers
in the pursuit of the goals of the organisation. This involves,
above all, a chain of command, the exercise of control by
some individuals over others, a hierarchy of authority. And if
we forget any perjorative overtones which may be attached to
the terms ‘bureaucracy’, this is essentially what any organisa-
tion of individuals requires—the allocation of roles and their
co-ordination through a set of rules governing spheres of
competence and procedures.

Now whatever ambiguities'® there may be attached to the
concept of a professional, there is general agreement that a
professional has acquired knowledge and skills through a
lengthy training, and in this sense is an expert in his field. It
was natural, therefore, for the earlier writers on this problem
to ftreat scientists as professionals.’* The essential conflict
between professionals and organisations centres around the
distinction between professional and bureaucratic authority.
The authority of the administrator flows from his position in the
hierarchy. But the authority of the professional rests on his
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expertise. Employment in an organisation therefore, represents
a potential threat to the autonomy of the professional to exer-
cise his expertise, subject only to the judgement of his peers
who are alone competent to assess his performance.

These generalisations can be illustrated from a fairly ex-
tensive literature, dating at least from Drucker’s*® observations
in 1952, that industrial corporations need to make considerable
changes in their traditional structures if they are to utilise the
recent expansion in professionals employed in industry. More
specifically, he argued that the administrative criteria for
promotion could not be applied to professionals whose orienta-
tion was towards others with technical competence; that
recognition by the organisation was not adequate for pro-
fessionals who particularly sought extra-organisational pro-
fessional recognition; that company goals and professional
goals would often clash; that personnel practices were not
applicable to professionals; and finally, that industry was
particularly prone to under-employ professional capacities
either because management had no proper grasp of scientists’
potential contributions, or because management merely
employed scientists for window-display purposes.’®

Moore and Renck,'” after examining work dissatisfactions
experienced by 587 scientists and engineers, came to the
conclusion that ‘it can be stated categorically . . . that the
chronic dissatisfaction of professional employees emerges out
of a fundamental conflict which exists between the expectations
and values of professional employees and the opportunities
which they need to realise their ambitions in the industrial
setting’. Furthermore, a ‘number of complaints . . . suggest
that the “chain of command” which typifies industrial organ-
isations may be a source of considerable tension in the engineer-
ing departments and research laboratories. Any job-oriented
person seeks recognition for himself . . . for the merit of his
work’.

As a further example of the professional versus non-profes~
sional conflict Burns and Stalker,'? suggested that scientists,
compared with other longer established employees, claimed
more recognition, higher status, more control, and more
independence of the authority of management. These claims
were partially responsible for the political and status struggle

5
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between departments, since they were seen by non-professionals
as threats to existing social relationships and authority hier-
archies. The resultant struggles prevented the electronics
firms in this study from adopting an ‘organic’ organisational
structure which the authors considered more suitable for firms
needing to innovate.

Orth'® too, when discussing the optimum climate for in-
dustrial research, reveals the same theoretical assumptions.
‘Professional training in itself, whether it be in medicine,
chemistry, or engineering, appears to predispose those
who go through it to unhappiness or rebellion when faced
with the administrative process as it exists in most
organisations. Scientists and engineers cannot or will not . . .
operate at the peak of their creative potential in an atmo-
sphere that puts pressure on them to conform to organisa-
tional requirements which they do not understand or believe
necessary.’

The most comprehensive synthesis of the relevant (mainly
American) studies was undertaken by Kornhauser,2® who
summarised the conflicts between science, as a system of
professional values, and industry, with its emphasis on eco-
nomic and administrative values, into four main groups.
Firstly, there are conflicts over goals. Scientists, Kornhauser
argues, want to work as near to fundamental research as
possible, to make a significant contribution to science, or at
least work on the frontiers of it. Industrial management, on the
other hand, wants scientists to concentrate only on those
problems where results would be of benefit to the company.
Where scientists are allowed to pursue other more fundamental
research, their security is always precarious and project termina-
tion is endemic, often without adequate consultation. This
leads to a second area of conflict: control over the work situa-
tion. Kornhauser argues that professional scientists seek to
maximise their control in terms of ‘how’, ‘where’ and ‘when’ to
tackle a project. Industrial management, however, prefer
organised research teams working against a time-schedule,
and wish to determine at any time which project shall be
given priority. Thirdly, Kornhauser suggests there are conflicts
over incentives. Professional scientists prefer rewards related
to their professional needs—more autonomy, ‘free-time’,
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equipment, freedom to attend scientific conferences, etc.—
rather than traditional organisational rewards such as pro-
motion to management, albeit research management. Lastly,
there is a conflict centred around the responsibility for the
utilisation of the scientists’ ‘products’. The professional feels
some ethical responsibility for his knowledge, and the use to
which it is put; management considers this is their domain, and
that the decision should be mainly determined by commercial
considerations.

CONFLICT OR ACCOMMODATION ?

Two main lines of solution have been suggested. Some writers
have argued that the initial conflict can be at least moderated
by modifications in the attitudes of the professional scientist;
by a measure of re-socialisation, or by changes in the education
of undergraduates. Abrahamson®' suggests that the initial
conflict between professionals and administrators centres
around the different expectations each has about the appro-
priate level of autonomy a researcher should be granted. The
new entrant, fresh from graduate school or university typically
wants too much autonomy; research administrators are typic-
ally prepared to give too little. However, over time, research
management becomes prepared to grant more research freedom
to the scientist, who indicates his ability to be responsible,
in management terms, without tight supervision. In addition,
the scientist usually comes to desire less research freedom than
he did previously, because he comes to realise that in an
industrial setting, his earlier aspirations were not realistic.
Thus, by this gradual mutual shift in position, a satisfactory
accommodation between professional and employer is forged.

Whyte,?? in his polemic against the anti-individualism of the
modern corporation, sees the process rather as one of the
deliberate company indoctrination of ‘eccentric’ scientists,
through an emphasis on team planning, group research, har-
monious inter-personal relations, and insistence on company
loyalty. Marcson,?® described the practice of a large electronics
company which sent scouts to universities a full year before
graduates’ studies were programmed to be completed. These
scouts attempted to select scientists with interests in projects
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that higher management had already decided to have investi-
gated. Once employed, the scientist’s research aspirations were
continuously redefined by supervisors, using the criteria of
what was technically and personally feasible, and what was
financially supportable. Soon the recruit, through this ‘cooling-
out’®** process, comes to accept the definition of the situation
as established by higher management. This process of ‘accultura-
lisation’ thus reduces some of the strain of the new recruit with
research interests not completely fitted to the requirements of
the company. It was such company strategies that Whyte
referred to as ‘Indoctrination’.

The second main line of argument has been to suggest that
the distinctive needs of the scientist should be recognised, and
various means adopted to accommodate him into industrial
organisation. For example, Shepard®® has argued that those
companies which employ numbers of scientists in more basic
and applied research, should develop a dual system of status
hierarchies, with loose formal and informal links between the
research sections and higher management via research directors
and group leaders. In this way, scientific control over research
work could be increased. However, the evidence from America
is that this strategy is not widely pursued, and even where it is,
higher research management are often selected simply because
they reflect the firm’s definition of research.?® Laporte®? found in
his study of an aerospace industrial complex, that accommoda-
tion between scientists and managers was arrived at by a
process of structural separation of scientists, managers and
administrators. Thus, the research laboratories were able to
establish some degree of functional autonomy.?® This led to a
reduction of accounting and administrative routines that were
only suitable for production and not research. By such struc-
tural rearrangements, the research staff became more integrated.

Kaplan,?® in a study of scientific productivity, argued that
laboratories will tend to be more effective the more they
satisfy five requisite conditions. Firstly, by showing enthusiasm
for new ideas and by being receptive to innovation. Secondly,
be removing the typically high level of pressure on employees
that characterises other types of production. Thirdly, by
tolerating ‘odd-balls’, researchers who do not fit in with the
strictness of organisational conformity. Fourthly, by giving
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researchers more freedom to choose problems and by allowing
them to change research direction. Lastly, by devising suitable
professional incentives and rewards, such as more freedom to
attend scientific meetings, both nationally, and internation-
ally.30

Kornhauser summarises the position by suggesting that
both the need for ‘structural autonomy’, which, he argues,
characterises the professional groups of scientists, and the
need for ‘functional integration’ which the overall organisation
requires, can only be resolved by mutual accommodations.
Each should recognise their mutual interdependence—the
scientists rely on the organisation for resources; the organisa-
tion relies on scientists for innovations. This reciprocity
should be the foundation on which better understanding is
built. Thus he suggests industry should allow more basic
research in return for more developmental effort; research
concerns should be controlled by colleagues although hier-
archically co-ordinated; industry should provide scientific
career ladders as an option to the normal administrative career
ladder. Whilst these accommodations tend to favour scientists,
the latter should not press for an extension of responsibilities
over the utilisation of their intellectual products, since this
would not allow for an establishment of some measure of ‘func-
tional autonomy’. But, uniess they establish a degree of
structural separation from production, they will be unable to
untangle themselves, and their research, from the commercial-
nexus.

SCIENTISTS, PROFESSIONALS OR ORGANISATION MEN?

Now a major weakness in the argument so far is the assumption
that all men with a BSc or PhD are ‘scientists’, in the sense that
they are dedicated to the pursuit of scientific knowledge, and
need an environment which allows their creativity to blossom.
Both the impressions of those who have anything to do with
scientists, and a growing volume of research, concur in sup-
porting the view that this is too simple a picture.?! The case
rests in part on a methodological weakness. We cannot infer
motives and values from behaviour. The fact that an individual
acts the role of a scientist does not by itself tell us what are his
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values and motivations.?? Yet it is this kind of assumption
which underlies much of the argument about the bureaucratisa-
tion of science, and the conflicts between science and industry.

If then, as both experience and the literature suggest, the
term ‘scientist’ embraces a rather heterogeneous group of
individuals, only some of whom are dedicated to the pursuit
of knowledge, what are their characteristics—their needs,
values, motivations, aspirations? What, in short, are the
meanings which science can have for different individuals?
What leads some to careers in industry? And what are the
specific rewards, strains, frustrations, for different kinds of
scientist in the range of industrial roles, from fairly fundamental
basic research to quality control, trouble-shooting, or technical
roles?

In short, fo penetrate the complexity of such issues, we need
a clearer picture of the nature both of science and of scientists,
and of the roles which scientists play. Only then can we explore
compatibilities, strains, conflicts, and the wider implications
of the growth of industrial science. And it is to such issues that
we turn in the remainder of this study.

THE RESEARCH PROJECT

In order to obtain empirical evidence on such problems, two
main surveys were carried out.®® Firstly, we interviewed a
number of research scientists and administrators in nine
industrial research laboratories. Our criterion for selection was
simply that they were qualified chemists, and employed in an
R and D department. We chose chemists because they con-
stituted the largest single group employed in industry and we
kept to one discipline because we wanted to control for as
many variables as possible. Our findings relate therefore, specific-
ally to graduates in chemistry. In addition to the interviews,
we contacted 2 much larger number by postal questionnaire
and followed these up by a further series of intensive inter-
views, 3

The second main project®® reported here was a postal
questionnaire survey of undergraduate and postgraduate
students in chemistry at three universities. The object of this
part of the inquiry was to try to penetrate more deeply into an
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understanding of the factors which led individuals to choose to
study science, why some become more committed to science
than others, and why some choose a career in industry and
others in the universities. This part of the research is reported
mainly in Chapters 3 and 4.

(= T -
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