SIMON FRASER UNIVERSITY
Department of Political Science, Sociology & Anthropologyv

M. A. THESIS - AUGUST 1966

THE RECRUITMENT OF SCIENTISTS: A CASE STUDY IN CANADA

G v 5. mukay 1966



CONTENTS

Introduction

Chapter 1. The Growth of Modern Science....................
Chapter 2. University Science.............. e e e e
Chapter 3. The Scientist in Industry & Government.......f..
Chapter 4. The Recruitment of Scientists...................
Chapter 5. Outline of the Simon Fraser University Sfudy....
Chapter 6. Findings of the Simon Fraser University Study...
Chapter 7. The Recruitment of Scientists in Cénadafi..f....

Appendix = ......... e e PSS




' THE RECRUITMENT OF SCIENTISTS: A CASE STUDY IN CANADA

one might ask, where is science going, and how much of it
do we want? At the present time in some highly industrialized
countries about half of one per cent of the population are
engineers or scientists. Of course, most of them are not
engaged in research, but about a quarter of them are. The
rate of expansion of research is about twice that of G.N.P.
or a little more. Research is not only expanding but the
rate of expansion is also increasing. Obviously this cannot
go on forever. At the present rate, in a century or two
everyone will be engaged in research and no one will be left
to provide food, clothing or services. Some time we must
level off, but when? Certainly not for a few decades yet,
because the increase in technological innovation is expanding
production rapidly.

How many scientists do we need? The popular outcry
sometimes suggests that the number is unlimited, but obviously
a slow-down will come, though not for some time yet.

- E.W.R, Steacie: Management Conference, Queen's
University, June 16, 1959,

In a research organization a few people make all the
difference. If 5 per cent of the staff of a research
laboratory are really first-rate, with imagination and initia-
tive, all is well. Without this 5 per cent very little that
is worthwhile will emerge from the laboratory. If we are
going to expand, these-are the essential people. This is
where the shortage will develop.

The problem is to develop people of this type: to
get behind them when they appear and give them the opportunity
to develop themselves. In both Britain and the U.S. the
source of supply of such people is from the universities. The
problem is how to hold more people of this type in the univer-
sities where they will help out the training of research
students, and themselves develop the experience and ability to
direct research

E,W.R. Steacie: Canadian Industries Limited,
Beloeil, October 22, 1954.



lIntroductiQn:

This thesis is concérned with certain social aspects
of natural science1 in bresedt déy Canada. It is possible to
view science as a.body of knowledge and to examine it independ-
,ently‘bf its social origihs. Many histories of science do
exadtly this. On the‘other hand, theré has been a growing'
awareness in recent years‘that scientific knowledge does,nof
acqumulate automatically as anvinevitable cohsequence of ratioﬁal
thought bﬁt.depénds upon specific kinds of social organization.
Thus in this study the body of existing scientific knowledge is
regarded as but one aspect of the organization of groupsvof
scientists. Furthermore, scientific groups are but one element.
in the total social structure and are themselves conditioned by,
for example, the character of economic and political institutions.
I shall not be directly concerned here with how or to what extent
the structure of human groups can influence scientific fact or i =
theory. However, there is implicit in the present study of scien-’
tific organization the assumption that the character and even more
the rate of growth of scientific knowledge is intimately related\
to the social organization of science. As a result, any conclu-=
sions which emerge will have implications with respect to the
‘future development of scientific knowledge and technology, and
perhaps indirectly to the direction and speed of general social

development.

1 Natural science is taken to include physics, chemistry and
biology, but not psychology or such social sciences as
economics, sociology, etc.
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One of the major aims of this thesis is to indicate
how the organization of Scién%ific groups has differed and still
does differ from that of other social groups. However, it is
possible to think about social groups at varying levels of
abstraction and I will begin by putting forward certain categor-
ies which can be used to study any group at any time. These are
as follows:

1) Role structure, including internal power and

prestige hierarchies.

2) Values and major goals.

3) Mechanisms of social control.

4) Systems of internal and external communication;

5) Processes of recruitment. |
Although these headings will provide the basic framework for
the analysis offered here the primary focus of the study will be
upon the process whereby individuals are recruited into scienti-
fic groups. As a consequence, no attempt will be made to provide

a comprehensive account of the current organization of science in

Canada or the United States. Instead, stress will be laid upon
those features of social structure which are thought to be impor-
tant aspects of the recruitment process. For example, in those
chapters dealing with university science and science within
industry and government, much more attention will be paid to group
values than to mechanisms of social control. The reasons under-
lying this emphasis upon "'scientific'" values will be clarified in

the chapter on occupational recruitment.



It would doubtless be possible to conceptualize
the social aspects of Science‘within any one society as a
single complicated network, For nmy present purposes, however,
it will prove more fruitful to conceive of science as composed
of three distinct role-complexes each within a separate
institutional framework. Thus we have university science,
government science, and industrial science, ‘I shall adopt this
approach in part because past research has shown that scientific
roles, values, goals, etc. tend to vary as between these three
ingtitutional orders and in part because I will be stressing the
process of recruitment. Recruitment of scientific personnel can
be seen as taking place at the point of entry to the sphere of vn
university science. Virtually all sciehtists are eduqated ét a
university. Some remain within the university and fulfill their
major scientific roles as academics. These individuals can be
regarded as having been permanently recruited into university
science. Howéver, the great majority of scientists are only
temporary residents within the educational milieu and move out
of the university into employment within industry and government,
Thus there are further processes of recruitment into these
fields. Although in this study I shall be mainly concerned with
the initial entry of undergraduates into university science,
some consideration will also be given to the nature of commit-
ment to university science and the character of departure into
industry and government. For these reasons it appears prefer-
able to make some distinction at the outset between science as
found in the university and as organized in industry and

government .
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It is not intended to imply that the sole useful.way'of

splitting up the social orgaﬂization of science is as above.
Shepardl, for example, writes of the 'social system of pure'#Qinmoo
science'; a conception which is almost but not quité synonymous
with that of university sciernce. He suggests that it is only pos=
sible to distinguish between 'pure; and 'applied' science by
reference to the values and general social system from which

the two categories of scientific activity arise. In'cohtrast,
Hirsch has argued that the distinction between pure and applied
science is of little utility,’at least When considering the
relations between science and political authority. vTheoretical

as well as applied science, he suggeéts, can be used iﬁstrumén—
tally to meet non-scientific needs; e.g., Lysenkoism in thé
U.S.S.R. Thus Hirschz'distinguishes between instrumental and
non-instrumental science, claiming that the basic distinction

to be drawn is in terms of the social organization involved rather
than the nature of the scientific knowledge. It might have been
fruitful, therefore, to have made some such nbtion the basis of

my approach had there not been two imporfant drawbacks. Firstly,
there has been little or no research couched in these terms; and
more crucially it would have directed interest away from a con-
ception of interlocking groups certain of which are dependent

upon others for replacement of personnel. Insofar as we stress

the recruitment process it is useful to view university science

1 H. Shepard: Basic Research and the Social System of Pure
Science: 1in Philosophy of Science 23 (1956) .

2 W. Hirsch: The Autonomy of Science in Totalitarian Societies:
in Social Forces 40 (1961).
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as linked to the high school and the family on the one hand,

and industry and government on the other. It is in the
university that the prospective scientist. experiences his first
prblonged contact with a social group structured primarily
around science. Although the student has already been selected
and moulded in high school, largely through‘the actions of the
science teacher, it is within the university that he is first
exposed to persons playing predominantly the role of 'scientist'
(researcher), rather than that of 'teacher', emphasizing the
values characteristic of science with a stress unprecedented in
the wider society, endorsing"scientific' methods of social
control and using characteristic channels of communication.
Later in this study we shall examine an empirical investigation
of this crucial point of entry into the social ethos of univer-
sity science. Clearly it is of theoretical and practical
importance to know what kinds of individuals enter the sub-~
culture of science in preference to other sub-cﬁltures.and

also what factors lead these persons to make this particular
choice. The process of recruitment is theoretically significant
bécause it is a feature of all social groups. It is of great.
practical consequence currently because certain difficulties are
being experienced in expanding science as quickly as industrial

growth seems to require. -

At this point, before starting upon the actual
analysis, the reader will probably find helpful a brief outline
of the structure of this study. Chapter I presents a short

account of the stages of development of modern science; viz,
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amateur science, academic science, professional science.

It attempts to provide, not just a historical background, but
also an acccunt of some of the mechanisms involved in scienti-
fic growth and their bearing upon the recruitment proéessﬂ
Chapters II and III are concerned with describing more fully
certain aspects of current scientific organization in North
America with particular reference to the professionalization
of science. In Chapter IV there follows an account of some of
the major studies of the recruitment of Séientists. Chapters
V and VI present the findings of a study undertaken at Simon
Fraser University, British Columbia with regard to the

factors invoived in entry into university science. Finally,
in Chapter VII, there is a general, though necessarily
tentative account of the process of recruitment into pro-
fessional science which attempts to integrate the findings

of the S.F.U. study with the other available material,
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Chapter I: The Growth of Modern Science

The main theme of any history of modern science
must be the fact of continuous change énd development.
Change has beenvcharacteristic not only of the extension of
scientific thought but also of the social Qrganization of
scientific activity. In this chapter I shall exémine certain
aspects of the changes which have occurred in social organizae
tion. I shall begin by reviewing some of the statistics relevant

to the growth of modern science.

If we measure the direction and rate of growthbin
terms of any crude indéx of size e.g. numbers of scientists;
numbers of new recruits, numbers of journals,‘articles, neﬁ
journals etc., several interesting characteristics reVeal
themselves: |

1. Growth is exponential i.e. the greater the
size, the faster the rate of growth.

2. The rate of increase is very rapid. Depending
upon which indek is measured and how, the
doubling period varies from ten to fifteen
years,

3. The normal exponential curve applies with more
than usual accuracy to diverse kinds of data and
over long periods of time. |

4. These accelerating growth rates are not a

recent phenomenon but appear to have been
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characteristic of modern science at all times. '’

Statistical information undoubtedly becomes less
and less reliable as we consider earlier periods.
However, we can be certain of the exponential |
pattern of growih during the twentieth'century,
fairly certzin of the preceding centﬁry and what
studies have been made of fhe eighteenth century
confirm the pattern. ‘Furthermofe, if we extra-
polate the long term exponential backwards in
time we find that its point of.geﬁesis lies in
the mid-seventeenth century; and this is exactly
the period during Which historians ofvscience
such as Butterfield, have placed the birth of a

new type of modern science.

These general characteristics of thastatistiés of
scientific growth can be exemplified in several ways. Iv
shall concentrate here upon numbers of scientists rather than
papers published, jourhais established, or growth of science-
based industries etc. The reasons for choosing to stress the

growth of scientific personnel are obvious. Firstly, there is

/

i
1 D.J. de Solla Price: Little Science Qig Science.

2 Gerald Holton: Models for Understanding the Growth and
Excellence of Science in Excellence and Leadership in a
Democracy etc. Graubard & Holton.

3 H. Butterfield: The Origins of Modern Science.
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the fact that the major focus of this study is on manpower
recruitment. Secondly, all éther criteria of growth will be
directly related to the number of active scientists. Price1
estimates that the number of scientists in the United

States has increased in the following way.

Table 1.  Increase in Numbers of
Scientists in the U.,S.

Year Number of Scientists
1800 - 1,000

1850 10,000

1900 100,000

1950 one million

In the mid-seventeenth century there were S0 few men of
science that they could easily be named and known by one
man; but now in the U.S. there is a population in the order
of one million with scientific and technical degreés. Fur-
thermore, every doubling of the world population since the
rise of modern science has produced at least three doublings
of the number of scientists. Thus scientific growth rates
‘have not been a simple result of population increase. Nor
.qan they be explained as but one aspect of the growth of
‘professions in general. Ben-David2 provides coﬁparative

figures of the growth of professions which demonstrate this

1 D. J. de Solla Price: op, cit.

2 J. Ben-David: Professions in the Class System of Present-
Day Societies in Current Sociology Vol. XII, no. 3, 1963-4.
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point. As a criterion of professional development he uses
enrolment in and graduation from universities; and on the
basis of the statistics of higher education he distinguishes
three educational systems, viz. the European, that of the
United States, and that of the U.S.S.R. In Europe there has
been traditionally a great emphasis upon the professions of
ﬁedicine and law, and until the Second World‘War these
faculties dominated university study. However, the combined
percentage of university students in law and medicine dropped
to less than thirty-five percent of total professional enrol -
ment in all European countries after 1945. At the same time
the university enrolment in science and techhology increased
considerably. Thus science>has tended to absorb an increaéing
proportion of an expanding population of universitj students.
Some of the relevant figures for France and the U.K. are
reproduced below.1

Table 2. ’Student'Enrolmenf by Selected University
‘ Faculties in France and the U.K,.

-

France
Year Medicine Law - Science and Technology
1932 32.,3% 29 .6% 19.4%
1958 18.2% 16.5% 35.1%

U.K, ’ v
Year .. Medicine Arts Science Technology
1930-1 21.2% 52.8% 16.8% . 9.2%

1956-7 17.4% 43.1% 22.2% 17.3%

The development of professions in the U.S. during the first

1 Ibid
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half of this century has differed from that in Europe in two
important ways. Firstly, the rate of growth has been much
'faster. And secondly, there has been a great proliferation
of small "miscellaneous'" professions. However, with respect
to the transfer from traditional professions to science and
technoilogy, developments in America have mirrored those in
Europe. Whereas the fields of medicine, 1aw,.and the human-
ities have declined proportionately, sciénce and technology
have held their own in a university enrolment which has ex-
panded much more rapidly than that of Europe.

Table 3. Per Cent of Bachelor's and First Professional:

Degrees Awarded to Students in U.S. in 1
Selected Specialized Fields

Year Science & Engineering Arts Law Commerce
1901 16.6% 25.3% 11.2% 0.2%
1931-5 18.4% 16.1% 6.1% 6.9%
1951-3 19.4% 12.0% 3.7% 14.4%

The situation in tlie:Soviet Union has differed from that in
bofh Eﬁrope and the U.S, There the main emphasis has been
upon science as a major element in planned economic growth.
Consequently by 1955-6 fifty-seven percent of university

students studied the natural sciences,.

We have seen that in all industrial societies the

rate of scientificvgrowth is very rapid. This fact has

1 Ben-David, op. cit.
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become particularly noticeable in recent years but rapid
growth has actually been a permanent characteristic of modern
~science. We have also seen that the growth of science out-
strips that of populaticn and that there is a strong tendency
for science to recruit an increasing proportion of professicuzls.
However, in this study the main area of concern is Canada.
Thus the question remains: Does Canada conform to the general
pattern? 1In fact it does. During the period 1931-1951, when
the total civilian labour force increased by twenty-six percent
and professions by fifty-one percent, most occupations connected
with science grew by over one hundred percent. For example,
employment in mining and chemical engineering increased by two
hundred and eight percent, and employment of chemists and
1

metallurgists by one hundred and fifty-eight percent. It is
impossible to refer to figures more precise than this for
Canada in relation to the comparative growth of professions.
However, a quotation from the conclusions drawn by the Royal
Commission on Canada's Economic Prospects on the basis of a
whole range of statistics similar to those adduced above will
demonstrate the point equally well.

" Since the early 1900's, Canada, in evolving from a

predominantly agricultural country to one based on

the exploitation of many primary raw materials and

on growing manufacturing and service industries, has

required increasing numbers of scientists and engin-

eers per unit of the economy's output. In addition,

economic progress depends to a growing extent on the

application of new scientific knowledge to production

processes, The impact that advancing technology and

a dynamic economy can have on a country's require-

ments for scientists and engineers is well illustrated

by developments in the United States. Between 1930

and 1954, the number of scientists and engineers in

the U.S. increased by 226%, while the population as
a whole increased by only 32%." 2

1l Skilled and Professional Manpower in Canada, 1945-1965
Department of Labour.
2 Ibid.
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Despite the fast growth of science in Canada, scientists stiil
constitute only a small occuﬁational grouping. In 1961 the
Register of Scientific and Technical Personnel listed 82,000
scientists and engineers of which perhaps one-quarter were
‘natural scientists.% This compares with a total number of
professionals in Canada at that time of around 600,000.2 In
contrast to the U.S. Canada is a scientificaily underdeveloped
society. But Price3 has suggested that the later scientific
growth takes place the faster it tends to proceed. If this
holds true for Canada we would expect to find that the expan-

sion of Canadian science during the next few decades will be

very rapid indeed.

The statistics presented so far have impligations
which can only be dealt with here in a summary fashion:

1. Science as a body of knowledge and as a social pheno-
menon has grown cumulatively larger during the last 300 years.
2. This kind of growth is probably not found in Pre-

Modern science,

3. At least since Spencer and Durkheim, growth in size

of social organization has been seen by soc¢iologists as associa-

ted with changes in structure and especially with increases in
complexity and specialization of social role.

4, Since scientifiéﬂgrowth patterns have remained rela-
tively constant over long periods of time and despite radical

changes in the social organization of science and the social

1 Professional Manpower Builetin No. 10, Dept. of Labour.

2 Changes in the Occupational Composition of the Labour Force
N.H, Meltz, '

3 op. cit.
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milieu, we can expect to find that the basic dynamic lies
in some fundamental aspect of scientific knowledge and
innovation.

5. One major aspect of science is that of a body of
knowiedge which has been expanding cumulatively and which
has necessitated increased Specialization. We can expect
therefore that scientists will face a perennial problem of
communicating and absorbing new information. Many changes =9
in the social organization of science may be directly related

to this communications problem.

I have so far described in crude terms certain
measurable aspects of scientific growth and pointed out some
implications with respect to changes in organization, complex-
ity and communications. The next step is to describe, in
simplified qualitative form, the nature of those secial devel ~
opments which have accompanied scientific expansion. It seems
to me that we can discern three fairly distinct Stages of
scientific development in Western Europe and North America,
which we might call amateur science, academic science, and
professional science. I shall outline here only'the main fea-

tures of these stages.

Amateur Science:

Amateur science emerged during the seventeenth
century when educated men began to gather together to discuss
the new natﬁral philosophy. These men could hardly be called
'scientists' for their major social roles lay‘outside the
sphere of science. At this stage of development even the

leading thinkers such as Newton relied upon some other aetivity
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for economic maintenance. Men indulged in science as a

source of intellectual and social satisfaction. Furthermore,

there was no need for specialization because the quantity of

scientific knowledge could be easily absorbed by an intelli.

gent man in a short space of time. Main social features of

amateur science:

a)

b)

c)

d)

The amateur scientists were not isolated scholars but

were organized in groups of scientific enthusiasts, e.g.

The Royal Society.

There was a new stress on communication of knowledge

within and between groups.

Scientific knowledge was not a source of recognition or

prestige within the wider society.

Amateur scientists tended to emphasise specific values:

(1)
(ii)

(iii)

(iv)

(v)

Rationality: reliance upon reason.

Empiricism: stress on observation and experiment
as a méthod of verification and of obtaining new

knowledge through sense experience.

Universalism: the source of and claims for truth
are to be subjected to pre-established impersonal
criteria of validity.

Organized scepticism: with respect to authority

and tradition.

Individualismn: reliancé on the judgment of the

individual scientist, rather than on political or
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(v) ... religious tests’of scientific truth.
e) These groups of scientific amateurs were composed of
professionals and men of leisure who, in their scientific
activities, were satisfying intellectual but not economic
needs. At this stage of scientific growth recruitment into
science was relatively simple. To begin with, very few
persons were involved. Secondly, practically nobody
depended upon science for a living, Thus science fecruited
from among those of independent means, the few individuals

who had an intellectual affinity for natural philosophy.

Academic Science:

In Western Europe this amateur organization of
science lasted throughout virtually the whole of the eighteenth
century. Towards the close of that century science began to
establish itself within the university and this development
accelerated rapidly during the nineteenth century. In France,
which was perhaps the leading scientific nation during the
first decades of the nineteenfh century, scientists(within the

university long retaineéd their 'amateur', unspecialized status.

1 G. DeGre: Science as a Social Institution.

2 R.K, Merton: "Science & Democratic Social Strueture" in
Social Theory and Social Structure. '

3. The question of the cultural values of science will be
discussed more fully in Chapter II,



" The academic career changed very little
in France through the nineteenth century.
Appointments were made from an undifferentiated
group of practitioners - amateur scientists -
and usually at a fairly advanced age. - Even
academically successful persons did not become
full-time scientists before they reached their
forties or fifties, and since the chair to be
vacated was not known they had to maintain as
broad interests and activities as possible.

The large majority of the scientists had
independent means or a lucrative profession
(very often medical practice, even in sciences
not connected with medicine), and pursued their
scientific interest in their free time, often
at:a considerable personal cost. This idealistic
pattern seemed to fit perfectly that sacred pursuit
of truth which was science. Academic appointments
therefore were regarded as honors rather than
careers, and turning science into an occupation 1
would have seemed something like a sacrilege."

However, in Germany, which gradually became the model for tﬁe
organization of science in Western Europe and the U.S.A., this
situation did not apply. Because the German system of higher
education was relatively decentralized, unlike that in France,
no single institution was able to lay down standards or general
policies in relation to the organization of science. Conse-
quently,‘scientists were able to exert pressure upon competing
university administrations with the aim of eliminating tradi-
tions which were perceived as retarding scientific development.

More specifically, this pressure resulted in three main

innovations:
(i) Creation of regular academic careers for scientists.
(ii) Recognition of specialized disciplines.

(iii) Spread of contemporary research facilities.

1 J. Ben—David:' 'Scientific Productivity and Academic Organi-
zation in Nineteenth Century Medicine' in Sociology of
Science eds. B. Barber and W. Hirsch.
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As countries such as the U.S.A. and the U.X,
became aware of Germany's expénding scientific productivity,

science in the Western World tended to be organized along the

lines of the German model and to become entrenched within the
universities. At the same time during most of the last
century, any close relationship betWeen science and industry
was not conceived.

"

Before 1900, most professional scientists
were teachers in Universities, technical insti-
tutes and trade or secondary schools. Relatively
few were employed in industry, with the major 1
exceptions of the dyestuffs and electrical fields."
This stage in the growth of modern science differs,
then, from that of amateur science and can be characterized as
follows:
a) The university is the centre of scientific activity.

b) A distinct role emerges for the scientist. It has two

major aspects viz. - research and teaching.

c) The rapid extension of scientific knowledge virtually
eliminates the non-specialist as a contributor of the:first
1 rank,
d) Specialization increases at an exponential rate within
science as a whole and within most sub-divisions of science.
e) " Choices of scientific work were largely an individual
" matter and wefe neither coordinated at the level of the
university nor at the national level. The system was

largely self-starting, self-maintaining, and self-regulating

1 J. Beer and W, Lewis: ‘'Aspects of the Professionalization
of Science' in Daedalus, Fall 1963, Vol. 92 No. 4.
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e) ... = to a degree unparalled in almost any other
institution in society.""'1

f) The complex of scientific values and the scientist&s
relatively low prestige within society at large
probably remained much the same as in the earlier period.

g) We have: no direct evidence available on the recruitﬁent
of scientists into the academic science of the last
century. Nevertheless it is clear that scientists, as
they increased in number, muSt,have been drawn from a
wider spectrum of social groups. Furthermore, as scien-
tific activity became an occupation rather than a pastime,
the whole motivat}on of prospective scientists must have
changed. Increasing scientific specialization demanded
prolonged training and consequently a gfeater investment

of time, effort and foregone opportunities.

Professional Science:

This second stage of scientific development has
sometimes been described as 'laissez faire'. Certainly there
was sufficient autonomy, individuaiism and independence from
the rest of society to justify the use of this term. However,
during the last quarter of the nineteenth and the early years
of the present century there emerged firstly a growing inter-
dependence between science and industry, and subsequently
between science and government. The extent of this change can

be seen if we compare the occupational distribution of

1 N, Kaplan: 'The Western European Scientific Establishment
in Transition' in American Behavioral Scientist, December 1962.
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scientists as described above by Beer and Lewis with the
distribution in Canada in 1962 viz.

a) Government employment - 48%

b) Industrial employment - 38%

¢) Universities and colleges - 14%.

Clearly this has implications for the nature of the
social organization of science. Whereas academic scientistsb
operated as autonomous guardians of knowledge concerned with
self-justifying research, scientists now work within the con-
fines of large scale bureaucracies which channel their research
towards fulfillmenf of the goals of the bureaucracy. At the
same time, structural changes have evolved in response to the
probyem created by an exponential growth of literature and by =
continuous need to specialize more narrowly. These structural
changes have produced a network of informal, highiy specialized
groups within which information is passed on through personal
contacts rather than through the impersonal medium of publication.
Furthermore, the mature scientists of whom these groups are com-
posed tend to circulate around the major scientific research
institutes financially supported on the whole by public funds
and utilizing research equipment which is similarly financed.
This aspect of professional science is important because it
points to perhaps its fundamental characteristic namely, the
intimate associatipn of science and government. The close -
relationship between science and'government arises partly from
the need for centrsal control over the major source of technolo-

gical innovation (in the interests of national security as well
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as economic growth), pa@ﬁly from the inordinate cost of contem-
porary research and development, and partly from thé need to
supply financial rewards sufficient to make science an attrac-

tive career for the best talents.

Main social'featureSva;professional science:

é) Professional science is much larger and more specialized
than either amateur or academic science.

b) There is an increasing bureaucratization of the scientific
milieu and greater streés upon the instrumental value of
science,

c) Thus control over research is seldom vested in the indivi-
dual nor is research of an unplanned laissez faire chaiaeterc

d) Government plays an increasing role in the direction of
scientific activity while at the samevtime scientists are
more active in the formulation of government policy.

e) Science is recognized as a major resource in relation to
economic growth.

f) Large scale science can no longer rely on those few indivi-
duals able to derive a peculiar intellectual and emotional
satisfaction from more or less isolated intellectuél
activity.1 Large scale science requires large.écale
recruitment and consequently the kind of rewards which can
attract a relatively large proporfion cf those with high
level intellects. There can~be no doubt that these rewards

have been forthcoming in most industrial societies.

1 Anne Roe:  The Making of a Scientist.
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g) The peculiar values of scientists have been modified in
the direction of greater conformity with the values of

professional groups generally within Western culture.

So far I have described tentatively and in outline
form three stages through which the social organization of
science has passed in the Western World. An attempt has been
made to substantiate the claim that over time the major interanal
development within science has been that of a cumulatively in-
creasing complexity and specialization. At certain levels of
specialization the existing form of organization becomes insuf.
ficient to generate further productive thought. The amateur
generalists have to give way to more specialized academics
operating more or less as isolated individuals. Finally, this
laissez faire structure is replaced by groups of specialists
(the individual is no longer capable ofkcommandiné sufficient
information) and by bureaucratic control over a highly complex
network of R & D, A simplified account of the internal dynamics
of scientific growth, then, can proceed along these lines:
cumulatively increasing knowledge (facts plus theoretical inter-
pretations) gives rise to difficulties with feSpect to communi;
cation and research techniques which can only be resolved by
narrower specialization. As specialization increases new forms
Qf financial support must be found (private income gives way to
the teaching role, which in turn is gradually replaced by govern-
ment grants) and as the numbers of specialists expand so new and

higher rewards must be made available. Social organization

varies in accordance with the system of rewards, support and
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specialization, which in turn depend upon the growth of

¥

" knowledge.

The account given above of the growth of modern
science has been more descriptive than explanatory. However,
this is sufficient for my purposes. I am concerned here primsw.
ily with the processes of recruitment into science and so, in a
study of limited leungth, I must turn to the relationship between
recruitment and social organization instead of trying to explain
in any detail the course of scientific change. In investigating
this relationship between recruitment and social organization I
have made three basic assumptions:

1. that different institutions and the same institution at
various times will attract different types of personso1

2. that the processes of selection vary according to the
nature of the particular institution and>its stage of
development.

3. that persons selected into any specific institution
will be encouraged to develop along distinctive 1inesz
and discouraged from developing@in other directions.

If these assumptions are justified3 and if the description of
growth is reasonably accurate then we would be led towards the

following expectations with respect to the processes of scientific

1 'Type of person' refers not only to personality type but also
to occupational values, occupational image, and so on., This
will be ‘discussed more fully in Chapter 1V,

2 1in terms of personality, occupational values, self-image, etc,
See Chapter IV,

3. For an attempt at providing a theoretical justification for
such assumptions see H. Gerth and C.W., Mills: Character and
Social Structure. : '
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recruitment in North America. Firstly, we would expect that
recruitment into science wifl differ from selection into other
occupations roughly to thé extent that science differ5~from'v
these occupations. Secondly, we would expect that as the social
organization of science changes so will the character of recruit-
ment into science. As it has beeh claimed above that science

has becomég increasingly professionalized i;e. increasingly
similar in many respects to professions such as law and medicine,
we would expect to find that selection into science and into such

professions had become increasingly uniform.1

The remainder of this study will be concerned firstly
with describing certain aspects of contemporary science in
university, industry and government and then with examining

recruitment into science. Before I proceed along these lines,

1 Yet, for two reasons, we would not expect to discover that
the processes of recruitment into science and into other pro-
fessions had become identical. The first reason is that the
transition from academic to professional science is as yet
relatively recent, having been given its greatest impetus by
the 1939-1945 war. Secondly, as I hope to show in Chapters
II and III, university science retains strong traces of the
form of organization I have called 'academic'. It is
assumed here that university science is more 'academic' than
university law or university medicine, etc. There is no
direct evidence to support this assumption but it is a v
reasonable one because the professionalization of science is
so recent. As the university is the major agency whereby
scientists are recruited and can be expected to leave its
imprint upon the process of selection of personnel, we will
receive indirect evidence about the organization of univer-

7.gity science when we examine the recruitment of scientists.
Nevertheless, more studies are required with respect to the
divergent structures of university faculties before we can
come to any firm conclusions in this area.
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however, I can be a little more specific about trends in
scientific recfuitment even on the basis of the facts considered
so far. We have seen that scientific growth has tended to be
exponential up to the présent day and usually a very fast expo-
nential at that. HoWéVer, exponential growths cannot continue

indefinitely. This kind of pattern:

6;x530@16Vit0ﬁ/L

Time

must inevitably become:

logustic

d

Periods of rapid'exponential growth generate in due course, no

matter what the’ﬁature of the phenomena.in§olved, more or less
severe -stresses and sfrains with respect to thbse resources
which are crﬁéial for growth. It is the shdrtage of such
resources which produces the transition from rapid growth to‘

stable maturity. The resources necessary for scientific



|
!
]
|
3

e e g+ e e i

- 26 -

expansion are primarily capable personnel and adequate finance
and, in fact, the recruitment of scientific personnel has
recently been classified as problematic by any number of offi-
cial documents, e.g. the Bladen Report in Canada. To put
this problem in its crudest form we can say that if present,
and past, rates of growth continue to the year 2000 then evéry
member of scientifically advanced societies will be a scien-
tist by that time. Similarly finance can be seen to consti-
tute a problem if we examine the rate of growth of expenditure
on research and development in, for example, the U.S.A.
during the last decade or so., In the early 1960's national
research and development expenditures were around 2% or 3%
of the Gross National Product; by 1973 at present rates they
will make up 10% of the G.N.P. To quote Price:
"If the per capita cost of supporting scientists were
constant, we should only spend in proportion to their
number, so that the money they cost would double every
10 to 15 years, But in fact our expenditure, measured
in constant dollars, doubles every 5% years, so that
the cost per scientist seems to have been doubling
every 10 years. To put it another way, the cost of

science has been_ increasing as the square of the number
of scientists."

A good case then can be made in support of the assertion that
science during a period of transition from rapid growth to
relatively stable maturity will develop new features in rela-

tion to finance and recruitment of personnel.

The implications of all this for the recruitment of
scientific manpower appear to be that whereas academic science
could persist by recruiting persons who were capable of deri-

ving a special kind of emotional gratification from autonomous

1 op. cit.
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intellectual activity, professional science can only continue
by appealing to a much largér proportion of intellectually

capable persons. Consequently professional science may have
to offer such additional rewards as high income and social

prestige in order to reduce its manpower difficulties. How-
ever, considerable growth is possible even without extendihg
the kind of rewards offered, simply by expanding educational

opportuhity in the field of science and technology. The

_;analysis so far has concentrated upon the increased demand

for scientists which is associated with a rapidly growing
science. But the size of professional science also depends
upon the supply of potential scientists and this supply is
largely created by the way in which educational institutions
are organized. For example, in the U.S.S.R. there has been a
very rapid expansion of science since the 1920's.. This.expan-

sion has, on the whole, been generated by the education of more

scientists and technicians and by the restriction of educational

opportunities in other areas. Thus educational development is
ah inevitable corollary of sciéntific growth in Canada. While
educational expansion continues the shortage ofyscientific

personnel will probably not prevent scientific growth. But

once educational developmentvceaSes science will be unable to
expand without increasingly sevefe competition with other em-
ployment sectors. In short scientific growth will tend to be

accompanied by changes in the nature of rewards offered and

by a widening of educational opportunities. These developments

will provide sufficient new scientists for a limited period but
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in time scientific growth will only be able to continue by

drawing resources away from more productive fields. At this
stage a position of stability is reached, scientific growth
slows down and radical changes in the social organization of

science cease,
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Chapter II: University Science

Within the universities of North America the struc-

ture of academic science has been retained almost inviolate
as an ideal. This ideal stresses, as described in Chapter I,
that science rests upon the continuous development of valid
conceptual schemes and that this activity is impossible with-
out freedom from external constraint and without acceptance by
scientists of specific values. I can provide no evidence of
the persistence of this ideal in Canada in terms of represen~-
tative surveys of practising scientists. However, the opinions
of E.W.R. Steacie can serve as a substitute on the assumption
that they are not entirely unrepresentative of scientific
thought in Canada, for Steacie was President of the National
Research Council until his death in 1962 and was acknowledged
by many as the 'Leader of Canadian Science'. He argueszgfdﬂbws:

" The chief reason why the university is the ideal

place for scientific work is that the work is

uncommitted. The university man is free to proceed

in any direction which he sees fit, and should not

be in any way influenced by practical considerations.

The universityis, in fact, virtually the only place 1

where science ¢an be pursued for its own sake."
Yet Steacie is aware that this is a prescription rather than a
description, it is an account of how university science ought
to operate and not how it does work in practice. He continues:

"In recent years there has been a very sharp rise in

the cost of equipment and facilities which has led

to financial pressure on the universities and has

caused them to accept 'sponsored' research projects,
that is, projects with a technological motive. Such

1 Science in Canada: Selections from the Speeches of
E.W.R. Steacie ed. J.D. Babbitt.
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1t

support can be very helpful provided that
1 it is for the problems chosen by the investigator.
' Often, however, the support is for specified

projects, and the effect of such work can be

most unfortunate. It leads to lack of freedom

to follow whatever path the worker may see fit,

and to outside planning of university research."
These quotations provide clear evidence, on the one hand,
of an ideal which values highly the laissez faire organiza-
tion of scientific research and on the other hand, an
awareness of the threat to the autonomy of university
science posed by external and instrumentally oriented

bureaucracies such as that of government.

Associated with this ideal of an independent, infor-
mally organized’science have been certain cultural values. I
shall devote considerable space to an analysis of these values
largely because they are that aspect of the social structure
of science which is most relevant to the recruitﬁent process.
In one influential paper Robert Merton1 characteriéed the
basic values of scientists under the following headings:

1. DUniversalism: +the source and claims for truth
are to be subjected to pre-

established impersonal criteria.

2. Communalism: all scientists have the right to
share in existing knowledge.

3. Disinterestedness: absence of emotional
attachment.

4, Organized scepticism.

1 R.K. Merton: 'Science & Domocratic Social Structure' in
Social Theory and Social Structure.
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In another paperlMerton stresses the importance placed upon
5. Originality: 'he suggests that this institu-
tionalized value generates extieue
competition under appropriate
circumstances,
2
Bernard Barber adds two more to this list viz.

6. Rationality: reliance upon reason,

7. Individualism: the individual scientist has a
moral duty to follow the dictates
of his own judgment.

We find also many of these values endorsed more or less expli-
citly in the writings of natural scientists themselves. For
example, J.R. Oppenheimer stresses the relation between science
and the 'open mind' (universalism, disinterestedness, organized
scepticism) . He also emphasizes such values as individualism,
freedom, and so on. However, perhaps the most clear and extreme
treatment of this topic of scientific values by a scientist is
that of J. Bronowski in 'Science & Human Values'. Bronowski's
claim is that certain values are not only found among scientists

but are essential attributes of an ongoing science. He suggests

that the following are the relevant values:

1. Truth (universalism)

2. Independence (individualism)

3. Originality

4. Ability to dissent when necessary (individualism)
5. Freedom e.g. of speeéh, thought, inquiry

6. Tolerance (distinterestedness, universalism)

7. Justice and respect for human dignity.

1 R.K. Merton: "Priorities in Scientific Discovery' in Social
Theory & Social Structure. o

2 B. Barber: Science and the Social Order.
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Bronowski seems to conceive of the social organization of
science as a network of miniature democracies.
" The society of scientists must be a democracy."

" In societies where these values did not exist science
has had to create them."

These claims are similar in content to those made by Barber et
al. They differ only in being less qualified. To suppose that
these so called democratic values are a necessary aspect of
scientific organization is questionable. The connection may be
no more than historical, a view which is in part born out by

thé rapid growth rates of science in US.S.R. and Communist China1
where such values have been endorsed much less fully as compared
with U.S.A., Canada and Western Europe. Insofar as Western
scientists do endorse such values as truth, freedom, independence,
etc., this may be no more than an acceptance of values commonly
found in Western societies, or perhaps an expression of the
values of those middle class groups from which séientists and
professionals in general are predominantly drawn. However,
despite these reservations, it is possible, by combining the
laissez faire ideal of university science with these postulated
'scientific' values, to construct a consistent 'ideal type' of
university science along the following lines. The basic goal of
university science is the construction of new conceptual schemes,
the generation of valid knowledge about the physical world. The
primary values are expected to determine the role-behaviours of

scientists and to facilitate the attainment of the basic goal.

1 D.J. DeSolla Price: Little Science, Big Science.
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Thus valid knowledge eﬁerges as individual scientists discués
and evaluate the work of their tellows critically but ration-
ally and impartially. The social structure of university
‘ science, then, takes the form of what Parsons1 has called the
'company of equals pattern' within which each scientisti is
roughly equal in authority, relatively autonomous, and pursues
the goal of extending knowledge in accordance with the morality
and methodological convention absorbed from colleagues. Under-
pinning this whole system of social interaction is the accept-
ance of controlled, repeatable experiment as fhe ultimate
criterion of scientific worth. On the basis of this 'objective'
criterion of worth a hierarchy of prestige and authority emerges.
Individuals are evaluated in terms of their fulfillment of  the
basic values, their contribution to the extension of knowledge
and the effect of their studies upon existing theory.

“Highest honors go to those whose work involveé radical

reformulations or extensions of the@ry or conceptuali-

zation, Next come those who do the pioneer experimentazl

work logically required to round out the conceptual

structure. Next come those who carry out redundant

experimental work of a confirmatory naturez... Last

are the doers of sloppy or dull work.
This kind of group probably recruits persons who are content to
become totally absorbed in intellectual activity and to remain
aloof from involvement in many aspects of social behaviour. I
shall deal with the character of scientific recruitment more

fully in a later chapter but here the kind of behaviour expected

of university scientists before the advent of professional

1 T. Parsons, unpublished lectures: reference taken from
B. Barber: Science and the Social Order.

2 H. Shepard, op. cit.
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science can be exemplified by quoting from J. Robert Oppen-

heimer's description of his life during the early 1930'su1

1"

I have never read a newspaper or s current

magazine ... I had no radio, no telephone
the first time I ever voted was in the presi-
dential election of 1936 ... I was interested

in man and his experience, I was deeply

interested in my science; but I had no under-

standing of the relations of man and his society."
This ideal typical account of university science is too con-
sistent to refer to reality in detail, although it would un-
doubtedly have applied more closely to university science
during the academic stage than in recent decades. Thus our
task at this point must be to examine the current applica-

bility of this model and to indicate which factors have been

responsible for modifications of its structure.

Empirical study of scientists' values is rather
patchy though there is some support for the propoéitions of
Barber, et al. 1In 1948 Fortune magazine asked a sample of
American Ph.D's in the natural sciences whether a scientist
should withhold a discovery from the world when convinced it
would produce more evil than good. Around 80% of respondents
thought that such a discovery should never be withheld. This
seems to suggest the existence of one or more of values in
favour of universalism, communalism, disinterestedness and in-
dividualism, HoWever, what the response of the general public
to this question would have been we do not know, nor do we have

information with respect to scientists in other societies. The

1 1In the Matter of J. Robert Oppenheimer (Washington, D,C.
U.5.G.P.O, 1954).
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o aﬁalysis by H.S. Hall1 of a number of Congressional hegrings

in the United States concerned with the domestic control of
atomic energy and the establishment of a National Science
Foundation shows, among other things, that American scientists
at this time were intensely committed to the values of commun-
alism and individualism. Communalism underlay their proposals
in favour of the international disseminatioh of scientific in-
formation; and their resistance to political control of research
aims was a clear expression of individualism. We also have such
historical examples as the reaction of European scientists in
U.S.A. against the threat posed by Nazi Germany in 1939 and the
organization of American scientists to prevent the military
control of atomic energy after 1945. 1In both these instances
scientists were in a privileged position owing to their posses-
sion of scarce and crucial skills and on both occasions their
actions can conveniently be explained as being primarily con-
cerned with defending specifically scientific values e.g.
individualism, disinterestedness. A fact which supports this
interpretation is the resolﬁtion of ce;tain leading German
scientists during the 1939-45 war to keep hidden the destructive
potentiality of nuclear fission and to prevent the development
of the atomic bomb under the Nazi regime. However, evidence
such as this is highly selective and can hardly indicate conclu-
sively the actuél values of scientists. Perbhaps the best kind

of data available is that provided in a study by S. West of the

1 H.S. Hall: 'Scientists and Politicians' in Barber and
Hirsch: "Sociology of Science'.
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ideology of academic sciecatists ; its major defect is methodol.
ogical in that the study is' based only on 57 persons within cne

American university, of whom g few were soclologists and there—

fore strictly outside the scope of the present study. Yet
despite these defects the findings remain highly relevant and

probably peint to certain modifications which need to be made

in the ideal typicel account given above of university science.,

West undertaok.lengthy recorded interviews with
members of faculty in a midwestern university selected from the
departments of anatomy, biological chemistry, mathematics, phy-
sics, physiology and sociology, with particular reference tn
their views on freedom of résearch, disinterestedness, univer-
salism, communalism, etc. Complete freedom of research i.e.
unlimited choice of research problem was 'indispensable' for
only 14 out of 57. The remaining 43 were more oriless willing
to accept restriction or direction of their area of research,
theugh 35 of the 57 believed that freedom of research was at
least, desirable. What we have, then, with respect to this
value is a continuum of evaluations, with a small number of
individuals willing to accept direct control by superiors but
with a much larger proportion favouring individual autonomy
more or less strongly. A second value studied by West was that
of impartiality (disinterestedness). Respondents were asked
whether facts should be described impartially without passing
judgment or whether some evaluation of their conseguences

should be offered. Answers were distributed as follows:

L S. West: 'The Ideology of Academic Scientists' in IRE
Traunsactions of Engineering Management June 1960,
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No exceptions to principle of impartiality 19 respondents

Scientist cannot judge as scientist but

can do so in other capacities 13 "
Information can be withheld 8 "
Exceptions for special cases 7 "
Consequences must always be considered 10 "

A similar distribution of responses is to be found here as in
the evaluation of research freedom viz. a tendency for a larger
proportion of scientists to uphold the 'classical' values of
science but with a considerable number of divergences to such

an extent that 10 scientists out of 57 support a view entirely
opposed to that of scientific impartiality. West also investiu
gated scientists' evaluation of free access to scientific infor.-
mation. ‘Various responses were possibly in terms of different
kinds of scientific information e.g. medical, industrial, defense,
etc., and according to the categories of possiblé ryecipients of
information e.g. dangerous persons, untrained persons, etc.

Thus more than one reply was possible'from each respondent to
the suggestion that 'scientific' information shiouid be access-
ible to all persons who wish to have it. Out <f 105 replies,

22 favour unrestricted access, 28 partial access and 55 completely
controlled access. In this area, then, the expected pattern of
values is reversed. Only 1/5 of replies support the value of
communalism in an unqualified manner. Most responses favouring
festricted access to scientific information were couchsd in
terms of national security. The most obvious explanation of
this divergence from 'classical' scientific values is that

increased contact with government since 1940 plus the orientatim
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rfu} of so much research to problems of armaments and defense have
habituated scientists to making an exception in relation t@i@fc'
access to politically relevant data. This may well be true.

’ Yet West found no significant difference between prewar and
postwar generations; if values have changed during the last
two decades we might well have expected such a difference.
However, it may be that prewar scientists,.although initially
socialized in terms of totally uniimited access to scientific
data, have learned to adapt this view as a consequence of the
cold war. If we compare the Fortune poll of 1948, mentioned
above, with West's findings this interpretation is supported
for, as we have quoted above,1 the vast majority of scientists

favoured communalism at this earlier date.

However, in this context, it is important to remember
the growth rates which are charapteristic of mosf scientific
enterprises. Given that the number of scientific personnel
expands exponentially with a doubling period of around fifteen
years, the population of qualified scientists in the U.S. would
have increased by perhaps 60% or more during the ten years
which passed between the Fortune survey and that of West. If
we can assume tQat the newcomers, who had experiencé only of
cold-war science, predominantly endorsed values which were re-
.levant to theirvactual situation i.e, a situation in which
science was intimately involved with and controlled by govern-
ment, then we can explain the altered valués of scientists
largely in terms of the influx of new men. We can accept,

tentatively, that the university scientist, qua scientist,

1 p. 34.
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tends to endorse at 1éast some of the postulated values,

while recognizing that there is a considerable divergence in
this respect among academic scientists and that the exponentigl
growth rates may entail very rapid changes in the values pre-

dominant among then.

We have seen so far in this chapter that the laissexz
faire organization of university science persists as an ideal
but that there is only partial support of those values associ-
ated with such an ideal. At this point we must examine some of
the pressures which have led to modification of the values and
departures from the ideal. Firstly, there is the simple fact of
the growth in scale and specialization of science itself which
was stressed so much in Chapter I. As associations increase in
size they almost inevitably become specialized, formal and
hierarchically structured.1 Thus modern, relatiﬁely large-
scale universify science has tended to become bureaucratically
organized and there can be 1little doubt that the‘bureaucratic
imposition of a formal hierarchy of authority works against the
scientific company of equals pattern and such values as indivi-
dualism, communalism, and so on, In addition to this develop-
ment within science of bureaucratic tendencies there have arisen
a whole series of relationships with other large-scale bureau-
cracies, which have also worked in the direction of greater
bureaucratic control. To some extent~this latter situation

has emerged as a result of the convergence of two sets of

1 P. Blau: Bureaucracy in Modern Society.
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factors; on the one hand science has become highly relevant to
technology and on the other hand much scientific research has
become extremely expensive, The need of university scientists
for financial support has coincided with the need of industry
and government for scientific research and development. Where
industry's R & D requirements revolve around the goals of re-
ducing costs and maximizing efficiency, those of goverument
derive more from the aims of national security and the effec-
tive use of natural resources.1 A great deal of such R & D is
performed outside the university. But considerable research
is undertaken within the university on behalf of outside agen-
cies. As Steacie suggests above2 sponsored research tends to
diminish the previous autonomy of university science. At the
same time it changes the social structure of university science
in a more subtle fashion. For those scientists who have a
reputation for excellence outside the scientific community can
more easily gain financial support. This gives them additional
authority amoﬁg fellow scientists. In a study of decision-
making in the physics department of an American university
Marcson has investigated the effect of bureaucratic pressures
upon the scientists' ideal pattern of behaviours. Marcson

calls the ideal pattern one of 'colleague authority'4; this

ot

e.g. timber and mines in Canada
2 Bee p. 30.

3 S. Marcson: Decision-Making in a University Physics Depart-
ment in The American Behavioral Scientist
December 1962,

4 Marcson does not deal with colleague authority specifically
as an ideal pattern.
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; refers to a system of social control in which authority is
shared by all the members of the group.
" Authority is deemed to rest in the group rather than
in an individual. In colleague authority there is
; delegation of decision-making authority to individuals,
but the members view such authority as originating in
the colleague membership."
This group structure is virtually identical with the company
of equals pattern. The basic characteristic both of the
company of equalé pattern and of colleague authority is that
authority is never attached formally to a particular position
in the group. Decisions with respect to administrative pro=-
cedures as well as scientific validity arise out of informal
interaction between qualified individuals. This emphasis
upon informal decision-making within the group has two major
implications. Firstly, it implies that authority cannot be
located outside the group. And it also means that the formal
hierarchy of authority within the group should be minimal. In

both these respects it is evident that the growth of large-

scale science has brought many divergences from the ideal.

As long as universities were relatively small come
munities of scholars it was quite possible for them to avoid
formal structure and specialized administrators. But modern
universities tend to be large and 'multifunctional'; they pro=-
vide for instruction of graduates as well as undergraduates,
they cater for research in addition to teaching, and they
operate professional schools as well as attempting to stimulate
the academic search for knowledge. Within such an organization

professors are unable to administrate on a part-time basis. In
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the same way that we have seen the development of specialization
within science, sc within the university the administrative role
has become separated cut. Thus we find an academic bureaucracy
composed of registrars, bursars, deans, research administrators,
and so on. These administrators are indispensable and they have
taken over much academic decision-making from the teaching and
research staff. As a consequence authority becomes at least in
part removed from the faculty. Furthermore, the administration
has a strong tendency to restrict the laissez faire attitudes

of the academic scientists and to impose upon them a minimum of
uniformity. Similarly within the teaching staff there is spec-
ialization and an hierarchical organization of decision-making.
The professorial ranks are the locus of authority, particularly
with respect to appointments and promotions.1 Appointments and
promotions tend to be awarded on grounds of teaching and re-
search ability. Consequently these abilities have to be evalu=-
ated by the professors, not by the group as a whole. It is also
true, at least in the instance studied by Marcson, that scienti-
fic competence is only one of the factors taken into account in
the evaluation of the individual; equally important seems to be
how the individual will influence the balance of power within
the group and the distribution of rewards. We can conclude

therefore that scientists form one part of the university

"bureaucracy and are subject to its rules; that within the

science faculty there is further bureaucratic organization; and

1 S. Marcson: op. cit.
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that internal decisions are not necessarily made in terms of

‘scientific' criteria.

At this point we can examine some of the implica-
tions which these trends within university science may have
for the values put forward above1 as being especially charac-
teristic of university science. The value of universalism
requires scientists to evaluate scientific work and persons
on the basis of pre-established impersonal criteria. It is
probably true that scientists, when judging published papers
in relation to their own research, do make use of the pre-
established criteria entailed by repeatable experiment,
successful prediction, and so on. But we have seen that the
process of evaluating individuéls is complex and more personal.
For instance, quantity of published material tends to be more
important than its qualityz; and quantity of reséarch is not
necessarily related to its worth!y. Reliance upon the criterion
of quantity appears to be one of the simplifying rules of thumb
which emerge in bureaucratic contexts. In addition, ability to
fit into the group seems to be as crucial as the ability to
teach or perform satisfactory research., Thus the criteria em-
ployed in the evaluation of individual scientists are far from
impersonal. Not only does all this run counter to the value of

universalism buf it also departs from the value of disinterest-

edness i.e. the absence of emotional or personal attachment,

1 pp. 30-31.

2 S, Marcson: op. cit.
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for many aspects of the current structure of uﬁiversity

science operate to involve the scientist personzally in the
results of his research, The modern scientist is faced with a
formal hierarchy of prestige and income within the university.
In order to ascent this hierarchy he must satisfy the require-
ments of those already in positions of éuthority. As we have
seen, these requirements are often not imperSonal or 'scientific'
but stress quantity of research publications and personal con-
formity. As a cdnsequence the scientist acquires a vested in-~
terest in satisfying these non-scientific requirements. He
does not undertake disinterested research but research calcula-
ted to improve his career prospects. Furthermore, the scientist
can enlarge the variety of his occupational roles immensely by
reaching the professorial rank of the academic hierarchy. Once
the researcher has achieved a favourable réputation within uni-
versity science he can begin to act’as consultant to industry
and government. Thus during his academic rise the scientist

is tempted to direct his work so that it will prove useful to
these outside agencies. When he has attained academic eminence
the scientist is likely to find that he is forced to become a
research entrepreneur i.e. he will be concerned with organizing
research teams, providing adequate financial support, inter-
viewing personnel, preparing speeches, and so on. This kind

of activity is quite removed from that of the academic scien-
tist of the last century. It is mainly instrumental in char-
acter and places diminishing emphasis upon universalism and
emotional detachment. The research entrepreneur is concerned

with getting things done rather than extending knowledge.
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The changing fole of the academic scientist is unlikely
to leave other 'scientific'' values unaffected. Individualism,
which underlies the company of equals pattern, does not accord
with bureaucratization. Where the former stresses the scien-
tist's moral duty to follow the dictates of his own judgment the
latter requires subordination to formal rules. For example, the
individual scientist is not allowed to pursue that line of
research which seems to him most likely to be theoretically
fruitful but must submit to a whole range of decisions made by
others situated above him in the formal hierarchy and better
placed to know the needs of those bureaucracies equipped to
supply financial support. Similarly the value of communalism
is bound to suffer when so much research is instrumental rather
than self-justifying. Communal knowledge is available to all
scientists. But if this is the case in practise all scientists
can qualify to undertake research related to this knowledge on
behalf of industry and government. In contrast, knowledge
which is restricted to one university gives that institution
an edge in the competition for research funds. Communalism is
alsc adversely affected by the new invisible colleges for these
groups are structured around an informal communications network
whereby prescripts and unpublished material generally are made
available only to those within the group. In this social con=
text the number of persons seen as qualified to benefit from
highly specialized knowledge is considerably limited. This
method of communicating knowledge is much less communal than the
customary method of publication in specialized but nonetheless

generally available journals.
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¥hen we examine university science in contemporary
North America we find that the laissez faire organization of
science and values such as universalism and disinterestedness
survive as ideals., As ideals they undoubtedly influence beha-
viour. Thus most writers on the topic conclude that the univer-
sity remains the most favourable setting in present-day sOciety

for uncommitted intellectual activityo1 2

But even the sparse
overview presented in this chapter demonstrates that university
science is by no means made up of a company of equals. Univer-
sity science is rather composed of a series of increasingly
bureaucratized structures, each situated within its own univer-
sity bureaucracy, influenced in its behaviour patterns by its
connections with the outside bureaucracies of industry and
government, and internally structured in terms of a small group
of influential men surrounded by a much larger group seeking
qualifications and financial support. There are therefore many
reasons to believe that the values of university scientists have
been changing and the little empirical material available
supports this contention. HoWever, the main concern of this
study is with processes of recruitment, and the question remains:
What effect have these changés had upon the recruitment of
scientists? We must postpone any attempt to answer this question
until the role of the scientist in industry and government has

‘been examined more closely, and the 'professionalization' of

science treated in more detail.

1 E.W.R. Steacie: op. cit.

2 L, Coser: Men of Ideas.
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Chapter III: The Scientist in Industry & Government

It is only since the late 19th Century that
natural science has become sufficiently systematic and
inclusive to provide a basis for continuous technological
development. However since that date, it has become increas-
ingly obvious that applied science can form the basis for
various kinds of national superiority in both economic and
political spheres. Consequently, the great majority of
scientists have come to work on research and development in
relation to the needs of industry and government. There can
be little doubt that the role of employee in government and
industry changes the social behaviour required of a scientist
compared with the role demands found in a university setting.
One, at least, of the major goals of industry is that of
profit, which is attained in part through efficieﬁt produc-
tion of existing goods plus the introduction of new and
superior products. Although this may be a crude description
of the aims of industry it is sufficiently accurate to indi-
cate that considerable incompatability could arise between
the goals of scientists and those of industrial management.
For the latter the extension of knowledge tends to be no more
than a means to economic ends, whereas for the scientist it
tends to be self-justifying. As a consequence management
cannot endorse such values as communality or individualism
for these may endanger their basic economic aims. Further-
more, scientists' stress upon originality, universalism and

organized scepticism does not engender harmonious adjustment
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to an organizational hierarchy which is legitimized in terms
of formal 'non-scientific'’'norms. For the scientist, prestige
and power are more usually derived from personal compefence
than from position within a formal hierarchy. This organiza-
tional divergence is also exemplified within the spheres of
social control and communication. In place of control through
the medium of experiment and evaluation by‘peers the scientisf
finds formal bureaucratic direction and use of economic sanc-
tions. Instead of informal, personal contact and publication
in specialized journals he is faced with formal, impersonal

and instrumentally oriented directives.

Yet we must not overstate our case. 1In recent years
certain attempts to solve this particular role conflict have
been made within American industry. For example, one major
chemical firm in U.S.A. has established two distinct hier-
archies within research departments corresponding to the
expectations of scientists oriented towards research and those
favouring administrative tasks. Upon entry into the firm the
young researcher is classed as a "Research Chemist". If he
stays in research then the positions open to him are 'Senior
Research Chemist', 'Research Associate' and 'Research Fellow'.
In contrast, if the recruit rises within the sphere of research
administration he becomes a 'Supervisor', 'Senior Supervisor',
.'Manager' and perhaps eventually attains a seat on the Board
of Directors. A basic distinction between these hierarchies
is that whereas advancement within the latter inevitably en-

tails wider responsibility and control over policy, within the
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former it is more an honorific recognition of papers published,
quality of research, etc. 'At the same time, many scientists in
industry continue to publish in academic journals. It is clear
that the research hierarchy is modelled upon that of the univer-
sity and that its primary aim is to provide the kind of recogni-
tion of academic worth which is normally found within the
college environment but found much less frequently within an
industrial bureaucracy. To some extent we have here an attempt
to perpetuate the values and ideas of the university scientist
e.g. recognition of worth founded upon contribution to the

extension of knowledge, within an industrial milieu.

Even where this kind of modification of the indus-

trial and governmental bureaucracy has not taken place, and it

is of course very rare as yet, the situation is not quite as

extreme as I have indicated above. Paula Brown,-for example,

in her study of a government bureaucracy1 found that research

scientists and engineers were able to resist bureaucratic

direction to some considerable extent. : .
" Formal work orders:to the persons doing the work
are rarely made. Occasionally, an order is written "
after the work has started." :

It seems that, within this particular laboratory, assignments

and fulfillment of projects emerge from a network of personal

relationships among individuals who perceive themselves as y

'professionals', Many research supervisors feel that because

their formal 'subordinates' are highly qualified specialists

1 Paula Brown: 'Bureaucracy in a Government Laboratory' in
Social Forces, 32 (1954).




- 50 -~

they must be treated as equals and must be given the opportunity
to solve their problems in their own way, to ofganize their work
as it suits them best, and sp on. This is very similar to the
company of equals pattern which exists, at least as an ideal,
within university sciencé. However, Bfown does not attempt to
explain the success of this group of scientists and engineers
in modifying the formal bureaucratic structure simply as a con-
sequence of the persistence of values and role-patterns learned
during their period of training. More or less explicitly, she
suggests that three major factors are relevant:
1. complexity of the research and development field;
2., special competence of scientists; and

3. high prestige of scientists and engineers within
American society.

It is clear that in the view of scientists within the labora-
tory studied by Brown, their special autonomy within the
bureaucratic structure derives directly from fheir esotefic
knowledge and their rank as profeésionals. They believe that i

administrators are unable to comprehend their technical pro- s

blems and are thereby not qualified to judge the kind of social B
organization needed in the resolution of these problems. Their

success in modifying the usual pattern of government bureaucracy
has been due in part to the aéceptance of these claims by the :
administrators, even though many of the latter are or have been
'active scientists, and partly a product of their érucial role

in the attainment of government aims.

In discussing the scientist as an employee we have

already had occasion to refer to the common tendency to define
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the scientist as a professional. It will be worthwhile pur-
suing this topic more intensively as a means of clarifying what
social characteristics of scientific groups are distinctive and
also of drawing attention to certain changes which it seems to

me have been accumulating in recent decades.

Most analyses of the professions in North America
have been phrased in functionalist terms. Within this frame of
reference professional occupations are seen as characterized by
three major indepéndent variables:
a) they are service occupations i.e. oriented to the benefit
of the wider society;
b) they apply a systematic body of scientific or abstruse
knowledge to problems which
c) are highly relevant to certain central values of society.1
Professions are seen as constituting a problem of social control
for society because their high degree of learned competence pre-
vents laymen from judging their work or even setting them cbn—
crete goals. The problem of control would be less acute if
professions were not so important for the realization of major
social goals. A solution is provided, however, by the profes-
sions themselves which tend to institute rigid internal patterns

of control:

a) a long process of socialization in techniques and values;
b) this being effected within special professional training
schools;

1 Rueschemeyer: Doctors and Lawyers - A Comment on the Theory
of theProfessions in Canadian Review of Sociology and
Anthropology, February 1964,
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c) a strong emphasis upon individual self-control and

adherence to professional values;

d) informal pressures to conform applied by qualified
colleagues;
e) formal pressures exerted by professional associations.

In return for this self-control professions are granted high
prestige and income. However, all professions are subject

to some degree to control by government and public opinion.
This kind of analysis has been derived from study of a

limited range of occupations which would normally be called
'professional'. In addition, the functionalist approach is

not the only framework in which professions have been viewed} 2
Because this thesis is concerned primarily with science and
only incidentally with professions in general there is no

need here to consider alternative theories of the professions.
Thus this section has been inserted, not as a definitive account
of professional occupations, but as a means of highlighting
certain recent deveiopments in the social organization of
science. For my purposes the functionalist approach to the
professions simply provides a consistent model which can be
applied to any occupational group and which thereby facilitates

its study.

Professions are 'collectivity oriented'. They

'provide a middle way between laissez faire capitalism, with

1 A.M. Carr-Saunders and P,A. Wilson: The Professions.

2 T.H. Marshall: The Recent History of Professionalism in
relation to Social Structure in Citizenship and Social Class.
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its reliance upon the harmony resulting from the conflict of
~individual interests and extreme socialism, which streéses
state protection of personai rights. One aspect of the growth
of professions in somé modern societies lies in the transfer
of the responsibility for individual welfare away from both
individual and state, and into the hands Of‘certain'occupaQ
tional groups which provide'specialized services., If we ex-
amine the emergence of modern science e.g. in the writings of
Bacon or the early history of The Royal Society, we do find.
great stress laid upon the role of scientists as benefactors
of mankind. Yet it is clear that an ethic was evolved which
émphasized the necessity of objectivity, émotional neutrality,
etc. During the 18th and 19th centuries scientists were almost
wholiy amateurs and teachers. They were concérned with the
extension of khoWledge for its own sake and not with its ap--
plication or consequences. Even as late as 1948, as we have
noted above, thé Forfune survey found this high‘evaluation of
the disinterested search for knowledge to be widespread among
American scientists. There is reason to believe that this
‘attitude was held in even more extreme form in the U.K. and -

Germany. Certainly we can say that up to the end of the 19th

century scientists were not colléctivity oriented. ‘They.weré .

concerned with the growth of new objective knowledge and,
only secondarily, with teaching as a source of self mainten-
_ énce. In all professions there are small groups directed to
extending, modifying and refining their system of knowledge
e.g. theologians fulfill this role among the clerical
profession. However, before the 20th century virtually

all scientists were concerned with this goa1 instead of
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applying existing knowledge for the benefit of society

at large.
[ = o

Science then has not been primarily collectivity
oriented, it has not been undertaken as a public serﬁice.-
Séientisté on the whole have been overwhelmingly involved
with the extension of knowledge and the development of
theories and conceptual schemes. And those activities tend
to be carried out with a conscious intent to avoid evaluation
or concern with society's use of knowledge. The functionalist
theory of the professions assumes that the.values of sociéfy
and those of the professional community are in accord. This
seems to be true, for example, of the contemporary American
physician and his society. Yet it is not so evidently appro-
priate for either the cleric or fhe scientist. Furthérmore,
professions generally have assumed sélf—control through -the
formation of professional assbciations and one of the basic
aims of such associations has been to help induce the con-
yergence of the values of professionals with those of societ&._
Although scientists have used the associational form of
organization, :scientific associations have tended to reinforce
the values of innovation and scientific method rather than
those of social responsibility and meliorism. If this is so
then the functionalist model of the professions suggests that
we should find that scientists have received lesser rewards,
e.g. income, prestige, than other professions. It’is clear

' _ - 1
that scientists have received less of these rewards in the past

1 For limited evidence on Canada see B. Blishen: The Con-
struction and Use of an Occupational Class Scale in
Canadian Society eds. Blishen et al. '
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and this tends to support the analysis offered here.

Scientists resemble other professionals ﬁost
closely in that they are concerned with a systematic body of
knowledge which cannot be understood by the layman., Before
1940, although science was seen as relevant to certain central

societal values, there was a fairly general assumption that

this body of knowledge would continue to develop in a direc—

tion harmonious with these values. Since the explosion of
the first atomic bomb this assumption has become much more
precarious. Between 1940 and 1945 not only did scientists -
themselves beceme inventors, but their inventions threatehed
certain values, e.g. political security, survival. As a
resuit'of this dissensus between the products of_scientific
values and the values of society, scientists have been forced
towards greater acceptance of their social responsibility and
greater recognition of society's requirements. It isvin
terms such as this that we can begin to find an explanation
of the divergence between West's study in the late 1950's and
the Fortune survey in 1948 which hinted at a gradual efoeien~
of such scientific values as communalism. Yet, despite this
increase in the service orientation of science, perticularly
within government and industry, but also within the univer-
sity,_society has'responded by increasing its external con-
trol especially through the mediation of the state. Insofar
as science has been perceived as differing‘from other pro-
fessions end insofar as it has been perceived as unable to

_control its development in the interests of society;rso its .

autenomy and mechanisms of self control have become superceded.

. .HH
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With reference to the three major aspects of
professional groups mentioned on page 51 we can make the
following propositions:

a) Scientists have derived their position in society, like
professionals in general, from their relationship to a
body of systematic knowledge.

b) During much of their modern history certain groups of
scientists, particularly in the universities, have not
been concerned with applying this knowledge.

c) The scientific ethos has demanded that the possible
relevance of scientific knowledge to society's central

values be disregarded in the actual course of research,.

However, developments during this century particu-
larly with respect to points b) and c) above, make it clear
that scientists have become increasingly professidnalized.
Although we have no figures available for Canada or U.S.A.
covering the early part of the 20th century, European data
suggests, as we have assumed above, that the majority of
scientifically qualified persons worked in universities. In
1962, however, government employed the largest proportion of .
natural scientists in Canada, 48%, while industry acéounted
for 38% and universities and colleges absorbed only 14%.1
If we compare these figures with those for U.S.A. we find a ;
similar bias favouring deployment upon government research.

In the early 1960's of 400,000 American scientists and

1 Dept. of Labour: Professional Manpower Report No. 13.
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engineers engaged in research and development, 280,000 i.e.

70% were employed in government-sponsored projects while

the remaining 120,000 worked in industry on civilian objec-
tives. These figures are not strictly comparable because

the American statistics cover engineers as weli as scientists.
However, in both societies government research is clearly of
overwhelming importance.‘ More resources are devoted to
government research in U,S.A. bartmyy owing to the existence
of 'space projects', Yet the most striking divergence between
the two societies in this connection is found in the manner
in which government research is undertaken. The Canadian
government employs directly 48% of scientists. Thus these
scientists are likely to be intimately involved within the
governmental bureaucracy. In contrast, although a greater
proportion of U.S. scientists are concerned with government-
sponsored research, much of this research is undertaken.
through the medium of contracts to university and private
research institutes., It seems likely therefore, though there
is no clear evidence to support this contention, that U.S.
scientists involved in government research will be more able
to retain their partial autonomy and their traditional rolé-
behaviours. Whether or not this is correct (certainly there
are many relevant factors left unconsidered). In Canada
scientists in industry and government far outnumber those

within the university.

The spread of scientists into industry and govern-

ment has meant that scientists have become increasingly
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concerned with the application of eﬁisting knoWledge and

techniques in the furtherance of the aims of the bureaucracy

in which they work and thus indirectly for the benefit of

society. At the same time science has come to be perceived

as highly relevant to the attainment of such major societal

goals as economic growth and national security. This is an

age in which an expanding technology is crucial for economic
advance. Full employment and the successful implementation

of Keynesian economics have meant that economic growth

depends directly upon the application of scientific knowledge

and technoldgy e.g. electronics, nuclear power, etc. In

addition to economic growth national security has come to - !
rely more and more heavily upon efficient technology and °

scientific research and knowledge. Consequently scientists

have come to play major roles in the determination of arma-

ments and foreign policy e.g. nuclear test bans. In Canada

this growing relation of science to dominant social values f
shows itself primarily in the high proportion of scientists
employed by government: while in the U.S.,A. it has created
what amounts to a new scientific sub-profession, namely, N

that of scientific advisor.

In the U.S.A. most major government departments | |
plus many independent bodies e.g. the Atomic Energy Commis- M
Sion,have part-time advisory scientific committees . Similarly |
the President has a Special Assistant for scientific affairs
and an advisory committee under the leadership of the Special

Assistant. What has emerged then during the last two decades
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is a whole network of scientific committees attached to the
~political executive. The ‘members of these committees tend,‘
to be drawn from a select group of scientists (under 500 in
number) who have not only distinguished themselvés as
researchers but who are also perceived as having the Capacity
to apply their knowledge to non-scientific problems. Scien-
tific advisors in America are clearly a pfofessiohal group,
Firstly their role is based on access to and ability to

apply esoteric learning. Secondly, they have a praonounced
collectivity orientation. Thirdly, their actions are directiy
relevant to such central societal values és national security,
etc., Fourthly, they are a relatively autonomous and self-
selecting group. Self-selection occurs because.non-séiéntists
are not competent to choose their own technical advisors;

for example, the President's Special Assistant is éhdsen by
the President's Scientific Advisory Committee. FurthermOre,
although there is a hierarchy within the group, which‘is:a
kind of adumbration of the administrative hierarchy, it is

not formalized and social control depends largely upon intern-

alized standards of conduct and pressure from colleagues.

So far in this chapter I have referred ta conditions
in the U,S.A., to a considerable extent. This is largely be-
~ cause Specificvstudies, like that of Paula Browh, have not
yet been undertaken in Canada. However, a genéral‘éharacter-
ization of science in Canadian industry ahd government can be
offered which will show that, although Canada and the U.S;A

differ in many respects, they do not diverge in a manner
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which affects my analysis. As can be seen from the figures
quoted on page 56, one of the major differences‘is that

Canada has a prepondefance of nntural scientiets employed
directly by the government, whereas a greater proportion of
American‘research is carried out within industry. There afe‘
several reasons for this. Firstly, there is the fact that'
Canada renains in manyvnays a pioneer countfy and tnat the
’-economies of'such countries centre around,primary, exfrnctive
~industries such as mining, agriculture and timber. As a
result, in Canada research facilities developed in agricul-
ture and mining long before they emerged in industry gener-
ally, and in such fields, which involved the use of baSie
natural resources, government inevitably took a leading role
in estabiishing R and D. A second reaspn for Canada'e'
relatively underdeveloped industrial research has been the
dependence of so much of Canadian industry on parent firms in
the U;K. and the U.S.A. Because so many Canadian corpdfafioné
are subsidiaries, most of the basie, innovating.reSearch takes o
place abroad and utilizes the facilities of the larger govern-
ingvorganization. This situation has been described as one of
fscientific colonialism'1 and it is clear that industrial
science under conditions of scientific colonialism will tend
to be less creative, less autonomous, and more concerned with
routine application of established scientific knowledge, than
will the industrial laboratories of the more advanced nations.

There is no reason to expect, therefore, that industrial

1 E.W.R. Steacie, op, cit.
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science in Canada will be less professionalized or bureau-
cratic than in U.S.A. However, as the largest proportion
of Canadian scientists is employed by government, we must
examine the structure of Canadian government science before

we can be certain of the validity of this expectation.

Government science in Canada is co-ordinated in
terms of two distinct principles.1 On the one hand, there
are many governmment departments which organize their own
research. Almost all such research is applied. It is cir-
cumscribed by the requirements of the departments and in some
cases the department must administer an Act of Parliament as
well as cater for the needs of specific clients, e.,g. farmers
and miners, Once again we need have little doubt that this
kind of organization is structured along the professional-
bureaucratic lines described above and exemplified-in the
study by Paula Brown.2 In contrast there is the National
Research Council which was set up by Act of Parliament in
1916, but which is not a govermment department. The National
Research Council is a corporate body outside the Civil Service.
It has a governing board of independent, non-government scien-
tists which can earn revenue, build its own buildings, and so
on, but which reports to a Committee of the Privy Council on
Scientific and Industrial Research. This latter Committee is
itself composed of Ministers whose deparfments have to do with

research or scientific affairs. In many ways the National

1 1Ibid.

2 See above, p. 49.
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Research Council is similar to the system of governmental

advisory committees in the UZS.,1 although it probably has

greater autonomy. In fact, the fundamental feature of the-
structure of the N.R.C. is that of an attempt to realise

the value of scientific autonomy within the realm of govern-
ment science. As evidence we can quote part of an addfess
made in 1960 by Steacie, then President of the N.R.C., to
the Special Committee on Research:

" The fundamental feature of the administration of the
Research Council ... is to make sure that the admini-
stration can never issue any instructions to scientists
in connection with any technical subject whatever.

This is the fundamental principle of our administration.
It is the exact opposite of the administration of most
government departments, where the administrative head

is in charge. In fact, the scientific divisions have
responsibilities to the senior director, who is an ‘
active scientist ... and all divisions report directly
to me on scientific matters whenever they feel 1like it,
It is up to the administration, which also reports to
me, to make sure that things can be worked out with the
scientific divisions, so that the administration act as
a service to the divisions, rather than a control. The
result is a highly decentralized organization."

The N.R,C. has three major goals: to advise the government on
matters of science in general; to encourage 'pure' science,
especially in'the universities; to operate laboratories of

its own. In striving to attain these ends the kind of loose-

knit structure described by Steacie has emerged. As we have
suggested above, it is a compromise between the ideals of
science and the requirements of large-scale administration.

In the absence of an intensive study we cannot be certain as

1 See above, p. 58.
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to how it operates in practice, yet there can be no doubt
- ‘that organizations like the N.R.C. are sSomewhat eemovead from
"academic science' and that the movement has been in the di-

rection of professionalism and bureaucratization.

My general conclusion with respect to the ogganiza-
tion of science in Canadian industry and government runs as
follows: Within both industry and government, which together
employ around 85% of Canadian scientists,lscientific research
has come to téké place within an increasingly bureaucratic
milieu. At the same time most R and D has technological
" implications so that scientists have come to be primarily
concerned with applying specialized knowledge for the benefit
of society. In general then, Canadian science is as solidly

'‘professional’ as that of the U.S.A.

We have seen that scientists have become increasing-
ly professionalized within industry, government and within‘
their more recent role of scientific advisor. There can be
little doubt that these developments have had their effect
upon science within the university. For example, thq indus-~
trial fellowship involves the young scientist in service-
oriented research at the beginning of his career, Similafly
the massive predominance of government-sponsored research in
the U.S.A. méans that few university laboratories coyld sub-
sist'if they devoted‘their labours only to theorefically
problematic areas. Although the degree to which the univer-

sity scientist is caught up in the role of an employee has



- 64 -

sdmetimes been emphasized,1 there appearé to persist sufficiem:

autonomy, abstruse knowledge 'and service orientation to entitle

him to be included under the category 'professional'. However,
one important point must be stressed, namely, that it is no

longer possible, at least in the U.S.A., and prdbably in

Canada, to distinguish clearly between scientists in industry,

goﬁernment and university, for there is a gréat overlap of
personnel. The situation seems to be that scientists of |
repute now tend to play a large variety of roles within
differing spheres; for example, one man may undertake teaching
and research at a university, participate in research at a
private institute (perhaps an institute which the scientist
himself owns); act as an advisor on several govéfnment COM=~
mittees, as an official within a professional association,
serve on the editorial cqmmittee of a specialist Jjournal, and
even assist in the dissemination of popularized science fhrough
the mass media. One consequence of this great proliferationv
of roles can be seen in the recent tendency to concentrate new
research institutes in the neighbourhood of those already in
existencé.2 This concentration of scientists enables the
government to draw upon their combined advice at short notice.
It also facilitates the scientist's successful combination of

his multiple roles plus the dissemination of highly specialized

1 8. Marcson: "Decision-Making in a University Physics
Department', American Behavioural Scientist (Dec., 1962).

2 e.g. the Sheridan Park Scheme outside Toronto.
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informationrwithin the 'new invisible colleges'.1 What we
find, then, is a tendency fof'the successful séientist to
play an increasing diverSity of professional roles, br
perhaps one.major professional role with respect té a number
of different clients. However, this applies only to a rela-
tively small proportion of scientisfs, for the great majority
of scientists pefform applied research for oné‘large—scale |

bureaucracy.

To conclude this short examinatioh of scientists as
.professionals we can usefully rephrase our propositions with
respect to the development of modern science. Modern science
emerged largely outside the univeréities but stressing certain
values, e.g. organized scepticism, communality, which were
academically respectable and which became even more so Qvef
time. In due course science became established within the
universityvand devoted itself to the extension of objective,
verifiable knowledge. During this latter development the
values and role behaviours stressed at the beginning of this
paper, e.g. originality, universalism, became characteristic
of scientific groups. However, since the late 19th century
the crucial importance of research as a means to thecretical
advance has increasingly been undermined as scientists have
spread into industfy and government, and have bhacows: nre-

dominantly concerned either with the application oFf

knowledyze or Withlﬁke use of established theory ond

1 - See above, :. 40,
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in the development of new technology. These changes and.
extensions of the scientist's role can to some extent be
regarded as a professionalization of the scientist, though

it must not be forgotten that the role of the younger or

less successful scientist tends to approximate to thatﬁof‘
the employee within allarge bureaucracy. The role of
bureaﬁcratic employee applies not only to the less qualified
- scientist within industry and government, but extends to the
university where the advent of massive government support has
facilitated the introduction of such large scale research
mechanisms as the cyclotron and, accordingly, the utilization
_of groups of younger prospective Ph.D's as research techni-’
cians under the control of more eminent men, However, iﬁ
“general we would expect that the university will retain more
vestiges of academic science when compared with science in |
industry and government. This probability has several impli-
cations with respect to recruitment of scientists, to which
we now turn more directly. The first implication is.that as
the university is the primary recruiting agency fbr scientists1
the selection of scientists may still bear strong traces of
academic SCience despite the marked professionalization of
science. Secondly, it seems likely that the divergence between
academic?%gofessional science will make itself evident in the
processes whereby scientific manpower passes from university

into industry and government. I shall consider these questions

more fully in subsequent chapters.

1 97% of those employed as natural scientists in Canada at
January, 1962, had a universit§ de%ree. Dept. of Labour,
Professional Manpower Report, No. 13.
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Chapter IV: The Recruitment of Scientists

t

Scientists must necessarily have graduated from a
university.1 As a consequence selection into the scientific
sub-~culture operates through the educational system in
general and the university recruitment process in particular.
One aspect of the educational selection process depends upon
aﬁademic ability. But in addition to ability there is a
whole list of specifically sociological factors which determine
who will become scientists, at least in part independently of
academic ability. Class and status differences have been
found in all industrial societies to structure the availabil-
ity of educational opportunities and thereby the chance 6f
becoming a scientist. Relations between class and education
have become increasingly well documented with respect to
present day Canada. There is no need here to examine this
area in any detail. It is sufficient to state in summary
 fashion that entrance into professions in general, and science
in particular, will be influenced by such factors as differ-
ences in income, family size, geographicalkregion, religious
affiliation, and attifudes towards education,2 s0 as to
favour those with a middle class background. Sex status is
also a crucial factor with respect to an individual's likeli-
hood of taking up a scientific role, as are race and general

cultural background. In Canada the prime example of this

1 See note p. 66.

2 J. Porter: The Vertical Mosaic.
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latter factor is found in the differential representation of
English and French speaking Canadians in the-higher pro-

fessions including science.

Studies in America have suggested that the character
of educational institutions can haye a marked effect upon the
production of scientists. However, later studies have throWn
some doubt upon this 'institutional formation' hypothesis,
indicating that self-selection has greater weight. Goodrich
and Knapp1 studied relative productivity of scientists by
U.S. colleges over the period 1924-1934, using 'American Men
of Science' as a source book. The main findings of this
study were as follows:

1. Small liberal arts colleges were much more
productive of scientists than any othér type of
educational institution.

2. There was considerable regional variation e.g. the
Middle-West was most productive.

3. Productivity of graduates entering other professions
did not follow the same pattern. |

4. Highest productivity was found in institutions of
moderate rather than high cost.

A similar study of Ph.D's awarded between 1946-1951 produced
the following main findings:

1) Production of highly qualified scientists was

confined to a smali aumber of educational institutions, e.g.
50 institutions award around 80% of PhD's in the U.S.A.

1 R.H. Knapp and H.B. Goodrich: Origins of American Scientist,

2 R.H. Knapp and J.J. Greenbaum: The Younger American
Scholar: His Collegiate Origins.
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2) Highest productivity was found in high cost
institutions. ~

3) Universities were more productive than small
colleges.

These findings are apparently conflicting in that the later
study finds high cost, large, Eastern universities to be more
productive of scientists than small, Mid-West, Iiberal arts
colleges. Knapp and Greenbaum try to explain this divergence
in terms of an expansion after the last war of educational
demands on the part of an increasingly affluent society, an '
expansion which favoured the large Eastern universities. |
Whatever the value of this explanation, both studies concur
in seeing the important factor in the production of scientists
as the character of the educational institution. However,’
Holland1 suggests that this 'institutional formation hypothesis'
is largely mistaken and that much more attention should be
paid to institutional selection or rather self—selection‘on
the basis of ability and motivation. He selects a sample of
high school students chosen by a National Merit Scholarship
programme in 1955-56 and compares their 'expected' represen-
tation i.e. on the basis of numerically proportional selection,
with their actual representation in the so-called high
productivity colleges. Main findings:

1) Talented groups attend 'high productivity colleges"
in frequencies which are three to fifteen times the expected
frequencies.

2) Students attending such colleges tend to have

1 John L. Holland: 'Undergraduate Origins of American
Scientists' in Sociology of Science, eds. Barber & Hirsch.
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fathers engaged in occupations which may generate an inferest
in science i.e. physical activity, scientific or social
service rather than sales, persuasive supervisory, etc.

3) Students choosing high productivity institutions
tend to explain their choices in terms of research opportun-
ities and the intellectual reputation of the colleges.
There are two main drawbacks to this research for the
purposes of this study. Firstly, whereas these studies are ' é
of U.S, society, I am concerned with Canada'and it cannot |
validly be assumed as it so often is in practice, that what
holds true of the U.S. applies equally to Canada. Further-
more, we have only to consider the small number of institu-
tions in Canada which can confer higher degrees - no more than
a dozen or so -~ compared with the United States where there
are over 130 to see the difficulties facing any study in
Canada along the lines initiated by Knapp and Greenbaum,
Thus, any study of the Canadian system of higher education
will hardly be able to compare regions without comparing in-
dividual institutions rather than groups of institutions. To
distinguish regional factors from the ideosyncracies of par-
ticular colleges would, therefore, be far from easy. The
second defect mentioned above refers specifically to Holland's
study viz. that the explanation of why persons whose fathers
had positions in manual or social service occupations, etc.,
should choose to become scientists is obscure. Investigations
of this aspect of scientific selection need not only to probe

more deeply into motivational factors but also to have a clear

conceptualization of occupational choice in general.

As stated above, I have chosen to study the point of"
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entry into the scientific community or in other words
students' choice of science‘as opposed to other faculties
when entering university. Commitment at this juncture to a
given faculty is not normally regarded as final either by
the student or by the university authorities. On the other
hand, commitment to the general field of science tends to be
more permanent than with respect to many other fields of

1 Furthermore, a recent survey of engineering and

study.
science graduates in Canada2 found that the overwhelming
majority intended working within the occupational sphere of
'science and engineering'; the only partial exception to this
pattern being the engineers who, as in the U.S{, were also
interested in becoming administrators. The rather obvioué'
point being laboured here is that choice of faculty at the
moment of entry to university is also, in large measure and
especially for scientists, lawyers, physicians, and other
professionals, a choice of a general occupational sphere.
Consequently, in studying the process of selection into

science, I shall use a conceptual scheme usually associated

with the problem of occupational choice.

I have already indicated certain factors which can

be seen as channelling occupational choice, e.g. academic

ability, education, class background, type of educational

ingtitution, race, religion, sex, cultural origins, etc.

1 M. Rosenberg: Occupations and Values.

2 Department of Labour: After Graduation: Plans of'Final
Year Students in Engineering and Science, 1908-1963.
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As a result of the interplay of factors such as these,only
certain individuals will enter university. At the point of
entry to university, some kind of choice or commitment is
made which will determine, in a majority of cases, the
eventual field of occupational endeavour. In addition, there
is evidence to suggest that 'self-selection' into particular
educational institutions may be more important than the pro-
cess of institutional formation, at least in the production
of eminent scientists, The problem in this chapter is to
outline those factors which will determine occupational choice
and sphere of study as the individual enters upon his

university career.

In their so-called 'general theory of occupational
choice', Ginzberg1 and his associates have put forward the
following main propositions:

1) Occupational choice is a developmental process. It
is not a single decision but a series of decisions
made over a period of years.

2) Each decision is related to one's experience up to
that point, and in turn influences future decisions.

3) The process is largely irreversible. Basic education
and other exposures can only be experienced once.

4) The proéess ends with a compromise, a balancing of a

series of subjective elements with the opportunities

1 E. Ginzberg et al: Occupational Choice,
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4) ... and limitations of reality.
On the whole, these proposifions are straightforward and
unexceptionable. However, the actual process of occupational
choice tends to be explained in very simple terms as the result
of a person's decision in favour of an occupation, this
decision being determined by values or personality needs.
Becker1 has pointed out that this model canhot explain two
documented facts: the fact that occupational choices are
not stable and the fact that many occupations are not so much
chosen as accepted. Rosenberg2 has shown that occupational
choices do vary considerably over time and Becker and Carper3
have demonstrated that most of their sample of physiologists
had entered the field more or less by accident. Becker sﬁg_
gests therefore that the process whereby an individual

commits himself to an occupational identity is more important

than that of occupational choice and can more easily account
for thejtwo problematic items mentioned above. Without dis-
puting the importance of 'commitment' it seems to me that
some conception of 'occupational choice' remains necessary.
For example, many of Becker and Carper's physiologists chose
that sphere as being more closely related to medicine and
therefore as being a suitable temporary pursuit while awaiting

opportunities within medicine. Ciearly we cannot explain the

1 Howard S. Becker: 'An Analytical Model for Studies of the
Recruitment of Scientific Manpower' in Scientific Manpower,
1958.

2 op. cit.

3 James W. Carper and Howard S. Becker: 'Adjustments to Con-
flicting Expectations in the Development of Identlflcation
with an Occupation' in Social Forces 36 (1957)
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choice of physiology simply in terms of personality or .
values, but if we make our conceptions rather more sophisti-
catéd we can plausibly’avoid the difficulties put forward by

Becker.

Let us assume that occupatibnal choice is determined
by the following factors: - |
1)  Occupational values
2) Image of occupation
3) Personality needs

4) Image of self

5) Selective orientation of occupation, educational
institution : - : :
6)  Commitment and investment.

The eérliervschemé of occupational choice cannot
-account for instability of chque‘because values and -person-
*aiity heeds must be regérdéd.ésvvirtﬁal constants. Bﬁt there
is nb_reaSon at all whyfimagééwdf seif agd of préposed occupa-
tion}shouid not change, eépeciallyAduringvtheLpériod of under-
' gfadﬁate study.' Secondly, thererislthe 'fortuitous' nature of
. certain choices. But if_we return to Becker's physiologists
jit.would apbear that the,new scheme can cover their situation.
. Most bf'the physioiogiéts‘are wQuldfbe physicians: = occupational
image, occupationé1 valués, imagé of‘self. They are, however,
.ﬁnable_fo qﬁalify tq bé medical students: selective orienta-
tion oftoccupatioh; image of'self. Their choice therefore
ceﬁters on,the,neéresf available alternative: occupational
values,»imége 6f-ocdupation; selective orientation of occupa-
tibn.v As the period befime involved in specialized study of

physioiogy lengthens, so personal investment increases in the
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skills of this discipline, in commitment to its values, and

in recognition and internalization of the definitions of
'self' offered by others. It will be noticed that this

approach is similar to that of Rosenberg in Occupations and

Values. The major points of difference are:

1) Stress on 'image of occupation' which Rosenberg
does little more than mention.

2) Introduction of a new category viz. image of self.
3) Introduction of an additional specifically socio-
logical factor, viz., selective orientation of

social organizations,

4) Inclusion of Becker's conceptions of commitment
and investment.

At this point, it is worth examining Rokenberg's study in

some detail for the light it can throw on our problem.

Rosenberg starts with the assumption that values
are important determinants of oécupational choice and three
main value-complexes emerge out of his empirical studies:

a) People-oriented value complex: Persons with such

values tend to select occupations because they provide an
'opportunity to work with people rather than things', or 'the
chance of being helpful to others'. Work is evaluated by such
people primarily as a source of interpersonal relations.
Rosenberg found that those respondents (students) choosing
natural science as an occupation were the group least likely

tb evaluate occupations highly on this basis. This finding

is supported by that of Anne Roe1 who suggests on the basis

1 Anne Roe: The Making of a Scientist.
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of psychoanalytic study of eminent scientists, that physical
scientists tend to be 'isolaéed individuals'. Roe's study,
if taken alone, suffersAfrom the methodological defect of
being retrospective. On the other hand, the findings of
Rosenberg and Roe together suggest that those people entering
science are not likely to be orienfed towards other people
for their major satisfactions.

b) Extrinisic reward-oriented value complex: Individuals
with values of this type are concerned more with rewards
external to the occupations they choose. They indicate that
their reasons for selecting one occupation in preference to
others lies in the perceived likelihood of high income or
social prestige. Rosenberg found that potentiél scientisté

were not inclined to base their choice of occupations on such

factors: only those entering teaching and social work laid

less emphasis upon extrinsic rewards.

c) Self-expression oriented value complex: Respondents

| with values of this kind choose occupations that facilitate

i self-expression and creativity, that allow them to be 'creative
i and original'. Natural science was ranked fourth in this valuwe
E complex, being preceded by architecture, journalism, and art.

i This suggests that natural scientists are inner-directed rather
than outer-directed. Support is provided by Roe's work and

by the fact that there appears to be a certain hafmony

between the putative values of potential scientists and those
of established scientific groups, e.g. individualism, origin-

ality. One aim of this present study will be to examine
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rather more intensively the values of potential scientists
as compared with those of non-scientists and the degree of
harmony demonstrated with the presumed values of university

scientists.

After examining values and their place in deter-
mining occupational choice, Rosenberg turns to personality
factors and particularly that of self-other attitudes, i.e.
the attitudes which influence an individual's usual way of
relating to other people. Rosenberg makes use of a fairly

standard typology of such attitudes, and accompanying person-

ality tvpes, viz.,

a) compliant, i.e. concerned with social approval,
support;

b) aggressive, i.e. concerned with mastery, control;

c) detached, i.e. concerned with maintaining social
distance.

As we would expect, the compliant personality
type tendsvto be occupationally oriented toward social re-
lations, the aggressive personality towards extrinsic rewards,
and the detached type toward freedom from supervision and the
opportunity to be creative and original. Consequently, we
can hypothesize that the scientist will not only endorse the
occupational valﬁes of freedom and originality but that he
will also be 'detached' in his relations with other people.
Rosenberg suggestis that the most satisfying interpretation of
thesé inter-relationships is in terms of values being an
expression of personality. With respect to scientists, it is

plausible to conceive of them as developing during the course
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of their life history a mode of relating to other people which
is detached, i.e. which maintains social distance. Such
persons are certainly likely to develop occupational ideals
which stress the need for individuality, originality, freedom
from supervision, concern with things rather than people,"

indifference to wider social issues, and so on,.

Although Rosenberg's study was not primarily
concerned with scientists it has enabled us to formulate two
plausible hypothesese with respect to occupational selection
by potential scientists:

1. Those choosing science will tend to have occupation-
al values which emphasize self—expréssion, originality and\
perhaps other values found to be important within scientific
groups. |

2. Those choosing science will tend to have detached
'self-other’ attitudes.

However, this study does not indicate just which 'scientific'
values are most important for potential scientists. Nor does
it clarify the social image of the scientist, particularly
with respect to its different perceptions by scientists and
non-scientists. In addition, certain reservations are .
brought to mind by a recent unpublished study of occupational
choice in Canada by Robson of U,B.C, Robson, starting with
the assumption that values were an important determinant of
occupational choice, divided these values into two classes:

a) goal -oriented

b) instrumental.



This distinction is clearly closely akin to thaﬁ used by
Rosenberg. Yetl, Robson did not fivd that persons selecting
different occupatiors were Utrying to attaln varying values.
His conclusion was that those choosing the academic profession
(the topic of his major concern) and others did not differ
with respect to their occupational values. If the implication
fhat most people are attempting to satisfy the same values

holds generally, then variations in image of self and occupa-

tional images become that much more important.

At this point then we need to consider existing
studies of the social image of the scientist and their rele-
vance for our problem. tln the mid-1950's, Metraux and Mead1
studied the image of scientists held by high-school children
by means of qualitative interpretation of essays written in
answer to open-ended questions. e.g. 'If I were going to be
a scientist, I would not like to be the kind of scientist
who .... ' The investigators suggested that the image was
composed of both a negative and positive aspect:

1. Positive aspect of image of scientist

a) highly intelligent
b) highly trained

devoted to his work

€
[

d) devoted to knowledge

e) devoited, not te money o self-glory, but to
the wenetit of wmankind and national welfare

1 Margaret Mead and RBhoda Metrauvs: '"The Image of the
Scientist among High School Students: A Pilot Study’
in Sociology of Science, eds. Barber & Hirsch.
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2. Negative aspect of image of scientist

a) too intellectual

b) work is ﬁninteresting, dull

c) work conditions poor and income inadequate

d) no interest in family or social aspect of life
e) irreligious |

f) subject to control by government and industrial
bureaucracies.

This study reveals several interesting and informative facts
with respect to the scientific image. Firstly, there appears
to be a generally favourable stereotype which is expected in
most social situations, viz. of the scientiét as a brilliant
individual devoted to the extension of knowledge and the‘
benefit of man. This was the response most frequently given
in completion of the following statement:

'When I think of a scientist, I think of ...'
However, when respondents were referred by the form of the
statement to the possibility of either becoming or marrying a
scientist, the negative image was much more pronounced. Thus
it is reasonable to conclude that the image of the scientist
is opposed to certain major values which are important, at
least in U.S. society, in the sphere of occupational choice.
These values are likely to be high income, social reiationshnm
and those personﬁl relationships associated with the family.
Scientists tend to be perceived unfavourably with respect to
these values and consequently scientists are likely to be
recruited more from those who do not share these societal‘j‘w'

values or who do not endorse the general image of the scientist.
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A study by Beardslee and O'Dowd1 tends to support
the findings above with resﬁect to American college students.
On the basis of intensive interviews with college students,
the researchers developed a questionnaire by means of which
15 occupations, including that of scientist, could be com-
pared in terms of a large number df variables. In summary,
the findings were as follows for the scientist:

1) highly intelligent

2) individualistic

3) socially withdrawn

4) relatively unhappy home life

5) radical social outlook

6) unstable

7) moderately well off

8) devoted to his work.

This image is similar to that found by Mead and Metraux. It
was also found equally prevalent among juniors, seniors and
faculty members. Comparison between freshmen who intended to
become scientists with those who planned to take up some other
profession suggested that the former, although accepting the
general contours of the scientist's image, tended to modify

the more unfavourable elements, e.g. indifference to social

relations.

The first and most obvious fact which has emerged
in this chapter is that relevant research is scarce and can
offer us few even tentative conclusions. However, we can be
fairly certain that occupational choice, whether it be of
science or of any other occupational sphere, is not a unit
act but should ratuer be conceived as a developmental process

which begins in childhood and which ends only with a lasting

1l David C. Beardslee & Donald D. O'Dowd: '"The College~- Stu-
dent Image of the 801entlst' in Sociology of Science, eds.
Barber & Hirsch.
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commitment to a secure employment. In the next two sectiouns
of this study, I will offer the findings from an empirical
investigation of one part of this process, namely, that of
entry into university. But before we move onto this, we can
usefully summarize what we have learned so far about the
recruitment of scientists and indicate the areas of major
concern in this study. We know first of all that scientists
are part of a sélect few who receive university education,

and that this minority tends to be recruited disproportion-
ately from middle class backgrounds. We would expect there-
fore that unless other contrary factors are at work, rela-
tivelymore scientists will originate in middle class families.
Furthermore since, as we have seen, cultural values appear to
form an important constituent in the process of occupational
choice, we can assume that anything which affects such values
may have an affect upon recruitment into science. In Canada,
the two major factors in this context are religious affilia-~
tion and ethnic origin. It is common knowledge that persons
from an English-speaking background are highly likely to
attain high status occupations in Canadao1 However, the im-
portance of this factor varies regionally. In British Colum-
bia, it is not of primary significance, and will not therefore
be included in the study undertaken at Simon Fraser University
where no new knowledge could be gleaned even although its
significance in other parts of Canada cannot be underestimated.
Thus, those general sociological factors which will be

examined in this study will be religious affiliation, social

1 B.B. Blishen: '"The Construction and Use of an Occupational
Class Scale' in Canadian Society, eds. Blishen et al.




class ovigin and coucational experience.

When people resch the turrning.-roint of entry into
university, I lave suggested, their choice of area of study
and of eventual occupation can usefully be conceived in
terms of occupational values, occupational image, image of self,

etc.1

With respect to the recruitment of scientists, we have
a few leads as to how these factors operate in practice. On
the basis of Rosenberg's work, we would expect potential
scientists to endorse self-expression oriented occupatiomnal
values. Furthermore, assuming that values are an expression
of certain personality traits, it seems plausible that pro-
spective scientists may tend to be 'detached’ personalities,
or at least less socially active than equivalent groupings.
But, for the purposes of this study, Rosenberg's typology of
occupational values is no more than a crude beginﬁing. For
example, in their acceptance of self-expression oriented
values, scientists appear to be similar to architects, journ-
alists and artists. If these values are common to such
diverse occupational fields, then there is need to probe more
deeply into the specific values of potential scientists. We

can begin this probe by searching for traces of anticipatory

socialization. By 'anticipatory socialization' I refer to

the fact that in addition to choosing an occupation in oxrder
to satisfy a value, people may 'choose' a value becatuse

they consider it appropriate for the occupational position

1 See above p. 74.
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they expect to fill in the future. Thus we can investigate
whether or not prospective scientists do endorse the
supposed values of mature scientists, on the assumption that

this is relevant to the recruitment process.

In addition to general sociological factors, occupa-
tional values, personality, and anticipatory socialization,
we have noted above that occupational image and self image may
also be determinants of occupational choice. With respect to
image of self, we have no prior information with respect to
scientists on which to base our study. However, there has
been some résearch on the social image of the scientist1
which has revealed that this image stresses the scientist's
intelligence, devotion to his work, social withdrawal or
inadequacy, irreligion, moderate financial position, and so
on. We would expect there to be a convergence among the
potential scientist's occupational values, image of the
scientist and self-image. For example, if he regards intel-
lectual activity as intrinsically good, then he ought to
perceive the scientist generally and himself particularly as
being inteliectually gifted. Similarly, if we find that pros-
pective scientists do not ;alue social relationships or income
highly, then we should find that they do not emphasize these
aspects in connection with their own self-image or their

image of the mature scientist.

1 See above pp. 79-81.
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Chapter V: Outline of the Simon Fraser University Study

]

In the early mpnths of 1966, a small scale inves-
tigation was made of the recruitment of potential scientists
into Simon Fraser University. This study took the form of a
postal questionnaire survey of a one in four random sample
of males at S.F.U. At that time, no student had been at
S.F.U. for more than one semester. The response rate for
the survey was sixty-one percent: any tentative conclusions
drawn from this research must be subject to the limitations
implied by a non-response rate of thirty-nine percent. No
attempt was made to include females within the survey, partly
because so few women become scientists in North America, anq
partly because any fruitful treatment of the topic would have
made this thesis too long. The aim of the survey was to
gather responses relevant to occupational recruitment from
two groups within the population of first-year undergraduate
students, viz. those studying the natural sciences and those
studying the humanities, etc., and to compare these responses
so as to reveal whether the two groups differed in any sig-
nificant respects. Any differences were to be evaluated in
the light of the suggestions put forward so far. A copy of
the questionnaire used in this investigation is given on the

next five pages.
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Where you are given a choice of alternatives, please indicate
your answer by putting a circle around the figure next to the
appropriate choice. For example, Catholics would circle 1 in
question number one and Anglicans would circle 2.

1. Indicate which religious group you belong to:

Catholic

Anglican

Other Protestant (please state)
Other (please state)

No religion

T W

2. In which of these five groups do you consider your family
to be?

Upper middle class
Middle class

Lower middle class
Working class
Lower class

G W

3. Within which of the following occupational groupings
-would you say your father's occupation falls (or fell)?

-Management

Own Business

Profession (please state which)

Skilled manual work

Unskilled labour

Public service, e.g. police, busdriver, etc.
Clerical

Sales

Other (please state)

oo udwhH

4. Give: a short description of your father's present job.
5. Did either of your parents graduate from a university?

1. Father only
2. Mother only
3. Both

4. Neither

6. If you could have voted at the last election (Nov. 1965),
for which party would you have voted, assuming there had
been candidates for all parties?

Social Credit

New Democratic Party
Liberals

Progressive Conservatives
Communist

Abstain

DU W
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In which of the

ollowing broad academic areas will you
be most likely ma oy

Education
. Other (please state)

o

1. Natural sciences, e!g. physics, biology, chemistry,etc.
2. Social sciences, e,g. economics, avnthropoicgy, etc,

3. Humanities, e¢.g. English, History, e2tc.

4

5

Give a brief account of those factors which have been
most influential in leading vou to choose this area of
study e.g. parents, teachers, own values, intellectual
interest, etc.

Below are listed some of the requirements which students
have said would have to characterize their IDEAL JOB or
PROFESSION. As you read the list, consider to what extent
an occupation would have to satisfy each of the require-
ments before you consider it IDEAL.

Indicate your opinion by circling the figures next to the
three requirements which you consider most important for
vourselt .

1. Provide an opportunity to use my special abilities
and aptitudes.

Allow me to think and behave in a ratidnal manner.
Giverme an opportunity to work with people rather
than things.

Give ‘me social recognition and prestige.

Allow me to do something creative.

Givejme—a chance to exercise leadership.

Provide me with an opportunity to be helpful to others.
Permit me to avoid smotional involvement.

Give me the chonce to earn a good deal of money.
Leave me relatively free of supervision by others.
Give me a chance to help extend human knowledge.

N

o - -

o

a

= O O3 U

©
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1¢.  If you bed your cholce which of the following would
you like to be?

1. Independent
2. Successful
3. Well tiked

11. We are interested iuw
certain occupations.
acteristics which we
NATURAL SCIENTISTS.

{Choocse only oneg)

would 1like you

adjectives which are

badly paid.
very well paid you should circle figure 3 on the left

hand side of the first line.

Thus

if you think that

the idsas students have of
Below are listed certain char-

to apply to

On each line you will find two
opposites, e.g. well paid and
.scientists are

If you think that

scientists tend to be slightly badly paid you should
circle figure 1 on the right hand side of the first

line.

a similar fashion.

Well paid
Intelligent
Religious

Interested in
people

Hard to convince

Devoted to their
work

Indifferent to
money

Competitive
Rational

Concerned with

Neither
Slightly SIightly:
Quite Quite
Very Very
3 2 1 0 1 2 3
3 2 1 0 1 2 3
3 2 1 0 1 2 3
3 2 1 0 1 2 3
3 2 1 0 1 2 3
3 2 1 0 1 2 3
3 2 1 0 1 2 3
3 2 1 ¥ 1 2 3
3 2 1 0 1 2 3

benefit of mankind 3 2

12.

i 0 1 2 3

All the following lines should be completed in

Badly paid
Unintelligent
Irreligious

Not interested
in people

Easy to convince

Bored with their
work

Concerned with
money

Uncompetitive
Irrational

Unconcerned with
benefit of mankind

List any c¢iubs aud societies to which you belonged at

high school and any official positions held.



13.

14.

15.

16.

17.

18.

19.

- 89 .

List any clubs and societies you have joined at
S.F.U. and any official positions held.

How important is it for you to be well liked by
different kinds of people?

Very important
.Fairly important
Fairly unimportant
Very unimportant

=W N

Which of the following kinds of educational
institutions did you attend?

1. Church-supported high school
2. Other independent high school
3. Public high school

Have you attended any other university? (please
state which)

Should a scientist withhold a discovery from the
world when convinced that it would produce more
evil than good? .

1. Yes
2. No.
3. Don't know

Should scientific knowledge discovered in Canada
be passed on to all other countries?

1. Yes
2. No .
3. Don't know

Which of the following two goals do you think
scientists should be most concerned with?

1. Developing new knowledge for its own sake?
2. Helping mankind achieve a better life?
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20. People tend to be more gifted with respect to some
abilities than others. Do you think you are most
gifted intellectually, or with respect to personal
relationships, or leadership ability, or artistic
creativity?

Intellectually
Personal relationships
Leadership

Artistic creativity
Other (please state)

Ui LN

21. In which of these areas do you think you are least
gifted?

Intellectually
Personal relationships
Leadership

Artistic creativity
Other (please state)

Urld W

22. Assuming that you graduate successfully from S.F.U,
which one of the following occupations do you at
present think you would like to enter?

1. School Teacher 16. Business management

2. Physician 11. Social Services, e.g.

3. Lawyer social worker

4, Scientist in industry 12, Accountant

5. Scientist in government 13. Self-employed (business)
6. University scientist 14. Commercial

7. Engineer 15, Government Administrator
8. Architect 16. Politician

9. University Professor 17. Other (please state)

(excluding Science)




At this point, an explicit statement must be
made about the differences to be expected when Comparing
the responses of potential scientists and non-scientists.
This is difficult however, in view of the fact that}gfgan-
ization of science in Canada is still to some extent under-
goiné the transition from academic to professional science.
I have claimed in Chapters I to III that on the whole,
science has become bureaucratized and professionalized but
that university science, which plays a major role in the
process of recruitment, retains considerable vestiges of
'academic' values and organization. If Canadian science
has become 'professional' we would expect its recruitment
process to diverge in no significant way from that of chér
profesgions and occupations which recruit primarily from
the university. The degree of 'professionalization' of
recruitment into science can be tested, therefore, by
formulating a series of hypotheses based on the assumption
that science is organized along 'academic' lines., To the
extent that these hypotheses were validated it could be
assumed that the process of recruitment was that character-
istic of an academically organized science. To the extent
that these hypotheses were not confirmed it could be assumed
that the recruitment of scientists was probably much the
same as that of any other professional group, at least with
respect to entry into university. However the study under-
taken at S.F.U. can be no more than exploratory. Research

specifically into the recruitment of scientists 1is scarce in
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the U.S. and, to my knowledge, non;existent in Canada. It
would be presumptuous, theréfore, to formulate precise hy-
potheses in this study; particularly owing to the very limiw
ted scope of a sample survey within one small university.
Consequently I shall do no more than describe in general
terms what the survey was expected to reveal. Detailed

discussion will be deferred until Chapter VI.

The questions contained in the questiénnaire can
be divided into two main groups depending upon the area
which they were intended to investigate. Certain questions
were concerned with what might be called general sociological
variables such as social class, educational background, and
religious and political affiliation. However, the majority
of questions were concerned with investigating those factors
put forward on page seventy-four as determining oécupational
choice. Existing studies of the social class origins of
scientists are few in number and without convincing conclu-
sions. Work by Knapp and Goodrich suggests that scientists
may originate more frequently in 'lower' than in 'higher'
socio-economic groups.1 In contrast, the implications of a
study by Holland are that socio-economic origin is not a
primary factor in the recruitment of scientists, at least of
those scientists‘who achieve some level of distinction.2

There was no reason, therefore, to expect scientists to have

1 R.H. Knapp and H.B. Goodrich: Origins of American
Scientists.

2 J.L. Holland: Undergraduate Origins of American Scientists
in Sociology of Science, eds. B. Barber and W. Hirsch.

(N
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a class background distinct from other-wouldee professionalé.
Similar réaSoning applies tb the educational experience‘of.
scientists and their political and religious affiliations.
Although no specific differences were to be expected' in
‘relation to these factors it was wdrth including fhém in a

survey which was essentially'explbratory.

Much more specific expectations wére available in
~relation to such factors aé occupational values, personality,
etc. Question No. 9 attempted to probe occupational_values
on the assumption that scientists would endorse self-expres-
sion oriented values and vaiues associated with scientific |
groups to a greater extent than would non-scientists. |
Questions 17, 18 and 19 were designed to measure acceptance
of specific scientific values such as emotionél neutrality.
Again it was assumed that potential scientists woﬁld be more
favourable to such values than non—scienfists. Certain Ques-
tions were also included to examine personality, on the
assumption that more scientists would be 'detached' personal-
ity types and/or would show a lesser interest in social
activities. In the questions on self-imgge and image of the
scientist; (11, 20 and 21), it was expected that those ele-
mentS»chéracteristic of academic science would be stressed
namely, intellecfuality, devotion to work, scepticism, and

SO on.

In general these expectations have been founded on
the assumption that the natural scientist 1is a 'special'’

type of person able to derive a specific emotional and
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intellectual satisfaction from a life of isolated intel-
lectual creativity; a life characterized by the distinct
and interrelated values, and social and self-images of
academic écience. However, the main argument in the
earlier part of this study was that as the academic organ-
ization of science comes to predominate, these peculiari-
ties in the recruitment process will have béen lessened,
although probably not eliminated owing to the persiétance
of 'academic' elements within university science. If this
analysis of professional science is correct we would expect
to find few major differences between potential scientists

and non-scientists. However, the small differences found

should be consistently in the hypothesized direction as a

consequence of the 'academic' organization of university
science. One further point must be made here. The small
differences between recruitment of scientists and non-
scientists will be largely due to those persons oriented
towards university science. We would expect, therefore,
that such persons would remain within the university while
the rest of the scientists tended to mpve out into employ-
ment in industry and government. This will be discussed

more fully in the concluding chapter.
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Chapter VI: Findings of the Simon Fraser Unwversity Study

The findings of the S.F.U. study in relation to
general sociological variables are almost entirely negative;
that is, potential scientists and non-scientists in the
sample of students studied have much the same class back-
ground, educational experience, religious affiliations, and
political views. Consequently, I have devoted little space
to discussion of these variables and .severable statistical
tables have been relegated without comment to an appendix.
In contrast, there are a number of interesting and statis-
tically significant1 differences between the two groups
(scientists and non-scientists) with respect to occupational
values, image of self, image of the scientist, and so on,
and the discussion of these results is therefore rather more

detailed.

Social Class Origins

On page ninety-two I suggested that existing work
on the social class origins of scientists gave no grounds
for formulating specific expectations in the S.F.U. study.
On the basis of past research we couldexpect to find no dif-
ferences in socio-~economic background between prospective
scientists and non-scientists. If tables 4 and 5 are examired
it will be seen that no significant differences emerged,

This remains so whether social class 1s measured 'subjectively'

1 Unless otherwise stated statistical significance was ex-
amined by use of the X 2 test. The test was used in all
cases to reveal whether or not there was evidence of an
association between the variable in gquestion and member-
ship of the two groupings i.e. scientists and non-
gcientists.
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in terms of the respondents' perception of their own class

position, or within the more 'objective' framework of the
Blishen occupational class scale for Canada.

Table 4. Perception of Social Class (question 2)

Scientists Non-scientists
% %
Upper middle class 14 : 17
Middle class 52 45
Lower middle class 17 13
Working class 16 24
Lower class 1 1
100 N=77 100 N=161

2
‘X test not significant at 95% level of confidence.

Table 5. Objective Social Class {(questions 3 and 4)

Scientists Non-~scientists
% %
Blishen social 1 6 9
class category 2 43 37
3 10 15
4 13 11
5 17 21
6 8 6
7 _3 1
100 N=77 100 N=157

2
X~ test not significant at 95% level of confidence.

We must infer that socio-economic background is not an
important determinant of whether university entrants will

choose a scientific or non-scientific educational programme.
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On the other hand, if this survey is at all representative,
it is evident that the vast'majority of scientists in

Canada will be of middle class origins,1 Over 70% of scien-
tists were placed in the first four categories of the Blishen
scale and over 80% identified themselves as being lower
middle class or above. Some ideé of the unrepresentativeﬁess
of this distribution can be gained by compéring Tables 4 and
5 with Table 6, for the latter table gives the percentage

distribution of all occupations2

in 1951. Expansion of ser-
vice occupations since that date would tend to increase the

proportion of middle class occupations but differential class

birth rates would tend to increase the proportion of persons
in the lower categories.

Table 6. Percentage Distribution of Occupations,

in Canada in 1951 3

%
Blishen class 1 2.0
2 14.3
3 9.6

4 7.0 32.9
5 . 32.9
6 24 .4
7 8.7

Source: Canadian Society eds. Blishen, Naegele, et al.

1 See G. Bancroft: Some Sociological Considerations on Edu-
cation in Canada in Canadian Education and Research Digest
Vol. 4, No. 1, March 1964, The implication of this article
is that the situation at other Canadian universities is
much the same as that at S.F.U.

b

Occupations but not persons.

Table 6 adds up to only 98.9 percent.

[N}
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Although none of these figures are precise they are g
sufficiently accurate for my purpcses. They serve to
document the fact that professions in general, and science
in particular, draw their recruits through the university
overwhelmingly from middle ¢lass families. The practical
implication here is self-evident. Canada has recently

begun an attempt to stimulate its indigenous scientificv
research and development1 and to move away from its position
as possibly the lowest investor in research and development
of any industrialized country‘of equivalent size and economic
maturityuz This attempt cannot succeed without a great
acceleration in the production of qualified scientists. To
some extent the aim of accelerated production of scientists
can be achieved by offering higher rewards, 1n terms of
money aund recognition, to those middle class adolescents

who intend to become professionals of one kind or another,
There 1is some evidence in this study to suggest that know-
ledge of the existence of expanding opportunities in science
and technblogy is filtering through to the university entrant.
For example, some of the potential scientists replied along
the following lines when asked which factors had been most
influential in leadihg them to choose their area of study:

1Y

I wish to be part of the growing industry of computers '
.. because of the challenges, opportunity, the dyna-
mic nature of the industry in general."

"The economy will demand more in the direction of science."

.

1 e.g., The Sheridan Park schene.

2 In Britain the government finances industrial research at
the rate of sixty-seven cents per $100 of G.N.P.,, in
France thirty-nine cents, in Sweden thirty-seven cents
and in Canada six cents per $100 of G.N.P. .
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However, despite the possibility of expanding scientific
manpower by dfawing upon peréons of middle class origin,v
the greatest reservoir of scientific talent lies .among the
families of lower socio-economic position. This latter
source can be-tapped only by recourse to greéter governmént

intervention in the process of educational selection, pro-

" bably along the lines of more exfensive financial assistance

for poor students.

Educational Background

Some information with respect to the educational
background of respondents in the S.F.U. study can be gleaned
from Tables 7 and 8.

Table 7. University Graduation of Parents
(question 5)

Scientists Non-scientists

% %

Father only 7 9

Mother only 1 : 4

Both parents | 5 4

Neither _87 _§§
100 N=77 100 - N=162

X2 test not significant at 95% level of confidence.
This table informs us of the proportion of parents who have
completed a univefsity educétion; Two facts stand out.
Firstly, there is no significant difference between scientists
and non-scientists. Secondly, in the great majority of
instances, neither parént graduated from a university. This

- latter finding has a certain general interest in view_of the
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fact that fhe Blishen occupational scale, on which the
respondents' families were piaced so highly, was computed

on the basis of the average income and average number of
years schooling associated with specificvoccupational cate-
gories. If parental education so seldom includes university
graduation it would seem that class position was derived
primarily from‘income. In the last generatibn attainment or
maintenance of a middle class position seems to have been
achieved largely through activify directly within the occu-
pational sphere. For the present generation education, and
particularly university graduation,is more important. This
is a trend which has béen documented in several industrial
societies and which applies tomany occupations in additioni

to those in the field of Science and technology. Howéver, we

o

do find a significant difference between scientists and non-
scientists when we examine the educational background of the
respondents themselves. No difference is to be found with i
respect to the type of high school attended; neither inde- | | j
pendent nor public high schools seem to have a distinct

advantage in the production of scientists. (Table 26, app.)..

But non-Scientists do appear to be significantly more mobile

at the university level, for 10% more non-scientists than

scientists had attended at least one university other than

S.F.U,
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Table 8. Attendance at Other Universities
(Question 16)

Scientists Non-scientists
% %
Yes 9 (7 19 (30) o
No 91 (69) 81 (125)
100 N=76 ' 100 N=155

X2 test significant at 95% level of confidence.
It would be rash to place too much emphasis upon this diver-
gence between the two groups which may, despite our being
95% certain of its significance, be no more than a chance
fluctuation. Furthermore, it might well be no more than |
evidence of a strict admittance policy with }espect to
scientists at S.F.U,, or some similar factor. On the other
hand, it would accord more closely with other studies if we
regarded this difference as being one aspect of a kind of
'intellectuallparochialism' which is currently demanded of
the scientist during his period of training. Rosenberg1
found that natural science had a relatively low 'index of
changeability', i.e. once an individual had chosen natural
science as an occupational sphere and had begun the necessary
training there was a relatively low likelihood that occupa-
tional choice would be transferred to a realm outside that
of natural science. He attempts to explain this phenomenon

in terms of intellectual and social involvement in the field

and in terms of investment of time and energy in a

specialized course of study. It seems to me that the degree

of specialization is the primary factor, for involvement and

investment may be just as extreme in fields which have a

1 op. cit.
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much higher rate of change of occupational choice, e.g.
social work. What prevents ﬁeople from altering their
occupational choice is involvement and investment in fields
the skills of which have little transfer value, and it
appears probable that the skills 1earned within science andi
technology are less transferable than those absorbed in a
study of the humanities. It is being suggesfed here; then,_
that not only does this involvement and investment in
specialized skills lower the tendency to alter occupational
choice, but also perhaps the tendency to change educational
institutions. It may be that a belief in the value of diver-
sity of educational experience retains some hold upon a
larger minority of those studying the humanities than those
studying science, and that this is a consequence of the
degree of specialization of skills entailed by the two intel-
- lectual areas. It must be emphasized that this interpreta-
tion is very tentative and is little more than a suggestion
for further investigation. Such anvinvestigation could‘takev
the form, for example, of an examination of the 'educational
mobility' of three groups of occupations:

a) those with very low indices of changeability, e.g.
medicine, engineering, architecture.

b) those with medium indices, e.g. natural science,
teaching, law.

c) those with very high indices of changeability, e.g.
advertising, social work, business.

The practical implications of this kind of study are perhaps .

a little vague, but are nevertheless important. For example,

it may be that at a time when those with a scientific-
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‘ technological background are achieving greater influence
upon national policy making'such persons are being forced

into an increasingly restricted educational experience.

Endorsement of 'Scientific Values'

In the questionnaire used in the S.F.U. study
questions 17, 18 and 19 (listed below), were designed to
examine whether potential scientists expressed greater
approval of certaiﬁ putative 'scientific' values than did
those who were poteﬁtially non-scientists, It was assumed
that, if the acceptancevof specific values was relevant to
selection into science, then potential scientists would
tend to display, as a group, a relative bias in favour of the
values held by mgture.scientists.

17. Should a scientist withhold a discovery from the world
when convinced that it would produce more evil than good?

It was assumed that any person who indicated 'no' to this
question would be supporting the value of disinterestednessl,
i.e. the absence of emotional attachment in the search for
knowledge. In 1948 exactly this question was put before a
sample of American Ph.D's in the natural sciencesz and

eighty percent proposed that such a discovery should never be
withheld. |

Table 10. Whether or not Scientists should
Withhold Evil Discovery (question 17)

Scientists Non-scientists
% %
Yes ' 45 - 41
No 41 \ 45
Don't know , 14 - 14
100 N=76 100 N=159

2 .
X test not significant at 95% level of significance.

1 See p. 30 above.
2 See p. 34 above,

oo
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Reference to Table 10 will show that only forty-one percent
of scientists in this study indicated approval of emotional
or moral detachment while forty-five percent gave an entirely
opposite answer. Furthermore, there is clearly no signiff%
cant difference between the two groups.

18. Should scientific knowledge discovered in Canada be
passed on to all other countries?

Question 18 was designed to examine the value of communalism
i.e., that all scientists have a right to share in existing
knowledgel. Table 11 shows that over eighty percent of
scientists endorsed this value but that, again, there was

no significant difference between their response rate and

that of the non-scientists.

Table 11. Whether or not Scientific Knowledge should
be Shared Internationally (question 18)

Scientists Non-scientists
% %
Yes 81 76
No 10 13
Don't know _9 11
100 N=77 100 N=159

2
X test not significant at 95% level of confidence,

19, Which of the following two goals do you think
scientists should be most concerned with?

1. Developing new knowledge for its own sake?
2., Helping mankind achieve a better life?

This question was to some extent a check on the emotional
attachment or intellectual detachment dimension probed by

question 17, and also an attempt to measure concern with

1 See p. 30 above.
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what has often been supposed to be the major goal of

scientific activity, at least of pure science, namely the
1

extension of valid knowledge for its own sake

Table 12. Perception of Primary Goal
of Science (question 19)

Scientists Non-scientists

% %
Developing new knowledge
for its own sake 19 14
Helping mankind achieve
a better life 81 86
100 N=74 100 N=160

X2 test not significant at 95% level of confidence,
It can be seen that over eighty percent of potential scien-
tists as well as non-scientists agreed that scientists
should be primarily concerned with helping mankind achieve
a better life. This finding is clearly contrary to what we
would expect on the basis of Rosenberg's investigation in |
which potential scientists were found to stress 'instrumental’
values much less than those centering around the intrinsic
satisfaction of occupational activity, although it may be
that such general questions as this are seen in an entirely
different context from those concerned specifically with

occupational choice.

In connection with two of the three questions con-

sidered so far differences in response rates are in the

1 e.g. Shepard op. cit.



expected direction, Yet these differences are smail and

are not statistically significant at the 95% level of con- , .
fidence. Thus in general we can say that at the point of |
entry to the university, the scientists in this sample were
probably nd more likely than non-scientists to endorse these
supposed scientific wvalues of disihterestedness, communalism
or the intrinsic value of scientific knowledge. Whether

this is due to a change in the values of mature scientists
towards convergence with those of other professions or whe-
ther it is due to the importance of the socialization process
within the university, we are in no position to say with any
certainty. On the one hand, it may be that potential scien-
tists do endorse the values of their mature predecessors but
that the values of scientists are those generally held among
professionals. On the other hand, it may be that scientific
values do diverge from those of other professionals in the
expected direction, that the process of socialization within
the university inculcates these values upon the neophytes,
and that acceptance of such values is not an important as-

pect of the process of recruitment into science.

Occupational Values

In addition to agreement with relatively general
values such as diSinterestedness and so on, it was suggested
above1 that endorsement of specific occupational values was

an important factor in determining occupational choice. The

1 See p. 75 above,



rationale underlying this assumption is that when selecting
out a specific occupation. we have particular goals in mind
which we imagine can be attained through entry into this
occupational sphere. Rosenberg found1 three groups of
values relevant to choice of occupation: the people-oriented,
the extrinsic reward-oriented, and the self-expression-
oriented value complexes., He also discovered that potential
scientists ranked the first two sets of values very low in
relevance to their choice of occupation and the third group
very high. In question number 9 of the S.F.U. study an
attempt was made to investigate this same area once more,
using Rosenberg's work as a basis but adding certain possible
occupational values which were selected from other studies
on the values of mature scientists.2 Table 13 shows the re-
sults of this question in terms of percentages and. crude
response rates. As a test of the statistical significance
of the differences of response rate between sciéntists and
non-scientists £he questions poéed were divided into two
groups. Questions included in group A were those which
scientists were expected to check more frequently and those
included in group B were expected to draw the attention of
non-scientists to a greater extent. In general these expec-
tations were borne out though response rates were not uni-
formly in the direction anticipated. The X2 test of associ-

ation was not applied to questions taken individually but to

1 See p. 75 above for a fuller discussion of these value
complexes. '

2 See p. 30 above.
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the two groups and was found to be highly significant at

well above the 997 level of confidence. Spearman's rank

correlation coefficient for the two lists of responses was

+0.4 suggesting that, although there is a positive relation-

ship between the ranking of occupational values by scientists

and non-scientists, this relationship is only of moderate

strength.

Table 13.

Occupational Values (question 9)

Group A.

Requirement

Requirement

Requirement

Requirement

Requirement

Requirement

Group B.

Requirement

Requirement
Requirement
Requirement

Requirement

10.

11.

9.

Non-
Scientists scientists
yA %
Opportunity to use
special aptitudes 20.5 (46) 15 (72)
Opportunity to behave
rationally 12.5 (29) 8 (37)

Opportunity to be creative 10  (23) 8 (37)

Avoidance of emotional

.involvement - - 1 (5)

Freedom from supervision 12 (28) 13 (60)

Opportunity to extend
human knowledge 14 (32) 6 (30)

Opportunity to work with

people 3 (6) 15 (71)
Social Recégnition 4 (8) 4 (20)
Exercise of leadership 3 (7) 7 (34)
Chance to help others 6 (14) 12 (55)
Chance to eérn money 15 (33) 11 (51)

100 N=226% 100 N=472%

* more than one response required of each respondent.

X2

one unit:

test applied using Group A as one unit and Group B as

test significant at 99% level of confidence.

Spearman's rank correlation coefficient P = +0.4
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There is good evidence to believe, then, that potential
scientists and non-scientists do diverge with respect to
their occupational values., However, this value divergence

can only be interpreted meaningfuily after a discussion of

response rates to the individual guestions.

Question number 9 listed eleven possible require-
ments of which students were asked to indicate three as char-
acterizing their ideal job. This question is reproduced below.

Below are listed some of the requirements which students
have said would have to characterize their IDEAL JOB or
PROFESSION. As you read the list, consider to what
extent an occupation would have to satisfy each of the
requirements before you consider it IDEAL.

Indicate your opinion by circling the figures next to -
the three requirements which you consider most important
for yourself.

1. Provide an opportunity to use my special abilities
and aptitudes. }

Allow me to think and behave in a rational manner.
Give me an opportunity to work with people rather
than things.

Give me social recognition and prestige.

Allow me to do something creative.

Give me a chance to exercise leadership.

Provide me with an opportunity to be helpful to
others.

8. Permit me to avoid emotional involvement.

9. Give me the chance to earn a good deal of money.
10. Leave me relatively free of supervision by others.
11. Give me a chance to help extend human knowledge.

W N

ENEONS TN

Requirement number:1 was taken directly from Rosenberg's

study where it had been included within the self-expression-
oriented value complex. As can be seen from Table 13 this
ideal reguirement was checked most frequently of all by scien-
tists and somewhat more frequently than by non-scientists.
This was in accordance with our -expectations. Occupational

requirement number 2 was based on the supposed high
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evaluation by scientists of rationality,l As expectied a
greater proportion of scientists than non-scientists indi-
cated that the opportunity to think and behave rationally
was an important characteristic of their ideal occupation.
Rosenberg again provided requirement number 3, that of being
able to work with people rather than things. This ideal had
in Rosenberg's study been very little stressed by scientists
and similarly in the S.F.U. study only three percent of
scientists' responses indicated this choice as compared to
fifteen percent of non-scientists' responses, thereby pro-
viding the largest divergence found in this question on
occupational values. Requirement number 4, that of social
recognition and prestige, was expected to be of little im—\
portance to scientists for it was one of the major elements
in Rosenberg's extrinsic-reward-oriented value complex which
had been endorsed minimally by scientists. This expectation
was fulfilled; only four percent of scientists' responses
indicated that recognition and prestige were important as-
pects of their ideal occupation. However, exactly the same
proportion of non-scientists' responses were allocated to
this requirement. Thus there is no evidence here that pro-
spective scientists and other potential professionals differ
in this respect., Item number 5 is concerned with the oppor-
tﬁnity to be creative as an aspect of the respondents' ideal
job. The difference between the two groups was in the ex-
pected direction, i.e. in favour of the scientists, but was
in fact quite small viz. ten percent compared with eight

percent. Requirement number 6 stressing opportunities for

1 See p. 30 above.




leadership was, as expected on the basis of Rosénberg's
work, biased in favour of rekponses from non-scientists.
Similarly item number 7 provided evidence along the lines
anticipated, namely -that considerably more non.scientists
than scientists would prefer their jobs to supply opportun-
ities for helping others. This finding accords with the
slight tendency among scientists,\discussed'above,1 to be
more -concerned with knowledge for its own sake than helping
ménkind achieve a better life. Requirement number 8 was
based upon the expectation that potential scientists might
favour the value of disinterestedness more than non-scien-
tists and that they might tend to be persons wishing to
avoid emotional attachments. If we can assume that this
question did in fact probe this specific value then there is
absolutely no evidence to support the initial contention.
Neither potential scientists nor non-scientists appear to be
at all anxious to avoid emotional attachments during the
course of their intended professions. In contrast, both
groups are in favour of deriving a good income from their
professions (requirement number 9). Whereas Rosenberg in-
cluded the desire for income within the extrinsic reward-
oriented value complex and found that scientists were not,
on the whole so oriented, in the S.F¥.U, study the desire for
income was the second most favoured response of scientists,
who stressed this element more than did non-scientists.

Item number 10 was directed towards the 'scientific' value

of individualismz. Table 13 provides no reason toc suppose

1 See p. 105 above.
2 See p. 31 above.
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that potential scientists are more emphatically individual-
ists than non-scientists in relation to their occupational
contexts. Finally, there is requirement number 11, the re-
sponses to which indicate, as has been proposed already,

that scientists are more likely to be pursuing an opportunity

to extend human knowledge.

The data gathered under question number 9 and
listed in Table 13 is complex and its diverse implications are
not easily summarized. Several points, however, do emerge
clearly. Firstly, scientists do appear to have a bias in fa-
vour of those oécupational values which Rosenberg calls self-
expression-oriented (requirements 1 and 5). Secondly, scien-
tists do not endorse people-oriented occupational values to
any great extent (requirements 3 and 7). Thirdly, with
respect to extrinsic reward-oriented values, scientists appear
to make significant discriminations. Emphasis upon opportun-
ities for leadership and for social recognition and prestige
is minimal, and there is little divergence in rates of response
between the two groups. However, acquisition of money is a
primary value for both groups and ranks even higher among
scientists than non-scientists (requirements 4, 6 and 9).
Fourthly, while certéin so-called scientific values do appear
to be more frequenfly approved among scientists viz. ration-
ality and extension of human knowledge, others appear to be
held uniformly throughout the sample population viz. indivi-
Vdualism, disinterestedness (requirements 2 and 11; require-

ments 10 and 8). In summary we can say that, on the basis of
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the S.F.U. study, occupational values of potentiﬁl scientists
show clear evidence of diverging from those of non-scientists
in favour of values of self-expression and in favour of cer-
tain values thought to be characteristic of mature scientists.
Negatively scientists show a bias against people-oriented
values. Finally scientists do not appear to place low

emphasis upon income as an occupational goal.

Personality
In his study of occupations and values'Rosenberg
sees values and personality as being related in the following
way:
our argument is that the selection of certain
occupational values is partly an expression of certain

personality chaﬁgcteristics which are not in them-
selves values. '

He concentrates in his study of personality upon 'self-other!’
attitudes, i.e. upon the ways in which an individual relates
himself to others, and makes use of a three-fold typology of
personalities derived from Karen Horney; namely the compliant
type, the aggressive type and the detached type. Rosenberg
claims that each of these three personality types finds ex-
pression in the three kinds of occupational values. Thus
scienfists are seen as primarily detached personalities, they
try to avoid social contact with other persons, and this gives
rise to their occupational values which stress concern with

intellectual and creative processes rather than with people.2

1 M. Rosenberg, op. cit. p. 41.
2 See above pp. 76-78.
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We have seen already that Rosenberg's account of’potential
scientists' values, although perhaps somewhat oversimplified
is not without support from the S.F.U. study. However, the
investigation of the personality dimension in this study pro-
vides only very tentative vindication of Rosenberg's claims.
I did not feel justified in the kind of pre-coded, postal

survey undertaken at S.F.U. in attempting any meaningful ana-

lysis of personality for this requires much more an 'approach
in depth'. What I did, therefore, was to include certain
questions used by Rosenberg as indices of personality type

but to add two questions concerned with the behavioral impli-
cations of personality. More specifically, it was assumed
that if scientists were characterized by detached prsonalities
they would indulge in social activities rather less frequently
than those personalities oriented towards interpersonal rela-
tionships. Thus some indication of the required dimension of
personality could be gained by gathering information on mem-
bership of and participation in clubs and societies. Refer-
ence to Tables 14 and 15 will show that the questions

designed to examine personality dimensions directly produced

no significant differences between the two groups.

Table 14. Importance of Being Well Liked (question 14)

Scientists Non-scientists
%
Very important 12 19
Fairly impoitant 61 59
Fairly unimportant 23 19
Very unimportant _ 4 .3
100 N=77 100 N=158

X2 test not significant at 95% level of confidence.

1 These reservations apply equally to the findings of Anne
Roe mentioned abhove . 75.
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Table 15. Proportions Choosing to be independent,
Successful or Well-Liked (question 10)

Scientists Non-scientists
% %
Independent 25 31
Successful 58 45
‘Well Liked _lz _Eé
100 100

X2 test not significant at 95% level of confidence.

Furthermore, the terms used in question 10 (Table 15) are so
ambiguous as to make interpretation of responses virtually
useless; and in question 14 (Table 14) so many respondents
chose the two moderate categories that, again, interpretation
of.results would be of little value. It would seem that
prior doubts as to the utility of questions of this nature
were fully justified. However, the results of the questions
on membership of clubs and societies are more concrete. They
can be examined in Tables 16 and 17 and 18.

Table 16. Membership of Clubs and Societies at
High School (question 12)

Scientists Non-scientists
% ~ %
Membership of no clubs .30 27
" " one club 22 18
" " two clubs 22 19.5
" " three clubs i3 14.5
" " four clubs 6 12
" " five clubs 4 )
" " six clubs 3 4
100 N=77 100 N=160

Scientists: average of 1.7 clubs per person
Non-scientists: average of 2.0 clubs per person

%2 test not significant at 95% level of confidence.

L
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Table 17. Membership of Clubs and Societies at
University (question 13)

Scientists Non-scientists

| % %
Membership of no clubs | 52 48
" " one club i 29 33
" "  two clubs 13 | 13
" "  three clubs 5 4
" " four clubs 1 1
" " five clubs o 1
100 N=77 100 N=160

Scientists: average of 0.75 clubs per person
Non-scientists: average of 0.8 clubs per person
2
X test not significant at 95% level of confidence.

Table 18. Official Positions Held in Clubs and
Societies at University (question 13, 2nd part)

Scientists Non-scientists
Persons Persons
One official position 4 15
Two official positions - 3
Three official positions - -
Four official positions - 2
4 official 20 official
posts posts

X test not significant at 95% level of confidence.

Table 16 shows that, at high school, more scientists
belonged to no clubs, one club or two clubs than did non-scien-

tists; but that more non-scientists than scientists belong to
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three, four, five or six clubs. Non-scientists, then have a
slight edge over scientists wi%h respect to average number of
clubs and societies per person. Membership of clubs at univer-
sity (Table 17) does not have so regular a pattern but once
again it shows non-scientists as slightly more 1likely to be
members of clubs and societies. Fiﬁally, there is Table 18
which gives details of official positions held in clubs and
societies at S.F.U. by members of the two groups. -Thus one
hundred and sixty-two non-scientists indicate tenure of
twenty-nine official positions while seventy-seven scientists
provide tenants of only four such posts. .None of these differ-
ences is statistically significant, that is we can only be 1eSs
than ninety-five percent certain that they have not occurred
by chance. Yet, unlike those questions framed to investigate
personality directly, the differences between the two groups

are consistently in the expected direction. Consequently, we

can summarize the findings of the S.F.U. study with respect to
personality differences as follows: 'There is no direct evi-
dence of personality differences befween the two groups; how-
ever, some evidence does exist which implies that scientists
may be just marginally less prone to engage in formal social

activities than non-scientists.

Image of Self

In prior studies of the recruitment of scientists
into their profession no examination has been made of the
image which potential recruits have of themselves. Yet it

would seem self-evident that if occupational values and image
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of occupation enter into the process of selection some act of
self-definition and evaluation in terms of these values and
images is essential. 1In view of the fact that there was no
previous research on this aspect of the problem it would have
been usual to make use of a completely unstructured question
in the questionnaire in order to avoid introducing too much
bias on the part of the researcher. However, in this instance
it was thought that such an 'open' question would be virtually
meaningless to the respondent, for example: 'People tend to
be more gifted with respect to some abilities than others. In
which areas do you think you are most gifted?' Given that
this kind of question was not to be used, the only viable al-
ternative was to structure students' responses within the frame-
work derived from past research on other aspects of the recruit-
ment process while at the same time leaving the respondent at
least some opportunity of answering within his own frame of
reference. This approach gave rise to questions twenty and
twenty-one, the first of which is reproduced below.
People tend to be more gifted with respect to some
abilities than others. Do you think you are most
gifted intellectually, or with respect to personal
relationships, or leadership ability, or artistic
creativity?
1. Intellectually
2 Personal relationships
3. Leadership
4
5

. Artistic creativity
. ‘Other (please state)

It can be seen that the categories of intellectuality, personal

relationships, and leadership derive directly from Rosenberg's.study.
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‘Tables 19 and 20 show the responses to these ques-

tions; 'positive self-image' refers to those areas in which

respondents perceived fhemselves as most gifted and 'negative
self-image' to those respects in which they thought they were
least gifted.

“Table 19. Positive Self-image (question 20)

Scientists Non-scientists

% %

Most gifted intellectually 44 (31) 25 (38)
"Most gifted in personal
relationships 27 (19) 38 (58)
‘Most gifted in leadership 6 (4) 14.5(235
Most gifted in artistic
creativity 10 7 14.5(23)
Other 13 (9) 8 (12)

100 N=70 100 N=154

X2 test significant at 95% level of confidence.

X2 test applied to first two sets of responses, i.e.
"intellectuality gifted" and "gifted with respect to
personal relationships" proved s1gn1f1cant at 99%
level of confidence.

Table 20. Negative Self -image (question 21)

Scientists Non-scientists

% %

Least gifted intellectually 4 10

Least gifted in personal

relationships 17 9

Least gifted in leadership 25 20

Least gifted in artistic :

creativity 49 54

Other 5 7

100 N=76 100 N=158

2
X~ test significant at 95% level of confidence only w1th
respect to first two sets of responses.
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It is evideﬁt that the positive self-image of the scientists
stresses intellectuality while‘that of the non-scientists
lays emphasis more upon personal rélationships. The question
on negative self.image was less discriminating largely owing
to the inclusion of the category 'artistic creativity' into
which some fifty percent of responses were placed. Allowing
for the 'distortion' introduced by this category the pattern
of the negative self-images of the two groups closely resem-
bles the obverse of the positive image. Virtually all of
these differences are statistically significant and in addi-
tion they are consistent with those divergences discussed
above in relation to values and those which will be discussed
next in connection with the social image of the scientist. |
As less than ten percent of reéponses indicated some sphere
of ability other than intellectuality, personal relationships,
leadership and artistic creativity it can be assumed that
these categories were meaningful for the respondents. Thus
we can interpret the responses as showing that this groupgof
scientists valued itself highly in terms of intellectuality,
much less highly with respect to personal relationships, and.
minimally in relation to leadership ability and artistic crea-
tivity. In contrast, the non-scientists judged themselvés to
be most gifted with respect to personal relationships, rather
lesS gifted intellectually and in terms of leadership poten-
iality, and 1ike the scientists least proficient in relation

‘to artistic creativity.

Social Image of the Scientist

Question number 11 of the S.F.U. questionnaire
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examined the image respondents had of 'the naturai scientist’
with respect to ten factors, e.g. his income, his intelligence,
his interest in people and so on. With respect tc each of
these factors it was possible for the respondent to give any
one of seven responses ranging from highly favourable to
highly unfavourable, e.g. the scientists could be seen as
anything from very highly paid to very badly paid. 1In
analysing the data the three moderate responses in the middle
of the continuum have been consistently ignored with respect
to all ten factors, as providing no indication of any definite
image. -The rationale behind this procedure was that of trying
to avoid the creation of a spurious social image. By concen-
trating solely upon extreme responses we can be reasonably
certain that we are dealing with definite, and perhaps beha-
viorally significant aspects of the studeﬁts' perceptions of

natural scientists.

If the factors composing the positive and negative
images of scientists and non-scientists are placed in rank
order1 we find that there is almost complete agreement between

the two groups.
-Positive Image

Scientists . Non-scientists

1. Intelligent Intelligent

2. Rational Devoted to their work

3. Concerned with benefit of mankind Rational

4, Well paid Well paid

5. Hard to convince Concerned with benefit
of mankind

6. Devoted to their work Hard to convince

7. Competitive Competitive

‘8. Interested in people Interested in people

9. Religious: Religious

10. Indifferent to money Indifferent = to money.

1 i.e. those factors with the largest proportions of responses
are placed at the head of the list.

i .
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Negative Image :
Scientists Non-scientists

1. Competitive Indifferent to money
2. Indifferent to money ' Religious
3. Religious Competitive

Number of respondenfs too small to make completion -
of the list meaningful.

There appears to be general agreement that natural scientists
gﬁg.intelligent, rational, well paid and concerned with the
benefit of mankind; and that scientists are 223 indifferent to
money, religious or competitive. However, despite this almost
complete consensus in general terms between the two groups
there are certain very interesting divergences and differences
of emphasis which are worth examining in some detail.
Table 21. Image of Natural Scientist (question 11)

Scientists
Positive Neutral Negative
(responses 3 & 2) (responses 1,0&1) (responses 2 & 3)
1. Well paid 70% (53)* 27.5% (21) 2.5%(2) Ni%go
2 Intelligent 100% (77)%* - - =100
: N=77
3. Religious 15% (11) 69% (51) 16% (12) N=120
N =‘7
4, Interested in
people 35% (27) 60% (46) 5% (4) N=$20
Hard to convince45% (34) 49% (37 6% (4) N=%(5)0
Devoted to
their work 44% (34)* 56% (43) - N:%go
7. Indifferent
to money 5% (4) - 79%  (50)  16% (12)* N=€1;go
8. Competitive 42% (31) 41% (30) 17% (13) N=%20
9. Rational 92% (70)* 7% (5) 1% (1) N=$20
10. Concerned with

benefit of mankind80% (61)* 19% (15) 1% (1) N“igo

Xz test used on positive responses to sections 1, 2, 6, 9 & 10,
plus negative responses- -to section 7 with respect to scientists
and non-scientists: significant association at above 99% level
of significance. Even when highly significant section is omit-
ted,X 4 test remains significant at 95% level of confidence.

Spearman's rank correlation coefficients with respect to posi-
tive image of the scientists and with respect to negative image
held by the two groups was + 0.9.
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Non-scientists

A Positive : Neutral Negative
(responses 3 & 2) (responses 1,0&1) (responses 2&3)

1. Well paid 50% (93)* ~  40% (63) 1% (2) (7190

2, Intelligent 92% (146) 7% (11) 1% (1) Nfigg

3. Religious 10% (15) - 72% (114) 18% (29) ~199

4. Interested in ' | =100

people » 30% (48) - 59% (92) 11% (17) N=157

5. Hard to convince 49% (77) 47% (74) 4% (7) N:igg
6. Devoted to ' =100 -

their work 89% (141) 10% (16) 1% (1) N=158

7. Indifferent to =100

money 8% (13) 63% (100) 29% (45)*N=158

8. Competitive 40% (64) 47% (74) 13% (20) N:}gg

9. Rational 70% (110)* 27% (42) 3% (5) =100

N=157

10, Concerned with : =100

benefit of mankind 58% (92)* 38% (60) 4% (6) N=158

*thest used on positive responses to sections 1, 2, 6, 9 & 10,
plus negative responses to section 7 with respect to scientists
and non-scientists: significant association at above the 99%

level of cgnfidence. Even when highly significant section 6 is
omitted, X“ test remains significant at 95% level of confidence.
Spearman's rank correlation coefficients with respect to positive

image of the scientist and with respect to negative image held
by the two groups was + 0.9, ' '

Non-scientists have what we might call a 'traditional’
image of the scientist presumably deriving from the period when
science was primarily academic; they perceive the scientist as
being a highly intelligent, rational, sceptical individual who

- is largely uncoucerned about specific people or about religion
but who is devqted firstly to his own intellectual endeavours

and perhaps secondarily to the benefit of mankind in general.
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Potential scientists accept these general contours but they

are very much less certain abéut the scientist's devotion to
his work; whereas 89% ofvnon-scieﬂtists' responses depicted
the scientist as very devoted only 44% of scientists' respon-
ses indicated a belief in this extreme devotion on the part
of the natural scientist to his reséarch. This is statisti-
cally a highly significant divergence between the two groups.
If I am to offer on interpretation within the terms of the
framework provided above I would suggest that the image held
by potential scientists is more realistic, less stereotyped,
in this respect. It has been claimed in this paper that
modern science has tended to become larger, more specializedr
and organized around rewards less esoteric than pure intelléc—
tual satisfaction. If this is in fact so then potential
scientists appear to be more aware of these changes>than non-
scientists; they underplay the scientists' devotion to his
work and stress his concern with financial rewardsl. We have
seen that the occupational values of our prospective scien-
tists emphasize income. Thus their imagé of the scientist is
perhaps partly derived from their own occupational values and
self-perception; they wish to have a high income, they are
only moderately devoted to scientific knowledge, consequently
they believe that mature scientists are probably much the
same. Significantly, there is a considerable divergence between

the two groups in their perception of the actual income of the#7

1 Whereas non-scientists stress the scientist's interest in
money, they emphasize even more his devotion to his work.
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scientist: whereas 59% of non-scientists see the'scientistv
as being very highly paid fulliy 70% of scientists enjoy

this image of affiuence.

It is of interest to note that potential scientists
are significantly more likely than non-scientists to perceive
the scientist as being highly inteliigent, very rational,
notably éoncerned with the benefit of mankind. These differ-
ences of emphasis are important because they show the prospecf'
tive scientist to hold a rather more favourable image of the
scientist, favourable in terms of his own values and self-
perceptions, than does the non-scientist. The potential
scientist sees himself as being intellectually gifted and
perceives the mature scientist as being highly intelligent;\
his own occupatiénal values stress the desire to behave
rationally and the scientist is perceived as a very rational
person; he supports overwhelmingly the proposition that scien-

tists ought to help mankind achieve a better lifel, and he

perceives scientists as doing just that.

These findings demonstrate clearly a convergence
between, on the one hand, the values and self-image of pro-
spective scientists and, on the other hand, their perceptions
of the characteristics of mature scientists. Convergence
occurs notably in connection with the intellectuality of the
scientist, his rationality and its positive evaluation, the
~character of the ultimate goal of science, viz. the benefit of
mankind, and the nature of the rewards to be derived from

science, viz. income rather more than intellectual satisfaction.

1 See Table 12, p. 105.
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It would seem likely that this convergence can be used in
explaining the selection of certain persons rather than
others into science. This whole problem of the recruitment

process will be dealt with more fully in the next chapter.

One last point, not directly related to the process
of recruitment, is worth making. On the whole those aspects
of the social image of the scientist dealt with so far appear
to be more or less in accordance with reality. Yet at the

same time scientists are seen as being not religious and not

~competitive; and there is evidence to suggest that these el-

ements of the stereotype may be unfounded in fact. Firstly, .
there is Reif's study which demonstrates an immense rivalry-
among scientists related to the stress upon originality and
the prevailing criterion of originality hamely, pripr publi-

cation.1 Furthermore, there is the thesis of Caplow and

»McGeez which generalizes this element of competition in

claiming that it applies to the whole academic world.v~Second—
ly, with respect to religion, this S.F.U. survey shows only‘a
slightly higher tendency among potential scientists when com-
pared>with non-scientists towards a lack of religious affili-
ation (Table 28, Appendix). It is true that this data is
derived not from mature scientists but from prospective scien-
tists only. Howevér, it must make us doubtfui about the

validity of defining the scientist as irreligious. The gener-

al point to be drawn from this is that the potential scientist

1 ‘F. Reif: The Competitive World of the Pure Scientist in
Science, 134, (1961).

2 T, Caplow and R. McGee: The Academic Marketplace.
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stresses, and perhaps acts upon, those aspects of the social
image which can claim some basis in fact. What remains
totally unclarified is how this social image is formed and

how it is transmitted.

Some Aspects of the Respondents' Perception of the _
Recruitment Process

Question number 8 of the questionnaire was an uncoded
question which asked students which factors had been most‘in-
fluential in leading them to choose their particular area of
study. The responses were read by two persons who agreed upon
coding them in terms of six categories, viz. school, family,
economic interest, intellectual interest, benefit to society'
and self-development. The results can be seen from Table 23.
Differences between the two sets of responses were not statis-
tically significant. However, it is worth devoting a little
space to reproduce some of the responses and to offer limited
comment for this may help to generate greater understanding of
the students' view of the recruitment process.

Table 23. Factors Perceived as Influencing Choice of Area of
Study at University (question 8)

Scientists Non-scientists
% %
School 25 (34) 20 (49)
Family 12 (16) 10 (23)
Economic advantagev 13 (17) 18 (42)
Intellectual interest 43 (58) 36 (86)
Benefit to society 6 (8) 9 (21)
" Self-development 1 (2 7 (18
100 N=135% 100 N=239%

*more than one response possible from each respondent.

X2 test not significant at 95% level of significance.
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It is clear that high school provides an important
influence in thie moulding of choice of study area at univer-
sity and consequently ofvcccupational choice. This influence

is almost certainly undervalued in Table 23 for the school

clearly helps to determine such factors as intellectual inter-
est and ideas about sélf-developmenf and the benefit of sdciety~
There is a slight suggestion in Table 23 that‘scientists are
more affected by school influences than non-scientists and
certainly they make greater explicit mention of the contribu-
tion of specific teachers to their development, sometimes
answering question 8 with one short reference, e.g. "High
school physics teacher.'" None of the non-scientists repliedi

in this fashion,

More scientists than non-scientists perceived intel-
lectual interest as being the predominant influence in their
choice of area of study. This was clearly in harmony with our
expectations and with the scientists’ self-image and image of
the mature scientist. In fact, some of the responses were
classic expressions of this dichotomy between concern with ob-

jects and ideas and interest in people:

Scientist: .. entire 1life revolves around physical
sciences - never taken a broad interest
in people.

Non-scientist: .. I have found people and their beha-

viour more interesting than inanimate
objects such as those studied in the
physical sciences.

- At the same time those responses which suggested economic gain

as a major influence in this context showed a bias in favour

of non-scientists. However, when we recall the scientists'




stress upon income in relation to occupational values (Tablé
13) and image of the scientist (Table 21) our general concliu-
sion must be that, almost certainly, there is no difference
between the two groups with respect to their concern with
monetary rewards.

Non-scientist: I chose economics because it is the
field which large businesses look
towards for advice; hence it is a field
in which a fairly tidy bundle of money

can be earned

Scientist: The economy will demand more, in the
direction of science.

Scientist: .. a systems man on a computer is not
likely to be replaced through automation
for a long time.

Non-scientist: Want money (lots of it).

These are examples of some of the economic reasons given for

choosing a particular field of study.

The other categories which emerged were family influ-
ences, benefit to society and self-development. A few examples
of these will now be given:

Benefit to society -
Non-scientist: .. fact that all (technological?) know-
ledge in the world is no good unless

people know how to use it. I feel this
can be best imparted in the humanities.

Scientist: I have been interested in the benefits of
scientific research to the growth of
civilization,

Scientist: I can see a use for the natural sciences

put no use for English, etc.
Self~development -

Non-scientist: English and History give me an account
of man and his motives (past and present).
In studying these subjects I hope to find
how to best improve myself as well as to
learn how to deal with certain situations
(political or emotional) as they arise.




Scientist: I see more concrete understanding in
science. In.,the humanities education
can scmetimes be a handicap in living.
In summary we can say that the respondents in the
S.F.U. study perceive themselves as having been influenced .

primarily by two instituticnal areas; in the first instance

by the high school and, rather less significantly, by the
family. These influences appear to make themselves felt by
structuring the students' inteilectual interests and their
perception of the financial returns associated with specific
areas of study. -There are probably no differences between
scientists and non-scientists with respect to the general

contours of this process.

Occupational Intentions of those Studying Natural Science

In addition to investigating the entry of prospec-
tive scientists into university the S.F.U. study gathered in-
formation as to the occupational intenrtions of the respondents.
This data is reproduced in Tables 24 and 25. For purposes of
comparison, Table 25 also shows the distribution of natural
scientists between employment sectors at January 1, 1962 and
also the estimated rates of increase for the following five

years.
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Table 24. Occupational Intentions of Students
Studying Natural Science

Engineering

Industrial scientist

Government scientist

University scientist

Teacher (outside university)

Physician or Dentist

Other

12.5

1

*more than one response possible

%
21.25
18.75
18.75
15

8.75

5

00

(17)
(15)
(15)
(12) )

)~ 23.75%
(7))

(4)

(10)

(80) *

Table 25. Occupational Intentions of S.F.U. Science
Students compared with Percentage Distribution

of Scientists at January 1,

1962 and estimated

rates of increase from January 1962 to

January 1967 1
Intentions Actual Distribution Rate of
Increase
% % %
Industry 30 (15) 37.8 + 29
Government 30 (15) 48 .0 + 32
Education 40 (19) 14,2 + 34
100 (49) 100

It is evident that there is considerable divergence between

the actual occupational intentions of science students at

S.F.U., and the opportunities open to them.

Whereas some 40%

of those who intend to remain within the field of natural

science wish to work within an educational milieu, only 14%

of jobs are to be found in this sphere. Similarly, whereas

exactly equal proportions of respondehts wish to enter

1 Sources: S.F.U. Study and Professional Manpbwer Report

No. 13, 1962, Department of Labour,

—
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industry and government, in the economy there is a large bias
in favour of government emplo}ment. These figures suggest
therefore, that within fhe period of university training a
large section of prospective natural scientists learn to
orient themselves away from the university and teaching, and
towards occupational activity within government and industry.1
Estimates of future requirements of scientisfs make no signi.
ficant alteration to the situation. However, too much reliance
should not be placed upon the figures underlying this analysis.
Firstly, the number of respondents is even smaller than to
other questions. Secondly, the distribution of scientists in
industry, government and so on differs in relation to various
areas of study, e.g. biologists are more frequently employéd
by government than are other varieties of SCientist; and we
cannot be sure that the distribution of disciplines among the
would-~be scientists in the sample is at all representative.
Nevertheless this divergence between occupational intentions
and opportunities remains as a possibility and is worthy of

further study.

Conclusions Drawn from the S.F.U, Study

At this point it is worth summarizing the findings
of the S,F.,U, study before passing on in the next chapter to

a discussion of the general character of recruitment into

1 In the final chapter 1 shall examine this process in
greater detail.



professional science,

1. General sociological factors such as social class can

be relevant to the recruitment of scientists. Yet there 1

h

little evidence in this study of any significant differencs
between scientists and non-scientists with respect to reii-
gious affiliation, social class, educational experience or
political belief. We must conclude therefore that such
effects as these factors have apply equally to the two
groups. We cannot infer from social class or educational
background whether or not a person is likely to become a
scientigst rather than any other professional occupation.

2, Scientists appear to be less ‘educationally mobile’
than non-scientists. It is possible that this is a conse-
quence of increasing specialization within science, of de-
creasing transferability of skills, and of a declining ac-
ceptance of the value of diversity of educational experience.
3. When they enter university scientists are only margin-
ally more likely to endorse such supposedly 'scientific’
values as disinterestedness, universalism and the intrinsic
worth of knowledge. It is clear that the last value, namely,
the intrinsic worth of knowledge, comes a very poor second
for scientists as well as non-scientists to the benefit of
mankind as a fundamental goal of scientific activity. The
significance of these findings will vary, depending on the
assumptions we make. If we assume that the values of mature
scientists are much the same as those of other professional

groupings, then we would not expect the values of potential
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scientists to diifer from those. of non-~scientists, and the
findings will cause us no surprise. If, in contrast, we
assume that the values of scientists and other professionsls
do diverge, then we must also assume that the vszlues of sci.
entific neophytes are changed by an efficient process of
socialization within the university. Whichever assumption

we make it would seem that anticipatory socialization in

terms of the values of disinterestedness, universalism and
the intrinsic worth of knowledge plays no significant part

in the process of scientific recruiltment.

4, Other 'scientific' values, viz, those of rationality

and the extension of human knowledge (perhaps the latter is
valued instrumentally in view of the preceding conclusion)
are endorsed more frequently by scientists and may, there-
fore, play a part in recruitment of scientific personnel.

5. Scientists are more likely to endorse self-expression-
oriented occupational values than are non-scientists and are
less likely to express acceptance of people-oriented occupa-
tional values. They are, however, no less likely to be con-
cerned with financial gain in the course of their occupation-
al choice.

6. There is no direct evidence to suggest that a population .
of scientists will contain a larger proportion of 'detached
personalities’' than an equivalent population of non-scientists.
On the other naud, there is a littlie evidence to suggest that
scientists may be less socially active.

7. The self~image of prospective scientists agrees closely
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with their occupational values. Whereas the latter stress
rationality positively and péople-oriented values negatively,
their self-image emphasises that they are most gifted intel.
lectually and least gifted as regards personal relationships.
8. At the same time their conception of the natural scisn-
tist runs along parallel lines accentuating such features as
intelligence, rationality, high income, and concern with the
benefit of mankind.

9, There appears to be a considerable divergence between

the occupational intentions of scientists at the point of

entry into university training and the opportunities open to

them upon graduation,
10. The general implication of the study séems to be that
poten@ial scientists can be most readily distinguished from
non--scientists by reference to the following factors:

A) occupational values :

B) acceptance of certain 'scientific' values

C) self-image

D) 1image of the natural scientist.
In the next chapter I shall attempt to show how these factors

can be used as part of an explanation of how the process of

recruitment into professional science operates.
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Chapter VII: The Recruitment of Scientists in Canada

Occupational recruitment into science and into other
fields of employment is a developmental process. The segquence
of acts which detefmines occupational choice begins in the
family and continues within the school. The process consists
in the gradual formation of values, self-images and occupa-
~tional images through interaction with significant others.
These early experiences within pfimary groups are important
because they channel later developments; more specifically
they determine which institutional contexts the individual
will enter., On the one hand, early experiences determine the
kinds of social contexts the individual will choose. On the
other hand, they limit the kinds of quélities the individual
can offer in the process of selection into various institu-
tions. The importance of mass media in the formatibn of occu-
pational values, occupational images, and so on, has not been
examined in any detail in connection with science.2 However,
there is a whole body of research which indicates that the
values and images put forth by television, radio and films are
perceived selectively so as to strengthen the values and per-

ceptions absorbed within such primary groups as the family.

1 Significant others are basically those who control rewards
.and punishment for the developing person. " ... the person,
through his social experiences, becomes aware of the expec-
tations and 2ppraisals of others. He acts one way and

others reward him ... he acts another way and they punish
him .,." H. Gerth and C.W. Mills: Character and Social
Structure.

2 One of few such studies is 'The Image of the Scientist in
Science Fiction' in Barber and Hirsch eds. The Sociology of
cience.

3 e.g. H. Himmelweit et al: Television and the Child.
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The process of occupational recruitment is intima-
tely involved with educational institutions. It may be that
the influence of the family is more 'basic' in the sense that
it precedes and helps structure the effects of being at school.
The S.F.U, study, however, indicates that the school may play
a slightly more active part in this process than the family.1
This makes sense in relation to science becauSe few children
will have had direct contact with any kind of scientist until
they reach high school. Thus the high school science teacher
occupies a crucial position within the sequence of acts lead-
ing to final occupational pommitment; for he offers what are
probably perceived as definitive accounts of science and the
activities of scientists. The process of occupational choice
has certain major.points of commitment. Perhaps the most
important of these for professionals is that of choice of a
particular kind of higher education. At this juncture the
determining factors are:

a) occupational values and values in general;

b) images of occupations (including the kinds of

rewards associated with these occupations) ;

c) self-image; and . _ 9

d) the selective orientation of the university.
The high school teacher will have some influence with‘respect
to each of tﬁese categbfiés. He wiil provide definitibﬁé 6f
the student's academic ability and thereby affect the latter's

self—image. He will also influence the kind of educational

-1 See above p. 127,

2 See above p. 74.
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qualificatiohs gained and in this way help to determine
which students satisfy the selective requirements of the

university.

University education is essential for most pro-
fessionals including scientists. And entry into university
depends formally upon the attainment of academic qualifica-
tions. But as we have noted abovel, the achievement of such
educational qualifications and entry into university are
closely related to social class origins. Thus the ability
to satisfy the requirements for entry into university cén be
explained largely in terms of certain students' having that
complex of values, attitudes, selective peréeptions, economip

opportunities, etc., characteristic of middle class groups.

It is not for this study to investigate these factors any
further, partly because there ;g\no difference here between
science and other professions. I shall turn therefore to an
examination of the remaining elements relevant to occupational
choice namely, occupational rewards and images, self-images

and occupational values.

The nature of the rewards awarded to scientists
plays an important part in the recruitment process. Small
scale, academic science tended to absorb persons who endorsed
values stressing the self-justifying character of objective,
rational and socially isolated thoughf about the natural world.

-The rewards offered to such individuals were primarily the

1 See above pp. 67-8.
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intellectual satisfaction of problem-solving and recognition
of intellectual worth by other qualified persons. It can be
assumed that persons capable of deriving satisfaction from
such rewards are few in number. But contemporary science is
relatively 1arge scale and growing quickly; it is impossible
to recruit enough scientists for large scale science while
the whole process of recruitment is geared to academic science.
Small scale, academic science offered 'peculiar' rewards
valued only by a few. Large scale, professional science
offers more widely valued rewards such as high income and
social prestige. There was evidence in the S.F.U. study that
scientists are now generally percéived as being very well
paid and that this is important for potentizl scientists,1
Until such rewards are offered, and seen to Bé offered, in
'sufficient measure' professional science will continue to
experience its current manpower shortages. However, as I
suggested in Chapter I, the offer of new rewards will not
alone solve the long term manpower problem of science, for
this problem is built into the transition from exponential to

logistic growth.2

Despite the emphasis by potential scientists on
income as a major reward and as an important elementgin their

image of the scientist, there remain distinct and consistent

1 See above pages 110-2,

2 See above pages 25-8.




- 140 -

traces of academic science in the recruitment process today.
a) Potential scientists stress such scientific values
as rationality and the importance of extending
human knowledge.

b) They emphasise self-expression oriented occupational
values.

c) They stress the intellectuality and rationality of
the mature scientist.

d) They stress_their own rationality and intellectual
- capacities.

These features are characteristic of prospective scientists
at the point of entry to university. They are probably
derived from the presentation of science in schools which is
clearly 'academic' in natufe. One way of investigating the
presentation of science in sqh&ols would be to undertake an
exhaustive content-analysis é; science textbooks and teachers
manuals. It has not been possible to include such an analysis
as part of this study. However, a cursory examination seems
to indicate that little mention is made either directly or
indirectly of the character of science as a career or of the
extrinsic rewards assoéiated with such a career. School
textbooks tend to emphasise the validity of scientific
thought, the intellectual satisfaction involved in thinking
scientifically, and to some extent the practical utility of
scientific knowledge.2 One basic aim of science textbooks is
that of encouraging the attitudes of 'academic' science.

This is stated openly in at least one teacher's manual:3

1 See above p. 120,

2 e.g. Limpus, Reid & Shore: Explorations in Science,
Craig, Roche and Navarra: Experimenting in Science

3 Craig, Roche and Navarra: Teacher's Manual for Experi-
menting 1n Science.
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the scientific method is a method of honesty, and
neither teacher nor chil@ should be penalized in any
way for being honest., The learner should never be
humiliated for the admission of ignorance. The impli-
cations of science for mental hygience and human rela-
tions are profound.

It could be well for the teacher to consider the
implications of science in the development of such
behaviour patterns as open-mindedness, critical-minded.
ness, and the avoidance of gullibility.

We have come across these latter virtues before in the writings
of Oppenheimer and Bronowski, Merton and Barber; they embody
many of those values which I have suggested above have been
characteristic of academic science in the past and university
science at the present time, and they clearly imply the com~
pany of equals pattern of social relations as an ideal. In
short, science is presented in the school as essentially an.
intellectual activity which is intrinsically satisfying but
which is to be valued in addition for its technological
utility. Consequently, those persons are drawn into science
who can firstly satisfy the uniﬁersity's financial and educa-
tional requirements and secondly whose self-image and occupa-
tional values converge with this social image of science. The
values of those entering science emphasise the desire for high
income but also for rationality, creativity, self-expression,
individualism and the wish to extend human knowledge. At the
same time the potential scientist's self-image lays overwhelm-
ing stress upon his intellectuality. Thus it is in terms of

a convergence between social image and self-image that we can

begin to explain the unique features of the process of recruit-

ment of potential scientists into the university.

The account so far stresses the differences which
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exist betweén recrultment into science and recruiitment into
other professions. Yet there‘are, as the S.F.U. study demon»
strated, many potential SCientists who differ in no marked
way from cther prospective professionals. How do these
persons fit into scientific recruitment? The simplest answer
to this question is that there are further processes of se-
lar to those which govern selection into the university; at
the same time there is an effective system of socialization
within science which moulds recruits in the required direction.
The only available studies of selection within scientific
groups are those of R. Krohn. His findings are consistent
with the main thesis of the present study. They indicate
that recruitment and selection within science are a continua-
tion of the process whereby scientists are drawn to study
science as undergraduates. To begin with Krohn studied
scientists in American industry, government and university,

primarily with respect to divergences in values and attitudes

towards science. His study revealed that university scientists:

a) had a less practical conception of the nature of
sclence;

b) had a specifically intellectual conception of the
scientific role rather than a generalized profes.
sional conceptlon and

¢) were more favourable to the individual investigator
as the appropriate unit of research, as opposed to

the ovganized team. 1

1 R. Krohn: The Institutional Location of the Sc1entlst*and
Hig Scientifi¢ Values in IRE Transactions of Engineerlng
Management, Vol. EM-8, No. 3, Sept. 196l.

E
A
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The values particularly emphasised by university scientists
were individualiém i.e. persohal independence and reliance
upon one's owh judgment; and intellectuality, i.e. reliance
upon re#son and enjoyment of the life of the mind. After
having examined the different patterns of scientific values
found in varying institutional 1ocations, Krohn went on to
investigate whether different types of person are attracted
to and encouraged by the different institutional contexts.
Once again he found that university scientists were a distinct
group. Significantly more university scientists had chosen
science out of intellectual interest rather than as a result
of concern with attaining some kind of professional status;
more - university scientists had been infiuenced by their prd-
fessors and had respected them as men and as scientists; and
more university scientists traced their interest in scienée
back into their childhood thereby demonstrating, according to
Krohn's interpretation, a stronger motivation in favour of

science.1

The main implication of Krohn's work is that the
minority of persons who stress 'academic' aspects of science
at the point of entry into university make their lasting
occupational commitment in favour of university research,
while the larger proportion of prospective scientists who
differ in no marked way from other would-be professionals move

away from the university into industrial and government science.

At the same time there is evidence to suggest that scientists

1 R. Krohn: The Scientist: A Changing Social Type in
American Behavioral Scientist, Dec. 1962,

& )
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who are favoured by high levels of ability are likely to be

selected into university science and basic research in general.

Attriticon in graduate schools tends to be high, and
only the more competent and highly motivated students
obtain the doctorate. Among those who do obtain doc-
torates in science, only a fraction are permitted to
enter careers in basic research (university science);
the rest become teachers, administrators, and applied
scientists. Basic scientists then are a highly1
selected and highly socialized elite group.

The general contours, then, of recruitment within
science can be described as follows. -The majority of science
students entering university differ in no major respects from
other undergraduates. Only a small proportion of potential
scientists endorse 'academic' occupational values, self-image,
etc., It is this small minority which, by laying particular
emphasis upon the rationality and intellectuality of science
and of themselves, provided the consistent findings of the
S.F.U. study. During the period of undergraduate and graduate
study there is a process of selective drop-out and effective
socialization in terms of the values and norms of university
science. Virtually all science graduates and even more those
who achieve the doctorate will have been moulded by the social
environment of university science. However, only those who
give evidence of the highest ability and who most embody the
values of uhiversity science will be recruited into university
research. Furthermore, within university science the various
disciplines and specialisms are ordered hierarchically in

accordance with scientific values and those students defined

as 'better' scientists will tend to be recruited into higher

1 W. Hagstrom: The Scientific Community.

7
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prestige disciplines.

Specialties with high préstige usually find it easy

to recruit scientists and succeed in recruiting those

with most talent. 1In specialties with low prestige,

on the other hand, the recruitment problem may be

most serious, 1
Those students not selected into university science will
move out into industry and governmeﬁt. On the whole these
persons will endorse the values of university science less
fully and they wili be defined as less académically gifted.
Once within industry and government the motives and values
of these scientists will be further moulded away from the
academic patternvby their new institutional environment.
Many of these scientists, however, will retain role—behaviours
characteristic of university science;2 inxparticular they
will continue publishing research in return for recognition
by the scientific community even though publication may be
totally irrelevant to advancement within their non-scientific
bureaucracy.3 In short there is a process whereby the major-
ity of qualified scientists are channelled away from univer-
sity science into industry and government. There is evidence

to suggest that persons remaining in the university are

'academic' scientists; while the majority, whose motivation

is basically similar to that of other prospective professionals,

1 "Ibid.
2 See above p.49,.

3 L. Meltzer: Scientific Productivity in Organizational
Settings in Journal of Social Issues, 12 (1956) .
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move into more professional-bureaucratic surroundings.

Recruitment into sciencé diffefs from that into other pro-
fession, within the fr#ﬁework of this study, in that there
are more recruits who eﬁdorse the values and social images

of an 'academically' organized science. These recruits tend
to be absorbed into university science while those expressing
more usual values and images enter, in the long run, employ-

ment in government and industry.1

The account of scientific recruitment offered so
far in this chapter is very general and applies equally to
Canada and the United States. However, there is in fact‘one
important difference between the organization of science in
these two countries which affects the pattern of recruitment.
In the U.S. research and development takes place predominantly
within privately owned industry; in Canada research is’per-
formed largely within gdévernment establishments (Table 26).
Whereas in the U.K. and even more in the U.S. the méjority
of scientists spend most of their professional life in indus-
try, the greater proportion of Canadian scientists are destined
to work in government.

Table 26, Amount of ReSearch and Development Performed by2
Government and Industry in Three Societies .

CGanada - 1959 U.K. - 1958/9 U.S. - 1959
Millions of Dollars Millions of Pounds Millions of Dollars
Sterling

Performed by
Government = 126 159 1780

Performed by :
Industry 97 280 9438

1 The evidence supporting this account of recruitment within
scilence is very slender. It can never be more than tenta-
tive until a 'longditudinal' study is undertaken which
follows the same batch of scientists through the relevant
parts of their careers. }

2 Source: The Royal Commission on Government Organization in

Canada 1963 Special Area of Administration 23! Scientific

nment .
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Furthermore, the organization ofc¢certain sections of govern-
ment science in Canada is unlike that in other Societies,
for government science in Canada includes the National
Research Council which is credited by all commentators with
having a most 'academic' form of organization.
while there is little distinction between the types
of activity in various government laboratories, there
is considerable dissimilarity in the administrative and
environmental conditions under which research is con-
ducted. The general view of scientists is that the
National Research Council's laboratories provide a model
. environment in terms of facilities, employment and
personnel practices, as well as in the degree of1 9
financial autonomy enjoyed. ’
Consequently it seems likely that recruitment into the labor-
atories of the N,R,C. will be similar to recruitment into
university science, Howevér, the actual character of recruit-
ment will depend upon the image of the N.R.C. held by univer-

sity scientists in Canada and on this point there is no direct

evidence available.

Scientific recruitment then, in Canada today, oper-
ates along the lines described above. Any changes in this
pattern to be expected in the near future will derive from
the rapid &xpansion of science which is already underway.

The expansion of university science, which at present absorbs
around 14% of scientists, is of course a prerequisite for
scientific growth in general and its occurrence is fore-

shadowed in the Bladen Report. This Commission on the

1 Ibid.

2 See above p. 62,
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Financing of Higher Education in Canada proposed that govern-
ment support of research and graduate studies be increased

quickly and by a considérable amount, One‘estimate of in-

crease in expenditure on graduate studies in science and
. engineering quoted by the Commission was as follows:

Table 27. Estimated Expenditure on Graduate
Studies in Science and Engineering1

Year Amount
1064/5 65 million dollars <
1970/1 220 million dollars

1975/6 331 million dollars.

University science will grow during the next decade pecause«
it provides a training ground for government and industrial
scientists, and because it is generally recognized as the

best environment for basic research, It is difficqlt to
decide whether university science will expand at a rate

faster than that of science in general. We can be sure how- »
ever that the rate of growth of university science must at
least approximate that of science in industry and government
taken together, In contrast, it does seem evident that‘
science in industry will expand more quickly than government
science. There are several reasons for this, To begin with,
the recent re-organization of governmment science indicates
that future policy will reassert the once basic goal of govern-
ment science policy, namely that of helping generate growth in
Canadian industry. One of the original purposes for which the

central government devoted money for research was to stimulate

1 The Royal Commission on Government Organization. This esti-
mate was presented fTo the Commission by the Canadian Associ-
ation of Graduate Schools. '
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industry. However, in the course of time government policy

. lost sight of this goal, parfly because of an underestimation
of the research potentiél of Canadian industry, partly owing
to the existence of scientific colonialism in Canada, and
partly because of the tendency of an established bureaucracy
to extend its own organization whenever an entirely new re-
search project came under consideration. Thé recent forma-
tion of a Science Council for Canada is part of an attempt to
remedy this situation. The Council is designed to constitute
a senior policy making group with direct access to the highest
echelons of government. Of its twenty-seven members, seven
are business representatives, nine came from the universities,
and eleven afe public servants. It is hoped that this bod&,
including as it does representatives of all major scientific
groups, will coordinate government policy particularly with
respect to the acceleration of economic growth through ad-
vances in science and technology. Formal government control
over research with respect to certain basic industries such
as timber is already at a maximum in Canada. At the same time
government policy has beéﬁ reorganized so as to stimulate re-
search within industry and industrial expansion. Consequently
we cén expect that there will be a swing in the distribution
of scientists away from government employment and in favour of
ihdustry, at least for the next decade or so. Thus during
this period recruitment of scientists will tend to have a

rather different pattern from that existing at present.

There are several different ways in which government

can assist the expansion of industrial research, For example,

e
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specific applied research projects can be contracted out to

Canadian industry by means of special research funds. This

pattern of cooperation between govermment and private indus-

try with respect to scientific research is the one commonly
found in the U.S, 1In general it involves no change in the
normal organization of industrial research. There is, how-

ever, another form of organization which is emerging in

Canada which is something of a new departure. It is exempli-
fied in the Sheridan Park scheme. A short description of

this project will give some idea of the brganization involved
and of how, increasingly, government and industry may combine

to accelerate research and development in Canada.

The Sheridan Park Research Community is a massive
research centre now being built outside Toroﬁto. It is spon-
sored by the Ontario Provinci#l Government'and.by érivate in-
dustry, on the assumption that indigenous research will stim-
ulate Canadian industry and free it from undue dependence upon
developments in the United States. Within a few years Sheri-
dan Park will have 100 million dollars worth of buildings,
plus more research equipment than can at present be estimated;
it will be occﬁpied by research establishments from many of
the world's largest companies; and it will house six thousand
scientists and technicians who will be paid at least forty-
two million dollars annually.1 The Sheridan Park scheme is
under the control of the Ontario Research Foundation which

has been in operation for thirty-five years and which obtains

1 Macleans, Dec.lst, 1965,
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six-tenths of its funds from private industry, three-~tenths

from the provincial government, and one-tenth from interest

on investments. The funds from industry and government are
on the whole payments for specific assignments. Research at
Sheridan Park will not revolve around the university, although
the site has clearly been chosen to facilitate access to the
numeroué universities in the Toronto area. wFurthermore,’the
attitude to payment of scientists will not be that of the
usual Canadian university. The aim of the organizations oc-
cupying Sheridan Park will be to attract and hold the best
research scientists available by offering high salaries,
lavish research equipment and pleasant surroundings.1 If
this kind of establishment, based on the cooperation of in-
dustry and provincial government, spreads it will tend to
complete the professionalization of science in Canada. It
is also expressly designed to attract scientists away from
government and university into industry and is likely to
play a prominent role in emphasising the swing from govern-

ment science to science in industry.

In the near future, then, government science in
Canada will be relatively stable while science in the univer-
and industry
sity/will expand rapidly. This double expansion will tend to
create difficultiés particularly because, in the minds of the
planners of Canadian science the central concern is that of

industrial growth., As a result of this stress upon technolo-

giéal and economic pay-~off it is inevitable that the social

1  1Ibid.




- 152 -~

image of the scientist will change so as to mirror this as-
pect of scientific research. ' This change in image will be
produced both informally and by direct manipulation on the
part of government and industrial agencies. But it seems
unlikely that the emphasis upon industrial science can oper-
ate without distorting the academic image of the scientist
which has played such an important part in scientific re-
cruitment up to the present day. As the academic aspects
of the scientist's image decline in promihence it seems pro-
bable that recruitment of 'academically' inclined scientists
will be reduced. Thus the question arises of whether it is
possible to increase recruitment into industrial science
without adversely affecting recruitment into university sci-
ence, Furthermore, is the 'academic' scientist essential to
creative, innovating research? Is Steacie correct .in the
remarks quoted as an introduction to this study?

In a research organization a few people make all the

difference, 1If five percent of the staff of a

research laboratory are really first-rate, with

imagination and initiative, all is well. Without

this five percent very little that is worth while

will emerge from the laboratory. I1f we are going

to expand, these are the essential people. This
is where the shortage will develop.

The expansion of Canadian science into a 'mature' science
will have to be fostered by government, It will also involve
increasing bureaucratization, extrinsic rewards such as high
income, and the emergence of an appropriate social image.
Yet if these‘changes take place it may be necessary to take
specific measures to encourage the potentiél 'academic'’

scientist, if we make the assumption that the latter is
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essential to the maintenance of creative scientific

innovation.1 If we can assume that the academic scientist

provides a necessary dynamic element in science and that
professional science will find it increasingly difficult
to recruit such men, it follows that the reconciliation of
scientific growth in Canada with the maintenance of high

standards of research will be difficult to achieve.

1 Many commentators claim that precisely this problem of
maintaining scientific quality already faces the
bureaucratic science of the United States.




Appendix: Additional Statistical Tables

Table 28. Types of High School Attended (question 15)

'Scientists  Non-scientists

| %
Church supported high school 3 6
‘Other independent high school 8 6
Public high school _89 _88
100 N=77 100 N=154

Table 29. Political Affiliation (question 6)

Scientists Non-scientists

%
Social Credit 11 6
New Democratic Party 33 31
Liberal 43 44
Progressive Conservative ) 12
Communist - -
Abstain | 8 1
100 N=76 100 N=162

Table 30. Religious Affiliation (question 1)

Scientists Non-scientists

% %

Catholic 11 15

Anglican 17 22

Other Protestant 37 34

Other B 3 4

No religion _§Z _EE
100 N=75 100 N=161

2
X~ test not significant at 95% level of confidence for
any of these sets of figures,
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